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INTRODUCTION

The Matej Bel university is one of the biggest w@msities in Slovakia with
great sports tradition. Since the publication igdéal with walking let me
mention some our graduates and students:

- Jozef Pribilinec — Olympic champion in 20 kmeagalking (1988)

- Pavol Blazek — European champion and the weddnd holder in 20 km
- Roman Mrazek — indoor championships medal holser times the 8in
Olympics

as well as the others: Juraj Bencik, Peter Korédkps Batovsky, Martin
Pupis, Michal Blazek, Matej Spisiak, Igor KollarpRan Bencik, Robert
Valicek, Erik Kalina, Peter Barto, Peter Seben, aha& Malikova, Zuzana
Blazekova, Maria Galikova, Maria Czakova, Ivan Bramova, Miroslav
Dumbala, Barbora Strnadova, Zdeno Babik, OndrejukoMartin Skarba,
Kazimir Verkin, Vladimir Savanovic (Serbia). Excegalkers many other
prominent sportsmen studied and study at our deyatt Let me menstion
Elena Kaliska (water slalom Olympic champion), Ravorajt (3¢ place in
Biathlon on Winter olympic games 2010), Martina strava (& place on
World athletics championship in Berlin 2009), Lubkszko (European
record holder in swimming), Michal Handzus (NHL keg player), Alena
Prochazkova (World cup winner in cross-countryrgkjj Klaudio Farmadin
(World championship in karate silver medal) anceosh
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THE INTENSITY OF RACE WALKER LOAD AT VARIOUS
PERFORMANCES AT 20 AND 50 KM
Martin Pupis
Department of Physical Education and Sport, Facaftidiumanities, Matej
Bel University, Banska Bystrica, Slovak Republic

Abstract

The research compares the different 20 km (and &) faces for the
world's leading walker. The research shown, thas iery important that
the racer at least the first five minutes of théspuate does not exceed 95%
ANT at 20 km race and just 95% of ANT in the race 50 km. For the
perspective of object of research is essentialtti@intensity of the load for
the first 5 km race at 20 km does not exceed teeage levels of ANT. The
50 km race showed that for him is correspondingnisity for the first 10
km approximately 90% ANT.

Key words: heart rate, race walker, performance

Problem

According to Dvgak et al. (1990) is a race walking the specificigiéne
of endurance character where the racer normallyptets 98% of track in
an aerobic mode. Of course, it is difficult to exgs objectively the
percentage share of each energy system to loadefiloe objectively the
load intensity in endurance performance are shaagedbjective indicators
anaerobic threshold (ANT) and maximal oxygen upt@k®,max). ANT
and VQmax are therefore now seen in endurance sporthesmbst
objective indicators of training and ultimately eatbads. Sports training
and development of endurance have become the cehtmany authors,
among others Hagberg and Coyle (1983), Hamar (198®utka - Dovalil
(1991), Noakes (1991), and Truksa Kucera (2000jn @t al .. (2001),
Power (2002), Brdani (2002),Cillik - Kor&ok (2003), Baker - Horton
(2003), Bill et al. (2003), Brdani - Vavak - Selinger (2003%;illik (2004),
Korc¢ok - Pupi$ (2006), sumpter - Soulek - Kucera (2008y (2007), Dry
et al. (2008), Kisiel (2009) etc. Bielik et al. (#) regarded ANT as one of
the most significant variables with regard to pcddn of performance in
endurance sports. In endurance sports equally tapbrparameter is
VO2max, maximum amount of oxygen that the lungs abke to extract
from the tidal air and that blood transports to kitmgy muscles (Hajkova,
1997). The intensity of walker load at 50 km taksdsout 93-97% of

7



World race walking research PupiS Matrtin et. al.

anaerobic threshold and in the 20 km race is upOd486 ANT (Pupis -
Cillik, 2005). Dependence between ANT and M@x in the leading
walkers was found to PupiS and Bémi (2007), 80-100%, the oxygen
generated by the ANT approximately 80 to 100% efteximum level of
VO,max. Due to the fact that the 20 km race walkssatran hour and a
half, and 50 km races walk about four hours, thensity is very high,
which is reflected also in the body of walkers afte race by the negative,
subjective feelings (corresponding state of fatjgued also that in the body
is possible to monitor objectively the changesherical composition and
related physiological processes, such as increasesting heart rate or
body temperature change. It is also essential ke fato account the
subjective feelings of athletes, where it appehet the consequences of
exhaustion should be removed by long enough restingvhich all the
necessary functions gradually normalize. After ¢nd of loading the body
must recover, if it must work again (Stulrajter roBmanova, 1990) and,
therefore, re-training process begins only after fhll recovery (Glesk,
2005).

Aim of work

1st aim of the work is to compare the differenkB®races for the world's

leading walker.

2nd aim of the work is to compare the differenkkB®races for the world's
leading walker. Mutually we compare the races incWhhe athlete made

M.T. personal record with the most important raakthe season.

Methodology

Characteristics of subjects: M.T.
Age of racer at the time of research: 26-27 years
Body weight: 75 kg

Body height: 185 cm
VO,max.kg": 73,3 ml.kg".min*
VO,max: 5454 ml

Oxygen pulse: 28,5 ml
Subcutaneous fat: 7,4%
Anaerobic threshold 178 bpm
hematocrit - 48.6%
haemoglobin - 164

club - VSC Dukla BB
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Personal Bests:
3 km:11:17,35
5 km: 18:57,4
10 km: 39:41
20 km: 1:20:53
50 km: 3:41:32

The most significant achievements:

2010 - World Cup winner in walking the 50 km

2009 — ¢ place at 20 km and flace at 50 km World Championship
2006 - 8" place at European Championships

For all take-offs, we monitored the course of hesuth rate during loading.
The course of heart rate was monitored by usiraad tester Polar RS 800.
Overall, we compared three 50 km races and folkn@@aces. Both tracks
were to compare the races in which the pursuectatithade a personal
record with the most important race of the season.

50 km Race:

28/03/2009 - Meeting EAA Dudince - 3:41:32 (perddrest)

22/08/2009 - World Championship 2009 Berlin (Ge5p km 3:48:35 (18
place)

15/05/2010 - World Cup 2010 Chiuhuaua (Mex.) - 338360 km (Winner)

20 km Race:

25/04/2009 - Meeting EAA Podebrady - 1:20:53 (prestest)
24/05/2009, European Cup 2009 - Metz (Fra.) 1:2{99place)
15/08/2009 World Championship-2009 Berlin (Ge2p-km 1:21:13 (§
place)

27/07/2010 European championship in 2010, Barcelgsp.) - 20 km
1:22:20 (7" place)

Results

Our previous studies (Pupi&ilik, 2005; Pupi$ - Savanoyi Stihec, 2009)
show that heart rate was racing at 50 km walkersherrange of 93-97%
ANT. Figure 1 depicts the course of heart rate i Mhe Slovak Record in
walking the 50 km in Dudince (28/03/2009), where daned a time of
3:41:32 hours and as shown in Figure 1, M.T. Redmglan racing at the
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SR pulse rate slightly above 160 bpm, and in thek exceeded 185 bpm.
The average heart rate was substantially revisegrgs depending mainly
on the increasing pace. The average value of hatetreached 172 bpm,
which corresponded to 96% on ANT. Of course, th@aase in heart rate
was not related solely to increase of the pace,adtsd with increasing
fatigue. Symptoms onset of fatigue and thus inereafs the heart rate
independent from the pace was displayed espedaliyng the last 20 km.
Penultimate ten kilometres long section is complete the time of 43:01
minutes at an average pulse rate 178 bpm, but abketén kilometres
completed on 43 seconds slower, but the pulsenase182 bpm

HR [bprm] HR [bpm]
1004 - - - = - ey = = == = = = = = = p— T

180 F180

1704 - 170
160 r160

1504 r150

1404 =140
1304
T2 3 4 s B 7B G M0 011 12 13 44 15 9B 97 18 98 70 1 31 73 m g
I I e T ot S
120 y T ' T y u y . u . .J 7 u y u y y ¥ y y ¥ T Time
0:00:00 0:30:00 1:00:00 1:30:00 2:00:.00 2:30:00 3.00:00 3:30:00
Cursor values
Time: 0:00.00
HR: 105 bpm
Calorie rate: 600 keal/f0min
Yersan M. T Date 28,3, 2008 Heart rate-averag 171 bprn
Xeroise Dudinzska 80°km Slewak CH 2009 Tirme 8.20:57 Heart rate max 187 bpm
sport Walking Duration 342848
dote eeting EAA (national record) Selection 0:00:00 - 3:42:45 (3:42:45)

Fig. 1 Course of heart rate M.T. on the 50 km race irv&toRecord at a
meeting of EAA in Dudince, 2009

Physiological load curve shows that in the NatidRatord elected on the
first 30 km the optimal rate well below of ANT. Thevel of ANT

approached about 30th km, both the last two teonieétres sections
completed on average above the ANT. Step inteogitiie load brings him
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in his premiere on 50 km a national record andguernce of classifying it
in the absolute world leaders in this track.

Another course had the load of WCH in 2009 in Berkvhere M.T.
conquered in 50 km race walking the tenth placesi®wn in Figure 2 the
pulse frequency is already beginning to move aklmve 170 bpm and that
is lately showed as unduly rapid rate leading ® fdct that M.T. slowed
markedly on the last 20 km. While the first threa kilometres sections are
completed in time 44:44 min 44:10 min 44:40 mirerththe fourth ten
kilometres section is completed in 46:33 min an?88ninute for the final,
while heart rate still exceeds the value of bpme Top events are
characterized by the fact that racer must adathtetdactics of his rivals and
this happened in this case. However, accompanimastthat the heart rate
M.T. already at the sixth kilometre exceeding thkie of ANT (Figure 2).

HR [bprm] HR [bprm]
190 RE

160 i i i i k180

1704 r170

1804 -160

1504 F150

140 4 =140
130 o
1 2 3 4 5 6 7 8 8 10 41 12 13 14 15 16 A% 18 419 200 M 22 23 24 2%
o e T o et e e
120 y — u u ? y y u u ¥ h — u y 7 ? y y u y T Time
0:00:00 0:30:00 1:00:00 1:30:00 2:00:00 2:30:00 3:00:00 3:30:00
Cursorvalues:
Time: 2:00:00 01810 (8 %)
HR: 114 bpm 31410 (84.%)
Calorie rate: 715 keallB0min DAE05  (3%)
Person M T Date 21.8.2009 Heart rate averad 173 bpm
Exercise WICH Berlin 2008 Time 8:10:08 Heart rate max 179 bpmi
Sport Walking Duration 3:50:33.3 Ascent
Mote WAICH Berlin 2008 - 10th place Selection 0:00:00 - 3:50:30 (3:60:30)

Fig. 2 Course of heart rate of M.T. on the 50 km racethat world
championship in 2009 in Berlin (10th place)

The significant decrease in heart rate after 30wkana due to a decrease of
speed, which led to the M.T. thinking to abort ttempetition. M.T. the
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race eventually finished, but "slightly" frustratétbm improper tactics
which deprived him of a better result.

The victory at the World Cup chose M.T. again (ashie National Record
in 2009) rate of less effort when his maximum heaté ranged up to half
of the race below 168 bpm, and average heart etavibil 64 bpm. This fact
was related in part from the fact that the racé folace at a higher altitude
at high temperatures. However, M.T. was sufficierdkclimatised and
adapted (as the race was preceded by a month+aiming in the Mexican
mountains) and so he was able to accelerate aeit@end half of the race
and win the most important race walking 2610

HR [bprm] HR [bprm]
1904 = ka0

12 13 14 15 18 17 18 18 20 24 22 23 24 262

3 10

1| I O 571 e e e e D e D
120 r— u L . — o y T Frh L L u T —— y 7 Tirme
0:00:00 0:30:00 1:00:00 1:30:00 2:00:00 2:30:00 3:00:00 3:30:00
Cursor values
Time: 0:00:00 11216 (31%)
HR: 133 bpm 1:30:45 (38 %)
14415 (31 %)
Person M.T. Date 15.6.2010 Heart rate averag 166 bpm
Exercise World cup 2010 Time T:59.02 Heart rate max 183 bpm
Sport Walking Duration 3657448 Ascent 286
Naote World cup 2010 - Winner Selection 0:00:00 - 3:57:30 (3:57:30)

Fig. 3 Course of heart rate of M.T. at the 50 km radga@tWorld Cup 2010
in Chihuahua (1st place)

As it is shown in Figure 3, M.T. was close to timil of ANT around the
38th km thanks to the "saved up" forces he mansmestercome in the last
ten kilometres below the 44th min, and due to #useleration he was able
to overcome opponents who did not adjust their mtehigh-altitude,
ambient temperature and possibly even their curfénéss. M.T. has
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become after Jozef Pribilinec only the second Hpwio managed to win
the World Cup in walking and the first ever Slowsikiner at 50 km.

Table 1 Comparison of heart rate for each race at 50 km

Dudince Berlin Chihuahug
Finish time 3:41:32 | 3:48:35] 3:53:30
Minimal HR (bpm) 105 114 133
Average HR (bpm) 171 172 168
Maximal HR (bpm) 187 181 183
Number of heart beats during 50 km 38133 396p0 8946
| Recovery - 60 seconds after finish (bpm) 15 15 2 2

* The table shows the official time (total duratiofithe images is the recovery)

If we compare the summary of the load of M.T. iagh three races, we find
out the clear conclusion that for the racer the ta&ts been too fast at the
beginning of World Championship racing. Looking Figure 4 we see

clearly that the heart rate curve in the victorytteg World Cup and the

Record of the SR tended to increase, contraryddNIiCH where was more

downward trend.

HR [bpm] HR [bpm]
180 4 . = T |-190

180 W 180

1704 i-F170

1N ‘:
160 - gAY i F160
E
150

Lhiso

140 iH140
1304 F
1 155 bpim
1 ——————————————— e ——————————————
0:00:00 0:30:00 1:00:00 1:30:00 2:00:00 2:30:00 3:00:00 330:00
Cursor values:
Tirne: 0:00:00
HR: 133 bpm
Mo | Exercise Date Cursor HR | Heartrate | Duration | Note
1. — | Budinska 50°km Slovak CH 2009 28 32008 105 1717187 24754 6 | Mesting EAA [national record)
2, = | WCH Berlin 2008 21.8.2009 114 1734178 | 3.50:33 3 |WCH Berlin 2009 - 10th place
3 =2 World cup 2010 15.5, 2010 133 166183 35744 9 | \World cup 2010 - Winner

Fig. 4 Comparison of heart rate course M.T.at the 50 lacerat the
National Record, on World Champiomship 2009 and [#/Gup victories
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In terms of energy intensity was both races in20@9, similar, and also the
average heart rate varied less, but the final effes different. M.T. in the
first race escalated considerably greater ratefelbeho crisis. By contrast,
on the WCH has slowed significantly and the race feached at the brink
of physical strength, even thought about completimg race. This fact
could be partly influenced by the fact that WCH leasnpleted two-start
and 50 km race followed for 6 day after the 20 lamer The course at
World Cup victory was similar to the National Redan 2009. As we can
see in Figure 4 and Table 2 at the World Cup atasgeih the Record of the
SR at the start of the race ranged racing heagtatal 60 bpm, what is the
value below 90% of ANT, while on the WCH it was ab®5% ANT.
Based on this experience, we assume that for tfe islappropriate that to
the half of the race he should not exceed the sitenorresponding to 90%
ANT.

Table 2 Course of the various races at 50 km from thegastive of HR

0-10 10-20 20-30 | 30-40 | 40-50
km km km km km
Average HR 160 166 171 178 182
é Max. HR 167 173 176 184 187
§ Time 45:54 44:48 44:04 43:00 43:43
Average HR 170 174 176 173 171
£ Max. HR 181 178 179 177 178
@ | Time 44:44 44:09 44:40 46:33 48:27
< | Average HR 160 161 164 169 178
'ccg Max. HR 168 167 170 174 183
% Time 48:18 47:42 46:53 46:39 43:56

In terms of race load and thus response of thenisgaof race at 20 km all
four performances were very similar, but on thedpean Championship

14
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the average heart rate was 180 bpm, in the persecaild the average heart
rate was 182 bpm, in the European Cup it was 188 &épd in the World
Championship race it was 185 bpm. For the racédtn2 is characteristic
that there are minor variations in rate, which stérom the fact that a race
walker passes at a higher intensity than 100% AN3.we can see in
Figure 5, the personal record heart rate ranged fecond kilometre until
the eighteenth kilometre in a very narrow diapasbabout 182 bpm + 4
bpm. Of course, lower heart rate at the beginnimked to the
incorporation, until the end there was a rise iarheate, which was caused
by increasing rate of speed at the end. The avesgaluring the race was
at 4:03 min, but the final kilometre ran in 3:54nmies. Heart rate in the last
kilometre average level of 188 bpm and the maximamounted to 192
bpm.

HR [bprm] HR [bprm]
1904 180
1804 180
1704 r170
160 160
180 150
140 140
1305

1 ; £ 4 5 i 7 8 9 M0 M 12 13 14 15 4B AT 48 13 201
| | | | | | | | |__isdbpm | | | | | | | | | L
120 u u T u y 3 u L y y y u T u y u Time
0:00:00 0:1oo0 0:20:00 0:30:00 0:40:00 0:z0:00 1:.00:00 1:10:00 1:20:00
Cursor values
Tire: 0:00:00 042:30 {15%)
HR: 122 hpm 0:5750 (71 %)
Calorie rate: 803 keal/B0min 01:40 {14%)
Person M T Date 5.4 7008 Heart rate averag 182 bpm
Exercise Podebrady EAA Time 180118 Heart rate max 181 bpm
Sport Walking Duration 1:22:085 AsCent
Mote: Podebrady EAA meeting (PB) Selection 0:00:00- 1:22:05 (1:22:05)

Fig. 5 Course of heart rate M.T. at the 20 km race ier@qnal record in the
EAA meeting in Podebrady

European Cup 20 km were significantly affected bighhambient
temperature. M.T. completed the first 2 km in 8rh and heart rate

15
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before the first kilometres exceeded 185 bpm. Tihenrate slowed to 10
seconds per kilometre and also a levelling off ttoidecrease) heart rate.
After the tenth kilometre was up to the situatibattM.T. walk individual
kilometres at a rate of around 4:30 min, a slovaée than the rate at which
it is able to complete 50 km. While we see (FigGjethat the personal
Record had a heart rate of M.T. through the raiggntyy upward trend, in
the European Cup there was a impact fall and isecdneart rate. In the
last kilometre reached the heart rate value 191 ppare on Figure 6) at a
rate of 4:24 per kilometre, which was up by alnm2@tseconds slower rate
than at the beginning. In this race was remarkd#idesignificant difficulty
of environmental temperature, when all racers hgiw@lar problems and
significantly lagged behind their personal maximum.

HR [bpm] HR [bpm]
180 180
1805 180
170 = F170
160 = 160
150 150
140+ - 140
130 4

1 2 3 4 5 B 7 8 9 1o 1
| | | | 183 born | | | | |
120 . . ¥ u y ¥ ¥ ¥y — ¥ u ¥ y . ¥ ¥ Tirne
0:00:00 0:20:00 0:40:00 1.00:00 1:20:00
Cursor values
Time: 0:00.00 D033 (1 %)
HR:124 bpm 1:10:35 (78 %)
Calorie rate: 824 kealiB0min 01020 (11 %)
Person 1T, Date 245 2009 Heart rate-averary 183 bpm
Exercise Europear cup 2008 Tirne 15:28:58 Heart rate max 181 bprn
Sport Walking Duration 1:30:49.7 Ascent a5
Mote 7 th place Selection 0:00:00 - 1:30:45 (1:30:48)

Fig. 6 The course of heart rate M.T. at the 20 km radheaEuropean Cup
in 2009

At the 20 km race in the world championship in BeM.T. adapted to the
rate at which the group marched. Due to the ratheatevel 3:58 min after
the fifth kilometre there was a significant increasd heart rate to 186 bpm
+ 4 bpm. In the second half of the race, the desered rate was more than
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10 seconds per kilometre, while heart rate diddestrease, even in some
sectors have seen their growth, which was probainyto acute exhaustion
and acidity of internal environment of the organidtwen though the racer
must accelerate at the beginig of race, he achigymsd result and
performance.

HR [bpm] HR [bpm]
180 = j - 190

180+ F180

170 =170
1604 =160

150 ~1a80

140 r140
130 4 r
1 % 3 5 (i i g a 10 11
| | | 185 bpm | | | |
20 ¥ ' y ¥ ¥ ¥ y P— ¥ ¥ ' u ' ¥ ¥ Tirne
0:.00.00 0:10:00 0:20:00 (0:30:00 0:40:00 0:50:00 1:00:00 1:10:00 1.2000
Cursor values:
Time: 0:00:00 008:05 (10%)
HR: 113 bpm 1.07:00 (80 %}
Calorie rate: 704 keal/G0min 0:08:10 (10 %)
Person . T. Date 15:8:2008 Heart rate averag 185 bpm
Exercise WCH Berlin 2008 Time 18:00:14 Heart rate max 180 bpm
Sport Walking Duration 125258 Ascent 5
Mote Sth place: Selection 0:00:00 - 1:23:20 [1:23:20)

Fig. 7 Course of heart rate M.T. at the 20 km race thedaahampionship
in 2009 in Berlin

Overall, however, these events can be viewed ds fiogsiologically and
tactically controlled, since the racer didn't laigrsficantly after his
personal record and what is more he finished athngtace, which was
moderately above expectation. As seen also in Eigurthe average heart
rate in the race reached 185 bpm, which correspontiés case to about
104% ANT, but from the fifth kilometre, the averagemged between 188 to
189 bpm, which is on the level 106% ANT. From tithfkilometre there
are not any significant differences in heart rhtd,despite this fact, the rate
decreased at the end of the race to the level g&tonds.
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European Championships in Barcelona started M. &dulitional discipline
(20 km). Analyzed from all competitions at 20 krhetaverage heart rate
for this race achieved the lowest level (only 1§0mb= 101% ANT). In
Figure 8 we can see that after an initial increasbeart rate (the fourth
kilometre) to over 185 bpm occurred in the middiehe race a decrease in
heart rate below the level of ANT.

HR [bprm] HR [bpm]
1904 190
1804 i k180
1704 r170
1604 r 160
150 = r 180
140 140
1304

1 2 3 4
| 180 b | ||
120 . v . v . . v : . 7 ¥ ¥ ¥ ¥ ¥ Tirme
0:00:00 0:10:00 0:20:00 0:30:00 0:40:00 0:50:00 1:.00:00 1.10:00 1:20:00
Cursor values
Time: 0:00:00 0:26:15 (31%)
HR: 143 bpm 03415 (40°%)
Calarie rate: 863 kealiB0min 0:25:00 (28 %)
Person M T Date 27.7.2010 Heart rate averag 180 bpm
Exercise ECH 2010 Time 8:04:52 Heart rate max 191 bpm
Sport Walking Duration 1:28:47 B Ascent 310
Note Tthplace Selection 0:00:00 - 1:28:45 (1:25:45)

Fig. 8 Course of heart rate M.T. at the 20 km race abpesn
Championships 2009 in Barcelona

This decrease was mainly due to the slowdown irrdte of the race in the
middle. M.T. in this part of the race wasn'’t in gogrt of the group and he
ran alone. In this section, he fell (down) in thee@ll ranking. However,

we can see also in Figure 8 in the end of the there was a significant
increase in heart rate, which caused a signifiaaoeleration. At the end of
the race he moved away from group and at the ilshé&tre he attacked the
leading group of athletes. He finished the racheatseventh place, but with
the same time as the racer on the 6th place.
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Table 3 shows that the heart rate reached hight four competitions with
only 1 bpm of difference, while at the average heate this difference
came to 5 bpm. From the perspective of the oveladld World
Championship in Berlin can be seen as the mostseteace, where was the
highest average heart rate.

Table 3 Course of the heart rate for each race at thenb0 k

Podebrady Metz Berlin Barcelona
Finish time 1:20:53 1:27:29]  1:21:13  1:22:2(
Minimal HR (bpm) 122 124 113 129
Average HR (bpm) 182 183 185 180
Maximal HR (bpm) 191 191 190 191
Number of heart 14639 16222 15032 15080
beats during 50 km
Recovery - 60 17 19 21 18
seconds after finish
(bpm)

* The table shows the official time (the duratidrtlee images is with a pick)

Of course the intensity of heart rate does not dema the rate, but also on
ambient temperature, the current state, the irtiengiwarm-up and the rate
at the beginning of the race. In terms of totalrgpeonsumption was the
most challenging race course in the European Cupmesmanent load was
at 5-6 minutes longer than in other three performean which means a
summary difference of 1000 bpm.

Comparing all four competitions at the 20 km frohe tperspective of
physiological curves, so when looking at Figurew® can see that the
World Championship 2009 was in the first half oé trace average heart
rate slightly higher. This arises also from thet that the racer had to adapt
the tempo of the group of racers and in his pels@tard he was dictating
the rate through the race itself. Similarly, higheart rate was also in the
race of the European Cup in 2009 where we see itasigrowth trend in
heart rate at the beginning of the race. From #rsgnal record as well as
the result from European Championships, we seetligaincrease in heart
rate was slower at the beginning, but in Figurew®, see an obvious
decrease in heart rate in the middle of the race tlem European
Championships. However, in both of these compettion the end he
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managed to step up the rate and thus achieve aagavgrowth, as well as
the maximum heart rate.

5
| | | | 183 bprn__| | | | |
0:00:00 0:20:00 0:40:00 1.00:00 1:20:00

Curser values:
Tirne: 0:00:00

Time

No | Exercise Date Cursor HR | Heartrate | Duration | MNote

1.—|ECH 2010 27.7.2010 143 1807181 | 1:25476| Tthplace

2, = |¥WCH Berlin 2008 15.8, 2008 113 1857180 | 1:23:225|%thplace

3. -~ | Podebrady EAA 25.4.2008 122 1821181 1:22:05 5 | Podebrady EAA meeting (PB)
4 .=| European cup 2009 24.5. 2009 124 1837191 1:30:49.7 | 7 th place

Fig. 9 Comparison of heart rate course M.T. at the 20&oe in a personal
record, in the European Cup, in 2009 World Changtidgm and European
Championship 2010

In Table 4 we can see that the pulse frequencyonwasrerage highest in the
race at the World Championship in Berlin, and tfaeethe body has been
subjected to loads of greater intensity. At thek@0race, the race is usually
less temporized and every racer must be (espedaily}championships)
adapted to the rate of rivals, as it was the cagh W.T. on World
Championships and European Championships. While tleen world
championship in 2009 the rate at the beginninghef tace was slightly
faster than would be needed, both tactically oropean Championships in
2010 (after the acceleration in the rate of thetfrgroup) slowed. In races
where the racer selects at the beginning faster iais likely that walker
will have an oxygen deficiency, which the racerfeetty balanced and the
race was finished without a sharp slowdown. As shanv Figure 9, the
racer made in all competitions at 20 km after alfootin value of the ANT,
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while in the first 4 min (ie the first km) variete pulse rate at 95% of the
ANT. According to the trend of events it appearsvirm. how convenient

for him is to start the race slowly and graduallgcelerate the rate.
Therefore M.T. is probably more successful at &0 although its results
can be classified among the world's leading walke20 km.

Table 4 Course of the various races, at 20 km from thepmstive of HR

0-5km| 5-10 km| 10-15km  15-20 km

2 Average HR 177 182 184 186
g Max. HR 183 184 186 191
]
B | Time 20:12 20:22 20:12 20:06
o

Average HR 180 185 186 187
N | Max. HR 188 188 189 191
Q
= [ Time 20:53 21:33 22:32 22:28

Average HR 181 188 187 188
£ | Max. HR 186 190 189 190
@ [Time 20:15 20:03 20:18 20:39

Average HR 177 180 180 184
@
§ | Max. HR 185 182 183 191
§ Time 20:20 20:39 20:51 20:27
a
m

In the Table 4 we can clearly see that the perscewrd (at the EAA
meeting in Podebrady), was the trend of growthvierage heart rate during
progressive races (like the European ChampionshiBarcelona 2010). In
the European Cup as well as in the world champipnalready in the
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second five kilometre section heart rate excee@dd4lANT, which is also
shown by our previous studies (Pupigillik, 2005; Pupi$ - Savanayi-
Stihec, 2009) as an excessively high load of iritgns

Conclusion

Based on our findings, we recommend that walkeng gte race at a lower
intensity and rate gradually increases as a re$uakygen deficiency in the
introduction to the initial load there is overloagliof the organism in terms
of oxygen coverage, which ultimately reflects negdy on the final
performance. The most objectively is possible teckhthe adequacy of the
pace of walkers using the tester, when a currelsiepiate can realistically
assess the level of body burden. According to awodirigs, it is very
important that the racer at least the first fivenatés of the pulse rate does
not exceed 95% ANT at 20 km race and just 95% of AiNthe race for 50
km.

Consistent with our previous research (Pupi&iliik, 2005; Pupis -
Savanowt - Stihec, 2009) the result shows that the wallerable to
complete 20 km race at an average heart rate pomding to around 104%
ANT. On the 50 km race M.T. even reaches up toraddb-98% which is
slightly greater value than we have in the pasp@u Savanowi - Stihec,
2009). In previous studies we have to assess thasdity of the load in the
relationship between ANT and the average heartfoatevalkers at a lower
performance level to 50 km (3:48:00 to 4:00:00 Bypurwhere the
performance level of M.T. is higher.

From the perspective of M.T. it is essential the intensity of the load for
the first 5 km race at 20 km does not exceed tieeage levels of ANT.

The 50 km race showed that for M.T. is correspogdtensity for the first
10 km approximately 90% ANT.
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DEPENDENCE BETWEEN ANAEROBIC THRESHOLD AND
MAXIMUM OXYGEN CONSUMPTION IN RACE WALKERS
Martin Pupis & Ivan Cillik
Department of Physical Education and Sport, FacaftHumanities, Matej
Bel University, Banska Bystrica, Slovak Republic

Abstract

The research deals with the dependence betweemoaia¢hreshold and
maximum oxygen consumption in the top athletesagerwalking. Athletes
completed 5 laboratory examinations at various estagf preparation, in
which the level of anaerobic threshold and maxinaxygen consumption
were assessed. Subsequently, the dependency bettresentwo variables
was detected. The research has shown that it ipasstible to express any
constant between the anaerobic threshold and maxinoxygen
consumption, nevertheless it is possible to satyttieaoxygen consumption
at anaerobic threshold achieved in top athletexce walkers level between
80 to 100 percent of V{ax.

Key words: Maximum oxygen consumption. Anaerobic threshold.

Problem

In endurance sports anaerobic threshold - ANT a@dméx are considered
to be the most objective indicators of training aade load, thereby they
have become the main interest for many authorsngrothers Hagberg and
Coyle (1983), Hamar (1989), and Choutka Dovalilq1 Noakes (1991),
and Truksa Kucera (2000), Chin et al. (2001), Po(&802), Bralani
(2002), Baker and Horton (2003), Soumar - Souléduéera (2006), etc.
Bunc et al. (1982) defined the ANT as the brealgomt of curve reliance
of lactate on the load. It is therefore a pointilumhich the reliance had a
linear character and from this point it passeshto dependence of mainly
exponential nature. ANT can be considered as orntbeofmost significant
variables in regard to prediction of performanceimdurance sports Bielik
et al. (2006), equally important parameter is th®,iMax, a maximum
amount of oxygen that the lungs are able to exfraact the inhaled air and
which is transported by blood to working musclegjidva, 1997).

We can often encounter opinions according to whialo decisive
boundaries for the development of endurance arerabi& threshold and
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VO,max. Interdependence of these two parameters veasttr be defined
by many authors (Seliger et al., 1980, Hamar, 19P@yalil, 2002,
Moravec, 2004 and others) very similarly - in uneised walkers share of
maximum oxygen consumption at anaerobic threshalies around 50%
VO,max , training can be increased to up to 80-90%seBaon these
arguments, we see that anaerobic threshold (régplyct80% of VQmax)
is considered to be the maximum intensity on theebipment of
endurance. On the contrary, there is the argumeitudera and Truksa
(2000) that during the physical load of higher iv#igy than 70% V@mnax
oxidation of lactic arises and then re-synthesiglptogen is not sufficient
to degrade all still forming lactic acid. In accarde with Bielik et al.
(2006), we see a problem in the fact that the ieatibn of training
effectiveness at the level of ANT in the developtr&foxidative processes
in the past took place mainly on a sample of un&@ior only moderately
trained subjects. Sport experience shows thatnbtspossible to compare
the top athletes themselves in terms of functiamdlities and adaptation to
sports training, for this reason the comparison avkerage trained,
respectively untrained persons is misleading ansdtoding. In the
comparison of maximum oxygen consumption of untadipeople (35-45
ml.kg®.min®) and top athletes (60-80 ml:kgnin™) we can find that the
level of oxygen consumption of top athlete at arothreshold is
equivalent to the consumption of oxygen by the AWiTeven nearly to the
maximum oxygen consumption in untrained individuals

Hamar (1997) defined the anaerobic threshold asymardic balance
between lactate (lactic acid salt) formed in thesales and its removing
from the heart and resting muscles. After overcgntivese limits it comes
to accumulation of the lactate and to internalugition of the balance of the
organism. Lactic acid as a strong acid is immedjiatessociated into lactate
anion and hydrogen cation which increased conc@mtraauses metabolic
acidosis of own internal environment of the orgamiSoumar - Soulek -
Kucera, 2006). It is therefore necessary to mortiter value of anaerobic
threshold and V@nax of each athlete, and then to define theiricelahip.
In general, the value corresponding to the anaerbibeshold is considered
to be the lactate concentration of 4 mmblbut different authors (Saltin et
al .. 1995; Kdera - Truksa, 2000; Soumar - Soulek - Kucera, 2@@é)t
out that this value is significantly lower in attde (about 3,3 mmot}),
while in the athletes in the 800 and 1500m thia ison-negligible higher
contrast (up to 5,5 mmot). Bielik et al. (2006) allows higher values for
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distance athletes. Kaera and Truksa (2000) indicate that at the anaerobi
threshold it is possible to work for 30-60 minutest while training it is
appropriate to divide the load into a shorter tiofier-12 min. VQmax is
defined as a critical speed at which they can vec8t12 min. duration of
load, while the optimal training stimuli are 2-6rmMoravec (2004) in the
structure of endurance capacity gives as a medindurance exercise
corresponding to 95-100% \iax with a duration of 20-10 min. Costill
(1977) described the load of ANT and Mfax as anaerobic - aerobic zone,
with the optimum time of the load 5-6 min. This eors usually
characterized by blood lactate concentration of @ mmol.I'. Generally
speaking, the athlete usually achieves ANT rathan VQmax, as shown
in the Figure 1, which illustrates the heart rateiry the examination at
which was detected ANT and VO2max simultaneously.

Aim of work

The aim of our work is to find out a dependence aidtionship between
anaerobic threshold and @ax in the top athletes in race walking when
we want to quantify their relationship, which woldd applicable to sport
practice.

Methodology
Characteristics of the tested group
Representatives of the Slovak Republic in race inglk

1st - Age 28 years, body height 178 cm, weight &7 k
2nd - Age 36 years, body height 174 cm, weight§2 k
3rd - Age 35 years, body height 180 cm, weight 2 k
4th - Age 29 years, body height 191 cm, weight 4 k
5th - Age 33 years, body height 178 cm, weight §4 k
6th - Age 29 years, body height 175 cm, weight §0 k
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Our monitored athletes completed five tests inedéht stages of their
preparation to avoid possible errors caused byemifft levels of special
fitness, which could more or less distort the rssof our research. We have
to consider the fact that on the research partiegpbathletes racing on the
20 km and also on the 50 km. It means that athleteisg on the different
distances can have greater differences in aerdg@dity as well as in
aerobic performance. The identical methodology wased in all
examinations, which consisted of a gradual incrdasad (speed) on
treadmill (similar form, as in Conconiho test). Mioned athletes received
load by Conconiho test on a treadmill. They staged very low intensity
and then each minute increased the speed untiéjbetion. During this test
we also studied anaerobic threshold, maximal aerpbiver and aerobic
capacity of the ventilation parameters in labonatoonditions. The group
only consisted of representatives of the SlovakuRkp who participated in
the European Championship, World Championships lym@ic Games,
which ensure a high level of scheduled sports table

Results and discussion

Athletes, on whom we made our research, were stadjeto laboratory
testing - spiroergometer examination at variougestaof preparation, but in
spite of that they still exceeded even the lowedties of VOQmax and 60
ml.kg™.min?, when most values of Vinax.kg" were in the range of 70 to
80 ml.kg".min™, which confirms the high aerobic performance amplacity
of the organism in all studied athletes (Table QJr monitoring showed
that the amount of oxygen consumption @x) for ANT was
significantly lower (about 2-15 ml.Kgmin'than the maximum reached
VO,max (Table 1). This confirms the statement thatl-tvained athletes
are able to work (or even increase their power)nefeav minutes after
overcoming of anaerobic threshold. This is also fiooed in our
monitoring when athletes stepped load even few temafter overcoming
of a threshold.

29



World race walking research

PupiS Matrtin et. al.

Table 1 Comparison of selected parameters in anaerobgshbtd and
VO,max
Puls
HR of HR O, Puls 02 | Ventilatio Ventilation
ANT VO,max VO2max at ANT VO,max ANT VO,max n ANT VO,max
(bpm) (bpm) (ml.kg®.min®) (ml.kg®.min) (ml) (ml) (I.min™Y) (I.minY)
179 193 52,6 65,4 20,8 22,7 1104 153,7
173 175 54 62,9 20,6 23,7 111,8 149,8
1. [ 168 182 56,4 64,7 22,9 23,8 112,71 154,8
169 186 48,5 59,3 21,7 23,5 109§ 153,6
168 164 54,2 58,4 21,3 23,5 116,2 157,1
171,4 180 53,14 62,14 21,46 | 23,44 | 112,16 153,8
171 181 63,8 72,8 25 27 112 188,1
162 175 63,1 69,5 24,5 26 118,5| 163,7
2. [ 168 172 55,1 66,8 22,4 252 115 169,9
175 170 63,9 68,1 23,4 25,6 1254 187,7
159 167 57,7 66,6 23,2 25,4 1094 169,2
167 173 60,72 68,76 237 | 2584 | 116724 175,72
174 173 54,9 65 20,2 24 105,2 152
171 183 51,6 66,3 19,6 235 104,3 149,7
3. [ 174 182 56,1 67,2 22,5 25,3 131 134,6
174 192 59,9 66,2 26,6 26,8 143,2 177,8
181 195 68,4 79,1 28,4 30,4 135,7 183,8
174,8 185 58,18 68,76 23,46 26 123,88 159,58
165 162 61,2 69,1 22,6 29,7 1149 150,7
169 194 60,7 73,9 24 27,8 109,4) 155,4
4. [ 170 170 64,7 73,3 25,5 32,3 1294 163,6
161 166 53,4 63,7 21,2 24,6 1274 160,6
162 163 49,4 65 24,3 28,8 128, 162,7
165,4 171 57,88 69 2352 | 28,64 | 122,02 158,6
152 171 49,4 63,9 24,4 26,2 1311 160,4
170 166 64,2 73,3 25,5 32,3 1334 154,8
5 [ 156 159 68,2 75,8 28,7 31 121,3 154,3
170 191 65,8 75 24 25,4 123,2 160,2
195 187 73,1 77 22,9 24,7 132,3 163,5
168,6 | 1748 64,14 73 251 | 27,92 128,3 158,64
181 186 67,8 74,9 22,8 25,6 1254 160,3
178 177 79,9 89,5 26,5 29,8 140,71 186
6. 179 185 77,5 79 24,7 27,6 155 177,9
178 181 68,9 75,8 24,9 26,9 152,1 179,4
187 194 60,2 67,6 21,9 24,1 143,71 169,5
180,6 | 1846 70,86 77,36 2416 | 2638 143,42 174,62

The results obtained

in our research are consistétit the authors'

statements according to which oxygen reaches imattaerobic threshold
from eighty to ninety percent of the maximum. Tresult was reached by
all six monitored athletes with the exception afeth measurements when
they mainly approached to the level of 90-100% .(Rig This confirms the
high effectiveness when working with oxygen in stdadathletes and it is
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one of the decisive factors in endurance performar@f course, the
maximum intensity has the decisive impact on th&amue in endurance
sports when there is a greater production of lacthdn the organism is
capable to process, thus the intensity below thel lef anaerobic threshold.
On the other hand, the organism must be able teivecand process as
much oxygen as possible however not absolutelyrbabnversion to kg of
weight per minute of loading (i.e. its \M@ax.kg® should be as high as
possible).

I 80 1
757

65 | H ir! - H

HHHEHHEH LT TR
5511 A EAHH R T
LTI LTI EORAfEER
45 tHNHE A

40 y Tt ; ; X
123456 7 8 910111213 14151617 1819 20 21 22 23 24 25 26 27 2

‘ m VO2 of ANT O VO2max.kg-1 ‘

Fig. 1 Comparison of VQin ANT and maximal V@max (1-5 (athlete-1),
6-10 (athlete-2), 11-15 (athlete-3), 16-20 (ath#te21-25 (athlete-5), 26-
30 (athlete-6)

As it can be seen in Figures 1 and 2 the highesteptage of maximum
oxygen consumption was amounted in ANT for thosasuezments where
the VOmax also attains the highest absolute value. Ab¢hmeasurements,
when athletes reached the highest absolute vafué® gmax as the highest
levels of VQ in ANT have been made during the race season, whigh
the phase when athletes reached the highest |éublew fitness. In this
period athletes reached the highest values ofiv and also the values of
VO, in ANT were the closest to absolute yfax.
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Fig. 2 Achieved VQin ANT as a percentage (maximum of Maax) (1-5
(athlete-1), 6-10 (athlete-2), 11-15 (athlete-%:20 (athlete-4), 21 -25
(athlete-5), 26-30 (athlete-6)

A part of our research was to compare the heatatanaerobic threshold
and VOmax during treadmill testing. We found out a renadik
discovery.
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Fig. 3 Comparison of heart rate in ANT and M@ax (1-5 (athlete-1), 60-10
(athlete-2), 11-15 (athlete-3), 16-20 (athlete24).25 (athlete-5), 26-30
(athlete-6)
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Heart rate at anaerobic threshold was in eightscémat of 30) higher than
at VO;max (Figure 3) but when we realized the methodolofyConconi
test we found out that our research only confirrtredprinciples on which
Conconi based his test which was created to daterthe ANT in the field.

Figure 4 shows that the heart rate reached atrtherabic threshold from
87 to 103% of heart rate in \\@ax, so after overcoming of ANT a heart
rate raised either very slowly or, in some casegnet was only for a
maximum of 3 percent, declined. On the other haxggen consumption
raised regardless of the fact whether the heeastatier overcome an ANT
increased, or decreased, as confirmed by FigureBdsed on the
interpretation of the Conconi test by Pupis andckkr(2003), the heart rate
increases to the level of anaerobic threshold tirmeml at the point of the
ANT the line deviates towards the x-axis (and tiisin also decline), this
fact is consistent with their interpretation. Thganism's ability to take as
much oxygen as possible per kg of weight per mitaig no limits but the
heart rate it means that the oxygen consumptionicarease even after
overcoming this threshold.

Fig. 5 The level of heart rate in Vax and ANT (in percentage of heart
rate at VQmax) (1-5 (athlete-1), 6-10 (athlete-2), 11-15 Ittt 3), 16-20
(athlete-4), 21-25 (athlete-5), 26-30 (athlete-6)
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Conclusions

The research that we had implemented showed usthkatelationship
between anaerobic threshold and yfax cannot be expressed by any
constant, but nevertheless it is possible to say tine VQ in anaerobic
threshold achieves in the top athletes — race walkeel between 80 to 100
percent of VGmax, however, it must be defined for each athlete
individually. Only then we can determine the inign®of training load,
because each percentage point in the intensity magn an error in
wrongly fixed intensity. Equally important is toqgerly measure the length
of the load on the level of ANT respectively M@ax.

Monitoring of the heart rate under the load oneadmill showed that after
overcoming the limits of ANT it comes not only talstortion of dynamic
equilibrium between lactate forming in the musdes its removing in the
heart, but also it interrupts the linear increaktheir heart rate and even it
may lead to an increase in heart frequency afteramming this barrier.
This fact must be taken into account in particédarrhigh intensity training
sessions at the level of ANT, because after overogmwf ANT a heart rate
control may lose its importance. Even low hearte rabay wrongly
"highlight" the low training deployment. As a resolf inexperience, the
coach can suspect the athlete from laxity. Thestegtould not be the only
control mechanism in training and therefore it $sential to monitor other
indicators as well such as: lactate, creatine kinpsl, blood pressure, etc.
As each organism has its own specificity, we cassithat it is also
important to verify the effectiveness of an indivad training at the ANT
because there are also some views that do nonéntt the method of
developing of the endurance at ANT. Training at teeel of ANT is
considered to be demanding on use of glycogen, evhesovery is limited
and does not give sufficient stimulus for physiddad) adaptation in the
development of race rate. From the perspectiveuofresearch sample we
consider the ANT as a very important indicator luseaaccording to a
Pupi$ andCillik (2005) the athletes complete the races inkd® in the
intensity of 100% - 102% ANT and longer races (3@rketres) on the
Olympic distance at 92%-95% ANT. The knowing of theeshold allows
athletes to better estimate the appropriate rdee ra
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SEXUAL INTERCOURSE AND RACE WALKING
PERFORMANCE
Martin Pupi§', Aleksandar Rakow?, Vladimir Savanov?,

Miodrag Koci?, Danijel Stankové®
! Department of Physical Education and Sport, FacaftHumanities,

Matej Bel University, Banska Bystrica, Slovak Réigub

Faculty of sport and physical education, Universif Nis, Nis, Serbia

Abstract

The research was to investigate the influence xaiaeactivity race walkers
before varied types of load. A group of subjects wamposed of 37 race
walkers from 6 European countries aged from 32yed&s, who completed
a questionnaire. It was composed of 8 questionis avibt of subquestions.
The research proves that all race walkers do rspored equally after being
exposed to sexual intercourse in terms of theifopgrance whereby more
than 90 % of the observed subjects accented thatakéntercourse 12
hours before the load would not have negative arfae on the obtained
results. Sexual intercourse 30 minutes before thad | (training or
competition) is practiced by 1/6 of race walkersevdby 1/3 of them
noticed the achievement of worse sports resulter auch activities.
Majority of athletes agrees that sexual intercodrdéours before the load
will not cause negative effects on the performance.

Key words: race walkers, sexual intercourse

Problem

Some studies indicate athletes need more sex thiasathletes (Connelly,
1994). Different studies suggest that pre-sportasay actually aid athletes
by raising their testosterone levels, for examplev@ren, 2006).Sexual

activities immediately before sports competitionavdn been widely
addressed and discussed by athletes and expeittsisirarea but their
attitudes towards this topic are diverse (JamesQ019%nderson &

Morgan,1994; Chidley, 1996; Pupid & Stihec, 2009iBuet al, 2010).

However, sexual activity is a part of everyday |dé most people, i.e.
athletes. Their attitudes are so different dependim the type of sport that
we have determined to tackle this problem in theetu paper which is a
part of the project VEGA 1/0322/10 (Optimalizatiafi performance in
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individual sports). Similar study was conducted hwithe American

footballers and baseball players showing that Acaerifootball players

restrain from having sexual intercourses beforentatch, contrary to the
baseball players. As we were taking, on the otlzerdhit turned out that
athletes are generally speaking more sexually ecthan non-athletes
(Fisher, 1997).It was also revealed that team spattiletes were more
prone to pre-marital sexual intercourse and thusenfeequent sexual
partners exchange while individual sports athletese more conservative
in this respect. Tracing back the past it is welbwn that Mohamed Ali

avoided sexual activities 6 weeks prior to boxingteches (Fisher, 1997),
and even today alot of couches forbid athletes seyual activities.

However, a footballer player George Best claimg th@ had had sexual
intercourses even during a half time. Accordinghte research of Booneho
& Gilomora (1995), published in the Journal of SpoMedicine and

Physical Fitness, sexual tercourse should not exeghtive influence on
sports performance.

One argument for abstaining from sexual intercouhge night before an
enduring athletic workout is that being sexuallysfrated can lead to
increased aggression. Evidence, however, sugdestséxual intercourse
the night before an event does not alter physiokligiesting results, the
latter of which was measured by strength and emteraof the palmar
flexing muscles McGlona & Shriera (2000). Similarlg randomized
crossover study found that oxygen pulse, maximablie power, and
double product were not significantly affected xwgal intercourse 12
hours prior to the athletic performance Booneho #o@ora (1995). The
most aggressive lovemakers burn about 250 calanésour, or 4 calories
per minute. The average person makes love for fiwdyminutes and burns
fewer than 25 calories. However, a lack of sexo@rcourse can result in
diminished and disturbed sleeping and consequgstyghological anxiety
and exhaustion.

Sexologist Trojan (2006) completely agrees withs tfinding and claims
that an athlete who does not have a sexual intesedbe whole night long
but just the evening before the competition ando@dg night sleep
afterwards can not induce bad results. He himselfilav not recommend
sexual intercourse as an ideal warm up activityhm morning before the
competition but it would certainly have a positiefect on the results.
According to the same author theories of increasedpetitive condition of
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sexually inactive contestants are not validatedngsatitive sporting spirit
could be theoretically connected to the level stdsterone which in turn
induces an increase in sporting spirit. Howeveras found that the level of
testosterone is not affected after the sexual dotese. Two hours after
sexual activities a level of prolactine is incrahsehich does not affect
sports performance at all (Trojan, 2006). Thisisa¢cord with the research
of McGlona & Shriera (2000) and Andersona, WeiaSByu (2001), who
claim that no changes were notices in the athietsslts 12, i.e. 48 hours
after sexual intercourse. Sports physician PavdbMa claims that sexual
intercourse is a normal activity the same as wranryn up the stairs to the
second floor, which corraborates the claim thataibh not have negative
effects on the results in sport. He adds that deactévitiy has a vital role
and is classified as one of the best rehabilitatiotivities for the spinal
column. It increases the level of the positive homm - endorfine, inervates
pelvis, etc. (Mikulova, 2003). Yet Douglas (2007ed not recommend
sexual intercourse immediately before the competitibecause the
ejaculation as he claims induces drowsiness. Alsator Boytova has no
clear attitude towards this topic but does not nemend sexual intercourse
to men immediatelly before the competition, but dbes not make an issue
of it.

Aim
The aim of this study was to investigate the infleee of sexual activity race
walkers before varied types of load.

Methodology

Our research was carried out with the race wall&egroup of subjects was
composed of 37 race walkers from 6 European camtaged from 32 + 6
years, who completed a questionnaire. It was coatpo$ 8 questions with
a lot of subquestions. All subjects were elite etéd and one of the research
subjects was world champion in athletics. Subjeeatse given a diary to
track all their feelings about sexual relationghivit6 weeks.

Results

In the first part of our research we were obsemvedload the very sexual
intercourse put on our subjects and have conclutlat this activity is
aerobic, mainly small and medium intensity whiclpeleded on the type of
intercourse. Values of lactates measured right #fteintercourse are 2,2 to
3,6 mmol.l', and maximal values of heart rates go to 140 bplood
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pressurancreased of 30-50 mmHg. A group made up of 6 vealkers was
observed for the changes in heart rates in loadseeh48 after the sexual
intercourse, 30 minutes and 12 hours after the aexmtercourse.
Differences in average values of heart rates imkderloads lasting to 1
hour (rhythm + 0,9 s/ km) were minimal. Also loaith heart rates to the
limit of 136 bpm was observed. Difference betweesse heart rates was
0,2 p.min* which is a neglect table value for sport.

Similar situation occurred with the load with threinsity of tempo lasting
to 2 hours (tempo + 0,5 s/ km). Heart rate reacegtage value of 153
bpm, where the difference ranged from 0,4 bpm. séldifferences are also
insignificant regarding sports.

We were noticed difference in the loads of highaensity (in rhythm
intensity of 95 % of ANT in standard circumstarjcés loads longer than
4 minutes average heart in loads 48 hours afteséixual intercourse, i.e.
12 hours after the intercourse reached 3,9 bpm,3i® p.mift higher
values whereby subjective feelings did not changend loads. Only in
loads 30 minutes after the sexual intercourse semekness was felt but
without negative influence on the realization aido

We were noticed biggest differences in the loadganfed intensity known
as fartlec training where observed race walkerbzeghtracks of 200 m of
high intensity with the changes of 200 m lower msi¢y and thus 4km in
the rhythm that corresponded to the value of therage heart rate on the
limit of ANT (in standard circumstances). Again thmallest average heart
rate in loads after 30 minutes upon sexual intesmuwvas registered and
that 4,5 bpm, i.e. 6 p.mim where there were no significant changes in
subjective feelings. Only subjective feeling of desed muscle tone was
registered and it minimaly disturbed the coordmmain the first kilometer.

In the second part of our research were race walkewmpleted

guestionnaire. Based on the answers given we fawafout that 16,22 %
of race walkers state that it is correct to refrlom sexual activities just
before the competition. On the other hand 83,78 %aae walkers have the
opposite attitude. In relation to a given time imgd 13,51 % of race
walkers think that they should not have sexualraaerses 12 hours prior to
load and 67,6 % consider any sexual contact 30 teénibefore the

sustainable load is not recommended. Worse resultise anaerobic load
(above the anaerobic threshold) 12 hours after dexactivities are

registered in 16,22 % of race walkers, in loa®@fo of ANT (anaerobic
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threshold), 13,51 % reports decreased abilitylevim loading such as
tempo training and the loading of aerobic charaaterdo not register any
worse parameter (as can be seen in Fig. 1).

el decreased ability 12 hours after sexual
intercourse?
80% 1+ | [
70%+ | I
60% 1 | [..
50% 1 | ..
40% " | i
30% 1" |t
20% K
10% 7
0% r
In intensive load | In intensive load Inls:;t[aelr?:t;le in acrobiclon
(+100% ANT) (90% ANT) -
@ YES 16% 14% 0% 0
O NO 84% 86% 100%

Fig. 1 The influence of sexual intercourse on the suatdeload 12 hours
before the different loads

Race walkers registered worse results in the abaeldoad (above the
anaerobic threshold) 30 minutes after sexual detsvin 32,43 % , in loads
of 90 % of ANT (anaerobic threshold) 40,54 % mpaecreased ability,
while in loading such as tempo training 37,83 %orédecreased ability. In
loading of aerobic character we do not register\aogse parameter (as can
be seen in Fig. 2). One observed race walkers ddsiefrains from such
activities before the described loads while theeptbne reports no such
recent experiences to make conclusions aboutdhis.t
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| decreased ability 30 min after sexual
intercourse?

. . . . In sustainable
In intensive load | In intensive load

load tempo In aerobic load
+100% A 90% A
( oA (SOoolaD) training
@ YES 32% 40% 37%
0 NO 68% 60% 63%

Fig. 2 The influence of sexual intercourse on the suatd@eload 30
minutes before the different loads

In time of 12 hours after sexual intercourse nonhe race walkers register
complete weakness, waste of energy is reportedush 5,40 %, and

decreased coordination is reported in 10,80 %aok rwalkers (Fig. 3).

Increased tension is not reported at all but ovetming relaxation is felt in

32,4 % of the race walkers. We do not register weakncentration even
12 hours after the sexual intercourse.
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at do you feel 12 hours after sexual
intercourse ?

100,00% -
80,00% -
60,00% -
40,00% -
20,00% -
0,00% - y
Waste of Worse Overw helming
energy coordination relaxation
N YES 5,40% 10,80% 32,40%
B NO 94,60% 89,20% 67,60%

Fig. 3 The influence of sexual intercourse of subjecfeadings in
sustainable loads 12 hours after the sex

In time of 30 minutes after the sexual intercourséoad 37,83 % of our
subjects feel complete weakness and 40,54 % desl df energy. Worse
coordination during loading is reported in 37,83%%the subjects (Fig. 4).
Disturbed concentration is noticed in 32,4 % akravalkers.

All race walkers of the research had sexual inters® 12 hours before the
competition and 16,22 % of them reported positiaduence on their
performance and obtained results, nobody reporégghtive feelings about
this experience and attributed negative influencéheir results while 83,78
% of them think that sexual intercourse did notreaay type of influence
on their performance (neutral influence).

43



World race walking research PupiS Matrtin et. al.

o0 you feel 30 minutes after sexual intercourse ?

60%
40% -
20% -
Overall Loss of Disturbed Increased |Overwhelming Worse
weakness energy coordination tenstion relaxation | concentration
B YES 38% 40,00% 32% 20% 51,30% 38
aONO 62% 60% 68% 80% 48,70%

Fig. 4 The influence of sexual intercourse of subjecfeadings in
sustainable loads 30 minutes after the sex

Only 13,51 % of the observed race walkers had aeiiercourse 30

minutes prior to competition and 1/3 of the sulgetink sex has negative
influence on the achievement of results while 21k that sex did not

influence the results of the competitions. 5,4 %aafe walkers do not have
sexual intercourse 12 hours before the competitthite 54,05 % of them

refrains from sex 30 minute before the competitibis understandable that
a sexual intercourse 30 minutes long is hard tainptand one of our
subjects think it even impossible but let us remihdt 16,22 % of our

subjects underwent such experiences.

Conclusion

The research proves that all race walkers do rspored equally after being
exposed to sexual intercourse in terms of theifop@rance whereby more
than 90 % of the observed subjects accented thatakéntercourse 12
hours before the load would not have negative @rfte on the obtained
results. Almost half of the observed subjects maotichange in muscle
tension 30 minutes and 12 hours after the sexteddourse. It is important
to emphasize that 12 hours after the sexual inteseoonly quite relaxing
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feeling is reported while 20,27 % race walkers if@teased muscle tension
30 minutes after sexual intercourse. Even 40,54 #heosubjects felt worse
feeling in loads of high intensity 30 minutes aftiee sexual intercourse but
such activity of the body causes lower heart rdteserobic load of lower

intensity there were no changes of subjective figsliand heart rates.
Sexual intercourse 30 minutes before the loadnftygior competition) is

practiced by 1/6 of race walkers whereby 1/3 ofntheoticed the

achievement of worse sports results after suclviaei. More as half of

group of race walkers agrees that sexual intereo hours before the
load will not cause negative effects on the perfomoe. It is to be

concluded that it is not quite possible to deteemiwhether sexual

intercourse before the load exerts positive or tieganfluence on the

achievement of results.
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Abstract

This study provides new data on an athletics egemtip that has received
scant attention in the academic literature. In ligtained male and female
athletes competing in the 20 km race walk evertdaigf at lactate turnpoint
and velocity at maximum oxygen uptake correlatehwierformance.

Relationships between physiological variables aediogpmance may be
indicative of the intensities at which the racetahise is performed.
Moreover differences in race walking economy magcdiminate between
performers exhibiting similarities in other physigical variables.

Key words: Race Walking; Performance; Training; Lactate Twoinp
Oxygen Uptake; Race Walking Economy.

Problem

Little is known regarding the physiological detenamts of elite race
walking performance as previous studies have censi heterogeneous
groups (Hagberg and Coyle, 1983, male 20 ks, 8; Reilly et al. 1979,
male 20 kmn = 9; Dunsteet al. 1993, female 10 krm = 12; and Yoshida
et al. 1989, female 5 knmy = 8 and 1990, female 5 km,= 5). High level
performance in the 20 km race walk events is subr-26 min for male and
sub ~1 hr 40 min for female athletes. This levepefformance equates to

mean competition velocities of ~14.0 ¥ or faster and ~12.0 kim or
faster for male and female athletes respectivehs{éllini, 2005).

Aim

Therefore the purpose of this study was to exatfiagelationship between
selected physiological variables identified duniage walking exercise on a
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laboratory based motorised treadmill and 20 km cgtitipn performances
of male and female race walkers from the UK AtlcetRace Walking
Squad.

Methodology

Seventeen male and twelve female athletes fromUtkeAthletics Race
Walking Squad volunteered for this study, which Rawliversity ethical
approval. Age (y), height (m), body mass (kg), boff (%) and
performance characteristics (race time, IAAF pogmsl mean race speed)
of the subjects are detailed in Tables 1 and 2.

The athletes completed between six and nine 4-mirstdges of race
walking on a motorised treadmill. All tests begah aa 1% gradient,

increasing by 0.5 krh* each stage, with a starting speed 2.0Hnbelow

the current race speed for 10 km of the subjectc@npletion of each stage
a 20 pl arterialised capillary blood sample wasawtatd from the ear lobe
for the determination of blood lactate B values. Expired air was
collected into a Douglas bag for the last 60 s afhestage to determine

oxygen uptake (Vg and race walking economy (mhL®y*km™). When
heart rate (HR) exceeded 95 % of the predicted maxi or B, exceeded

4 mmoll™ the treadmill gradient was increased by 1% evérg.6The test
continued until volitional exhaustion for the detémation of maximum
oxygen uptake (V@hay-

The velocity at lactate turnpoint (v-LTP) was trece walking speed at
which there was an abrupt and exponential incr@ad®,. values (Jones,
2007). The velocity at V&« (V- VO,na) Was resolved by linear regression
on sub-maximal race walking speed and,V@ues. Physiological data was
compared with competition performance during aqeeof four weeks pre
or post-test to minimise changes in aerobic comaiitig (Jones and Doust
(1997).
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Table 1. Physical characteristics of the subjects . Anthrogiic
data was recorded in the laboratory prior to difooous
incremental treadmill race walk test to volitioeahaustion.

. Body
Age (y) H?r:?)ht mass Body fat (%)
(kg)
Meanz 1.78+ 70.7%
3 D 29+8 0.02 6.8 12.0+ 3.8
(n=17) (n=17) (n=17) (n=16)
Meanz 1.64+ 54.3+
Q SD 29+5 0.08 59 21.9+25
n=12) (=12) ([NH=12) (h=12)
g Means  p9e7 72T O35 16.3+ 6.0

Table 2. Performance characteristics of the subjects . Rimces

(hh:mm:ss) convert to mean race speed -Ifin Performances
correspond to point scores from the IAAF Scoringl€a (Szabo,
2003). Competition performance was only taken frarperiod of
four weeks pre or posttest to minimise changes aarobic
conditioning (Jones and Doust (1997).

20 km IAAF v-20 km (kmrh™)
(hh:mm:ss) points
Mean  01:31:13+
d isp 00:04:12 28675 13.2+ 0.6
(n=17) (n=17) (n=17)
Mean  01:48:32+
Y 4+sD 000552  982%60 11.1+ 0.6
(n=12) n=12) n=12)
J  Mean 013823t o, o >3e 10

Q@ +SD 00:09:57
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Outcomes

The physiological and descriptive data obtainednduthe discontinuous
incremental treadmill race walk test to volitiomathaustion is displayed in
Table 3. Results indicated that in athletes from WK Athletics Race
Walking Squad there were strong relationships betwe20 km and v-LTP
and VQmax in male athletes and between v-20 km and w\Qn female

athletes.

Table 3. Physiological and descriptive data obtained durdigcontinuous
incremental treadmill race walk test to volitioreathaustion. The v-20 km is
included for comparative purposes. Values in p&esis are indicative of the
number of subjects in which a particular variabbeswdentified.

>
e
PN —~ =~ £ gﬂ-
= < < L - - S~ € 4
= .t f 3 £ rEdg it
é/ - E.E i‘/ e 4 _'E“— CD'OE
= N % £ =~ T+ oo £ £ X
S 3 O o g S WD ckF X W
e &% § 4 FE O0X gz STod
§ ¢ E S B 7 SEE® gz
> i S
14
d 13.2 5.0 70.1 14.8 2.8 13.4 62.0 87 258.1
Mean

+SD 0.6 0.5 8.2 1.0 0.9 0.8 6.2 6 24.3
(=1 (n=2 (=1 (n=1 (n=1 (n=1 (n=1 (n=1 (n=15)
n_© 6 10 7N 7 4 3

. 11.1 3.1 56.7 12.9 2.9 11.8 50.6 89 257.8
Mean

+SD 0.6 0.6 7.3 0.7 1.3 0.5 8.9 8 44.9
(=1 (n=2 (=1 (n=1 (n=1 (n=1 (n=1 (n=1 (n=11)
2) 2) 2) 2) 2) 2) 2) 2)

g% 12.3 4.2 64.8 14.0 3.0 12.8 57.3 89 258.0
Mean

+SD 1.2 11 105 1.3 1.1 1.0 9.4 7 33.7
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Analysis of variance and correlations between \alga

The velocity during a 20 km race (v-20 km) for maled female athletes
was significantly different from v-LTP and v-\iQh« (p <0.05). In male
athletes velocity at lactate turnpoint (v-LTP) hihe strongest correlation
with v-20 km ¢ = 0.740,p <0.05, Table 4a). In female athletes velocity at
VOsmax (V-VO2may had the strongest correlation with v-20 km=(0.789,p
<0.05, Table 4b). Based on the outcome of the pteswidy the results
suggested that the most important variables to @emhen investigating
variance in race walking performance were v-LTP @ndO,ax

Explanations of variance in performance

The adjusted Rvalue derived from multiple stepwise linear regies in
Table 5a indicated that 53 % of the variance inenwa20 km was explained

by variance in v-LTP and the addition of the vac@nn VG (ml-kg

Lmin™) to the variance in v-LTP explained 71 % of theiamace. The other
statistically significant correlates with v-20 km-\{VO,max ' = 0.690,p
<0.05; VQ at LTP,r = 0.578,p <0.05) did not add to the regression and
were excluded by the stepwise model. In femaleetghl the adjusted’R
value indicated that 59 % of the variance in fema0 km was explained
by variance in v-V@,. (Table 5b). The other statistically significant
correlate with v-20 km (v-LTPy = 0.620,p <0.05) did not add to the
regression and was excluded by the stepwise model.

The multiple stepwise linear regression models giifferent explanations
of variance in 20 km performance between male anthfe athletes, i.e. the
submaximal variables v-LTP in males and v-¢/Q in females. However v-
LTP and v-VQ.xdid both correlate with v-20 km: v-ViQ,with v-20 km
in males ( = 0.690,p <0.05); and v-LTP with v-20 km in females £
0.620, p <0.05). The truncated product method (TPM) was usethe
analysis of the 20 km race walk events. When comgip values for
Pearson’s product moment correlation coefficiersT?, VO, and v-
VO,max TPM gavep <0.01 for both male and female athletes, indicpth
statistically significant results in the data setded to the level of
significance and were not due to chance. Analybisogariance identified
that gender did not make a significant contributiorregression equations
of the independent variables in the male and fergateips. Therefore a
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common regression line was drawn to estimate theati relationship
between v-20 km and the independent variables ptegeas male and
female subject group scatter plots in Figures 3.to

Table 4a. Correlation coefficientsr] for male 20 km athleteanc
descriptive data obtained during discontinususemental treadmill ra
walk test to volitional exhaustion. *p<0.05.

~~ é
A — ~ £ il
a0 = ol < a8 0 ,
= £ I £ f 9gixEf
gE = 2 E DE 2<iges -
Male g5 = S = — 5 B4 !9 D
- N - : ~ -
athletes O @ g £ n Y2 cF ;8 &
£ 9 = - SE ©w® ' =
> o

v-20 km 0.64* 0.69* -0.39 0.74* 0.59* -0.35 -0.12
(km.hY) (n=16) (n=17) (n=17) (n=17) (n=15) (n=14) (n=15)

VO
2max 0.47 010 029 0.82* -057 0.51

l(rr:]'l:?) (n=16) (n=16) (n=16) (n=14) (n=14) (n=15)
V-VOsax -0.42 0.84* 0.20 -0.53 -0.36
(km-h) (n=17) (n=17) (n=15) (n=14) (n=15)
LTP 035 0.33 -0.22 0.41
(mmokl™) (n=17) (n=15) (n=14) (n=15)
V-LTP 0.24 -0.16 -0.46
(km-h) (n=15) (n=14) (n=15)
VO, at

LTP -0.01 0.58*
(ml-kg’ (n=14) (n=14)
Lmin™)
I:VOZmax -0.12
at LTP (n=14)
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Table 4b. Correlation coefficientsr] for female 20 km athletes and
descriptive data obtained during discontinuouseimental treadmill race
walk test to volitional exhaustion. *g<0.05.

—~ %
B —_ — 13 i
o = T g S S 2 g~
;£ E 5 £ BE SBEpFt
Female £ S = S £ S5 %Bq S29E
athletes Q o & E L w2 cF 28 &w
E > K § 2E E®c g8
= (i
v-20km 039 0.79* -0.32 0.62* -0.15 0.04 p=11)
(kmh?  (n=12) (n=12) (n=12) (n=12) (n=12) (n=12) .
VO3max 0.11 0.09 -0.00 0.27 0.78*
(ml-kg™min™?) (n=12) (n=12) (n=12) (n~=12) (n=12) (n=11)
V-VO2max -0.38 0.72* -0.34 ~
(kmhY) (=12) (n=12) (n=12) (n=12) *-36 €=11)
LTP -0.21 0.59*
0.19 p=11
(mmoH™) (=12) (n=12) (n=12) &1 (=11)
v-LTP 0.028
-0.24 p=11
(kmhY) (n=12) (n=12) 024 (=11)
VO, at LTP
0.57 p=11
(ml-kgmin™) 0=11)
FVOZmax —
A LTP 0.53 (=11)
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Table 5a.The adjusted Rvalue indicates that 62 % of the variance in vak
km was explained by variance inLiHP (model 1) and the addition of -
variance in VQna to the variance in v-LTP explained 74 % of theiamace
(model 2).

20 km race walk

Male athletes Multiple stepwise linear regression
Model Correlati
. on Multiple 2 Adjusted
numb Variables . 2 R 2
coefficient r R
er
(N
v-LTP
1 1 0.74 0.74 0.56 0.53
(km-h™)
V-LTP (km-h'
1
)
2 & VO s 0.64 0.87 0.75 0.71
(ml-kgmin™?)

Table 5b The adjusted Rvalue indicates that 59 % of the variance in femal
20 km was explained by variance in v-¥@.

20 km race walk

Female athletes Multiple stepwise linear

regression
Correlation . .
Variables coefficient MuIt|2pIe R? Ad’“?ed
r R
"

v-VO

2max 0.79 0.79 0.62 0.59

(km-h™)
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Fig. 1 The relationship betweeP0 km performance speed and the veloci
lactate turnpoint (\=-TP) in male and female athletes with the linedatienshiy
estimatel by the common regression line fitted to the datse lines fitted aboy
and below show th85 % confidence intervals of the mean relationdfeépvee!
the variables.
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Total Population
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VOonae (Mg min?)
Fig. 2 The relationship between 20 km performance speedVdDymax in male
and female athletes with the linear relationshigineted by the comm
regression line fitted to the data. The lines dittdove and below showe 95 %
confidence intervals of the mean relationship betwhe variables.
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* female
® male

Total Population
R#=10.76

V=20 km (knrh)
-2

-
=

-
=

VO (kM)
Fig. 3 Therelationship between 20 km performance speed andelocity
at VOmax (V-VOone) in male and female athletes with the lir
relationship estimated by the common regressianfitted to the data. T!
lines fitted above and below show the 95 % confidemtervals of th
mean relationship between the variables.

Discussion
Maximum oxygen uptake

The male athletes’ mean Vg values (70.1 8.2 mtkg™min™, n = 17)
were similar to those reported by Reilly al. (1979) (70.0+ 3.0 mikg
Lmin?, n = 9), Brisswalteret al. (1998) (70.6+ 4.1 mtkg>min™, n = 9),
Franklin et al. (1981) (62.9+ 4.1 mtkg™min™, n = 9) and Hagberg and
Coyle (1984) (58.% 1.5 mtkg™min™, n = 8). The female athletes mean
VO,max Of 55.7 + 8.6 mtkg™min® is similar to the values reported by
Dunsteret al. (1993) (57.3+ 7.7 mtkg™min, n = 12) and Yoshid&t al.

(1989 and 1990) (49:82.5 mtkg™min™, n = 8 and 49.% 3.0 mtkg™min’
! 'n=5). So the athletes taking part in the presenties attained a similar
profile in terms of VG axas other elite level race walkers.

20 km performance did correlate with Y in male ¢( = 0.64,p <0.05,n
= 31) but not female athletes £ 0.39,p >0.05,n = 12). These results
showed some contradictions with previous reseascleeq. VQax did not
correlate with 20 km race walk performance in theerathletes studied by
Hagberg and Coyle (1983) € 0.62,p >0.05,n = 8) or Reillyet al. (1979)
(r = 0.53,p >0.05,n = 9) but Yoshidaet al. (1989) found a significant
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correlation between V)., and female 5 km walk performanae<0.74,p
<0.05,n = 8). This may reflect the lower subject numbershie studies by
these authors or the relative homogeneity of thsgesti group in the present
study, i.e. the more homogenous the group, the liksdy statistical
significance as demonstrated in literature relatimgrathon running
performance to V&« (Maughan and Leiper, 1983; Sjodin & Svedenhag,
1985). Moreover, the mean 20 km performance ohthte athletes studied
by Hagberg and Coyle (1983) was 1 h 52 mi6 min, which was much
slower than the 1 h 31 mind min of the male athletes in the present study.

Although VO,ax did not correlate with female race walking perfamoe v-
VO,max €Xplained a large segment of variance among taléeathletes 20
km race pace: 59 % by variance in v- ¥ when entered into the stepwise
multiple linear regression analysis (Table 5b).alrstudy of 5 km cross
country running performance peak exercise treadrgilhde at the
termination of a running test to volitional exhaostwas the strongest
correlate among physiological variables examinedBleyg et al. (1995),
which is a similar method to that used to deternvi0,,,.« in the present

study. The VQnax values recorded by the female subjects (56.7 &gy

Lmin™, n = 12), like the male athletes, were similar tostan@eported for
other high level female race walkers and enduratitietes.

Blood lactate variables

The variables related to Bwere closely correlated with the male athletes
v-20 km in particular v-LTP (20 km study= 0.74,p <0.05,n = 17). These
results are in agreement with the literature ne¢atdb distance running €
0.97,p <0.05,n = 18, 15 km race, Farre#it al. 1979) and race walk
performance specifically by Hagberg and Coyle (3983 0.95,p <0.05,n

= 8, 20 km race walk). The correlations betweemdcig} at LTP and male
athlete performance suggests that success in raéecampetition over 20
km can be largely related to the ability to attaimd sustain a high race
walking speed without accumulation ofBi.e. the energy contribution to
ATP resynthesis is largely aerobic.

Blood lactate variables were also closely corrélatéh the female athletes
v-20 km, in particular v-LTPr(= 0.62,p <0.05,n = 12). These results were
in agreement with the literature relating to femalekm cross country
running performance by Begg al. (1995) ¢ = 0.83,p <0.05,n = 7, female
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5 km cross country run) and female race walk coitipetperformance by
Yoshidaet al. (1989) ¢ = 0.85,p <0.05,n = 8, 5 km walk). Like the
correlation between v-LTP in the male athletes, fédmale data suggested
that success in 20 km race walk competitions cbaldargely related to the
ability to attain and sustain a high race walkipged without accumulation
of Blac:

Aerobic energy contribution to the 20 race walkrase
The average energy cost of the 20 km and perforemaimy the male
athletes in the present study according to Equdtiby Arcelli (1996) was

51.6 ml Q-kgtmin™.

Equation 1. “race walking”
(6.86v — 38.8) = average energy cost (rpk@*min™)

where v = velocity in knin*

The variables entered into the stepwise multiptedr regression analysis
have been identified as central to performancedspeendurance athletes,
including race walkers (Coyle, 1995; and Bassett Howley, 2000). V-
LTP explained a large segment of variance in raaee ppmong the male
athletes (53 %, Table 5a) and correlated with perémce in female 20 km

(r = 0.62, p <0.05). In the present studies LTP was about

3.0 mmoll™* (2.8 + 0.9 mmol™, male athletes and 2.9 + 1.3 mrid|
female athletes, Table 3), which may exemplify theeven aerobic
condition described by Antonutto and di Pramper@96) in which lactate
production and removal were equally increased detnating how whole
body sources for muscular work could be entirelphie under steady state
conditions despite a higher than resting, Bevel. They noted that peak
glycogen oxidation rates are attained at the “uneserobic” exercise
intensity, which occurred at LTP. Therefore the wareaerobic condition
may set not only the intensity of exercise, bub dlse capacity, as it may be
responsible for an increased glycogen flux in thescre fibres producing
lactate (Antonutto and Di Prampero, 1995). The amdation of B,. can be
attributed to either increased formation or de@dagmoval of lactate in
the muscle, so at high exercise intensities denfanadtarbohydrate may
result in an increased hydrogen concentration enrttuscle, which could
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have a negative impact on muscle function. Thustettwould be a rapid
carbohydrate turnover and increasing acidosiseénntiuscle above exercise
intensities associated with LTP, which would beoimsistent with being
able to maintain a faster pace over the race distéBassett and Howley,
2000). The uneven aerobic condition may also beraathstration of the
lactate shuttle (Brooks, 1988) where lactate preduby active type Il
fibres could have reached muscle capillaries, pdicg into the general
circulation, thus elevating,B, or may have reached adjacent type | fibres to
be oxidised, i.e. supporting the findings of Donow al. (2000) where
approximately 50 % of lactate removal in skeletalisoe could be
accounted for by oxidation in type | and lla fibres

Fractional utilisation of V@,.xat LTP was about 88 % in the study (88 + 4
% mmoH™, male athletes and 89 + 8 % mnhidl female athletes, Table 3)

with the corresponding B values of about 3.0 mmbt, possibly resulting
from the combination of active muscle mass andrtensity of the muscle
activation that was proposed by Billat (2003) tdfdetors in the appearance
of lactate in the blood. Accordingly LTP in the eawalkers in the present
studies could have been affected by muscle fibpe,tyactate transport
across membranes (possibly involving MCT proteimsceéll membranes
(Brooks, 2000)), blood flow and blood distributi¢Billat, 2003).

The relationship between LTP and muscle fibre tyas studied by vt
al. (1980) who found a correlation of = 0.74 p <0.05,n = 9 male)
between LTP and percentage of type | muscle fiduesg cycle ergometer
exercise. Race walking above LTP would result idifferent metabolic
response compared with race walking at or below,Li’E? a higher rate of
energy utilisation and increased levels @f.BHolloszy and Coyle (1984)
found the rate of energy utilisation, wherg.Began to accumulate, was
limited by skeletal muscle oxidative capacity amcbrisgly influenced by
training. Therefore it could be of value to invgate the influence of
training on LTP in race walkers as this variableswlze strongest correlate
with performance in male athletes; and was comdlawith female
performance.

Two physiological variables combine in v-LTP acdogdto Coyle (1995):

the race walk V@at LTP and the race walk speed that could be aetiat
that VO, described as submaximal economy. The;AtQ. TP for an event
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such as the 20 km race walk was shown to be closkdied to the V@that
an athlete could sustain over the given duratioamévent by Coyle (1995)
and was described as a combination of,}{Qand the fraction of V&«
that could be maintained during performance, edgkr race walk. Bassett
and Howley (2000) noted fractional utilisation ofO¥,.x was linked to
changes in muscle oxidative capacity arising frdmwonic training stimulus
as found by Holloszoy and Coyle (1984).

Race walking economy
There was no correlation between race walking exgnonl O,-kg*-km™at

12 kmh™) and performance in the study (male athlates;0.12,p >0.05,n

= 15, female athletes, = -0.04,p >0.05,n = 11), which is in agreement
with Yoshidaet al. (1989), although these authors examined a differen
racing distance: 5 km. However Hagberg and Coy838) did report that
race walking economy in male athletes was signifigarelated to 20 km
race pacer(=-0.89,p <0.05,n = 8, economy identified by VQralues at 10

km-h®) and concluded that submaximal economy appearduk toelated
more closely to performance in race walking tharruinning. In runners
with a similar VQax running economy is a good predictor of performance
(Saunderset al. 2004) so the lack of correlation between race imnglk
economy and performance (i.e. v-20 km) may reflecheterogeneous
athlete population in the present studies, conttamlj the comment above
about homogeneity and s

The correlation between performance and,\&@OLTP in the study was
not uniform (male athletes,= 0.69,p <0.05,n = 15, female athletes,= -
0.15,p >0.05,n = 12), e.g. only the correlation for the male et in the
20 km study was in agreement with the findings @igblerg and Coyle
(1983) who also reported a correlation in male 20dthletesr(= 0.82,p
<0.01,n = 8), while Yoshideaet al. (1989) found no correlation between
race walking economy and v-5 km in female race eakHagberg and
Coyle (1983) noted that the Gt LTP and the submaximal economy
appeared to contribute to a different extent indbtermination of v-LTP
during running and race walking exercise modes, sebmaximal
economy appeared to be more closely related towatieng performance
than running performance, proposing that this welated to race walk
biomechanics rather than energy metabolism. Inptesent study the
fastest (athlet@) and fourth fastest (athlet® male 20 km athletes were
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identical in their VQ at LTP (68.6 mikg*min?), yet athletea was
walking 3.6 % faster in the race (20km=1h 2886 sv 1 h 28 min 34

s). Hagberg and Coyle (1983) found a difference0d mtkg™min™
between V@ at LTP in three male athletes but a variationeénfgrmance

of 11 % and concluded the differences in v-20 knrewaot due to
differing abilities to expend energy below LTP, but submaximal
economy, i.e. race walk speed at a given,VIhe difference in v-20 km
between athleta and athletd and the probable impact of submaximal (or
race walking) economy is shown in Figure 4.

The fraction of VQaxat LTP was 88+ 4 % in the male athletes, which
compares with trained marathon runners reportediliee 94% of VQpax
over 5 km and 82% over 42.2 km (Davies and Thomp4®&79) and
between 80 and 85 % (Bassett and Howley, 20008&rfb over 42.2 km
(Sjodin and Svedenhag, 1985). The 20 km is not@calit 100 % VG ax
however ATP production is dependant on the,W@at can be maintained
during the race. In the present studies this wdndddetermined by the
VO,max @nd the fraction of V..« that the athlete could achieve. Arcelli
(1996) calculated that to complete 20 km in Worlgc®&d time (1 h 17

min 21 s) the athlete would have to maintain a,¥068.1 mikg™min™
throughout the race. As a result, should it beiptsso walk 20 km at 100
% VOumax the athlete would require a V@, of 68.1 mikg™min™ to race
the distance in 1 h 17 min 21 s. In the preserdystuLTP (13.5+ 0.9
km-h®) was slightly higher than v-20 km (13t20.6 kmh'®), however the
fraction of VOacat LTP (88+ 4 %) suggests a ViJax in the region of

77.0 - 82.0 mkgmin™ would be required to race walk 20 km in World
Record time.

The examination of fractional utilisation demonstg how VQpax

establishes the upper limit for performance in 2@ekm race walk but
does not resolve the outcome of competition (Fidiree.g. the highest
VO,max Value recorded in the study was 79.0kgif-min™ by an athlete
who recorded 1 h 28 min 34 s in the 4 week timen&aither side of his

laboratory visit, compared to 73.1-kg™"-min™ recorded by the fastest 20
km athlete in the study whose time was 1 h 24 r3irs4in the study the
fraction of VOmaxat LTP did not correlate with v-20 knm € -0.35,p
>0.05, Table 4a), which is in agreement with stsidig experienced
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athletes who have prepared for marathon racesagipinopriate endurance
training (Sjodin and Svedenhag, 1985). If the prestudy had included
club level and recreational athletes to providargdr variation in 20 km
performance then fractional utilisation of Vg may have provided a
statistically significant correlation with v-20 knin a study of male
cyclists and triathletesn(=36) Meyeret al. (1999) found a large variation
between the fraction of Q. and exercise intensities defined in relation
to LTP. This led them to conclude that the peragmtaf VO, Was not
suitable for determining exercise intensities aloned that B,
measurements were preferable, e.g. in the presedy she correlations
between v-20 km and fractional utilisation of ¥@at LTP and v-LTP
werer = -0.35,p >0.05 and = 0.74,p <0.05 respectively (Table 4a).

The fraction of VQaat LTP was 89+ 8 % for the female athletes in the
study and did not correlate with v-20 km=-0.29,p >0.05, Table 4b) or

with VOpmax (Mlkg™min®) (r = 0.17,p >0.05, Table 3.5b), which is
similar to the findings of Rusket al. (1980) who found no correlation

between fraction of V@aat LTP  or VQmax (MIkg™min?) in female
cross country skiersn(= 15). Ruskoet al. (1986) found statistically
significant correlations between @t LTP and citrate synthase< 0.58,

p <0.05, n = 15) and fraction of V@..x at LTP and succinate
dehydrogenaser (= 0.63,p <0.05,n = 15) from muscle biopsy samples
taken from the vastus lateralis muscle, which ket to conclude that
LTP seemed to be related to the oxidative capafityuscle. Therefore in
an investigation into the influence of training bfP in race walkers an
improvement in LTP may be explained by improveméntthe oxidative
capacity of the skeletal muscle.

Race walking economy, expressed as the energyreegper unit of mass

to race walk over a horizontal distance at 12.0hKngml O,-kg™km™) did
not correlate with v-20 km. However it is difficutt discount race walking
economy as it may have contributed to the diffeesria v-20 km between
athletea andb who were identical in Veat LTP (Figure 4). Likewise race
walking economy may have interacted with }g) to explain the
differences in v-VQ,.x between athletel and e who were identical in
VO,max (Figure 6). This is similar to Daniels (1992) finds that different
running economies resulted in a different v¢Q in distance runners of
equal VQnax Each athlete exhibits a linear relationship betweace
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walking speed and VO which interact to give v-V&ha.x As Figure 6
showed there was variation between each pair détathin how much
oxygen it cost to race walk at given speeds, tldetee had the better race
walking economy respectively resulting in the fasté/O,. Differences
between v-VQ,a in athletes with virtually identical race walkiegonomy
may explain the differences in (R between athlete andf (Figure 7),
which also supports the findings of Daniels (1982his study of running
economy. Moreover, Yoshidat al. (1990) found race walking economy

improved 8.8 % from 43.5 3.1 to 40.0 2.4 mtkgmin™ at 10.2 krrh™* (p
<0.05,n = 5) following an eight week training interventiam competitive
female race walkers resulting in a 6.8 % improvemien5 km walk
performance ff >0.05). The authors drew a similar conclusion tgbkrg
and Coyle (1983) that exercise economy was posstlyspecific
phenomenon for competitive race walkers comparediiaers, alluding to
race walking technique having a greater impactammnce in race walking
performance than running technique on variancermming performance?

14.0 4

13.54

13.0 7

12.54

R*= 0.48

v-20 ki (kmh")

12.07

H
L] L L L] L L]
5000 5500 60.00 6500 7000 75.00
VO, at LTP (mikg'min")

Fig. 4 Athletesa andb have identical V@at LTP (68.6 mikg™min™?). The

v-20 km of athlete was 14.0 kn* v 13.5 kmh™ for athleteb. The ability to
expend energy before LTP is identical, thereforfedinces in v-20 km
maybe explained by submaximal economy, i.e. rack wspeed at a given

VO..
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T I T TP ag
L ] L ] :
13.5- P -
L ] '.E [ ]
13.0 H
=
= :
= 1254 ;
I e
8 b
= . :
12.0- H

30.00 8500  90.00 9500  100.00
Fraction of VOaq., at LTP{%)

Fig. 5 Athletesa andc have identical fractional utilisation of g, The

v-20 km of athletea was 14.0 knh' v 12.3 kmh for athletec. The
examination of fractional utilisation demonstratesv VO, establishes
the upper limit for performance in the 20 km racgdkabut does not resolve
the outcome of competition. NB athlebefrom Figure 4 is included for
comparative purposes.
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25.0 1
80.0 1
75.0 o
70.0 4
65.0 1
60.0 4
55.0 4
50.0 1
45.0 1
4001 @

1T R SR R S — .. REe— 1

11.0 11.5 12.0 125 13.0 13.5 14.0 145 15.0 15.5

W0y {mlkg ~min "

Treadmill speed (kmh ™)

Figure 6. Athletesd ande have identical V@, The v-VQax Of athleted

was 14.5 knh* v 15.5 kmh™ for athletee. A line was drawn through the
VO, data points to create a race walking economydimting at the V@«
of each athlete. A perpendicular line was droppethfthe VQ,,a value of
each athlete to the x-axis to demonstrate the yz¥OI'he data points used
to construct the race walking economy lines fofedéisd ande are lower at

every point but there is a clear 1 % difference in v-VQnax between the
two, i.e. athlet® is more economical than athlete
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350 —r—a7"—->—r—-'—IF—r——F

105 11.0 11.5 12.0 125 13.0 135 14.0 145 150 155
Treadmill speed (km-h )

Figure 7. Athletese and f have identical race walking economy. The v-

VO,max O athletef was 13.5 knht v 15.5 kmh' for athletee. A line was
drawn through the V@data points to create a common race walking
economy line. A perpendicular line was dropped fribig VO« Value of
each athlete to the x-axis to demonstrate the y;¥OThe Figure
demonstrates the influence of Y on v-VO,nax in two athletes with
virtually identical race walking economy.
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Despite the lack of correlation between race walldnonomy and v-20 km
in the present study, the examination of M®LTP, fractional utilisation of
VO,max and differences in v-V&,, demonstrated the apparent impact of
race walking economy in explaining some of theatéwn in v-20 km. The
interrelationships between these variables are sareed in Figure 8.

VOomax Fraction VO, at LTP

(ml-kg-*-min-) (%)
I T

|
VO,at LTP

(ml-kg-*min-")

Race walking
economy

v-20 km
(km'h-1)

Figure 8. The relationships between ¥R, the fraction of VGQ,«at LTP,
the VO, at LTP, race walking economy and (e.g.) v-20 kmafadd from
Bassett and Howley, 1999).

Conclusions

Correlations of descriptive data obtained duringe tdiscontinuous
incremental treadmill race walk test to volitior@dhaustion and v-20 km
showed that among the variables analysed only v-Bfé v-VGQ .. had
statistically significant correlation (<0.05) in both male and female data

analysis. VQnax (Mlkg™min™) was only significantly correlategh €0.05)
with v-20 km in male athletes, however v-¥Q is strongly affected by
race walking economy and bR« (Bassett and Howley, 1999; Coyle, 1995;
Daniels and Daniels, 1992; Morga al. 1989) so it may be unwise to
dismiss the importance of W@, in the other athletes. \)Q,, has been
found to increase by about 20 % in athletes foli@vendurance training,
highlighting the large genetic component to thisamae (Boucharét al.
1999), whereas muscle oxidative capacity has beandf to increase by
between 40 and 100 % (Holloszoy and Coyle, 1984pssting variables
such as v-LTP are trainable, as is v\{§ (Daniels, 1992; Billatet al.
1999), largely via its economy component. The afficof investigating the
training response in v-LTP and v-¥Qto race walking training is worthy
of research; moreover the role of race walking l@ohanics in variance in
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race walking economy warrants investigation despite correlations
between race walking performance and econgray sein the present

studies.
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PREDICTION OF RACE WALKING PERFORMANCE VIA
LABORATORY AND FIELD TESTS
Andrew Draké and Robert Jamés
The UKA National Centre for Race Walking, Leedsrivdlitan
University, Headingley Campus, Leeds, LS6 3QSediingdom.
’Department of Biomolecular & Sport Sciences, Cayedniversity,
Coventry, CV1 5FB, United Kingdom.

Abstract

The present study supports the use of a field baded race walking time
trial as a predictor of velocity at maximum oxygaptake in athletes
competing in race walking events. Moreover the 2tkne trial provides a

useful link between laboratory and performancealdeis in the construct of
the race walking nomogram, which is an easy to emssching tool for

athletes and coaches.

Key words: Race Walking; Performance Prediction; Oxygen Ugptak
Testing; Monitoring.

Problem

Athletes compete in race walking events of 3-10 &nd the Olympic
distances 20 km and 50 km. Previous studies ofwadking events (Drake
et al. 2003; Hagberg & Coyle, 1983; Yoshida al. 1989) each concluded
that success in these events was probably relatduktability to attain and
sustain a high race walking velocity without acclation of blood lactate
(Biao)- It may be useful to be able to predict perforomaif the relationships
between standard race velocities and different iplggical variables are
known. However it may be impractical to performaddratory test, yet
could be efficacious to predict race walking pariance and/or
physiological variables (e.g. maximum oxygen uptgké,.,,,)) from
performances in other distances and/or a fieldd#=st such as a time trial.
For example Mercieret al. (1986) developed a nomogram to predict
performance equivalence for distance runners; aflidt Bt al. (1994) and
Berthonet al. (1997) developed field based tests to calculatecity at
maximum oxygen uptake (v-V&Q,). Dabonvilleet al. (2003) found that
the 5 min running test of Berthat al. (1997) was a reliable field test for
estimating v-VQnax from only one trial. Billatet al. (1994) found that the
duration of running performance that could be naimgd at v-VQ,a Was

5 min 21 s + 1 min 23 s. Berthaet al. (1997) found running v-V@hax
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correlated best with performance over 3 km, whiahied from 8 min 08 s
to 15 min 36 sr(= 0.97,p <0.05,n = 9 male runners); and Daniels (1998)
described v-VQhax as representative of the speed of a running @ty
between 10 to 15 min, therefore a 2 km race walklvgompare with a 3
km run performance time wise. Moreover laboratoperformance- and
field-based variables could be combined to constifue interrelationships
between them, e.g. to create a nomogram to pré@igta, V-VOomas 2 km
time trial performance and 3 km, 5 km, 10 km, 20&md 50 km race walk
performance if one or more of the values was known.

Aim

Therefore the purpose of this study was to develomogram to predict
performance equivalence for race walking, which l@nable coaches and
athletes to predict performance and/or physioldgieaiables (e.9.V@nay
from performances in other distances and/or a fieksed test such as a time
trial.

Methodology

Forty-five male and twenty-three female race walkparticipated in this
study, which had University ethical approval. Theam age, height, body
mass and maximum oxygen uptake was 27 £ 8y; 1.08& m; 64.3 + 9.8

kg; and 62.9 + 11.3 mdg™min™.
The athletes completed between six and nine 4-mirsdges of race
walking on a motorised treadmill. All tests beganh aa 1% gradient,

increasing by 0.5 ki each stage, with a starting speed 2.0mnbelow
the current race speed for 10 km of the subjectc@npletion of each stage
a 20 pl arterialised capillary blood sample wasawtatd from the ear lobe
for the determination of blood lactate (B values used to identify lactate
turnpoint (LTP). Expired air was collected into auglas bag for the last 60
s of each stage to determine oxygen uptake, V&hd race walking

economy (ml @kgkm™?). When heart rate (HR) exceeded 95 % of the

predicted maximum or & exceeded 4 mmdi the treadmill gradient was
increased by 1% every 60 s. The test continued wolitional exhaustion
for the determination of maximum oxygen uptake g¥£). The velocity at
lactate turnpoint (v-LTP) was the race walking shaewhich there was an
abrupt and exponential increase ip.®alues. The velocity at VQax (V-
VO,may Was resolved by linear regression on sub-maxiraeé walking
speed and V@alues.
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Thirteen male and eight female race walkers froerttain subject group
(above) also race walked an all out 2 km time tdaala 400 m Mondo
surface athletics track for calculation of v-2 kkm(h"). The time trial was
undertaken within 24 hours of completing the ditomrous incremental
treadmill test described above. Subjects were inéar they should race
walk as fast as possible and to treat the timédda race effort. Time trials
began after subjects had completed a 20-minute wapmTests were
undertaken on windless days when the track was Slipjects completed
their time trials alone on the track to avoid cie@ata competitive
environment on occasions when two or more wereattigipate. The mean
+ SD age, height, body mass and ) of the 2 km time trial group was
22+9y;1.75+0.07 m; 62.3 + 9.1 kg; and 558.9 ml.kg".min™.

V-2 km was compared to v-VQ, identified in the laboratory and race
walk performances over 3 km, 5 km, 10 km, 20 km &0dkm by the
athletes taking part in the present studies. Mageoace walk performances
over 3 km, 5 km, 10 km, 20 km and 50 km attainectietes ranked in the
World, British or Italian top 50 between 1999 artD2 were combined to
create a nomogram to predict WQ, V-VOoma 2 km time trial
performance and 3 km, 5 km, 10 km, 20 km and 50 ratce walk
performance if one or more of the values was known.

Outcomes

The 2 km time trial performance time was 554 + 65v€® km was
compared to v-V@.. and race walk competition performances over 3 km,
5 km, 10 km, 20 km and 50 km recorded within fowgeks pre- or post-
laboratory test. v-2 km (132 1.6 km.h') was 0.2% higher than v-VQax
(13.1 + 1.5 km.H) (p > 0.05); and 10.9 % higher than v-LTP (11.7 + 0.7
km.h%) (p < 0.05). v-VQmax accounted for 94 % of the variance in 2 km
time trial performance when analysed by multipleepstise linear
regression. The relationship between vo¥Qand v-2 km was resolved by
following the “field-laboratory” equation in Table (RZ = 0.96,n = 21). To
test whether the distribution of the V@, V-VOmax and v-2 km data
measured were significantly different from the narmdistribution a
Kolmogorov-Smirnov testl¥) was used (Field, 2005). The distribution of
the VO,max Values, D(21) = 0.12 p > 0.05)), v-VQnax Values D(21) = 0.21

(p > 0.05)) and v-2 km value®(21) = 0.16 > 0.05)) indicated a normal
distribution.

Moreover data from the present study was combimedresolve the
relationship between race walking speed and,,Vi&. “common race
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walking economy” (Table 1, R= 0.996,n = 68); and the “performance-
field” based relationship between v-2 km and v-3 Wwas resolved from
race performances completed by the athletes wheleded the 2 km time
trial (Table 1, R = 0.76,n = 21). The model construct was completed from
analysis of 182 paired race walk times of athletesr the distances 3 km, 5
km, 10 km, 20 km and 50 km (Table 1). The constrfrom the
interrelationship between laboratory-, performancend field-based
variables was the nomogram (Figure 1) that couldubed to predict
performance in race walking events and,¥Q

Table 1. Relationships between paired race distances amblyming linear
regression, where 3 km, 5 km, 10 km, 20 km and B0=k hh:mm:ss. Predictive
equations were established from World, British ahdlian top 50 ranked
performances 1999 — 2003, which were not signifigadifferent (@ >0.05) from the
present studylinear regression not performed duante 2

Field-laboratory

v-2 km (km.h)=1.1042 v-VQmax(km.h?) — 1.4011r=0.96*, R=0.96,n=21

Common race walking economy

VO, (ml.kg*.min™) = 5.2482 treadmill speed (kmh— 12.334r = 0.85*% R
=0.996,n = 68

Performance-field

v-3 km (km.h")=0.8624 v-2 km (km.H)+1.6626r = 0.93*, R = 0.76,n= 21

Paired race distances (h:mm:ss) used to construcobomogram

3 km-5 km 5 km-10 km

5 km = 1.4468 3 km + 0.0024°R 10 km = 2.0906 5 km — 0.0002* R
0.90,n=31 0.92,n=44

10 km-20 km 20 km-50 km

20 km = 2.1031 10 km — 0.0009% R 50 km = 2.8868 20 km — 0.0039° R
=0.87,n=44 0.74,n= 63

Paired race distances (h:mm:ss) from present studipr comparison

3 km-5 km 5 km-10 km

5km =1.463 3 km + 0.0025°R 10 km = 1.8573 5 km + 0.0034°R
0.82,n= 30 0.87,n=34

10 km-20 km 20 km-50 km

20 km =2.2811 10 km - 0.0064°R __ »

=0.86,n=28
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Race time
VO,a V-VO,, o 2kmTT  3km 5km 10 km 20 km 50 km
(mlkgtmin) (kmh?1) (mm:ss) (mm:ss) (mm:ss) (mm:ss) (h:mm) (h:mm)
85 37:00 1h:16 3h:35
10:00 17:51 1h:17 o
10:15 18:16 38:00 :E:g ’
: 3h:45
: 1h:20
80 10:30 18:42 39:00 ot
10:45 : 3h:50
19:07 1h:22
11:00 : 40:00 1h:23 3h:55
75 ' 1h:24
1:15 19:33 41:00 1h:25 4h:00
11:30 19:58 1h:26
1145 42:00 1h:27 4h:05
70 ’ 20:24 1h:28 4h:10
12:00 43:00 1h:29 :
20:50 1h:30 :
12:15 B ah:15
12:30 21:15 44:00 1h:32 4h:20
65 1h:33
12:45 21:41 45:00 1h:34 4h:25
. 1h:35
13:00 22:06 46:00 1h:36 4h:30
e 22:32 ns7 4h:35
o0 120 msr £ T dwas
T : - 4h:40
13.5——8:53 13:45 48:00 1h:40
T 14:00 23:23 1h:41 4h:45
+ ’ ' 49:00 1h:42
I . 23:48 : 4h:50
13.0——9:13 14:15 50:00 :::3
T . 24:14 : : 4h:56
55 T 14:30 1h:45
T 14:45 24:39 51:00 1h:46 5h:00
12.5——9:36 ) 1h:47 )
+ 15:00 25:05 52:00 1h:48 5h:05
I 15:15 . 1h:49 5h:10
I 25:30 53:00 1h:50
12.0——10:0 15:30 . 1h:51 5h:15
50 -+ ; 25:56 54:00 1h:52
=+ 15:45 26:21 1h:53 5h:20
T 16:00 55:00 1h:54 5h:25
11.5——0:2 26:47 e !
S 16:15 56:00 1h:56 5h:30
16:30 27112 1h:57
T ’ 57:00 1h:58 5h:35
T 16:45 27:38 1h:59
1 . 2h:00 5h:40
45 11.0——10:5 17:00 28:03 58:00 2n:01
4 2h:02 5h:45
1 17:15 28:29 59:00 2h:03
2m:04 5h:50
T 17:30 28:54 60:00 2h:05 Shiss
. 17:45 2h:06 )
10.5——11:2 29:20 61:00 2n:07 6h:00
+ 18:00 2045 2h:08
4 1815 - 62:00 2h:09 6h:05
0 — 30:00

Figure 1. Nomogram to predict race walking performance atadises from 2 km
to 50 km. VQ.x is predicted by passing a horizontal line throtigé 2 km time
trial (TT) performance. The line that describes thee walking performance of an
athlete at two distances allows prediction of penfance at a third distance.

The linear regression equations from Table 1 ptexfiwll differences in
performance. For example the Y of the male athletes who completed a

2 km time trial was 55.6 + 8.9 riiy™min™ with a corresponding v-V&ax
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of 13.2+ 1.6 kmh™, equating to v-2 km of 13.2 kim' (“field-laboratory”
equation, Table 1) that is used to compute 3 krfop@ance from 2 km

time (“performance-field” equation, Table 1), ive3 km of 13.02 knh'.
The linear regression equations from Table 1 ptedic6 % difference
between 5 km performances (22 min 26 s derived fianmking data v 22
min 47 s derived from present study); a 1.3 % diffiee between 10 km
performances (46 min 37 s derived from ranking &at& min 13 s derived
from present study); and a 1.8 % difference betvfekm performances (1
h 36 min 44 s derived from ranking data v 1 h 38 80 s derived from
present study). The relationships between pairefdpeances from the
present study compared to the ranking data arersho®wigure 2.

00:28:48 7 b 00:57:36 1
00:27:22 4 . 00:54:43 4 0
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Figure 2. Relationships between paired performances fronptasent
study compared to the ranking data used (a. 3 kram; b. 5 km — 10 km;
€. 10 km — 20 km; and d. 20 km — 50 km). Perfornearay athletes ranked
in the World, British or Italian top 50 between 9%8nd 2003 were used to
construct the modeh(= 56 male, 37 female) (www.iaaf.org;
www.ukathletics.org.uk; and www.fidal.it).
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Conclusion
Certain assumptions were inherent in the conswfithe nomogram, e.g.

the relationship between race walking speed-ijrand VQ (ml-kg*min

Y. The regression equation created a curve thain@ss common race
walking economy; however the common curve ignotes differences in
economy and the differences in Y. In the race walking homogram an
athlete completing a 2 km time trial in 8 min 0Qveuld be predicted as

having a v-VQmax 0f 15.0 kmh™* and a VQpa of about 66.0 mkg™min™,

however in reality a v-V@h., of 15.0 kmh™ may be attained by an athlete
with a lower VQnax but superior race walking economy or by an athlete
with a higher VQ.x but inferior race walking economy, i.e. a raceksal
using the nomogram to predict Y, may find a different value predicted
to that which could be measured completing theadisouous incremental
treadmill race walking protocol.

Mercier et al. (1986) developed a nomogram to predict performance
equivalence for distance runners and proposed dauof uses for such a
tool, which are also applicable to the nomograns@néd here. Race walk
performance may be predicted by interpolation atragrolation, e.g. an
athlete completing a 2 km time trial in 8 min O@rgl 10 km in 44 min 06 s
would be predicted to race walk 5 km in 21 min 14he performances of
an athlete completing a 2 km time trial in 7 minand 10 km in 41 min
04 s could be extrapolated to predict to 50 km 50 min 58 s. A further
use for the nomogram could be to determine theeptésites to achieve a
certain level of performance, such as a qualifytge, e.g. the “A”
standard qualifying time for the 2008 Olympic Gariven’s 20 km was 1 h
23 min 00 s: an athlete seeking to attain thislle¥gerformance would
have had to be able to complete a 2 km time tmi& min 08 s, 3 km in 10
min 57 s, 5 km in 19 min 18 s, or 10 km in 40 mthsD

In previous studies (Draket al. 2003; Hagberg & Coyle, 1983; Yoshida
al. 1989) the relationships between several physioldgvariables and
athlete performance suggested that success inwalke competition was
largely related to aerobic endurance, i.e. theitghib attain and sustain a
high race walking velocity for a long period of #mHowever the present
study did not establish the validity of the laborst based methods
compared to the field based 2 km time trial to duiee the relative
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importance of the different variables in performanprediction, e.g.
laboratory based threshold values v time trial granfance.

The 2 km time trial provided information on v-¥Q. v-2 km and v-
VO,max Were not statistically significantly different fro each other
>0.05) andr = 0.98 p <0.05). Furthermore the 2 km time trial and
nomogram could be used for YQ, evaluation and to identify prerequisite
levels of performance required to achieve goalshsas attaining
championship qualifying times. Even so the 2 kmetitnial warrants
validation with more subjects to strengthen thecrimiationships with
laboratory- and performance-based variables.
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Abstract

In this section we reviewed the most topical resutbncerning the
physiological adaptations of different training hmds for the endurance
disciplines that, in our opinion, might be usefod the race walk training as
well, referring to practical experiences througé years. This is because, in
our opinion, there is an insufficient direct sciéatevidence to formulate
training recommendations useful both for the racalkwathletes and
coaches. This is particularly evident when congiderthe many
methodological factors associated with this disegplthat matches the
common physiological determinants of long-distapegformance with the
technical and regulations aspects. This doesn’'tnméat the scientific
literature cannot provide valid support to enhatiw performance in the
race walk, but just that there is a lack of spedifiowledge. Consequently,
the ability of the coaches should be to shift tr@miindings of the research
into the race walk training.

Key words: Athlete; Endurance; Training; Exercise PerformanRece
Walk

Problem

Analysing the 20-km race walking (RW) performancethe last ten years,
the number of athletes faster than 1 h 21 min 8A8ds1 h 31 min 00 s (for
men and women, respectively) has grown-up. Thisnsdhat there are
more athletes at high-level and a possible explamébor this trend is a
tendency towards a high training specificity. Aseatly well-elucidated in
this book, over its centuries-old history the pbimjical stress, energy
expenditure or physiological determinants, whick anportant for RW
performances, have been extensively investigateiddBalter et al., 1996;
Brisswalter et al., 1998; Farley, Hamley, 1978; t¢ag, Coyle, 1983;
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Reilly et al., 1979; Yoshida et al., 1988pncerning the 20-km RW, to the
best of our knowledge there are insufficient dirscientific evidences to
formulate training recommendations useful for tlmadhes and athletes
alike. This is particularly evident when considgrinthe many
methodological factors associated with the RW thatches the technical
and regulation aspects with the common physioldgitterminants of

long-distance performance: (i) maximal oxygen uptakV Oumay)

(Asmussen, 1993; Noakes, Myburgh, Schall, 1990);l4ctate threshold
(LT) (Noakes et al., 1990; Tanaka, Matsuura, 198#);energy cost (EC)
(Asmussen, 1993; Conley, Krahenbuhl, 1980; Noakes.,£1990) and (iv)

percent of maximum oxygen uptake Y@.ma) (Asmussen, 1993).
Therefore, there is a lack of specific knowledgal dhe ability of the
coaches should be to shift the main findings ofsttientific literature inside
the RW training, fusing the practical experiencegshwthe theoretical
knowledge.

Aim

The purpose of this section is to analyse the ragstal results concerning
the physiological adaptations of different trainingethods for the
endurance disciplines (i.e. evidence-based coaghiai, on our opinion,
might be useful for the 20-km training as well,erefeing to the practical
experiences throughout the years.

Methodology

The development of sport performance can be actiitv@ugh a training
process designed to induce automation of motorlsskdhd enhance
structural and metabolic functions (Smith, 2003pwdver, the training
programmes required to reach these goals are yss@tewnhat intuitive,
resulting from years of the coaches’ personal &zpees (Borresen,
Lambert, 2009). Recently, a new science-based appron search of
optimal training has been developed in order ta@uhe practice of sport
to improve sporting performances (Bishop, 2008).nseguently, the
function of scientific research in this procesbéroming more important,
playing a key-role to allow coaches to set up vaiihing protocols to the
athletes. Despite this increased interest of ttmtsgciences particularly
among the endurance disciplines, no study has caeatuct with regards to
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RW. Therefore, as stated in the ‘problem’ sectiodaek of specific
knowledge is occurring and RW coaches have to facthis evidences
shortage transferring the general results coming fam the scientific
studies in the RW training process.

Mainly, on our opinion this lack of specificity Easically to seek in three
different areas:

(i) the relationship between the volume and the intgnsi
(i) the utilization of the combined strength-enduratnaing;
(i) the training load monitoring.

In the next sections we will discuss the aforenterdd areas individually.
The relationship between the volume and the intépsi

It is widely agree that the volume represents tlabal quantity of the

training (i.e. the combination of duration and freqcy) performed per
week, month or year; while, the intensity is a gatile component having
a direct function on the activities performed igi@en unit per time (Smith,
2003). Nowadays, the dynamics of training involre manipulation of the
above mentioned variables and the great debataleinfiie training

methodology concerns the correct match of thend@eglie training process
because the intensity and the volume of exerclseoatribute to the nature
and magnitude of the training effect (Birresen, banb, 2009).

Consequently, optimal training adaptation will tgdace if the degree of
the TL (i.e. the combination of the intensity ahe wolume) is applied to a
high-performance athlete in an appropriately seqeérmmanner. To date,
one of the main question is if the athletes havérdmm themselves to an
useful intensity or use greater part of their firmgrtime at low intensity.

It has been found that in sub-elite athlet®8max around 70 ml-Kg mini

1) the 68% of training is developed to an intenkityer than the ventilatory
threshold and this has a strong correlations topds#ormances (Esteve-
Lanao et al., 2005; Esteve-Lanao et al., 2007 e&edijerland, 2006); but,
considering the adaptations that occur after thiaitrg, the result is that the
training at low intensity improves only the aerob&rameters in sedentary
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and/or less trained people (Laursen, Jenkins, 2002gveral recent studies
it has emerged that only through high-intensittagtng (HIT) it is possible
to get significant adaptations in high-trained et (Denadai et al., 2006;
Duffield et al., 2006; Helgerud et al., 2007; OdBriet al., 2008; Rozenek et
al., 2007). Using also the sprint training (e.girgp5/10 s with a recovery
of 20/30 s) it is seen that it is possible to getignificant increase of the
maximum oxygen uptake, despite the total volumeheftraining is lower
(Dawson, Fitzsimons, Green, Goodman, Carey, C&68)L Furthermore,
speed endurance training can maintain muscle odx@atapacity,
capillarisation and endurance performance in ajretmdined individuals
(laia et al., 2009) and the performance during nisée exercise can be
improved and endurance performance maintained eitbna reduction in
training volume if the intensity of training is yehigh (laia et al., 2008).
Moreover, a study published by Burgomaster andeagllies suggests that
HIT is a time-efficient strategy to increase skalletuscle oxidative
capacity and induce specific metabolic adaptatauring exercise that are
comparable to traditional endurance training (Bumgster et al., 2005).
Thus, the main findings of these studies are that ¥olume is very
important for the training, but, above all, it isora important how many
times the athlete is able to sustain an high inerduring his training.
Therefore, it seems that nowadays there is a teydenstop the explosion
of the volumes to drive the training towards a #pentensity.

Despite in the endurance disciplines there is aderoy towards an
improvement of the performances, in the RW thiadres not so strong (to
have an insight into the performances above meatigee the annual top-
lists on the IAAF web site: http://iaaf.org); theason might be attributed to
the intrinsic limitations of the discipline (i.eedhnical aspects). These
represent the most important difference betweeningnand RW, and may
influence and limit the performance of the lattdihus, it might be
impossible for a race walker compete without aextrtechnical action. On
our opinion, the main focus in the training for tA@-km RW should be
orientated to how much of specific training the eramalker is able to
perform compared to his opponents without a losthéntechnical gesture.
On our opinion, this is an important concept beeaiespite the importance
of the technical training performed at low intepsito train the specific
technical gesture at the same (or higher) raceitie can be considered a
valid tool in order to accustom the athletes tdqren a correct gesture (see
IAAF rule 230) in a race settings.
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According to Larsen and Jerkins, HIT can be defiagdh repeated bouts of
short to moderate duration exercise (i.e. 10 s tmi%) completed at an
intensity that is greater than the anaerobic tholeshLaursen, Jenkins,

2002). Exercise bouts are usually separated by jpeigods of low-intensity

work or inactivity (i.e. using of intervals) thataw a partial but often not a
full recovery. Thus, the purpose of HIT is to rejeedy stress the

physiological systems used during a specific enteadiscipline greater
than that which is required during that type ofiaist (Daniels, Scardina,

1984).

BOX 1
Practical applications

What does it means to train at HIT? A practicalleagions of what stated
can be the employment of the race rhythm (RR) fsee mark (authors
personal communications).

Example 1 -RR: 3 min 59 s. 10 x 1000 m (recovery: 1 min).
3min55s

3min54s

3min50s

3min49s

3min46s

3min50s

3mind4s

3min48s

. 3min47s

10.3min4ls

The athlete sustained the effort from 5 to 20 gefathan his RR (averag
of 3min 48 s+ 4 5s).
Example 2 —RR: 3 min 59 s. 4 x 1000 m + 4 x 2000 (recoverylbf
100022000 and 2’ 20060 1000).
1. 3min57 s (7 min 55 s)

2. 3min 50 s (7 min 50 s)

3. 3min45s (7 min 46 s)

4. 3min 38 s (7 min40s)

The athlete sustained the effort from 3 to 22 sdsdaster than his RR,
both for the 1000 m and 2000m.

CoNouA~AWNE

D

Consequently, the volume is an important tool dyitime training sessions,
but on our opinion it should be more important howch time the athlete
sustains his training at an high intensity (morasiderable information are
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available on the ref. 35). However, if the interasiund HIT is increasing,
more knowledge regarding HIT programme optimisatame necessary,
especially in the way to understand: (i) the inigmgii) the duration, and
(iii) the recovery.

The utilization of the combined strength-endurantmining

The physiological determinants of long-distancefqgrenance cited in the

‘problem’ section explain > 70% of the between-sgbjvariance (di

Prampero et al.,, 1986). Factors related to the utascpower (e.g.

neuromuscular and anaerobic aspects) have beenl &ddause it seems
that they could limit the endurance performanceuiidard et al., 1991,

Noakes, 2000; Sinnett et al., 2001). The reduatibthe muscular tension
and the ability to express the strength, besidedlifficulty to increase the
intensity at the end of a competitions, are speddéatures of the fatigue
behaves (Asmussen, 1993; Hunter et al. 2004; Leppid., 2004; Lewis,

Fulco, 1998). This means that the damages leaddldetanuscular action
may be partly responsible of the performance deerémcause they might
alter the muscle characteristics or the perceivesttion even when the
‘system’ is in a good conditions (Marcora, Bosi®)0Z; Scott, Binder-

Macleod, 2003). The literature has analyzed diffetgpes of strength and
the mix of them (Hoff et al., 2002; Paavolaineralet 1999), but the general
conclusion is that the neuromuscular aspects ame ingportant than the
hypertrophy in the endurance disciplines and, énddlime training session, it
is better to carry out the endurance training teefine strength training
without a decrease in the physiological determimaot long-distance

performance in high-level athletes (Hoff et al.02pMikkola et al., 2007;

Paavolainen et al., 1999; Sauders et al., 2006).

The possible introduction of the strength traininghe RW seems to have
some positives effects, increasing the specifiengtth; the walking
economy (WE); and the time to exhaustion. This beeathere is the
necessity to improve all the aspects of the RWagperénce and also to face
to the tactical necessities of the competitions, amokeover, to oppose the
fatigue-related neuromuscular aspects that for ReVrat only related to
the physiological aspects but, also, to the tecinmnes. As an example
during the Olympic Games in Beijing 2008, during@ thO-km RW men,
there was a sudden change of the rhythm; the athimivered 2-km in a
pace of 7 min 50 s (which means a pace of 3 mis 5&m') and the next
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one in 7 min 20 s (3 min 40 s - Kjna variation of 30 s and 1 km *n
the rhythm and speed (from 15.3 km*th 16.3 km - H), respectively. On
our opinion this is possible only if the athletes also able to sustain very
high loads that require the development of an higiscular component.

Consequently, on our opinion the muscular poweateel factors are
becoming more important for endurance disciplines. (@lso including
strength training in the overall periodisation)chese:

(i) there is the necessity to improve all the aspddiseoperformance;

(i) to face to the tactical necessities of the comipest

(i) nowadays, fights at the conclusive phases of theesraare
increasing;

(iv) to oppose the fatigue-related neuromuscular aspects

(v) to enforce and to complete the technical training.

BOX 2
Practical applications

Our personal experiences through the years leasléd introduce even th
strength inside RW training, always following theidg lines suggested hy
the scientific literature.

Example 1 —The adaptations monitoring of a combined strengti
endurance program in two female race walkers hagen bconducted
(authors’ personal communication). The athleteseveetamined before and
after 12 weeks of strength (i.e. circuit resistam@éning) and enduranc
training, performing an incremental field test fihre maximum oxyger
uptake, WE and lactate threshold (LT), and theltesinowed that this kind
of training leaded to a significant increase in tile and the 5000 meter

performance, without changes in theD, ,acand WE.
Thus, the introduction of the strength traininghie RW periodisation seems
to have several positive effects in different ayeas (i) strength, (ii) LT, and
(iii) time to exhaustion, but these modificationet rinvolve the aerobig
parameters already reached by the athletes. Forther WE was no
affected by these type of training (in contrastwioat stated above) and|a
possible explanation for this result is that théring period (i.e. 12 weeks)
is too small to allow significant modificationstime athletes’ WE.

@

D

7]
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The training load monitoring

If the main goal of coaches and athletes is to predhe best performance
at a specific time (preferably during the main cefitfpn), the training
process should to take into account also the mamgoof the athlete’s
training status during the season. Thus, more tatemas to be directed
towards measurements that reflect individual capacirespond to specific
training rather than an absolute measure of chaitiggs occur with it
(Borresen, Lambert, 2009). Despite the extremeffycdit to measure and
quantify all input factors affecting an athlete idgr his own training
process the comprehensive monitoring of exercisengity and training
load (TL) during training phases can provide impottfeedback to the
coaches regarding the training stimulus appliethéoathletes (Coutts et al.,
2007). Consequently, the common way to monitorivggttaining (i.e. using
the training volume which is the product betweeratian and frequency) is
no more enough.

Nowadays, there have been several non-invasivenptseto quantify the
exercise intensity such as: (i) heart rate momitpri(HR) (Achten,

Keukendrup, 2003; American College of Sports MewicPosition Stand,
1998), and (ii) rate of perceived exertion (RPEYH@® 1998;, Borg, 1982).
The former can be used to give useful informationtlee internal load
experienced by the athlete (always referred inlative — e.9. % HRax —

rather than an absolute manner), while the latteviges an alternatively
valid and time effective method to quantify the @leexercise intensity.
However, as already stated in the ‘the relationgigifween the volume and
the intensity’ section, intensity referred to algative variable in an unit of
time (e.g. a bout); thus, both coaches and athlet®® the necessity to
organise the training taking into account the fellg elements: (i)

intensity, (ii) duration, and (iii) frequency. Tlsia combination of the
aforementioned variables. Methods for objectivelyantifying the HR-

based TL has been developed by several authorss(Barn991; Edwards,
1993; Lucia et al., 2003) and for a full review veamind to Borresen and
Lambert (Borresen, Lambert, 2009). Using RPE, #erradtive strategy to
quantify TL was proposed by Foster et al. (Fosted.¢ 1995; Foster, 1998;
Foster et al, 2001). This method (aka session-RB&ntifies TL

multiplying the whole training session RPE (usihg tategory ratio scale -
CR10 scale® (Borg, 1982) by its duration. This ptdrepresents in a
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single number the magnitude of internal TL in agiy units (AU)
(Impellizzeri et al., 2004).

Thus, in order to verify the TL during a RW traigiand/or performance,
the ability to match the information deriving fraime training volume and
the TL may be critical for training periodisatioropess.

BOX 3
Practical applications

Example 1 —To date, HR is easy to monitor, is relatively ghead can be
used in most situations, both during training oceraFor example, th
Edwards’ method (20) determines TL by measuring ghaduct of the|
accumulated training duration (minutes) of 5 HR ey a coefficien
relative to each zone (50-60% of |HR= 1; 60—70% of HR.x = 2; 70—
80% of HRpax = 3; 80-90% of HR. = 4; 90-100% of HR.x = 5) and
then summating the results. Consequently, an TUuatian has been
conducted on an athlete during a 5-km RW indooe i@uthors’ persong
communication). Starting from his HR, (192 beats- mif) and race time
(18 min 23 s 47 tenths) he spent: 15 s at 50—60”HRpf,; 15 s at 60—70%
of HRyax 20 s at 70-80% of HR,; 35 s at 80—-90% of HR,; 17 min at
90-100% of HR The result shows that his TL was 89.06; conseitjyen
this result can be considered a TL reference fatr kind of effort and than
can be compared with other TL obtained with the esanethod on the
same distance.
Example 2 —The session-RPE cited above can be consideredic |va
method of quantitating exercise training during idewariety of type of
exercises in RW. For example, during a 10000-m raakx competition
session-RPE (Foster et al., 1995; Foster, 1998eFes al., 2001) wa
asses on 14 male race walkers who performed a 1®0@8mpetition on 3
certified 400 m outdoor-tartan-track (authors’ pexa communication)
The RPE scale was in full view of the participantsing two Al
international standard (ISO 216) paper formats (6841 mm), placed in
correspondence of every 1000-m. 50-m before eal®-t® an operatof
recalled to the participants to report the sensatibexertion to anothe
operator positioned at the paper format. The médatiof the entire race
was 602.21, while the mean TL for each 1000-m was:
1. 50.22

2. 53.28

D

Ur

=
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58.35
59.94
61.70
63.46
63.77
66.30
. 68.99
10.71.03
Although this formula represents in a single numitfer magnitude of
internal TL in AU, to monitor and control the traig process it is
important to have a valid measure even during caitiges, to be able tg
compare these values with the same found through ttlining
periodisation. Consequently, these data can represealid example of
internal TL which is sustained by the athletes miyithis kind of race.

©CoNoOOA~®

Conclusion

During the last 10 years the performances in th&rB(RW are improved,

both for the men and women. This enhancement regjairdeep analysis of
the factors that might influence the performancesng on the training

because the main focus for the training methodolagy the scientific

research is to supply both to the athletes andhesaaseful tools for the
periodisation plans. On our opinion these improvenge the result of a
several aspects matched together, such as: (iyive the RW training

towards high intensities and, thus, to the quaditga (without lose the
volume), (ii) the utilization of the combined stggh-endurance training, to
improve the muscular components, and (iii) the ssitg to have the right
knowledge regarding how monitoring the internal Bbth to plan the

training and to face to high specialization reachmwdthe 20-km race

walkers.
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POLISH REPRESENTATIVE'S START EFFECTIVENESS IN
ATHENS AND BENJING OLYMPIC GAMES IN 50 KM
RACE WALK AND TRAINING LOADS IN PRE-
COMPETITION PERIOD IN OLYMPIC YEARS

Gregorz Sudol & Edward Mleczko
Academy of physical education in Cracow, Poland

In coach’s practice a very important issue is appabe athlete’s
preparation for Olympic Games - the most imporiorpetition in four-
year training cycle. Among many determinants of thgorts result
appropriate training loads are considered to bentlst valid. Although
there is a lot of general knowledge of solving thatblem in race walkers
or long distance runners, but in the light of eixgere one could put a
provable hypothesis, that the problem of trainiog the most important
competition and evaluation of potential possibiliy result on specific
preparation period, not only in athletics, is stiffen. It probably comes
from the fact that training ability is often persbr{Szopa and co. 2000).
The consequence of this is the fact, that the poé gene expression of
trait of the same heredity can have different ceurs athletes under
influence of the same power and quality of traimstighulus. It is caused by
unique genotype, so it's no wonder, that in thaecadividual approach is
extremely important.

Only a few become distinguished coaches, liketariecome some creators
of art (Costill 1976). Appreciating their talentig worth to mention, that
nowadays knowledge and studying new evidence basethods and
training procedures of XXI century is the mattesatcess.

To induce desired adaptation changes, first oingire-competition period
(PCPP) of race walkers and middle and long distanggers, non-invasive
methods of physical efficiency level diagnosis witke of more precise,
practical “field tests” and methods of evaluatidmpotential result in given
time becomes very important. Among them the mopufa are methods of
evaluation of individual aerobic threshold (Chwatika-Moneta 1990). In
Poland lactate threshold test become more and oeed in practice and
especially in athletic endurance events Jerzy 2gjdZoladz test is being
popularized Zotadz and co. 1993Zofadz 2001). Until now some studies
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shown it's usefulness (most often after some meatlogy modification) in
race walkers’ training monitoring (Mleczko, Suddg05 a, 2005 b ), and in
50 km race walking result anticipation (Mirek ara 2007).

Mentioned test was used by Olympian Grzegorz Sudgreparation
for his consecutive Olympic competition in Beijin@oth he and his
coaches assumed that every older athlete reachesate of extensive load
increase and the only chance to get desired adaptadtanges is to increase
training intensity. In that connection for plannimgtensity ranges and
training loads structure in all four-year cycle arsed parameters received
in above mentioned test like threshold speed aresiiold heart rate.

One took also possibility of use of those resutts detting tactics for
race walk in Olympic Games in Beijing and for progis of the result in
that competition. It is worth to mention, that befcOlympic Games in
Athens one used less precise methods of settimgingaloads intensity
ranges, using relations between rates of reachiagmal oxygen uptake,
maximal heart rate and anaerobic threshold. Urdiv mo one tried to
evaluate mentioned techniques and methods auxil@ryraining process
and the quantity of used training loads in pre-cefitipn preparation period
(PCPPP) for Olympic Games of race walkers.

The aim of the study 1. Presentation of quantity structure and tragnin
loads intensity of polish 50 km race walker in Opimyears 2004 and
2008.

2. Comparison of training loads in year cycle amdPCPP and that based
setting the tactics and anticipation of the result50 km race walk in

Olympic Games.

Hypothesis 1. Considering reaching border lines capabiliiyhighest level
athletes, one can assume, that in preparationym@t Games in Beijing,
extensive training loads increase did not occuregdl it could be
intensified, what should bring positive changes physiological and
kinematics changes in applied exercise test.

2. One can assume that climate zone (Beijing) cddsde significant
influence on competition result in 50 km race walkd it can be much
worse than in previous Olympic Games in Athens.

Materials and methods

The material was training documentation of Grzedtudol (GS) Olympian
from 2004 and 2008. In both parallel seasons mgioads records and
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exercise tests results were analyzed. In presedy stne allowed only a
part of documentation, considering test resultsteaiding loads realized in
Olympic years and analyzed exactly eight weeks@PP before Olympic
Games in Beijing and Athens.

In the first case it was period from 5. 07 — 28.2D04, and in the second
from 30.06 to 22.08 2008 r.

For training purpose one assumed, that threshaddspnd heart rate will
be the basis of setting the three training loadego

1. Sub-threshold zone (HR- up to 95% threshold HRmin™),

2. Threshold zone (HR- 96% - 100% threshold HRmin™),

3. Super-threshold zone (H&bove 100% threshold HRminY).
Comparing heart rate in mentioned test (HRR ,, HR 3 zone), being
resultant of increase of lactic acid caused by ygruinonoxidation in
working muscle cells with arbitrally based circolat system liminal
reactions in intensity ranges of continuous walla{dhg Endurance - WE)
before Olympic Games in Athens it shows, great laiity between heart
rate assumed as threshold zone limit in lactate (t8R,) and arbitrally
determined range in anaerobic threshold test fWBne assumed that
determined basal taxonomy of training loads in bo#crocycles allowed
for quality and quantity comparison. In that cortiget in present study,
according to made assumption, the compartmentlottmeshold zone will
be WE, threshold zone - Wi-and super-threshold zone - WE
In each of eight microcycles of PCPP one calculated

a. basic statistical parameterX ( i SD) of global training volume in
eight microcycles of PCPP before Olympic Games iheAs and
Beijing and allowing for division:

- intensity range WE WE,, WE;, (prior to Athens Olympic
Games),
— sub-threshold zones HRthreshold HR super-threshold HR
(prior to Beijing Olympic Games)
— mean speeds in weekly microcycles of PCPP appledhiee
ranges and zones of training loads.
b. Normalized difference indexes between the agtitrmeans of
training load structure in PCPP microcycles realipgior to Olympic
Games in Athens and Beijing, from formula:
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n So , Whert Xp - arithmetic means of elements of

training loads structure and speeds realized imaoycles PCPP prior to
Olympic Games inBeijing

Xo - arithmetic means of elements of training loatiscsure and speeds
realized in microcycles PCPP prior to Olympic Garnres\thens, $ —
standard deviation of elements of training loadsicstire and speeds
realized in microcycles PCPP prior to Olympic GarnmeAthens.

c. Points in T — Score scale from arithmetic meafnslements of training
loads structure (below, over and threshold zond)spreeds realized in
microcycles PCPP prior to Olympic Games in Beijimgth Olympic
Games in Athens results as reference from formula:

_ % =% -
PKT= T x 10 + 50 wher®b - arithmetic means of
elements of training loads structure and speed&eéain microcycles

PCPP prior to Olympic Games in Beijing,

Xo - arithmetic means of elements of training loatiscsure and speeds
realized in microcycles PCPP prior to Olympic Ganres#thens, § —
standard deviation of elements of training loadsicstire and speeds
realized in microcycles PCPP prior to Olympic GarnmeAthens.

Results

1. Structure of volume and intensity of training loadsof polish athlete
in pre-competition preparation period for two Olympic Games in
50 km race walking

Preparation for Athens Olympic Games

In four-year preparation period for Olympic GamasAthens, including

pre-Olympic competition preparation, GS’ basic rilag mean was

continuous walk realized in three intensity rand®&;, WE,, WE;.

They were estimated on the strength of HR and spegthed in previously

described test 1. In that connection one assumiéalviag references for

estimation of mentioned above walking intensities:

-WE; — HR and walking speed (sub-threshold >152 hesatdghb) min ™)

-WE; — threshold HR (152 — 164 hinin *, about 83 — 89% HR,,), speed

— arithmetic mean calculated from speeds reachedhentioned above

walking intensity ranges 5 x 5 km and 5 min. pause.
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- WE; - HR and walking speed (super-threshold < 164ih ™).

As far as in training practice there were no diffies with estimation of
heart rate limits, which are characteristic forenadic threshold (in OG the
athlete cover 50km with mean threshold HR 164thn ™), so there was a
problem with walking speed during as important cetitipn as Olympic

Games.

In speed estimation, athlete based on controlitrgen— 5 km walk, 1 km
pause with WEspeeds. On particular training 5 km speed (minax)nvas
4:16 — 4: 19min/km. Converting the above parameteranean walking
speed in 50 km race walk athlete could get a rémtiteen: 3:33:20 — 3:35:
50. In Athens OG the athlete got a result of 3:89th mean speed of
4:35/km and mean HR — 164in ™.

Analyzing data concerning mean speeds in respe&@UEP microcycles
one can ascertain, that the athlete did not foltest results and did not
bring those results to training practice. Concegninean walking speed
index — average walking speed in all 3 rangestm @& PCPP microcycles, it
shows, that they were much lower than it could cdmen undertaken
training. This index kept on similar level and disteéd in 5 seconds limits
(min-max: 4:49/km- 4:54/km). Only in last two micyeles large leaps of
speed occurred reaching 15 seconds (7th week. Hk&ng &' week

4:46/km).

Probably not satisfactory effects of test 1 caudet prior to Olympic

Games in Athens one started took heed to poputhdzs. Zoladz test (test
2). It's worth mentioning, that in pre-Olympic paagtion in 2004 this test
was used by Grzegorz Sudol and the rest of Poltkletas who had
gualification 8 weeks before Olympic competitioresRlts in tab.1.

Table 1.Test 1 results 8 weeks before Athens competitio@@2004

Measure befor I n n- v v
e excercise| excercise excercise excercise excercise

HR [hb/min] 143 153 162 173 183

tym [Min/km] 4:56 4:37 4:13 3:57 3:44

LA [mmol/l] |1,82 | 1,73 1,67 2,31 5,07 10,9

Distance [m] 1215 |1310 1420 1515 1605
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As a result of presented data (tab. 1) speed sitail¢his on the Olympics
occurred one step below lactate threshold (1,61-R4, in lower HR than
in competition (153 himin ™).

Table 2 Training loads in Olympic year 2004 in one year oogsle

Mont (I (Il |1l [T |V [V [VI|VI |l |X|X|Xl |2004
hs I |V 1 I X |1 r
Lkm |5(1(4 (1|2 |1 |25(25| 1|1 |6 |4 12
0 4 1210 719
2km| 1|1 |1 |5 |5|5 (3|25 1|2 |4 |25]| 31
5|16 |70 |0 |7 6 |0 |5
3.km | 8|7 |7 |3 |2 |3 40|50 | 6|6 |4 |71]|57
04|96 83 71119
totallh|3 |3 |3 |3 |2 |2 |44 |36 | 1|4 |3 |44 | 336
) 2 |6 |13 |5]8 6 5 1

1. km - % training volume in sub-threshold zonekr.- % training volume
in threshold zone, 3. km - % training volume inasufhreshold zone

As it comes from analysis of presented data (taotal work amount was
336 hours, from which mean percentage of trainimgespective zones
amount in level: super-threshold 12%, threshold 3486 sub-threshold
57% of total training volume in Olympic year. Theegtest number of
working hours was made in July and December andrfadlest in October.
Training structure in preparation period for Olympi ¢ Games in Beijing
According to assumption of test 2, in preparaticeriqgd for Beijing
Olympic Games one set the training loads zonesvas$arbitrally relations
between them and threshold HR of an athlete,(Hétrca 162 hb min™)

1. sub-threshold zone — HR below lower limit of threshold heart rate
(>150 hb: min™),

2.1threshold zone 90 — 100% threshold heart rad&R-= 150 — 162 hb
min’,

3. super-threshold zone — EIRbove upper limits (62 hb - min™").
Also in that case, difficulties in transformatiom e results concerning
speed in exercise test to training practice andyprsis of a competition
result. Concerning GS’ Beijing Olympics result (BX7), speeds in test in
PCPP mesocycle were much higher and they couldm'tmechanically
transformed to training. In below collation theregsnarkable debatable fact
of setting the lactate threshold and its derivative
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Table 3.Lactate test results from 2008.06. 20 (pre-conipetinesocycle).

HR 131 | 141 151 | 161 170
Distance (m) 1135| 1270 | 1345| 1400 | 1510
La 15 1,4 1,8 |20 7,2
V 5:20 | 4143 | 4:27 | 418 | 3:59
Increase in (m) 135 75 55 110

*LA before test 1,7 mmdil

As it comes from presented data in tab. 3 lactateshold occurred at HR
161 and walking speed of 4:18 min/km. On that gbfoneseeing the result
on 50 km walk could be circa 3h 35min. The atfdetesult was 3:47:17
with mean speed 4:32/km taking IX place.

Summary and discussion

Data analysis concerning dynamics of mean walkpeged during trainings
in both PCPPs for Olympics, shown quality differeacOne should assume
that more intensive training was made prior to QdievGames in Beijing. It
characterized with higher variability, in first 6ierocycles mean speed
dispersion shown a lot of variation before Beijidtympics — 15s, and in
Athens — 5 s. In last microcycles one ascertainegeting of training loads
prior to Beijing Olympics, and the increase of tiag intensity before
Athens.

In both PCPPs one realized similar, very low tragnivolume. Prior to
Athens Olympic Games arithmetic mean of all intgnsanges WE amount
12,4 km per training (min: 10km — max: 15,6km), gobr to Beijing
Olympics - 12,6 km (min 10,2 km — max 14, 3 km).igpback to the
structure of training loads one can notice, thdfieddnces between more
intensive loads (WE WE; and HR, HR;) were insignificant. Only aerobic
training means were higher before Beijing Olympi&milar relations
between training loads prior to both Olympics oran motice in data
analysis of normalization indexes and points in §cere scale for results in
Beijing Olympic Games (tab.4)
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Table 4. Normalized differentiation index of training volumend its
structure in researched athlete and point valueb-score scale of study
results prior to Beijing Olympics in comparisonAthens Olympic Games

weeks | T m_v_ v TR
Km Tlss |47 |50 | 51| 48 | 53| 55| 49
Wl08 |03 |000]01]020[03]05]-01
v Tlso |50 |48 | 47| 45 | 53| 53| 60
Wl00 |00 |02 03] 0510303] 10
1LoKmI T a1 |81 |36 | 13| 46 | 45| 48| 50
WI11 |31 |14 37| 04 04 0400
LKm T es laa |62 | 50| 50 | 52| 54| 41
W1 150 |06 |12 00| 00 | 02| 04|09
2. Km I T\9 |ss |51 | 48| 47 | 49| 64| a8
W01 |05 |01 02|03 | -0114 |02

T-point index in T-score scale, W — differentiatimmlex, Km — global
training volume, 1. km - training volume in subethold zone, 2. km -
training volume in threshold zone, 3. km - trainimglume in super-
threshold zone

Table 5Training loads in Olympic year 2008 in one year oogsle

months| | | mfv|iv (v pvi (vl IX (X Xl KXII 2008r

[. km 9 | 15| 14 7| 3| 17 9 13 18 2 4 3 10

2.km | 9 | 13| 13 4| 36 50 54 40 27 4 Y 10 22
3.km | 82| 62 73 89 61 3B 37 47 65 P4 87 87 68
total(h) | 41| 35| 46 33 14 39 39 41 30 B 16 42 38

1. km - % training volume in sub-threshold zonekr®. - % training volume
in threshold zone, 3. km - % training volume inauthreshold zone, total —
total number of training hours

As it comes from analysis of presented data (tahin52008 total work
amount was 384 hours. Mean percentage of traimngespective zones
amount in level: super-threshold 10%, threshold 2286 sub-threshold
68% of total training volume. In analogical period2004 there were much
more threshold and super-threshold level trainimgms — totally 11% more
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than in sub-threshold. In 2008 athlete’s trainitogiis were 50 higher what
accounts for over 500 km difference in trainingrgia

There is a great probability, that the athlete dedpgh training experience
can increase training loads, by kilometer numbeseraand training

intensification. Own study results suggest, thednekfurther studies not
only for explanation of the phenomenon in cognifiupose, but first of all

for very important training goals.

Conclusions

1. Athletes’ individual concept of training loads cdre found
positive. In preparation for two Olympic Games tkeult in 50
km race walk his results were 3.49:02 in Athens amtV:17 in
Beijing.

2. One can conclude, that climate zone, in which cditipe took
place, after proper adaptation did not have hidluémce on the
results.

3. Training experience in one Olympiad period allowgtt near two
minutes better result
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THE TRAINING LOAD ANALYSIS OF FEMALE
COMPETITOR PRACTICING RACE WALKING - IN THE
YEAR-LONG CYCLE

Kisiel Krzysztof
Polish Association of Athletics

Abstract
The year-long training cycle 2008/2009 analysighef female competitor,
Polish representative has been presented. The iadivief female
competitor's year-long training cycle to main peiso has been
demonstrated:
1.Preparatory period 10.11.2008 - 17.04.2009
¢ the general preparation period 10.11.2008 -04.@B.20
e the special preparation period 05.01.2009 - 22X
e direct start preparation 23.02. 2009 - 17.04. 2009
2. Starting period 17.04.2009. — 12.09.2009
3. Transitional period 13.09.2009 — 2.11.2009
The training measures used in year long trainingcgss have been
discussed.
Moreover the competitor's external load values &gplin the
whole 2008/2009 season have been presented in Table
Furthermore the values of competitor's loads ugsegarticular
training periods of 2008/2009 season have beenrsimWwable 2.
Figure 2 demonstrated the participation of trainimgasure —
efficiency, in year-long training plan divided inparticular mesocycles.
Also the amount of starts, the competitor’s distam the result, the
position in the particular start and event rankenbgen presented.
Finally the factors that influence achieving gasmbrt result have
been pointed in the conclusion.

Results

The sport training analysis is very complex and sarhstacles might be
met, i.e. how to asses precisely the rate and ctearaf load in particular
periods, cycles and training activities.

| present the year-long training cycle 2008/200@lgsis of the female
competitor, Polish representative.
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e age —23yearold
e training experience — 8 years
e personal bests:

- 5 km race walking - 21:46,

- 10 km race walking - 46:06,
- 20 km race walking - 1:34, 28.

The year-long training cycle of the female compefgracticing 20 km race
walking can be divided into the following main pts:

1. Preparatory period 10.11.2008 - 17.04. 2009

» the general preparation period 10.11.2008 -04.@B20
» the special preparation period 05.01.2009 - 22,
» direct start preparation 23.02. 2009 - 17.04. 2009,

2. Starting period 17.04.2009. — 12.09.2009.

3. Transitional period 13.09. 2009 — 2.11.2009.

The competitor started her preparations for 20@8@e on 10.11.2008. The
preparation period lasted until 17.04.2009. It ¢stesl of 3 periods:

» the general preparation period lasted from 10.1800801.09 and
has been designed for functional organism abilitiegelopment,
strength, general and resistant endurance. It siakiof 8
mesocycles.

» the special preparation period started on 01.0&r@dfinished on
22.02.09. The training capacity increase and iniense has been
noticed during this period. The special preparagtieriod consisted
of 7 mesocycles.

e direct start preparation lasted from 23.02.09 to04.09. This
period has been destined to build the starting fasMmthe
competitor. Direct starting preparation consisté® anesocycles.
(4,6)

The competitor started her sport 2009 seasonifgigoeriod) in Zaniems)
on 18.04.09, it lasted until 22.09.09.
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The main task in this mesocycle was to prepardiermain event of the
season, through the starts. It was Senior Polishinpionship for 20 km
which took place on 1.08.09.

The transitional period fell on 23.09.09 until 209 and was characterised
by competitor’s active rest, psychical and enecge&ttonstruction.

Training measures used in the competitor’s trainfay

OWCH-1 (General Walking Endurance — 1) — first lewd
intensity, to maintain previous training level, fmerfect the
functions of cardiovascular and respiration systérhis level is in
charge of removing fatigue products from the muscle
Physiologically it is the intensity below the oxyglealance.
OWCH-2 (General Walking Endurance — 2) — seconcllef
intensity, to work in full oxygen balance, it hasportant impact
on training level. It is one of the basic trainingrk form of the
competitor for 20 km.

WT (Tempo Endurance) - third level of intesity,ist similar to
special endurance. In practice there is the pdigitn work in the
continual, repeated or variable form with the isignexceeding
the oxygen balance, so the effort is not fully cemgated with
oxygen.

WS — (Special Endurance) directly influences tHerefidaptation
in race walking for 20km. It characterises with 8peed reached
whilst covering a training distance in relationsjpeed reached on
the starting distance.

R — rhythm — short repeated distances with theablgeimproving
the competitor’s speed.

SPR - overall efficiency — exercises of all basigsaie groups.

The work capacity and its intensity consist of cefitpr's training
load. We can plan and analyse the loads that theettor undergoes
as its external loads. That is why the methoddaneg searched all the
time to precisely determine effectiveness of apjpiiaining loads. (6)

The competitor’s external load values applied & whole 2008/2009
season have been presented in Table 1.
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Table 1 The training measures capacity in the year-loaining cycle
2008/2009
T £ c |E2|,<-[E 9 -
O O = %) < S8l T2 -4 S
2 2 s |z x| & |25|%5£|25E
o 5 <5 < 5
C?E;g'ty 2801 720 | 409| 114] 73] o 1d 3430 338 4
%km | 6645| 1708] 97 270 17p 233 100

The competitor’s training has been based on thegaxywork. She has
covered much kilometer distance in the first intignkevel, not exceeding
oxygen ceiling. The main training measure used W&ECH1 (General
Walking Endurance — 1) constituting 66, 45% ofirentapacity. Second
important training measure was walking in the sectavel of intensity,

OWCH 2 - 17, 08 % of the covered distance duringining and

competitions. (1)

The percentage division of the used training messsim 2008/2009 season

is presented in Figure 1.

training measures division

3%

10%

2% 2%

H OWCH1
B OWCH2
mWT
mWT2

B WT3

W START

Figure 1. The percentage division of training measures
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The values of competitor’s loads used in partictriaining periods of
2008/2009 season are presented in Table 2.

Table 2 The training measures capacity in particular qu=iof year-long
training cycle 2008/2009

I 5 |sa]| T

5|38 sl 2 |«]| & cE£|cs § g¢

N o o .=
% % 0 EO| G o [
< <+ n

Preparat
ory 1575 295 141 42 24 3 1 16 162¢ 2082
period
sarting | 1006 | 415| 268] 72| 4] o o 1sp 1459 1983
period
Transitio
nal 140 10 20 360 150
period
TOTAL 2801 720 409 114 7 9§ 1( 33B 343p 42315

The difference between two main mesocycles: préparand starting one
in regard to covered kilometres (OWH1) is smalllyoh00 km, to the
advantage of preparatory period. There is a dexidifference in other
applied training measures. More of them have besed uin starting
mesocycle(2, 3)

The competitor's physical fitness influences thpors level
presented by her that is why it should be develogkkdhe time whilst
practising professional sport. (7)

The training measure participation — efficiencivigion into
particular mesocycles in yearly training plan, presd as follows:

* Inthe preparatory period about 1620 min.

* Inthe starting period about 1450 min.

* Inthe transitional period about 360 min.
About 3430 min. have been devoted to SPR traininthé entire 2008/09
season.

The main task of the efficiency activities (SPR)the preparatory
period was the development of all basic muscle ggotiowever in starting
period the overall efficiency has been dedicatecbath improving and
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strengthening exercises, using this measure alsahascompetitor's
organism regeneration against increasing trainimbsaarting loads.

Figure 2 shows the participation of training measd efficiency,
in yearly training plan divided into particular noeycles.

efficiency in 2009 season

1620 miny 156 min

360 min
|
i

preparatorgtartingransitional
period period period

Figure 2. The training measure participation - efficienayyearly training
plan

Table 3 presents the amount of starts, the coropstidistances, the result,
the position in the particular start and event rank

Table 3 The starts specification in 2009 season
No| date| distancg result | place Event rank location

1. | 22.04 3.000m| 14:0567 1 Polish Indoor
Championships

2.118.04 20 km | 1:37:40 3 National Permif  Zanieghy
Academic Polish

Spata

3.115.095.000 m{ 22:21.5 2 . . Katowice
Championships

4 124.04 20km | 1:39:22] 16 European Cup| Metz

5.113.045.000 m{ 22:44,84 1 Meeting Rzeszow
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6.| 1.08| 20km| 13424 2 Char';‘;'i'ggships Bydgoszcz

7.114.04 5km 21:46 1 Meeting Mielec

8.129.04 10km | 46:33 2 Meeting Gdaisk
League — Polish

9. ] 5.09] 5.000 m22:50:06f 2 Club Krakow
Championships

10.]12.09] 5 km 22:25 1 Meeting Bratkowice

There were 10 starts in 2009 season, the compstaded 3 times
in main distance for 20 km.

In the preparatory period of 2009 season the catopstarted just
once, during the Indoor Polish Championships f@(0.

The starts and tests are means of training inieatign that is why
we have to doze them carefully and deliberatelgeigfly in the
preparatory period.

The results achieved by the competitor in 2009@®asnfirm
above regularity.

Conclusion

1. The training has been mainly based on the oxygek. It
results from many kilometres covered during thaning.

2. Big amount of calm work capacity over enduramspecially in
the preparatory period, has significant influenogroplementing training
tasks in the starting period.

3. Many supportive and regenerative exercises dhmeildone in
the starting period after the competitor’s effort.

4. Both the implemented training measures and gpjate starting
policy had great results in the form of personait®éor 5 km, 10 km and
20km in 2009 season.

5. There shouldn’t be more than 3 - 4 starts fokr@(n one year,
due to load on the competitor’'s body.
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6. The main task is to prepare the competitor (veslé&er) starting
for 20km, for uniform strength division during thdnole distance.
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MECHANCAL ENERGY FLOW
BETWEEN BODY SEGMENTS ON RACE WALKING
Koji Hoga
Department of Physical Therapy, School of Medicahlth,
Ibaraki Prefectural University of Health Sciencsaraki, Japan

Key words: Joint force, Joint force power, Joint torquendodrque power,
Effectiveness of mechanical energy

Introduction
The manner of race walking which is defined by IAfg€e walking

rules is not a naturally obtained human skill asmad walking and running
are acquired in childhood (Payne and Payne, 1981)isual, people learn
race walking technique after instructed by coach&lkerefore, the number
of race walkers who have enough technique to ppatie and finish in
international or national level competitions withalisqualification depends
on the number of coaches who can teach race watkitinique properly.
However, the race walking technique is usually ringed by a small
number of coaches in many countries, based on twir experience as
they were competitors. The increase of participantrace walking events
and the world-wide promotion of race walking are thot topic for the
IAAF Race Walking committee. In order to incredbe number of race
walkers who can walk in a correct technique, itniportant to establish a
methodology for teaching race walking technique.

To walk in a higher speed in competition is onetloé most
important factors to achieve higher performanceaice walking event in
athletics. Although this factor should be analyfiest of all aspects of race
walking, previous research on race walking techamigtarted to analyze
race walking, clarifying the differences betweeneravalking and normal
walking and differences between race walking anthing (Payne, 1978;
Murray et al., 1983; Fenton, 1984, White and Wint385, Cairns et al,
1986).

Mechanisms of large walking speed in race walkiagenbeen
analyzed form recent twenty-five years. Phillipgdalensen (1984) and
Shimizu et al. (1994, 95) investigated stride, Ipitmd angle data in race
walking which related to walking speed. Yamadalef(1999, 2000) and
Hoga et al. (2001) analyzed the time of loss otactnand the kinematics of
lower extremities of race walkers to find the techhfactor to confirm
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IAAF race walking rules. Knicker and Loch (1990Moga et al.
(2004,2007a), and Hoga (2005, 2006a) analyzediagetdtips between the
kinematic variables of race walkers and the resufitpractical judgement
by race walking judges in official races. Moreovditakawa and Yoshida
(2002, 2005, 2006) investigated the skill learniofgrace walking and
proposed methods to evaluate personal techniqueaad# walking and
technical assistance for modification of their w@iciue, based on the results
of their research. As mentioned above, the nunaberesearch on race
walking technique which related to high performarsccreasing recently.
There may be a background for that increase of ddimg for researches to
develop a methodology of exact race walking teammigpstruction.
To achieve high performances, it is important tantaen a walking speed
over the race distance not only to obtain largekingl speed because the
race walking is an endurance event. Therefois,riecessary to investigate
the technical factors for the maintenance of wajlspeed. Briswalter et al.
(1998) discussed about changes in walking motiomigasuring a stride
length, a vertical displacements of body segmert angles of body
segment in the initial and final part in walkingpeximent which prolonged
for three hours. However, authors did not analiyzéetail the technical
factors related to the maintenance of walking speed

Economy of movement is one of the most importantois to
achieve high performance in all endurance spoudshémmechanical factors
are concerns to the economy of movement (Fredetie®2). Miura et al.
(1971) suggested the importance of technique ctingephysiological
energy to high performance in long-distance runnixgents, typical
endurance exercise. Williams and Cavanagh (198@yested that the
mechanical energy which flows between body segmémtsease the
effectiveness of physiological energy, while thelumee of mechanical
flows among body segments of whole body in distamewing related to
the amount of mechanical energy flow between bo¢hlégs (Enomoto et
al., 1999). Large mechanical energy flow betweesovery and support
legs is reported in the study of normal walking (M&r and Robertson,
1978; Robertson and Winter, 1980) and sprint rupnf@€hapman and
Caldwell, 1983; Ae et al., 1988). Therefore, tlwdume of the mechanical
energy flows among the whole body in race walkingyntikely to be
assumed to be affected by the mechanical energy lietween both the
legs. Furthermore, studies about the mechanicabgrflow between both
legs in race walking, the effective utilization mechanical energy, and the
technical factors that affect them may result invrfexdings which will
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contribute to acquire high performance in race imalk

The purpose of this article is to review reseascbf race walking
technique from the viewpoint of the mechanical ggdiow among body
segments, especially of the authors of presentrpéiega et al., 2003,
2006b; Hoga, 2007b), referring previous researcthahtheme about other
gait of bipedal human locomotion.

The effective utilization of mechanical energy, andhe change of the
mechanical energy within body segments

Cavanagh and Kram (1985) defined the index of &ffeness
index of forces on human exercise as the ratib@fdorce used to the actual
performance and the force applied to the outsidh@body. However, Ae
and Fujii (1996) commented to that index proposg€avanagh and Kram
(1985) as not to indicate the effectiveness ofleehanical energy which is
generated in the whole human body. Ae and Fu@i9€) defined the
economy of exercise as containing the process wihichverts the
physiological energy into the mechanical energyhinithuman muscles
(Figure 1). Ae and Fujii (1996) proposed that #wmwnomy of exercise
should be divided into the efficiency and the dffemess. In their
proposal, the economy contains the process of ¢bihe physiological
energy into the mechanical energy in each humanclemisand the
effectiveness contains the process of convert trechanical energy
generated by each muscles into the performancéofevhuman body. The
idea of efficiency and effectiveness, proposed abaway be useful to
evaluate human technique in which they translapghysiological energy
into a performance as running speed and walkingedspe Thus, the
effectiveness of mechanical energy utilization Ww#él able to be analyzed in
race walking because the effective use of the m@cabenergy in running
and normal walking were investigated.
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Figure 1 Flow of energy in human movement and three Esgffeciency,
economy, and effectiveness (Ae and Fuijii, 1996).

The effective utilization of mechanical energy withhe whole
body is based on two factors. One factor is ttegiiion and generation of
the mechanical energy by human muscles about this jof the body. The
other factor is the mechanical energy flow betwbedy segments which
occurs at the joint connecting adjacent segmentShanges in the
mechanical energy of each body segment are dueirb torque of the
muscles about joints and due to the joint forcéngdbetween the adjacent
parts. Outlines of mechanics of above are mentidrdow and in Figure 2
(Winter, 1990).
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Fio = FeoVap + FypVyp
va — Mp g

dE
—d—.LS Po+Pnp+ Pa+Png

Pg=FegVug + Fyg Vyd

Figure 2 Left: Biomechanical variables describing the insarous state
of a given segment in which passive energy trassfeay occur at the
proximal and distal joint centers and active trarsthrough the muscles at
the proximal and distal ends. Joint forces actihthe proximal enddsz,p,
Fy, Velocity at the proximal endsv,, V,, Joint torques acting at the
proximal ends: M Joint forces acting at the distal enfig;, Fyq Velocity
at the distal endsV,q, Vg Joint torques acting at the distal endi;;
Segment angular velocityis.

Right: Power balance as calculated using variablesvn in the Left.
The passive power flow at the proximal eRy, and distal endPj,
combined with the active (muscle) power at the prna endPy,, and the
distal endP,,y must equal the rate of change of energy of thensetdE/dt
(Winter, 1990).

Segment torque power®, Pmg, which are scalar products of
joint torques K, Mg) and segment angular velocitysf, were generated by
joint torques. These powers can be regarded asweerp absorbed or
generated by muscles. Joint forces are appliltegbints connecting body
segments. These forces push and pull each othldyr segments at that
joint. Muscles about a joint do not act directlyends of segments which
adjacent each other at that joint, but muscle abthér ends of that joints
act to those segments indirectly via rigid bodysegments. Therefore, a
power which is generated by a joint force at aaierjoints @), Pj: inner
product of joint force Ky, Fyp Fxa Fyd) @nd joint center velocityMy, Vyp
Vi Vyd)) can be sees as a transmitted power which isrgtaukby the joints
torque at other joint (Winter, 1990). Moreovere thegment torque power
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and the joint force power affect the change ofrttechanical energy of the
body segments. The amount of the segment torquerpand joint force
power is equal to the change ratio of the mechhminargy in a certain
segmentdE / dt) (Figure 2, Winter, 1990). Thus, these powég,(Pma
Pin, Pia) are called as the mechanical energy flow or teehanical energy
transfer (Pierrynowski et al., 1980). In additiomhen the mechanical
energy flows from the segment A to the segment Bkvis adjacent to the
segment A, the mechanical energy of the segmente&edse and the
mechanical energy of the segment B increase. Tpleseromena result in
the deceleration or drop of the segment A and m #cceleration on
elevation of the segment B.

The mechanical energy on normal walking and running

Winter and Robertson (1978) and Robertson and Wi{fii@80)
performed investigations about the mechanical gndlgw on normal
walking. The authors measured ground reactioneforand analyzed
walking motions by using two-dimensional motion lggé. They reported
that not only the mechanical energy generationabsbrption by the joint
torque, but also the mechanical energy flow betwbedy segments,
especially the mechanical energy flow between thsot and the recovery
leg, influenced the change of the mechanical enefgyhole body.

Chapman and Caldwell (1983) and Ae et al. (1988jopmed
research the mechanical energy flow on sprint moniFrom the results of
these analysts, the mechanical energy flow betwbentorso and the
recovery leg due to the joint force at the recouary joint may influence
the total mechanical energy change in the recolegy The mechanical
energy may flow from the torso to the recover leig tb the hip joint force
after toe-off in the recovery leg and flow from ttezovery leg to the torso
prior to the heel contact. Each flow is large thhat in other part of
recovery phases and affects the changes in meectamergy of the entire
recovery leg. Furthermore, the authors found fbait torque at the
recovery hip influenced these hip joint forces.e&ting to the mechanical
energy from the recovery leg to the torso and fthentorso to the opposite
leg, those torques helped forward and backwardgsttia recovery leg.

Williams and Cavanagh (1987) and Enomoto et al.99)9
investigated the change of the mechanical energth®fhuman body in
distance running. Williams and Cavanagh (1987jgoered an analysis of
the mechanical energy change of each body segnmensibg the three-
dimensional motion analysis and measured an oxygeake during sub-
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maximal running on the treadmill on distance rusneAs a result, subjects
who were estimated as low economy of oxygen intakee significantly
smaller than other subjects in the amount of machaenergy flow in the
torso and the lower extremities. The authors ssigge that large
mechanical energy flows between body segments eeldtiee consumption
of physiological energy.

Enomoto et al. (1999) performed a two-dimensionaitiom
analysis in official men's 5000m races on the tractt field competition to
clarify the technical factors for high performandesdistance running.
Subjects running in a high speed and with high qerénce used
mechanical energy with high effectiveness. The warhef mechanical
work of such kind of subject tended to be small #red mechanical energy
transfer between both legs tended to be large. alitfeors suggested that a
strong ‘Scissors motion’ by both two legs and fastvard swing of the
recovery leg just after toe-off helps to obtainglramount of the
mechanical energy flow between left and right leg3hese previous
researches above mentioned may suggest that fdotdtse changes of the
mechanical energy of the whole body in race walkiag be clarified as
that of normal walking, spring running and distamcmning has been
revealed by focusing on the mechanical energy flogtsieen two legs.

Mechanical efficiency on race walking

The mechanical energy flows between body segmemehole
body in normal walking and running has been studie@avagna and
Franzetti (1981), Marchetti et al. (1982) analyadmbut the change of the
mechanical energy of the center of gravity of thele body and the body
segments.

Cavagna and Franzetti (1981) and Marchetti et 2082)
performed measurements of ground reaction forced #re three-
dimensional motion analysis on experiments of withle race walkers.
National team race walkers of Italy participated that experiment as
subjects. From the measured data, authors catdullae mechanical energy
change of the center of gravity during one racekingl cycle of trials of
different walking speeds in experiments.

Patterns of potential energy and kinetic energynduone cycle
of race walking was almost same each other anck ttves decreased just
after heel strike and increased just before toe-0fiose authors concluded
that these patterns of potential and kinetic emesrgas the mechanical
energy was accumulated just after heel strike andgtilized during the late
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half of support phase. They calculated the efficie of the center of
gravity with the change of mechanical energy of ¢kater of gravity. As
results, they concluded that the mechanical eneffigiency might be
higher in race walking than in normal walking besmof the accumulation
and re-utilization of the mechanical energy butt tttee capacity of re-
utilization for the mechanical energy in race watkiis not higher than
running. Thus, the efficiency of the mechanicadrgy in race walking is
less than running.

Efficiency of race walking has been investigatednfr the
viewpoint of comparing the mechanical energy oferaalking to normal
walking and running as above mentioned. Howeweshrical factors to
obtain large walking speed and maintain it throughace distance has not
been clarified yet. It may be important to discabsut the race walking
technique from the view point of the effectivene$she mechanical energy
utilization (Ae and Fujii, 1996) in order to makkear the technical factors
in which race walkers can translate physiologicadrgy into performances
effectively.

Mechanical energy flow between body segments in raavalking

Hoga et al. (2003) and Hoga (2007b) performed rekea on the
mechanical energy flow in the recovery leg by ustag-dimensional
motion analyses on official races, in which worlttee race walkers
participated.

During the second half of the recovery phase, riexhanical
energy flowed from the recovery foot to the torsa ankle, knee and hip
joint by joint forces which acted backward at th@ximal end of each
segment of the recovery leg (Figure 3). These wmmgchl energy flows
significantly related to the walking speed and theagnitude of the joint
forces, which were generated by the hip extensmrsjue, influenced to
these mechanical energy flows.
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Phase 1 Phase 2 Phase 3 Phase 4

R-off—-L-on L-on-Mid Mid-L-off L-off—R-on

Walking speed

Mean joint force power (W/kg) : | 1 ﬂ' ﬂ ﬂ ﬂ

0<2 2<4 4<6 6<8 8<10 10

. 2 2 2

Mean segment torque power (W/kg) : a N % %

0<2  2<4 4<6 6
Figure 3 Mean joint force powers (straight arrows) and seagnterque
powers (curved arrows) of the recovery (right) tlegt significantly relate to
the walking speed during the right foot recoveragh N = 35,p < 0.05)
(Hoga, 2007).

In addition, such mechanical energy flows related the
maintenance of the walking speed throughout thexRfkce. Maintained
hip extensors’ torque torques at the recovery tipt jin the second half of
the 20km race resulted in the same magnitude ob#tekward hip joint
force and the mechanical energy flow from the recpVeg to the torso.

Hoga et al. (2006b) and Hoga (2007b) analyzed thehamical
energy flows in the support leg of race walkersusing two-dimensional
motion analysis and the measurement of the groaadtion forces on an
experiment, in which Japanese elite race walkerscjgated as a part of
subjects. As a result, they revealed that the am@chl energy flow which
flowed from the torso to the support leg by thejdorce at the support hip
joint significantly related to the walking speedgiite 4). The joint force
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which acted forward at the proximal end of the supghigh influenced to
the magnitude of that mechanical energy flow.

Normalized 1ight foot support phase (%)

0-20 20-40 40 - 60 60-80 80-100

Correlation relationships to the walking speed: * p < 0.05,** p < 0.01
Mean joint force power (W/kg) : l ﬂ ﬂ ﬂ ﬂ ﬁ
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Figure 4 Mean joint force powers and segment torque powersafi
subjects (N=12) during the normalized support pliesga, 2007).

Referring to the results of studies which reportedchanical
energy flows from the recovery leg to the torso &wan the torso to the
support leg, large mechanical energy flows from tbeovery leg to the
torso in the second half of the recovery phase tigkly result in the
increase of the mechanical energy of the torso taedsupport leg. In
consequently, the increase of the mechanical enefgthese segments
might likely result in the large walking speed byetincrease of the
horizontal velocity of the torso and the suppod.leHoga et al. (2003,
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2006b) reported that the walking speed signifigantlated both the step
length and the step frequency. From that resuk, guestion occurs how
the increase of the horizontal velocity of the ¢o@nd the support leg
contributed to obtain large walking speed.

Hoga (2007b) analyzed factors walking speed by gusin multiple
regression analysis for a walking speed during €tBp to a support time,
flight time, support distance and flight distanceofficial races, in which
male thirty-five walkers including world elite racgalkers participated.
Support distance had strongest relationships taviiiking speed as a result.
Short support time related to large walking spe&thce walking rule of
‘loss of contact’ constrains walkers to obtain &ngalking speed by large
support distance. Thus, large mechanical eneagy fitom the recovery leg
to the support leg via torso during the second bélthe support phase
might contribute to large walking speed by shorigrthe support time.

Hoga et al. (2006b) and Hoga (2007b) has not rede#hctors of
support hip joint forces for the large mechanicadrgy flow from the torso
to the support leg by their two-dimensional moteomalyses. To analyze
factors for the support hip joint force, it is nesary to focus on the joint
torques on the torso, the recovery leg and the upgremities. The
magnitude of joint torques in each joint of theawery leg and about torso
influences the joint force at the support hip velvis. However, pelvis
moves in the three dimensional planes and it shbelénalyzed by three
dimensional analyses to find that motion in detail.

Mechanical energy flow between body segments andifo torque about
torso in race walking

The mechanical energy flow between the right afidlégs may
influence the motion of the pelvis and torso beedusth the right and left
thigh connect to the pelvis at the hip joints. Tbiat force which acts at
the recovery hip joint (proximal end) of the thighlls the recovery leg
backward in the late recovery phase. The othejdnp force which acts at
the support hip joint (proximal end) of the thighllp the support leg
forward in the same phase. These two forces maggehthe direction by
the action-reaction law. The joint force at thexpmtal end of the recovery
thigh affects the forward pulling force at the reexy-side hip joint (distal
end) of the pelvis. The joint force at the proxiraad of the support thigh
may affect the backward force at the support-sigejdint (distal end) of
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the pelvis. These two forces may rotate the pedldeut vertical axis.
Three-dimensional motions of race walking in thestoand pelvis have
been taken as characteristic motions in race wglkinpractitioners.

In order to increase the stride length, it has hiestructed that
pelvis should rotate about the vertical axis swiggiecovery leg forward
(McCarthy, 1974; Kitchen, 1981; Payne and Payn&ll%alvage et al,
2000). However, the relationship between the nmotd the torso and
pelvis, and relationship of the torso and pelvighe performance in race
walking have not been clarified biomechanicallyhefefore, Hoga (2007b)
analyzed the relationship between the joint torgbeut the longitudinal
axis of the torso and joint forces at the recowargl support hip joint by the
three-dimensional motion analysis and the measureroé the grand
reaction forces in the experiment of race walking.

As a result, the torque about the longitudinal afighe torso
may likely to act reducing the rotation of the pelin the late recovery
phase (Figure 5). In addition, the joint force nesnabout the center of the
pelvis by the hip joint force acting on both recgveand support hip
balanced to the torque about the torso in thedapport phase (Figure 6).
Therefore, increase of the torque of trunk rotatssvinging the recovery
side hip backward in the second half of supportsphaay result in the
larger joint force of the support hip in the diieatof forward and the larger
mechanical energy flow from the recovery leg to shpport leg. Because
this torque balanced to moments about the centrtheofpelvis by joint
forces both at the recovery and the support hiptgplarge torque about the
torso which reduce the forward swing of the recg\wdp may important to
obtain large mechanical energy flow from the recgJeg to the support
leg and the large walking speed.
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Figure 5 (a) Joint torque at the upper end of the lower @mdSegment
angular velocity of the lower torso about the Zsaxn the absolute

coordinates system of the average of all subjecthe experiment (Hoga,
2007).

If the torque about torso were small and did ndamee to the
moment of hip joint force, the pelvic rotation afeyuwelocity which swings
recovery leg forward would accelerate until theltvemtact by the moment
by the hip joint force. Such pelvic acceleratioil vesult in larger impact
to the leg at heel contact and large deceleratitar heel contact because
the recovery leg will accelerate to the heel cantatn addition, small
torque about torso will cause to reduce the steguency because small
torque will reduce the initial swing speed of reeguleg. Thus, the torque

125



World race walking research PupiS Matrtin et. al.

about torso shown in Figure 6 may contribute ndy ém large mechanical
energy flow from the recovery leg to the suppog beit also to reduce the

deceleration after heel contact and to enhancstémefrequency by the fast
swing o the recovery phase.
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Figure 6 Joint torque at the upper end of the lower torst e sum of
the joint force moment of the right (support) ame teft (recovery) hip
about the center of the lower torsi-Ms) during the normalized right foot
support phase (Hoga, 2007).

Practical implications for technical training of race walking

This text reviews previous researches about thectie
utilization of the mechanical energy on human bgeldcomotion and
discussed about the race walking technique fromvibees point of the
mechanical energy flows among body segments remgwur studies. Our
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studies (Hoga et al., 2003, 2006b; Hoga, 2007bdaked that the hip joint
torque both two legs and the torque about the torade large mechanical
energy flow between two legs and resulted in thgh heffectiveness of
utilization of the mechanical energy which are gated by whole body
muscles.

However, we only discussed about the torque abdnat t
longitudinal axis of torso, and did not clarifieceahanisms of the torso in
the frontal plane which was notified as a particulaovement of race
walking (Cairns et al., 1986). We (Hoga, 2006a} ipinted out the
importance of the motion of the support leg andpsuphip torque in the
frontal plane. However, we have not clarified tietail relationship among
these factors, the whole body motion and performarnthus, these factors
should be discussed in the future. And more, taneot these findings to
the practical coaching, we should have an practieséarch on practical
coaching.
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LOOKING AT THE BEST, A DETAILED ANALYSIS OF
ELITE RACE WALKING TECHNIQUE
Jeff Salvagé & Tim Seaman
Drexel University
2 Cuyamaca Community College

Key words: race walking, technique analysis, high speed phafpity
Problem: How can we analyze race walkers under race conditio

Aim: Looking at the Best, A Detailed Analysis of Elitac® Walking

Techniquds a synopsis of the book by the same name. Bybaong high

resolution - high speed photography with computdtware and detailed
measurements, we paint an image of exactly hovbést race walkers in
the world stride forward at speeds approaching p8 (46 kph). Instead of
theorizing body motions comprising ideal race wadkitechnique, we
analyze the race walkers from elite race walk cditipes featuring the
very best race walkers in the world.

Under race conditions (primarily at the "™L.2Vorld Championships in
Berlin), we see the good, bad and ugly with regartechnique. By using
real race photographs we take the discussion outhef proverbial
laboratory and examine how race walkers do whatveset to do, race fast.
While it is ideal to analyze real world conditiorisdoes present problems
for gathering data. Our walkers were not awareusfproject and therefore
did not make themselves unobstructed for the canTéria often led to an
errant arm or foot getting in the way. Howeversttbes not detract from
the usefulness of the photographs, and where remges® have filled in
areas of overlap. In addition, getting photographshe best often means
competing with the TV coverage of the event.

The definition of race walking requires that racalkers show no “visible
to the human eye” loss of contact with the grouifler reviewing over
100,000 photos of elite race walkers, no walkersopt speed maintains
contact. One controversy that is sure to develog r@sult of our analysis is
the obvious flight phase shown when high speedqunaphy is utilized.
Pushing themselves to world class speed requieggthire is a “visible to
the camera eye” flight phase. How long should b@ss subjective, but by
comparing sequences of photographs to judge’s shibets we begin to get
a picture of what “visible to the human eye” reattgans.
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Our discussion of technique goes much further thare legality. We look
at what is the ideal:

< duration of the flight phase as well as the distaimavelled during
loss of contact

e step length

« step length’s ratio related to height

« the front vs. back distribution of the step

e angles between the feet and the ground at varioirgspof the
stride

« angles of the arms with relation to the body

« maximum height of the knee or foot during the &rid

« pelvic and torso displacement

* points in the stride where various actions take@lauch as the
foot becoming parallel with the ground or the suppeg flexing

* body lean

Our analysis includes 13 elite race walkers. liiportant to note that there
is not one style that is absolutely perfect forrggae. Variations in body
structure, strength, and flexibility dictate thatevéhtions occur.
Unfortunately, due to technical difficulties and sa&ve interference with
the camera car, we do not obtain enough footagleeofvomen to include a
statistically relevant number of photographs t@morate in this text.

All of the measurements for all of the walkers eoerelated to each other
so that we may see what patterns exist in the gatiaered. Some found
were ones that we expected, others were not.

Methodology: This section explains the methodology used to inhize
measurements shown in the charts and graphicsnvitifs text. We explain
our protocol for obtaining each measurement anderghappropriate,
indicate any perceived subjectiveness in obtairtimg measurement. In
addition, we show an example of each measurentélease note as we are
rounding off values for ease of presentation, smalees shown in this
explanation may vary slightly from the final valys®sented later as those
values were computed without rounding.

There are two categories of measurements that vierpewhen analyzing
race walkers from high speed photography. Theyasgular and scalar
measurements. Angular measurements are relatirafyles and performed
by establishing two lines that form an angle andnthmeasuring the
magnitude of that angle. In this case, we used AdBhotoshop CS4's
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built-in measure tool to obtain the angle measurgmén contrast,
establishing scalar measurement is a bit more doatpt. First, we have to
establish a scale for each series of photograpbhsparate series is required
for each athlete) and then use that scale for ébt of the measurements.
We did this by using the height of an athlete aknawn quantity and
extrapolated how many pixels were in a meter frbat theasurement.

Our “model” for demonstrating the measurementsaswégian Erik Tysse,
photographed at the $2AAF World Championships in Athletics during
the 20km event.

Glossary of Terms Used

While a glossary of terms is usually placed at thar of a text, we are
placing it before our methodology so there is nofasion in what we mean
by some commonly used race walking terms.

Accuracy of Measurement:A subjective rating as to the exactness of the
measurement. Very strong measurements were absoltbeir accuracy,
strong measurements were when we had a high defreenfidence, and
moderate measurements had extenuating factorgigrheir reliability.
Double Support Phase:When a race walker has both feet on the ground
simultaneously.

Foot: While the formal definition of a foot is the temmai part of the leg
where a person starfdsve use it synonymously with the shoe of a race
walker.

Heel: While the formal definition of a heel is the baukthe foot below the
ankle and behind the afchwe use it synonymously with the part of the
shoe where the heel of the foot resides.

Step: The length of distance from the point of toe a@fimh the foot of the
supporting leg to the heel contact of the swing Ngte, this measurement
varies from the traditional step length as it issimg the length of a race
walker's foot. If you wish to have this measurenieig easy enough to add
into the value supplied.

Stride: The distance from initial contact of one foot e following initial
contact of the same foot.

Swing Phase:The portion of a race walker’s stride where thet foas lost
contact with the ground.

! Merriam-Webster.com, 2009
2 Merriam-Webster.com, 2009
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Support Phase:The portion of the race walker’s stride wherefiat is in
contact with the ground.

Visible Loss of Contact to the Human EyeThe portion of a race walker’s
stride where both feet are simultaneously off theugd and the loss of
contact is observable by the human eye.

List of Measurements

1) Athlete’s Height — A direct value obtained from the IAAF website or
from the athlete directly. If the height is not aibiable, a relative measure
can be determined by using the known height of tkkevawithin the same
series of photographs. However, in most cases #ighhwas obtained
directly.

ie.

Erik Tysse’s Height = 1.90 Meters

2) Pixels / Meter - We determine
the number of pixels used ftc
represent a meter in each sequence
photographs by measuring th
number of pixels used to represel
the height of the race walker by th
actual height of the race walker. T
obtain the number of pixels
representing the height of a rac
walker, we measure the number ¢
pixels from the top of a race walker'
head to the base of his foot (fully
contacted plantar surface of the foo
when the race walker's supporting le
is under the body in the vertica
position. (See Figure 1) By knowing
the number of pixels for a walker’s
height, we can establish the numb
of pixels / meter in the photograph
We then can use this value t Fiaure 1

measure other scalar values. Figure 1

illustrates obtaining the number of pixels (1538presenting Erik Tysse’s
height. Therefore the # of pixels / meter for thé&kHysse sequence is 1539
/1.90 = 810.0 pixels / meter.
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3) Step Length in Centimeters— One can define step length many
different ways. The key is to measure it consigyeinom one race walker
to another. We chose to represent the step lesgieadistance between the
point where the toe of the rear foot leaves thaiggoand the point where
the lead foot strikes the ground with the heel. ddtafnately, since no
walker measured in this study exhibited a doubjgpsut phase, the actual
step distance required evaluating multiple framesiéaneously. In order
to accurately measure the step length, we markedotisition where the
rear foot left the ground and drew a vertical lireem that point upward. We
took note along this vertical line for some immolatarea of the
background as our fixed point. We then opened thmé where the race
walker’s forward heel contacts the ground. Next,le@ated our fixed point
and drew a vertical line downward. The step lengthen the measurement
of a horizontal line between the point of heelkstrand our previously
drawn vertical line. Care is taken that our lines drawn at a 90 degree
angle. This is easily achieved using features obt&hop to prevent
inaccuracies.

ie.
Erik Tysse’s step length = 852 pixels or 105 cne, Bigures 2 & 3

Figure 2 Figure 3
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4) Step Length vs. Height- Since we want to compare quantitative
measurements from one walker to another, it is bestormalize them
against a walker's height to take into account edéfht body sizes.
Therefore, we compute the step length as a pegemfa walker's height.
This is a straightforward calculation of Step LénjHeight.

ie.

Tysse’s step length as a percentage of height # 8539 = 55.36%

5) Flight Distance— The distance
covered by a race walker whel
both feet are not in contact with th:
ground. The flight distance i<
calculated by measuring the
horizontal distance from the poin
of toe off to the front of the real
foot at the moment of heel contac
with the forward foot. This is
shown in Figure 4 with the point of
toe off was determined in
Calculation #3.

Measuring one’s flight distance
may be the most eye openin
measurement of this study as tr
distance a walker travels withou
contact with the ground illustrate:
the controversy of whether ¢
walker truly maintains contact with
the ground. As we know an elite _
level a race walker does not have Fiaure <

double support phase where both feet are on thandrdor at least a
moment. However, how much of an elite walker's sgeguring the flight
phase? The results might surprise you.

i.e. Erik Tysse’s flight distance = 124 pixels & dm

6) Flight Time — Ideally, if we used a higher frame rate in captyour
photographs, flight time could be directly measuneare granularly using
just the frames where a race walker has no contéitt the ground.
However, since a 40 fps camera was used, the mm@stulgr direct
measurement is 25 milliseconds or #)46f a second. This is the time
between two frames. So if you have three frames, gan measure two
1/40" of a second intervals for a total elapsed time/@0" of a second.
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That said, we can interpret how far off the wallkkerand extrapolate
additional data in between frames. For example lity@othetical case (not
Tysse), if in the first frame the walker’s reaofads just beginning to toe off
and the lead foot has yet to have contact withgtteeind, and in the 2nd
frame there is significant loss of contact withtbfeet, and in the 3rd frame
the lead foot has just made heel contact, then wghtnassume that the
walker is off the ground for more than 50 millisads (1/28' of a second)

shown by the interval between 3 frames.

However, if we measure the distance during théflfghase and divide it by
the race walker’'s speed we can obtain a more aecassessment of flight
time. Since these photographs were taken undengaodnditions, it is
possible to estimate their speed fairly accuratety. example, Eric Tysse
was walking at approximately 4:00/kilometer (or 86T m/s). Since
Tysse’s flight distance = 15 cm, we can calculate flight time as
0.15/4.1667 = .0360 seconds or 1128 a second. Note all of the 20km
walkers in the study were walking at approximatél90 per kilometer.
Similarly, the 50km walkers were walking at a pagthin a few seconds of
each other at 4:25 per kilometer.

7) Step Ratio — Race walkers often
discuss the ratio made between a ra
walker's front and rear of the step
There are many ways to measure tt
value, and again, the key is to b
consistent. We chose to measure t
front portion of the step as the distanc
along a horizontal line drawn from the
point of heel contact to a positior
directly beneath the middle of the hips
We can compute the portion of the ste -
that is in front o_f the_ body by dividir_wg /
the number of pixels in the front portiot
of the step by the total number of pixel
in the step (Calculation #3). Note the
the total step size includes a fligk
phase, which in this calculation i N _
included in the rear portion of the stej Figure 5
Because of the flight phase we cannot
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technically measure the percentage of the stepnbiethie torso with a single
frame. Since the point of toe off is technicallg thack end of the step, we use
that position as the last point of the rear portidrthe step. We then measure
forward to the vertical position under the body. Simplify the process, we can
cheat Since we already know the step length from Calonh #3, we can simply
subtract the forward portion of the step from thepdength to obtain the rear
portion of the step.

ie.

Erik Tysse’s front portion of the step in pixels 263 (Direct

Measure)

Erik Tysse’s % front portion of the step = 263/8530.86%

Erik Tysse’s % rear portion of the step = 100% 880= 69.14%
8) Average Vertical Loss of Contact This is a direct measure from the
frame where both feet have lost contact. This nmeamua bit subjective
depending upon the image. When there wasn't a shanhdlerfoot, it was
sometimes difficult to pinpoint the exact point ¢me ground to begin
measuring. In addition, the measurement is a swalle and therefore,
more sensitive to any inaccuracies inherent in gemeral measurement
methodology.
ie.

Erik Tysse’s combined pixel height from the grodadceach of his feet is a
total of 46 pixels. Therefore, his average heigbirf the ground is equal to
23 pixels. Next, we simply need to apply the coeiar value for changing
pixels to centimeters. Finally, since Americans ensthnd inches better
than meters we also convert the centimeters toemesh that the metrically
challenged can better visualize the magnitude efdhs of contact.

Height in Centimeters = Avg. Vertical Loss of CatttéMeasured in
Pixels/Pixels per Meter * 100)
Height in Inches = Avg. Vertical Loss of ContactGentimeters / 2.54.

Erik Tysse’s average vertical loss of contact intceeters = 23 / 852 *
100 =2.70 cm
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Erik Tysse’s average vertical loss of contact ichigs = 2.70/2.54 =
1.06”

-

oS

S

Figure 6

9) Maximum Foot Height of

the Swing Leg— The maximum
height of the foot is measured fror
the highest point the foot is carrie
during the swing phase. This i
usually slightly after toe off just as
the leg begins to swing forward
The height is measured in pixel
and then converted to meters.

Erik Tysse’s maximum foot height
=294 /840 =0.35m or 35cm

Fiaure 7
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We can also calculate a race walker's maximum fedght as a percentage
of their height to normalize the data for differeadn body sizes.

Erik Tysse’s maximum foot height as a percentagaisfheight = .35m /
1.9m = 18.4%

10) Maximum Knee Height of
the Swing Leg— The maximum
height of the knee is measure
from the knee (top of the patella
at its highest point in the step as
vertical line drawn down to the
ground. This is usually near the
point at which the swing foot is
parallel to the ground. The heigh
is measured in pixels and the
converted to meters. Note that th
height is measured from the
ground, not the foot.

Erik Tysse’'s maximum knee Ei 8
height = 555 / 810 = .68 m or 6¢ \gure
cm
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We can also calculate a race walker's maximum kmgght as a percentage
of their height to normalize the data for differeaén body sizes.

i.e.

Erik Tysse’s maximum knee height percentage = .68.A m = 35.79%

11) Point of Knee Flexion During Propulsion (% of FRear Portion of the
Step)— The percentage of distance of the rear portiomefstep that occu
while the rear leg remains straightened is meastnau a vertical lin
through the body to the front toe of the rear foathe first frame where tt
race walker is bending then&e of the rear leg. The percentage of the
behind the body is then computed by dividing thef#pixels behind th

Figure 9 Figure 10
ie.

Erik Tysse’s % of rear portion of the step withtraightened knee =
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375/852 * 69.14% = 30.43%

12) Point at Which the Swing Foot is Parallel to Ground (% of
Forward Portion of Step) — The percentage is measured from the heel of
the swing foot (when the foot is parallel to thewnd) to the center point
of the step. First, we determine the number of Ipixa a line drawn
perpendicular to a vertical line drawn directly andhe body to the heel.
Then the percentage is computed by dividing thé gix@ls in front of the
body by the number of pixels in the portion of #tep that occurs in front

of the body.

Figure 11 Figure 12

i.e.

Erik Tysse’s % of forward portion of the step as #iwing foot is parallel
to the ground = 197 / 263 = 74.94%.
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from the shoulder. We perform the>
measurement on the race walker as he

about to toe off from the rear foot. We
chose this position of the step because th
is where the rear arm is usually in itqgg
highest position. The angle is measure

between a horizontal line and a line drawi
along the upper outer edge of the rear ari
from the back of the shoulder to the edg
of the elbow. This is shown in Figure 13.

i.e.

Erik Tysse’s rear arm angle = 29.2 degree,

Figure 13

14) Rear Upper and Lower Arm Angle - The angle of the arm as it
extends backward is measured along the outsiddeofatm from a line

drawn from the top of the shoulder to the tip af #lbow and another line
drawn from the tip of the elbow to the wrist joimot including the hand)

and drawn along the outside of the arm. For comsist we measure the
arm angle at the point of toe off in a race walkestep. This is shown in
Figure 13.

ie.

Erik Tysse’s rear upper and lower Arm Angle = 8@eQrees

15) Front Upper and Lower Arm Angle — The angle of the arm as it
swings forward is measured along the inside ofatme from a line drawn
from the front of the shoulder to the inside of giieow (along the inside of
the arm) and another line drawn from the elbow tistwoint (not including
the hand) along the inside of the arm. For consistewe measure the
angle at the point of toe off in a race walker&pstWhile this calculation is
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fairly accurate, it can be off due to the variamegle as the arm swings
across the body. Race walkers who swing their anmosa their body more
than others will affect the measured angle in frointhe body. Therefore,
there is little value to this measurement. Howevierjs included for
completeness.

ie.

Erik Tysse’s front upper and lower arm angle = efirees (Shown in
Figure 13

16) Forward Portion of the Arm
Swing in Front of Body — The

amount of the arm swing in front of the
body is measured from the farthest
forward part of the arm/hand from the
torso along a horizontal line drawn
from the torso. For consistency we
measure the value at the point of toe ¢
in a race walker’s step and when the
inside leg is forward of the outside leg.
The actual measurement is obtained ir
pixels and then converted to meters.
ie.

Erik Tysse's forward position of the
arm swing in front of the body = 31 cm
17) Rear Portion of the Arm Swing
Behind the Body— The amount of the
arm swing behind the body is measure
from the tip of the elbow along ¢
horizontal line drawn to the rear ¢
the torso. For consistency we measu Fiaure 1<

the angle at the point of toe off in a

race walker’'s step and when the inside leg is fodved the outside leg. The
actual measurement is obtained in pixels and tbhemearted to meters.

ie.

Erik Tysse’s rear position of the arm swing behimel body = 25 cm

18) Ratio of Arm Swing in Front vs. Rear— Dividing calculation #17 /
#18 gives us the proportion of arm swing in frohtlee body vs. behind the
body.
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ie.
Erik Tysse’s ratio of arm swing in front vs. reaBtcm /25 cm = 124%

19) Foot Angle at Contact We measure the foot angle at contact when a
race walker's swing foot makes
initial contact with the ground. It is
the angle formed between
horizontal line drawn along the
ground with a line drawn tracing the
bottom of the foot.

i.e.

Eric Tysse’s foot angle at contact :
19.3 degrees

Figure 15

20) Leg Angle -We measure the leg angle when a race walker’s sfoioty
makes initial contact with the ground. It is thegienformed between a
vertical line drawn down from the center of the paghd a line drawn
tangent to the back of the forward leg.

ie.
Eric Tysse’s leg angle = 22.8 degrees

21) Ankle Plantar Flexion at Toe Off - We measure the angle of the rear
foot and ankle from the frame where the race wakerar foot has just lost
contact. It is measured as the angle formed betwgertangents. The first
tangent is drawn from the ankle to the knee of rder leg. The second
tangent is drawn from the ankle of the rear lethotoe of the rear foot.
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i.e.

Eric Tysse’s plantar flexion angle
at toe off = 139.5 degrees.

Figure 1¢

22) Body Lean — A direct measure obtained by determining theleang
formed from a vertical line drawn through the midf the body and another
line perpendicular to the ground when the suppottg is directly under the
body and in the vertical position. Again, it is gdiive at what point in the
step you select for this measurement.

ie.
Erik Tysse’s body lean = 0 degrees
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23) Torso Displacement To
measure torso displacement w
compute the width of the torso at it
maximum value as viewed from the
side. We measure from just unde
the arm pit of the forward arm
horizontally across the torso. Thi:
distance is measured in pixels ar
then converted to meters.

ie.

Erik Tysse's torso displacement =
118/810 =.146 mor 15 cm

24) Pelvic Displacement — To

measure relative forward pelvic
displacement, we compute th
difference between the distance
measured along a horizontal lin
when the pelvis is in a neutra.
position (Figure 19) and when it it
fully extended forward (Figure 20).
This distance is measured in pixel
and then converted to centimeters.

i.e.

Erik Tysse’s pelvic displacement =
26cm-23cm=3cm

Given the inaccuracy of measuring
the front and rear of the pelvis due t
a walker’s shirt hanging over the are
to be measured, we have not
included pelvic displacement as pari
of the correlations.

Figure 18
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Figure 19 Figure 20

25) Leg Length — One can measure the leg length of a race walker
subjectively. We measured the leg in the vertieaifpon and estimated the
top of the leg at the top of the pelvis. A vertilitaé was then drawn down to
the base of the foot. Note, that all measuremewiside the sole of the shoe.
This distance is measured in pixels and then coeddo meters.

i.e.

Erik Tysse’s leg length = 106 cm
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Figure 21

Outcomes:

When we started this study we really didn’t knowaivtve would find. We
purposely didn't look at the correlations untilwas nearly completed. As
one would expect there were correlations that weeeted to find and
others we did not. It is important to note thatoarelation does not imply a
cause and effect. It simply indicates that in thegle data two values were
related. Therefore, the ultimate significance of fdings is really up to
the race walking community as a whole to determine.

When performing a correlation calculation using &xwe get a value from
-1 to 1 that indicates the strength of a correfatidalues closer to -1 or 1
indicate a stronger correlation, while values dloge 0 indicate a weak
correlation. For our study we took note of strormgrelations as values
between -1 and -.7 as well as .7 and 1. In additie@ noted weaker
correlations between -.7 and -.5 as well as .5 .@nd’hese are arbitrary
values and not absolute cutoffs. If a relationdiag a correlation of .4999
one could argue it is still significant. If a cdatton value is positive there
is a direct relationship between the two valuese($dgure 22). If a
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correlation is negative, then there is an inveetationship between the two
values (See Figure 23).
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Figure 22 Figure 23

Please note that next to each measurement we fedica “Accuracy of
Measurement.” Given the nature of our data gatbesome measurements
were more accurately obtained than others. Nexatth measurement we
indicate the “Accuracy of Measurement.” We indic&iere any lack of
precision in the measurement.

As to why there is a correlation, we've intentidpalvoided answering that
guestion here. Instead, we simply indicate the mfasens and leave
conclusions for later. While some of the correlasiohave a logical
biomechanical reason, others are fairly controaérdndeed, during our
peer review of this text, we didn't all agree aswby some correlations
existed. Therefore, in many cases we leave it te thce walking
community to debate these findings and their relega

Measurement Height | Accuracy of Measurement Very Strong
In most cases the heights were gathered from tA& Miebsite and assumed to be correct.
Correlated Field: Leg Length | Correlation Value: .67

There is a direct and obvious correlation betweeavatker's height and their leg length as leg
length is a major component in one’s height.

Correlated Field: Knee Height | Correlation Value: .72

There is a direct and obvious correlation betweemlier's height and the height they carry their
knee.
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Measurement Step Length | Accuracy of Measurement Strong

Having defined step length as the distance fronofbéo heel contact, it is easy to measure this
distance even if it requires obtaining it from nplé photographs.

Correlated Field: Leg Length | Correlation Value: .52

There is a direct and obvious correlation betweevaliker's step length and their leg length, |as
leg length is a major component in one’s step kengt

Correlated Field: Flight Distance | Correlation Value: .53

While it makes sense that longer steps correlath wilonger flight distance, some of this
correlation is due to the way we are measuring kiegth. Since we are computing it from the
point of toe off to the point of heel contact, clgany flight distance is added to the step length
measurement and thus forms the correlation. Thaslldhnot be looked at as a bias as much as
that flight distance is a component of step lengtie question is what is an acceptable amount of
flight distance (either as an absolute value ca aslative value) to step length at a given speed?
This is a question we will not answer, but propio$er debate.

Correlated Field: Red Cards for Bent Kneé Correlation Value: -.59

The shorter a walker’s step length the more redsctor Bent Knee they received.

Measurement Flight Distance | Accuracy cf Measurement: Strong

Correlated Field: Step Length | Correlation Value: .53

We observed that the greater a walker’s flightadise, the greater the walker’s step length.
Correlated Field: Vertical Loss of Contact| Correlation Value: .64

We observed that the greater a walker’s flightadise, the greater the walker’s loss of contact
along the vertical axis.

Correlated Field: % Step in Front of Body| Correlation Value: -.83

We observed that the greater a walker's flightatise, the smaller the portion of the walkef's
stride was in front of the body.

Correlated Field: Torso Displacement | Correlation Value: .55

We observed that the greater a walker’s flightatise, the greater the torso displacement.
Correlated Field: Caution Loss of Contact| Correlation Value: .65

We observed that the greater a walker’s flightatise, the more cautions for loss of contact the
walker received.

Correlated Field: Red Cards for Loss of Contadt Correlation Value: .55

We observed that the greater a walker's flightagtisg, the more red cards for loss of contact the

walker received.

Note that the correlations between the percentdgeep in front of the
body and the percentage of step behind the bodyharénverse of each
other. Therefore the percentage of step behinddtity is not shown. It's
simply equal to the correlation for the percentafistep behind the body
multiplied by -1.
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Measurement Percent of Step in Front of the Bodly Accuracy of Measurement Strong

Historically, walkers used to form an isosceleartgle with their legs, thus having a nearly 50
front to back ratio of their step. As the yearséhavogressed, walkers now walk with a sma
portion of their step in front of their body thaehind. The following correlations show that the
may be many components of the step that are refatiis shift in walking style.

50
ler
re

Correlated Field: Vertical Loss of Contact | Correlation Value: -.63

As the percentage of the step in front of a watkbddy increases, the amount of loss of con
measured in the vertical direction is decreased.

act

Correlated Field: Max Foot Height | Correlation Value: -.57

As the percentage of the step in front of a watkéody increases, the maximum height of
swing leg’s knee is lowered.

Correlated Field: Rear Upper to Lower Arm Angle] Correlation Value: .65

Walkers who have a larger angle between their upper lower arm also exhibit a larg
percentage of their step in front of the body. #s idifficult to extend the step behind the bo
without enlisting many other body actions, walkerth a larger arm angle tend to reach forwa
in front of the body and thus affect the step ratio

er
dy
rd

Correlated Field: Flight Distance | Correlation Value: -.83

We observed that as the percentage of the stepim 6f the body increases, the distanc
walker travels horizontally while off the groundcdeases.

e a

Correlated Field: Caution For Loss of Contact | Correlation Value: -.53

As walkers increased the percentage of their stefpont of the body, the number of cautio
they received for loss of contact decreased.

ns

Correlated Field: Hip Rotation Ratio | Correlation Value: -.58

As walkers increased the percentage of their stefpont of the body, their hip rotation rati
decreased.

Measurement Vertical Loss of Contact | Accuracy of Measurement Moderate

We would hope that the vertical loss of contactigalould be small, as such, given our meth
of measuring there is a degree of margin for @rrdhe value. In addition, the exact moment
caught the walker in flight might change our resWe used the largest vertical loss of cont
measurement in the sequence of photographs fomeasurement. We did this because jud
give cautions and proposals for disqualificatiorewlseeing the walker at their worst.

Correlated Field: Max Foot Height | Correlation Value: .64

Walkers that carry their swing foot higher certgifdok like they are off the ground more th
their low foot swinging counterparts. Our data shdlat most walkers carrying their swing fa
higher also have a greater loss of contact aloagéhtical axis.

Correlated Field: Flight Distance | Correlation Value: .64

Since most of the walkers in the study were raeing relatively similar pace, one can infer h
the higher a walker launches themselves into theta longer the horizontal component of th
loss of contact will be.

bW

eir

Correlated Field: % Step in Front of the Body| Correlation Value: -.63

=

Walkers with a greater vertical loss of contact hagimaller portion of their step in front of thei
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body. |

Measurement Max Foot Height | Accuracy of Measurement Strong

Correlated Field: Vertical Loss of Contact | Correlation Value: .64

While one can’t say that in all cases a higher fs@in indication of an increased vertical loss|
contact with the ground, our data shows that walkeith a high foot carriage also exhibit
higher vertical loss of contact. We aret prescribing that since there is a correlationt findges
use the foot height as a determination of lossooftact. Judges should still look for the loss
contact when determining cautions or proposalslifgualification.

Correlated Field: % Step in Front | Correlation Value: -.57

We observed that as the maximum foot height ofsthieg leg increases, the percentage of
step in front of the body decreases.

Correlated Field: Caution for Bent Knee | Correlation Value: -.59

the

We observed that as the maximum foot height ofthieg leg increases, the number of cauti
for bent knee a walker receives decreases.

Correlated Field: Hip Rotation Ratio | Correlation Value: .59

We observed that as the maximum foot height ofsthimg leg increases, walker’s hip rotati
ratio increases.

bn

Measurement Max Knee Height | Accuracy of Measurement Strong

Correlated Field: Height | Correlation Value: .72

Clearly a person who is taller carries the knetheir swing leg higher through the step. This
should not be surprising.

Correlated Field: Torso Displacement | Correlation Value: -.50

We observed that as the maximum knee height obwirg leg increases that a walker’s tof
displacement decreases.

SO

Correlated Field: Rear Arm Distance | Correlation Value: .78

When race walkers pull their arms too far behirglrtbody, the excessive motion propagates
other aspects of the step. Our data shows thatwablers who pull their arm farther back al
drive their knee higher.

50

Measurement Point of Knee Flexion | Accuracy of Measurement Strong

Correlated Field: Front Upper/Lower Arm Angle | Correlation Value: -.57

We observed that as a person’s point of knee fitewias further away from the body the arm
angle between the upper and lower arm decreased.

Measurement Position the Foot is Parallel | Accuracy of Measurement Strong

There were no significant correlations with any swament for position the foot is parallel

to

the ground.

Measurement Rear Upper Arm Angle | Accuracy of Measurement Strong
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There were no significant correlations with any suament for rear upper arm angle. |

Measurement Rear Upper and Lower Arm Anglé Accuracy of Measurement Strong

Correlated Field: Front % Step | Correlation Value: .65

We observed that as the angle between a walkepsrignd lower arm increases, the percental
of their step in front of the body increases.

ge

Correlated Field: Foot Angle at Contact | Correlation Value: .57

We observed that as the angle between a walkepsrigmd lower arm increases, the foot angle

at contact increases.

Correlated Field: Body Lean | Correlation Value: .56

We observed that as the angle between a walkepsrignd lower arm increases, the walker's
body lean increases.

Correlated Field: Hip Rotation Ratio | Correlation Value: -.52

We observed that as the angle between a walkepsrignd lower arm increases, the walker's
hip rotation ratio decreases.

Measurement Front Arm Distance | Accuracy of Measurement Strong

Correlated Field: Caution for Bent Knee | Correlation Value: -.63

We observed that the farther in front of the bodyadker's arm swings, the less cautions for b
knee are received.

ent

Correlated Field: Red Cards for Bent Knee | Correlation Value: -.65

We observed that the farther in front of the bodyadker's arm swings, the less red cards
bent knee are received.

for

Measurement Rear Arm Distance | Accuracy of Measurement Strong

Correlated Field: Knee Height | Correlation Value: .78

We observed that the farther a walker's arm swimgdehind of the body, the higher th
maximum knee height of the swing leg.

@

Correlated Field: Torso Displacement | Correlation Value: -.57

We observed that the farther a walker's arm swindeehind of the body, the less torso
displacement occurs.

Measurement Foot Angle at Contact | Accuracy of Measurement: Strong
Correlated Field: Leg Length | Correlation Value: -.62
We observed that the foot angle at contact incesfsavalkers who have shorter legs.
Correlated Field: Caution for Bent Knee | Correlation Value: .58

While coaches promote pointing the toe higher osl sentact to prevent novice race walke
from bending the knee at heel contact, it appesos four data that athletes who have
excessively high foot angle at contact (~30 degozamore) have significantly higher cautio
for bent knee as well as red cards.

Measurement Front Leg Angle | Accuracy of Measurement Strong

There were no significant correlations with any sueament for a walker’s front leg angle.
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Measurement Plantar Flexion Angle | Accuracy of Measurement Strong |

There were no significant correlations with any swament for a walker's plantar flexion angle.

Measurement Body Lean | Accuracy of Measurement Strong

Since very few walkers exhibited body lean, we nousstion the validity of the correlations
with body lean.

Correlated Field: Leg Length | Correlation Value: -.77
We observed that walkers who had a larger body heana shorter leg length.
Correlated Field: Rear Upper/Lower Arm Angle | Correlation Value: .56

We observed that walkers who had a larger body heaha greater angle between the upper jand
lower arm when the arm is behind the body.

Correlated Field: Red Cards for Loss of Contact | Correlation Value: .57

We observed that walkers who had a larger bodyreegived more red cards for loss of contagt.

Measurement Torso Displacement | Accuracy of Measurement Strong

Correlated Field: Knee Height | Correlation Value: -.50

We observed that as the torso displacement in@etieemaximum knee height of a walker’s
swing leg is lower.

Correlated Field: Rear Arm Distance | Correlation Value: -.57

We observed that as the torso displacement insgtisedistance a walker's rear arm swings
back decreases.

Measurement Hip Rotation Ratio | Accuracy of Measurement Moderate

In some walkers it was difficult to determine eXagthere the hips were due to their shirt
hanging out of their shorts.

Correlated Field: Percent of Step in Front of the Body | Correlation Value: -.58

=

We observed that walkers with greater hip rotataiio had a smaller percentage of their step
front of their body.

Correlated Field: Foot Height | Correlation Value: .59
We observed that walkers with greater hip rotataiio had a higher foot height.
Correlated Field: Rear Upper/Lower Arm Angle | Correlation Value: -.52

We observed that walkers with greater hip rotatatio had a smaller rear upper/lower arm
angle.

Correlated Field: Cautions for Bent Knee | Correlation Value: -.55
We observed that walkers with greater hip rotatadio received less cautions for bent knee.
Correlated Field: Red Cards for Bent Knee | Correlation Value: -.64

We observed that walkers with greater hip rotataiio received less red cards for Bent Knee.

Measurement Leg Length | Accuracy of Measuremen: Moderate

It was difficult to determine the exact positiontbé top of the leg as this is a subjective
measurement.
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Correlated Field: Height | Correlation Value: .67

We observed that taller walkers had longer legs.

Correlated Field: Step Length | Correlation Value: .52

We observed that walkers with longer legs tookrayéw step.

Correlated Field: Foot Angle at Contact | Correlation Value: -.62

We observed that walkers with longer legs had aifségntly smaller foot angle at contact.
Correlated Field: Caution Bent Knee | Correlation Value: -.60

We observed that walkers with longer legs recefegger cautions for bent knee.
Correlated Field: Total Red Cards | Correlation Value: -.61

We observed that walkers with longer legs recefeeeer red cards.

Correlated Field: Body Lean | Correlation Value: -.77
We observed that walkers with longer legs hadbesty lean.
Correlated Field: Red Cards for Loss of Contact | Correlation Value: -.51

We observed that walkers with longer legs recelesd red cards for loss of contact.

Measurement Cautions for Loss of Contact | Accuracy of Measurement Strong

Correlated Field: Front % Step | Correlation Value: -.53

We observed that walkers with more cautions fos locontact had a smaller portion of th
step in front of the body.

Bir

Correlated Field: Flight Distance | Correlation Value: .65
We observed that walkers with more cautions fos lafscontact had a larger flight distance.
Correlated Field: Total Red Cards | Correlation Value: .81

We observed that walkers with more cautions fos lafscontact also received a greater numbe
of red cards.

Correlated Field: Red Cards for Loss of Contact | Correlation Value: .80

We observed that walkers with more cautions fos lafscontact also received a greater numbe
of red cards for loss of contact

Measurement Cautions for Bent Knee | Accuracy of Measurement Strong
Correlated Field: Step Length | Correlation Value: .50

We observed that walkers with more cautions fot kare had a longer step length.
Correlated Field: Foot Angle at Contact | Correlation Value: .58

We observed that walkers with more cautions fot kare had a larger foot angle at contact.
Correlated Field: Foot Height | Correlation Value: -.59

We observed that walkers with more cautions fort kaee had a lower maximum foot height 9
the swing leg.

Correlated Field: Hip Rotation Ratio | Correlation Value: -.55

We observed that walkers with more cautions fot kare had a smaller hip rotation ratio.
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Correlated Field: Leg Length | Correlation Value: -.60
We observed that walkers with more cautions fort kaee had a shorter leg length.
Correlated Field: Front Arm Distance | Correlation Value: -.63

We observed that walkers with more cautions fortt keee had a shorter arm swing in front of
the body.

Correlated Field: Total Red Cards | Correlation Value: .63

We observed that walkers with more cautions foit keee received more red cards.

Correlated Field: Red Cards for Bent Knee | Correlation Value: .82

We observed that walkers with more cautions fort kaee received more red cards for bent
knee.

Measurement Total Red Cards | Accuracy of Measurement Strong

Correlated Field: Leg Length | Correlation Value: -.61

We observed that walkers who received more redsdaaid a shorter leg length.

Correlated Field: Caution for Loss of Contact | Correlation Value: .81

We observed that walkers who received more redsdaad more cautions for loss of contact.

Correlated Field: Caution for Bent Knee | Correlation Value: .63

We observed that walkers who received more redsdaad more cautions for bent knee.

Correlated Field: Red Cards for Loss of Contact | Correlation Value: .76

We observed that walkers who received more redsdaad more red cards for Loss of Contact

Correlated Field: Red Cards for Bent Leg | Correlation Value: .64

We observed that walkers who received more redsdaaid more red cards for Bent Knee.

Measurement Red Card for Loss of Contact| Accuracy of Measurement Direct Measure

Correlated Field: Flight Distance | Correlation Value: .55

We observed that walkers who received more redsdardoss of contact violations had a gread
flight distance.

ter

Correlated Field: Leg Length | Correlation Value: -.51
We observed that walkers who received more redsdardoss of contact had shorter legs.
Correlated Field: Cautions for Loss of Contact | Correlation Value: .80

We observed that walkers who received more redscimdloss of contact violations receive
more cautions for loss of contact.

Correlated Field: Total Red Cards | Correlation Value: .76

We observed that walkers who received more redscéod loss of contact violations als
received more total red cards.

Correlated Field: Body Lean | Correlation Value: .57

We observed that walkers who received more redsdarcbent knee violations had more body

lean.
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Measurement Red Card for Bent Knee | Accuracy of Measurement Direct Measure

Correlated Field: Step Length | Correlation Value: -.59

We observed that walkers who received more redsdardbent knee violations had a shorter
stride. This correlation (-.70) is even more pramzed when we look at Step Length as a % o
height.

Correlated Field: Front Arm Distance | Correlation Value: -.65

We observed that walkers who received more redsdarchent knee violations carried their ar
closer to their body.

ns

Correlated Field: Hip Rotation Ratio | Correlation Value: -.64

We observed that walkers who received more redsdardoent knee violations had a smaller h
rotation ratio.

ip

Correlated Field: Cautions for Bent Knee | Correlation Value: .82

We observed that walkers who received more redscmdbent knee violations received md
cautions for bent knee violations.

re

Correlated Field: Total Red Cards | Correlation Value: .64

We observed that walkers who received more redsdardoent knee violations received more
red cards overall.

Derived Values

As we reviewed the correlations, there was no enthé comparisons we
could make. This was especially true when it camedérived values.
Values that could be derived from a combinationfiefds might yield
correlations which were not obvious from directheasured values. The
most notable of these was step rate. We did nettijr measure a walker’s
step rate, but by combing step length (with theitaatdof the foot length)
with pace, we can determine a walker’s step ratee3r. Tom Eastler has
studied step rate of the world’s best walkers atwhorld Cup and Olympics
it was interesting to compare his directly measuxedues with our
calculated values. They matched within a step a psr minute. As for
correlations, we didn't find much that was statially relevant. Step rate
correlated to step length (-.61) and Rear Upper Angle (-.51).

Another interesting derived value was Step Lendtbd Length. The intent
of looking at this ratio against all other measueats was to see if a walker
potentially was overstriding related to any otherasurement. A larger Step
Length / Leg Length ratio might mean the walkerutdizing their hips
effectively or it might mean they are overstridif@ur correlation showed
that walkers with a higher ratio also had highegrage loss of contact with
the ground, greater flight distance, and more fodwsdy lean.
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Conclusion:

Four measurements had no other measurement thatated with them in
a statistically relevant manner. One could draw d¢baclusion that these
measurements (point of knee flexion, front leg anglantar flexion angle,
and rear upper arm angle) do not relate in any t@agny of the other
measurements, and thus their relevance to good wadleng technique
would be minimal. However, it may also mean thatatelite level the
variation in each measurement wasnt enough toteel® other
measurements significantly.

Acceptable Loss of Contact?

What does the parenthetical portion of the racekiwgldefinition “to the
human eye” really mean? Does the definition mearmlker is not walking
legally if they have any loss of contact with thewnd? If one takes this
hard line approach, then every walker in our stwihpuld have been
disqualified for loss of contact, since no one hatbuble support phase for
the entire race. If, contrarily, you believe tha¢ trule states that as long as
you can’t see the loss of contact, that the wakkézgal, does this mean that
the change in wording of the definition of race kiad) has altered what is
considered legal race walking technique? Therefeeepose the question,
did the definition change from “steps so taken tinatbroken contact with
the ground is maintained” to the parenthetical plaraf “to the human eye”
change the way judges evaluated walkers?

We also ask, why did the definition change? Soreerilkae that it's because
the media was pointing out loss of contact via shoation video and that
without the parenthetical phrase everyone woulddresidered in violation
of the definition. Others may theorize it was nekdimce the style of race
walking changed in the 1960’s. Back then race walkeade an isosceles
triangle with their legs, thus having a nearly ®0fBont to back ratio to
their step. Since race walkers began to walk véss lof their stride in front
of their body, it appears that their flight phasevg This is at least
statistically demonstrated in our data as the thvakkers with the largest
flight distances also had the smallest portionheidrt stride in front of the
body (Sanchez, Brugnetti, and Yamazaki). So onddcalso ask the
guestion of how much of a walker’'s step should bhid the body if in
doing so leads to the walker having a greaterdésentact?

How long can a walker be in loss of contact with tiround before it is
noticeable to the human eye? Many judges, coacitathletes state that if
a walker has loss of contact for three frames wiflao camera they should
be disqualified. How much is that? In today’s madelectronic world, one
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first has to define what type of video camera im@peised. If we assume a
30 fps camera and the simplistic estimation givenehthen the lower
bound for detection would be just above 0.06666s8s or 1/15 of a
second. How does this compare to our results? hhyewalker disqualified
in our sample study was Yamazaki who had two pralsosfor
disqualification for loss of contact and one fonb&nee. He had a flight
time of .054 seconds, below the theoretical thriesHa contrast, Brugnetti
was on the precipice of the threshold at .065 sgx@md he received two
proposals for disqualification due to loss of cahta\dditionally, Sanchez
was at .072 seconds of loss of contact, but ordgived one proposal for
disqualification due to loss of contact.

Accuracy of Judging Calls
Interestingly one walker (Yamasaki) who receivedrfecautions for bent
knee also received four cautions for loss of cardad three proposals for
disqualification (two loss of contact and one bkné¢e). When looking at
the complete stride sequence of Yamazaki as webltlzer photographs of
him throughout the race we saw no evidence of tiimjathe bent knee
portion of the definition of race walking. Could e of Yamasaki's
cautions for bent knee have been erroneously attibto the wrong
violation? We can't answer that question. Howesarge a statistically high
number of bent knee calls are given in elite coitipat and very few
photographs exist where elite race walkers arddlation of the bent knee
clause of the definition of race walking, we fa® fquestion must be asked.
On a side note, we are not stating that this nacéssiolds true for masters
or novice race walking where they might violate trent knee portion of
the definition more often.
After looking at the measurements, images, ancetaions, we saw many
concerns related to judging. Do you think our judgneeds to be changed?
We will not answer that question, but pose a palrédl the dilemma Major
League Baseball faces in their top product, the [tV&eries. Anyone
watching the games saw how the many of the umpidagisions were
under the microscope of instant replay. As suchpnynaose calls were
deemed by viewers as not accurate. Major Leaguelidishas some tough
decisions to make and so do we.

Questions or Answers?

As a result of our study you probably have morestjoas than answers.
Any statistically relevant correlation can leaddiecussion and debate as to
its relevance. Clearly there are many implicatitmgudging race walking.
We hope our study encourages a much needed debate race walking
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technique and judging. We hope its data becomdatinedation for others
to explore what great race walking technique reatigans based on
concrete values instead of just theories.

Summary: After analyzing the photographs of 13 of the brase walkers
in the world, many measurements correlate to ettodr.oThe significance
of these correlations is left as a discussionHerreader. Clearly the biggest
observation of this study is the dramatic diffelent flight phases amongst
the elite athletes and the number of proposalsdiequalification they
received. Another very interesting correlation whe increase in flight
phase as the percentage of a race walkers stricteades in front of the
body. These and other correlations need to beestudiore closely so that
we improve the credibility of our sport.
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ATHLETIC WALKING IN TERMS OF KINEMATIC
PARAMETERS OF WALKING STEP
Jaroslav Bra’ani - Peter Selinger - Miroslav Vavak
Department of Physical Education and Sport, Facaftizducation, CPU
Nitra Slovakia
Abstract

The author is in the contibution summarizing theowledge about the
dynamic changes of kinematic coefficients in walkstep and the laterality
of lower body by increasing the speed of tempo ttjetic walking of the
top walkers of Slovakia. Raising of walking spesdeéalised by extending
the walk length, extending the time and by decrepsihe walking
frequence. From the lateral point of view, the lowedy is tending to the
failure of velocity parameters of the support legl ghe total pace velocity
by the walking speed 4°25 — 4’15 min’kand 4°10 — 355 min.kin
Exactly this speed is characteristic for the waikspeed on the level of
special walking tempo.

Key words: athletics walk, kinematics parameters, walkingdstrdynamic
changes, laterality,

Introduction

By the technique evaluation in the sport practigealso go upon
the evaluation of biomechanic characteristics. €hegents concretize the
movement technique of a sportsman in its kinemeatit dynamic exposal.
From the point of view on the technique of periodimvements, it is
possible to evaluate also the laterality, let ys # concern of sides on the
explanation of the sport achievement. The kinen@igfficients of running
walk are giving us these posibilities of lengthméi — air (flight) and
velocity characteristics.

Athletic walking is an athletic discipline with egial demands on
the walking technique, which results from athlatites (Kokok, Pupis,
2006). These specific kinematics of walkers alssulte from from these
rules. We have to work not only on the physicalppredness of the
competitor, but also on the walking technique afeic exposal. Rational
technique is characterized by the minimalizatiodeprivation by the speed
within the touch on the vertical line. This phasieets the level of special
preparedness of thigh flexors and glute muscleg]ing to place of the
vertical adminicle (Kampmiller et al. 1998). Froinet point of walking
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preparation we have to mention the necessity ohdrigevel of special
abilities. The potential possibilities are made thgir levels, which are
inserted into the structure of achievement and tiltospecific co-ordinating
structures of walking by the adequate methodologgt aimed choices
(Brod’ani et al. 2003).

The importance of economical walking techniquegsile during
the championship, when by walk length from 90 — td0the walker makes
from 200 — 220 steps/hour, that is 16 500 step®rkm championship
(Koréok, Pupis, 2006). The development of inner museled also the
intramuscular koordination and the use of flexibtechanism of kinetic
system structure, enables the walkers to increlasie éfficiency by the
minimal demands on energetic systems (Vanderka8)20Dhe praxis
shows, that the effect of heredity by the walk eoop has higher
importance than years of training.

We can encounter with the length, time — air ffljgand velocity
characteristics of the walking step in some worksStovak authors:
Brod’ani — Selinger, 2001; Bd#ani, 2005ab; Brdani — Vavak — Selinger,
2003; Kampmiller et al. 1998, and so on.

Problem

The contribution is summarizing the results of veokritten by
Slovak authors, who are dealing with kinematic atpef athletic walking
from the point of dynamic and laterality of loweody by increasing the
walking speed.

Methodology

The monitored file was composed of 8 members avai
representative team in sport walking. They weresehas a complex on the
basis of reached results in their sport careébjlstachievements, regulated
technique and their potention ahead in their furteport career. By
obtaining the empiric data, we used the methodicSélinger (1993), so
called ,locometer“. By this ,locometer* we have seeparametres: time of
support, time of flight, trajectory during the sapp trajectory during the
flight. From these indications we calculated: lenghstep, speed of step,
speed during the support, speed during the fligfelp frequency. Together
was measured 200 walking doublesteps with kinempticameters by
different walking speeds from 610 min. km-1 to ®'6in. km-1. The
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measures were passed of in the athletic hall arzDan measured distance.
The walkers could control their technique and thefddlow the rules of
walking steps till the highest speed of walking.

By the analyzing of kinematic coefficients of dymas (Bral’ani —
Selinger, 2001) were the obtained data classifieth ithe sequence
according to progress of walking speed. The ass#sof tendency by
kinematic coefficients was realized by the lineagressive line. Together
with regressive line we mention also the regressiyeation and the index
of reliability R2.

By the analysis of laterality of lower body (Biéni — Selinger —
Vavak, 2004) we chose the dominant and non-domitegniaccording to
reached avarage speedof walk in measured distagneedn and odd steps.
We classified the obtained data into the order @ting to progress of
walking speed. We also analyzed 8 speed zonespfwbem are in the
,zone of breaking the technique*, the lap it ovgrits speed. We analyze 8
speed zones (each zone n = 25walking doublestéfis):- 500 min.km-1;
5700 - 440 min.km-1; 4°40 - 425 min.km4L25 - 4°15 min.km-1;
4’15 - 4710 min.km-1; 410 - 3’55 min.km-1;  B8°53°47 min.km-1; 3°47
- 3’39 min.km-1. The significance of contrasts kedw the dominant and
non-dominant leg was monitored by T — test. Théistia importance of
contrasts is critisized on p<0,01** and p<0,05* onfance level.

Take on = Take off = Take on -*
Amplifier Steel Rope fh ZW
AD - Converter N
Timer E :' N -

¢

Scaner of Distance

L

| Contact Carpet or Wet Surface
Comtact Time Flight Time
Contact Distance Flight Distance

Figure 1 The principle of measurement kinematical paramsetSelinger,

1993).
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Results

The work Bralani — Selinger (2001) is demonstrating the dynamic
changes of walking step by increasing the walkinmpesl tempo, it
generalizes and characterizes the patterns fronpding of walking step
technique by the Slovak representatives. From thimt pof kinematic
coefficients is by increasing the walking speea astending the length of
a walk, the supporting time and the walk frequeiscyinimizing (chartl,
2, 3). The tendency of walkers is to increase tlaékiwg speed by more
effective support in the phase of pulping, but alsth expanding its action
angle, that prevents to break the rules about timtact with the ground.
The ambition of walkers is to go as fast as thay fram the fastest phase
into the walk and in the vertical phase.

The authors Brdiani — Selinger — Vavak (2004) present the
kinematic parameters from the point of lower boatgtality. They point out
the predominant symmetry of lateral walking teclueidpy the top walkers.
Despite of predominant symmetry of walking step, dluthors noticed some
important contrasts between dominant and non-damhifey in velocity
zones : 425 — 4’15 min.km-1 and 410 — 3’55 mink(table 1 and table
2). The contrast pertain to walking speed, timdlight, trajectory during
the flight, speed during the support and the lemftivalk. The constructed
partial ambidextry by the top walkers is connedtethe prolonged training
and phased decreasing laterality of both legotgensates the concern of
lower body on the speed of walking step.

From the point of preparation of walkers we paint the necessity
of higher level of special power abilities maniggt in passive
compensation of lower body laterality by criticgdegds, we are able to
ensure the requests of athletic walking rules aadathieve better
achievements.

We suppose, that with increasing distance andnhdisie can be
showed some contrasts between kinematic parameftevalking steps in
the doublesteps. The constructed symmetry of damiaad non-dominant
leg is probably nearly connected with the level gpfecial endurance
manifestated on the whole race distance.

Enclosures

Specific kinematics results from athletic walkimgles. The
holdback of continuous contact with ground and mgpof knee insists
claims on the economy of kinetic activity. The dyries of walking step is
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realized by extending of walking step, by extendimg support time and by
decreasing the walking frequency.

The laterality of walking steps is manifested fe tequability of
kinematic coefficients by increasing the athletialking speed. We notice
the anomalies in kinematic parameters only by awhiethe walking speed
at the level of special tempo, which is charactierfer given discipline.

The expresed and partly constructed ambidextrykinEmatic
parameters by top walkers is closely connected thighprolonged training.

In consideration of mentioned walking step dynamitis possible
the beating up walking technique by developingaimuscular and muscular
coordination and exploitation of flexible movemeoft kinetic organism
system. The sport preparation with focus on theeligment of special
power abilities will facilitate the walkers to irmase the kinetic economy
and also its efficiency.
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Table 1 Differences in kinematic parameters of dominant aoid dominant
leg in a speed zone 4°25 - 4'15 minkm

The dominant lower led Non-dominant lower leg Difference
Indicators X S X S d t-test
Stride length [cm] 124,68 | 41,59| 137,06 11506 12,38 052
Contact time [ms] 291,64 | 123,55 341,400 313,90 49,76 0,781
Flight time [ms] 33,72 | 21,47| 21,04| 17,24 -12,68 2,238*
Contact distance [cm] | 112 80 | 45,32 129,86 116,90 17,05 0,71
Flight distance [cm] 11,88 7,16 7,20 5,81 -4,691 2,45P*
Stride velocity [m*s] 3,84 0,08 3,79 0,04 -0,05 3,899**
Contact velocity [m*s™] 3,89 0,11 3,83 0,05 -0,01 3,187**
Flight velocity [m*s'] 3,58 0,57 3,29 1,19| 029 097
Stride frequency [Hz] 3,30 0,72 3,39 0,91 0,08, 0,429
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Table 2 Differences in kinematic parameters of dominant ao-
dominant leg in a speed zone 4°10 - 3’55 mif.km

The dominant lower leg|Non-dominant lower leg| Difference

Indicators X S X S D t-test

Stride length [cm] 115,96| 8,04 110,18 8,11 | -5,78 2,193
Contact time [ms] 253,52| 29,91 | 243,16/ 28,37| -10,361,135

Flight time [ms] 27,52 13,14 27,56 13,11 0,04 0,01
Contact distance [cm] | 105,07| 11,62 99,23 11,41| -5,84 1,63
Flight distance [cm] 10,89 4,81 10,94 4,82 0,06 0,04
Stride velocity [m*s] 4,13 0,06 4,07 0,06 | -0,06 13,29
Contact velocity [m*s’] | 4 15 0,06 4,08 0,07 | -0,07 6,025
Flight velocity [m*s'] 4,06 0,32 4,04 0,32 | -002 0,2
Stride frequency [Hz] 3,58 0,25 3,71 0,26 0,14 1,58
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THE BIOMECHANICS OF EFFICIENT RACE WALKING
Brian Hanley, Athanassios Bissas and Andrew Drake
Carnegie Faculty of Sport and Education, Leeds bfmtitan University,
Leeds, LS6 3QS, United kingdom

Abstract

The aim of this study was to measure and assesshithreechanical
efficiency of elite race walkers. Thirty-six athdst were videoed at four
different points during the™”European Cup Race Walking. Twelve of these
athletes competed in the men’s 20 km race, twaivihé women’s 20 km
race, and twelve in the men’s 50 km race. Kinemadigables such as step
length, pelvic rotation and knee angles were meaksuAdditionally,
twenty-seven athletes (eighteen men and nine wonvealked on a
treadmill with in-built force plates in a laboraysetting. In this part of the
study, variables of interest included impact foqm@pulsive force and base
of support. Race walking utilised pelvic rotatiomdgpelvic tilt much more
than normal walking, due partially to fully stratghed knees from contact
to the vertical upright position. These pelvic maents also prevented the
athletes’ centres of mass from rising too high.cEdrace analysis showed
that senior athletes had more efficient and typiaaé walking patterns than
junior athletes, which may be an indicator of léssining experience.
Analysis of the effects of fatigue showed that imaot variables such as
step length changed over the course of the walk. 3thkm men had knee
contact angles that decreased significantly witlge and were therefore
more likely to be disqualified in the later stagéshe race.

Introduction

Race walking was first introduced to the Olympiont&es held in London in
1908 (Lassen, 1990), following its growth from ‘gstrian’ races for cash
wagers that became popular in"@entury Britain (Kozloff, 2004). Early
Olympic races were held over various distancedjqudarly 10,000 m on
the track, until 1956 when the 20 km race joinegl 50 km race that had
first appeared in 1932 (Marlow, 1990). Performanitegroved relatively
steadily until large improvements started to oaeith the emergence of the
Mexican race walkers in 1968 (Lassen, 1990) whoeaeld great walking
speeds through an exaggerated gait, such as walkitngthe feet in a
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straight line and large pelvic rotations (Hopkid8,78). Prior to this, race
walking generally looked like normal walking butaafaster pace.

Although modern race walking is very much an exagge form of
walking, there are similarities in the way effiocdgnin each is optimised.
There are several optimisations of gait used tomige vertical and side-
to-side oscillation of the centre of mass duringwmal walking, as described
by Inmanet al (1981). These are also known as the determireingmit
(Whittle, 1996) and two of the most important aedvir rotation (in the
transverse plane) and pelvic tilt (in the frontne). First, pelvic rotation is
the manner in which the pelvis twists about a eattaxis, bringing each
hip joint forwards as that hip flexes, and backwawdth hip extension
(Whittle, 1996). This results in less hip flexiondaextension being required
as part of the step length comes from the antesigpior movements of the
pelvis rather than through angular motion (Innearal, 1981). The motion
also increases efficiency by reducing the vertiigplacement of the centre
of mass (Whittle, 1996). Second, pelvic tilt is thay the pelvis turns about
an anterioposterior axis so that the hip of thengwég is below that of the
stance leg. The lowering of one side of the pebriags about an overall
lowering of the centre of mass (Whittle, 1996).MRelilt is therefore one of
the main compensating mechanisms in race walkingnteoacting the
negative effects of knee extension on the moveroktiie centre of mass
(Polozkov and Papanov, 1982).

Effective control of the pelvic girdle is especjalmportant in increasing
race walking speed, because pelvic rotation ineeagalking velocity by
eliciting greater step lengths (Murrayal, 1983; Knicker and Loch, 1990).
Fruktov et al (1984) suggested that the pelvic rotation inarddsoth step
length and step frequency as it allows additionalscle groups to be
employed in the forward movement of the legs rathan just because of
the greater range of movement (Trowbridge, 198ianet al (1981)
stated that for typical people walking at theirtonsary step frequency and
step length, pelvic rotation is usually about 4®&xh side (8° in total) but
that the value increases noticeably with increapeed. Cairnet al (1986)
also found pelvic tilt to be increased in race wajkcompared to normal
walking and running. Cairnst al (1986) and Ruhling and Hopkins (1990)
suggested that these pelvic movements minimisedse¢htical oscillations
of the centre of mass through the stance phas¢hanefore reduced energy
cost. This also helps to reduce the appearancdiogl(Villa, 1990). The
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lateral drop of the pelvis away from the stanceitethe frontal plane was
the primary cause for the decrease in centre ofsrhifisin the study by
Cairnset al (1986).

Rotation of the pelvic girdle furthermore allows farrowing of the stride
width and placing of the feet closer to the linepobgression (Hopkins,
1978; Fenton, 1984). Indeed, an athlete consciqulalging his or her steps
in an almost straight line will achieve pelvic ribda easier (Schmolinsky,
1996). The stride width is also referred to astibse of support. Whittle
(1996) stated that by keeping the base of suppartow, less lateral
movement is needed to maintain balance and theredoreduction in
muscular energy is achieved. The base of supportoimal walking is
usually between 5 and 10 cm (Whittle, 1996), and feaind to be 6.5 and
9.2 cm in two world-class race walkers respectidyrray et al, 1983).
In addition, Markham (1989) stated that while irrmal walking the toes
point slightly outwards, in race walking the fediosld point exactly
forward. The aim of maintaining a straight foot idgr stance was to
maximise step length and improve push-off.

One of the other main optimisations of normal gaitknee flexion at
midstance but of course this is not an option abéél to race walkers. It is
unclear in any case whether a bent knee duringstanan advantage or
disadvantage to the athlete. For example, Knicker laoch (1990) stated
that there is no benefit in bending the knee atstaitce because the
increased loading on the knee would tire the qeagdg femoris quicker,
and the increased vertical oscillation would inseaenergy cost. In
contrast, Schmolinsky (1996) suggested that a ke@¢ at contact was of
benefit as it reduces the braking effect of thd fanding ahead of the body.
Despite this, and even before the rule requiringtraightened knee at
contact, Hopkins (1978) stated that a straight kaeitial contact was
common to most if not all world class walkers. Muyret al (1983) and
Cairnset al (1986) claimed that this is because landing \aithextended
knee increases the distance the foot lands in fobrthe body and hence
increases step length. Laird (2000) suggestedttismbecause flexed knees
promote the use of the powerful quadriceps femortiscle group and result
in a running motion that they must be kept straighhning does feature a
flexed knee throughout stance (Kersting, 1999))rdietti et al (1982)
stated that running is more efficient than racekimgl because running
utilises stored elastic energy more through knexddh.
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Cairnset al (1986) stated that the rules requiring straigtgds results in a
rising of the centre of mass and therefore an asmein vertical
displacement through the stance phase. Verticplatisment during stance
should be controlled and minimised as much as blessi order to avoid
flight phases (Draket al, 2005). In normal walking, vertical displacement
rises with increased walking speed and step lefigtinan et al, 1981).
Murray et al (1983) found that vertical displacement in tworldoclass
race walkers decreased from 4.1 cm when walking(fag with a normal
gait) to 2.8 cm when race walking. Murray al (1983) hypothesised that
the reason for the unnatural-looking movements catad with race
walking were a result of this decreased verticapldicement and its
association with reduced energy cost. Knicker andhL(1990) discovered
that vertical displacement in five race walkers suead at multiple points
in a 35 km race ranged from 0.02 to 0.07 m, withean of 0.04 m.

Aside from the stance phase, the knee is also pbitance during the
swing phase in reducing the moment of inertia eflég and preparing it for
initial contact. Hopkins (1978) wrote that Hauslektbe highly successful
Polish coach of the Mexican race walkers, beliethad a knee angle of 90°
at the point of midswing was desirable in develgpioptimal pelvic
rotation. Cairnget al (1986) found maximum knee flexion during swing in
ten competitive race walkers to be 108° (+ 7), carad to 89° (x 11)
during running at the same speed. Knicker and LA&®0) measured the
minimum swing knee angle (maximum flexion) in fir@le race walkers as
between 87 and 108°, and this did not tend to watlyin individuals with
fatigue.

Previous research in race walking has predomindotlyssed on kinematic
data without reference to ground reaction forceRK{ Payne (1978)
measured the GRF for one international race wadker found only small
increases in vertical and anterioposterior forcesngared to normal
walking. Fenton (1984) conducted studies on sewéietas of varying
ability. Lower vertical impact peaks occurred iiteelathletes compared to
less skilled walkers. A weight-bearing peak theruoeed, and a much
smaller decrease in force to the point of midstacempared to normal
walking. The final propulsive peak was smallerane walking compared to
normal walking as a proportion of the first peak (ace walking the
propulsive peak was approximately 0.5 BW below theight-bearing
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peak). Cairnset al (1986) found that the vertical ground reactioncéo
(GRF) was significantly larger in race walking caanpd to normal
walking, but significantly lower than running. Fent(1984) found that
force traces differed in appearance between thosdite competitors and
those of less ability. This was despite all papticits walking at the same
speeds of 10.8, 12.1, 13.7, and 16.2 km/hr. Foeee tpatterns were similar
across all speeds, and the main difference betweerelite and non-elite
walkers was the timing of the maximum vertical far¢che slower group
experienced this at the impact peak during the fii®15% of stance,
whereas the faster group experienced the maximuricake GRF at the
following weight-bearing peak, between 15 and 25fstance. A third
peak, approximately 0.5 BW lower than the peak dooccurred in all
athletes during the final 50% of stance and wasdhbto be lower due to
the need to reduce vertical motion upon toe-ofin{be, 1984). A typical
vertical force trace from race walking is showrigure 1.

A limitation of measuring kinetic data by meansreflwelling force plates
is the difficulty with which multiple meaningful ils are possible. The
accuracy of data collection can be affected bye&tkl targeting the force
plates rather than walking naturally and ensurimat &thletes walk at an
appropriate, realistic pace. To combat this, Awaal (1998) used a
treadmill with in-built force plates (Gaitway, Tnastein) to compare normal
walking GRFs with those in race walking; the foem@ale athletes tested
tended to display less variability in vertical fesc when race walking.
Neumanret al (2008) used a similar treadmill to analyse fawnigr female
race walkers at multiple points during a 6 and &hOwalk, and found that
the coefficient of variation for temporal variableended to increase with
distance walked. These studies focussed partigutarlvariability and not
the importance of the kinetic parameters to rad&ing per se. Kinetic data
collection has thus been negligible resulting itaek of understanding of
the mechanisms behind important kinematic parametearticularly in
women and junior athletes. There is thus a needuohn research.

Race walkers and marathon runners have similariplogical profiles due
to the similar aerobic endurance base needed ftr beents, although
walking is much less efficient than running (Caiatsal 1986). Previous
research has shown that success in race walkinglased more to the
efficiency of technique rather than physiologicattbrs (Hogaet al 2003).
Modifications in gait patterns may affect the energpst of walking
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(Brisswalteret al 1998) which can be caused by fatigue. When tluy o
placed under immense physical pressure in competiice walking, the
body becomes subjected to the effects of fatigublefes can normally
continue performing whilst experiencing fatiguedss/but their technique
may alter (Brisswalteet al 1998). These changes usually occur at the end
of a race or within the final stages. This is esgBcimportant in race
walking, where poor technique can lead to disqigalifon. Knicker and
Loch (1990) conducted a study on the effects ofgfat on the gait
parameters of 35 km walkers, although this wastdichio five athletes, of
whom only one participant was measured on more tian occasions.
Nonetheless, they did conclude that step lengthredsed with race
progression (from a mean of 1.17 m at 5 km to Inlat 15 km) and that
this decrease was related to a reduction in foryaogulsion caused by the
onset of fatigue. Brisswaltext al. (1998) found that although fatigue caused
individual walkers to alter their gait in order toaintain speed, they
managed to do so without breaking the rules spetifrace walking. The
altering of kinematic variables during competitioall affect physiolgical
output (and vice versa).

Gait optimisations, such as pelvic tilt and a narfoase of support, are
crucial for minimising energy cost in race walkirfgruktov et al (1984)
suggested that once the technical parameters ef watking have been
established and corrected, technique is improveelibyinating vertical and
sideways movements through using these optimisatidhe aim of this
study was to measure and assess the biomechafiiceney of elite race
walking gait. The objectives of the study were tdlect video data of race
walkers in international competition, to collectrde data of elite race
walkers in a laboratory-based study using a sgeetltreadmill, and in
each case, observe the effects of fatigue on tihatse The findings will be
of particular relevance to coaches and athletesimgsto improve their
chances of competitive success.

Methodology

For this study, data were collected in two sepavedgs. First, video data
were collected in order to measure kinematic végmlsuch as pelvic
rotation, pelvic tilt, and angles of the knee. @&wat; kinetic data in the form
of force measurements were collected using a diEsziareadmill.
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1. Video study

The men’s and women’s 20 km races as well as thésna® km race were
recorded at the 7th European Cup Race Walking ineRbyal Leamington

Spa, Great Britain in 2007. The 20 km athletes viigmeed as they passed
4.5, 8.5, 13.5, and 18.5 km, while the 50 km memewimed as they

passed 18.5, 28.5, 38.5, and 48.5 km. Twelve 2@nlem (age 25 + 4 years,
height 1.80 + 0.06 m, mass 67 * 5 kg), twelve 20Women (age 25 + 5
years, height 1.64 + 0.07 m, mass 52 + 6 kg) ardviv50 km men (age 28
+ 6 years, height 1.81 + 0.07 m, mass 67 * 4 kgewaalysed.

Participants’ heights, masses and dates of birthe vebotained from the
International Association of Athletics Federatigh8AF) (2009). In each
race, athletes who were obscured by other compstitdid not walk
through the set reference area, or who were nokimgalnormally at the
time (e.g. wiping their brow) were not analysed.nNoof the analysed
athletes were disqualified or failed to complete ithce.

Two stationary DM-XL1 digital camcorders (Canon,kyo) were placed
on one side of the course. The cameras were moonteijid tripods and
placed at approximately 45° and 135° respectivelthé plane of motion;
each camera was approximately 8 metres from the gfahe walkers. The
sampling rate was 50 frames per second and théeslspeed 1/500 s. The
reference volume was 5.00 m long, 2.00 m wide arddé 2n high. The
reference poles were filmed both before and aféea dollection in case of
camera movement. They were placed so that the 2dth woincided with
the path taken by most walkers (along the shogpessible route at that
point).

The video data were digitised to obtain kinematatadusing motion

analysis software (SIMI, Munich). The video footdgaem each camera was
synchronised manually by visual identification olltiple simultaneous

events (i.e. initial and final foot contact). Deviaés (1996) body segment
parameter models for males and females were usebtéin centre of mass
data for the whole body and particular limb segrmedbint angular data
were also derived from the digitised body landmaiikse recordings were
smoothed using a cross-validated quintic spline fsults for each side of
the body were averaged for the purposes of thitystu
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2. Force study

Twenty seven national and international race walkgave informed

consent and the study was approved by the uniyersthics committee.

Of the athletes, fifteen were 20 km walkers. Teremmnale (age 26 + 8
years, height 1.79 + .06 m, mass 71.7 + 6.8 kg)faredwere female (age
22 + 4 years, height 1.67 + .04 m, mass 53.0 +k8)1 The other twelve

walkers were juniors and comprised eight men (aget 1L years, height
1.79 £ .06 m, mass 64.0 + 12.0 kg) and four worregge (17 + 1 years,
height 1.67 + .03 m, mass 58.3 + 4.8 kg). All maptants were free from
injury. Each senior athlete who normally raced ®&@km or 50 km walked
for 10 km on a treadmill (Gaitway, Traunstein) gpace that resulted in a
walking time equivalent to 105% (+ 2) of their se@'s best time. Junior
athletes who normally raced over 10 km walked antteadmill for 5 km.

Each athlete walked at a constant pace for theidaraf the test.

Force data were recorded using the Gaitway treddwiilich has two in-
dwelling force plates (Kistler, Winterthur). Dataese collected for thirty
seconds and the sampling rate was 1000 Hz. Thidtedsin analysis of
approximately 90 to 100 steps per athlete at eactpbng point. Data were
collected three times during the 5 km walks and fones during the 10 km
walks. Data collection began at a calculated tifat tresulted in the
midpoint of data collection coinciding with 1000 25600 m, and 4500 m
(for the 5 km walkers) and 2500 m, 4500 m, 6500n6h 85600 m (for the 10
km walkers).

The Gaitway software produced average data for itapbforce variables.
In order to account for the different body sizeshef walkers, all force data
were normalised and have therefore been preseme ih bodyweights
(BW). As well as force data, the associated softwgave values for step
length and base of support.

Overall study

Walking speed was determined as the average hoaizepeed during one

complete gait cycle (two steps). Step length waasuesd as the distance
the body travelled between a specific phase onlegand the same phase
on the other leg.
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Definitions of specific reference points used iis $tudy are as follows:

« Initial contact: the first visible point during stze where the athlete’s foot
clearly contacts the ground.

» Toe-off: the last visible point during stance whehe athlete’'s foot
clearly contacts the ground.

» Midstance: the point where the athlete’s foot wagatly below their
body's centre of mass, used to determine the tadrtupright position’
(IAAF Rule 230.1).

Pearson’s product moment correlation coefficients wased to find
associations in both the European Cup video datiatlae treadmill force
data. Because of low sample sizes for each spexsiéat and gender group,
Pearson’s coefficient was used to find associatwittsin all walkers in the
European CupN = 36) and all walkers who were tested on the treth@N

= 27). Because the athletes were measured on tBulbigcasions, the
correlations have only used those data from apprataly halfway in each
race (8.5 km for the 20 km athletes, 28.5 km fa 80 km athletes) and
also from approximately halfway for the treadmithlates (4500 m for the
senior athletes and 2500 m for the juniors). Regukateasures analysis of
variance was conducted on both sets of data red@ideultiple points with
repeated contrast tests conducted to establislifisggrt changes between
successive measurement points. One-way ANOVA weasd u® test
differences between 20 km men, 50 km men and 20wkmmen in the
European Cup. A significance level of 0.05 wasfeetll of these tests.

Results

The mean values presented in Table 1 show a decieaspeed over the
course of all three races. The greatest decreagsad®0 km men occurred
between 4.5 km and 8.5 km (0.39 km/hr), while theatgst reductions for
the 20 km women (0.45 km/hr) and 50 km men (0.5%hkKhwere between
the second-last and final measurement points. @veduction in speed
over the course of the 20 km men’s race was 0.64rkfor 20 km women
0.92 km/hr, and for 50 km men 0.68 km/hr. The daseein speed in all
races was significanp(< .01).
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Table 2 shows that the largest mean step lengtedoh set of athletes was
observed during the first stage of analysis, aratigglly decreased to its
lowest level towards the end of the race. The dsarén both sets of men’s
step lengths was significami € .01) but the women'’s decrease was pot (
.127), despite it being the largest decrease imlates terms. Speed was
correlated with step lengthr € .812,p < .001) and Figure 2 shows the
correlation between step length and speed fohiatytsix participants.

The pelvic rotation angles in Table 3 are horizbptane measurements of
the pelvis associated with race walking. The rotatialues are the averages
to each side (i.e. the average of rotation to ithiet and rotation to the left).
Although women in general have wider hip structuties results show that
hip rotation averages were in fact lowest in thisup and highest in the 20
km men. The values for women were constant and rdil change
significantly with fatigue |p = .701) whereas the decrease in hip rotation in
both groups of men was significamt € .01). Increased hip rotation was
correlated with greater step lengths=(.775,p < .001) and speed was also
positively correlated with pelvic rotation € .565,p < .001).

The second gait optimisation, pelvic tilt, is shoimnTable 4. Similarly to
pelvic rotation, the values in the women’s groupreveelatively constant
with no significant differencep(= .281). The increase from 7° to 11° in the
20 km men’s group was significamt € .001). Although it was only a small
increase from 15° to 16° in the 50 km men’'s grotips change was
nonetheless statistically significapt£ .015).

Table 5 shows the average knee angles at initialach The knee angle
was calculated using the coordinates of the hipgekand ankle joints.
Taking into consideration all four measurement fmithe range of values
for 20 km men at initial contact was between 1734 484°; for 50 km it

was between 175° and 183°, while for women it wasvben 175° and
184°. There were no significant differences betwe@mm and women for
any of these knee angle variables and there wesggndficant correlations

between knee angles at contact with any other biasa Furthermore, the
values for knee angle did not change significamtiyh fatigue. Knee

hyperextension was considered to occur when the Wwas extended more
than 180°. On average, the 20 km men had hypermateknees for 71% (+
16) of contact time, the 50 km men for 49% (+ 249 ghe women 70% (+
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6). These values showed the 50 km men spent signify less time in
hyperextension than either 20 km gropp=(.002).

The values for the knee angle during swing, théadst)and lowest position
of the foot during swing, and the rise of the cemtf mass for each group of
athletes are shown in Table 6. Only one set of daahown per group (the
halfway point rather than the repeated measurembatause there was no
significant differences between measurement poiStsing phase knee
angle was defined as the amount of maximum kne@fieduring the swing
phase (the lower the figure, the more bent the kn€ke women had
significantly more flexion than the two male groups= .005). The height
of the foot is usually kept low in race walkingpoevent the appearance of
lifting and to aid the foot to contact the grourghim as quickly as possible.
The foot follows a pattern during swing where itlifled to a maximum
height after toe-off before swinging low near te tjround (the minimum
height). It then swings back up higher prior torigepulled back at initial
contact. The maximum height of the foot during gidid not differ
between groups of athletes, but the 50 km men hsaigraficantly lower
minimum height |§ = .002). The minimum height of the foot was catetl
negatively with pelvic tilt angler (= -.351,p = .036).

A major function of the optimisations of gait is nwinimise the rise of the
centre of mass of the whole body, which would beeeked to rise

significantly due to the absence of knee flexiohe Tise of the centre of
mass was determined as the difference betweenothest and highest
points during the gait cycle. However, the highesint occurred in all cases
immediately following toe-off rather than at midsta.

Because it is a very small quantity, base of supp@s measured in a
separate study using force plates inbuilt in adingfl to improve accuracy.
Tables 7 and 8 show the walking speed, step leagihbase of support for
the athletes who were tested in this part of tieystThe athletes did not
walk at their maximum speed on the treadmill andhsir average values
are slower than those from the European Cup vidadys Speed was
positively correlated with step length £ .829,p < .001). Base of support
was slightly lower for both sets of juniors comphte seniors, with senior
women having the largest base of support on averdipere was no
correlation between base of support and eitherdsfree -.144,p = .475) or
step length (= -.197,p = .326). The other kinematic variable measured
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using the treadmill was the angle of the foot dyristance. This was
measured using the progression angle, which givesdwe that indicates if
the foot is turned inwards (a negative value) dwands (a positive value).
Using the data from the halfway-point measuremeintsard-turned feet

were found in four of the ten senior men, all fsenior women, four of the
eight junior men and two of the four junior womeFhere were large

variations, however, with inward feet measuremeatging from less than
one degree to nearly 14°. Although there was alsiaeable range with the
out-turned feet, it was not as great, from less tir@e degree to just over 7°.

An advantage of the force data is that they allowdnalysis of relevant
variables which cannot be measured on video. Tablard 10 show the
results for the impact peak forces, as well a$ &irel second peaks. Impact
peak was defined as the highest recorded forcengluhie first 70 ms of
contact with the treadmill; midsupport force wadimed as the minimum
force value recorded between the first (weightimggr and second
(propulsion) peak forces. All forces are shown asmalised data. Both
senior and junior men had lower impact peaks, fpsbdk forces, and
midsupport forces than senior women. In contrastjos women had the
lowest values at the second peak during push-offgdneral, the largest
decreases from first peak to second peak forces feeind in senior men
(approximately 0.17 BW averaged over the repeatedsnrements) and
senior women (approximately 0.31 BW on averageg décrease in junior
men was marginally lower than in seniors (0.15 BlVawerage) but much
lower in junior women (0.03 BW on average).

None of these variables was correlated with kejoperance variables such
as speed and step length. Impact forces remainkdivedy constant

throughout the walks for both the senior and juratiletes. First peak
forces decreased as the walks progressed in thar sealkers, although this
decrease was not replicated in the juniors, and wais significant.

Although overall second peak forces decreased gluthe walks, no

significant differences were found for these vagab

Conclusions

The development and maintenance of efficient gadrucial in the unique
gait of race walking. Success in competitive racdkimg requires high
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levels of both technical ability and physical erahge. Any inefficiency in
a race walker’s gait will increase energy cost #redrisk of early fatigue.
Reducing those inefficiencies greatly improves dhlete’s chances of
success, particularly in the men’s 50 km event. dihe of this study was to
measure gait optimisations that increase efficieamy the effects of fatigue
on those factors.

Both groups of men achieved higher walking speedspared to women
due to their longer steps (mainly due to beingetabn average). It is
therefore obvious that maximising walking speeduigh gait optimisations
such as pelvic rotation and minimising the baseswgport is crucial for
coaches and athletes to develop in training. Pebfation is particularly
important in race walking. The values found in thiady (approximately
14° for women; approximately 20° for men) were muggehater than those
found in normal walking of 4° by Inmaeat al (1981). The fact that men had
more pelvic rotation than women may have been dikd men being taller
with wider frames. It is possible that women do remjuire as much pelvic
rotation as men because their hips are narrowabsolute terms and equal
levels of rotation would result in their feet langditoo far across the
walking line. The amount of rotation required isffelient for each
individual and coaches should aim for optimum iotatrather than
maximum.

Another important gait optimisation, pelvic tiltcaurs in normal walking
but is especially noticeable in race walking. Rehlt was found to be the
primary cause for the decrease in centre of mfisa ICairnset al’s (1986)
study. The drop amongst the European Cup partitsgarthe present study
ranged from 7° to 16° across the three groups arappears to be a highly
developed characteristic of all race walkers. Diogpthe hip so far in
normal walking is considered negative as it isgm 9f weak hip muscles;
therefore its usefulness in race walking must améd in order to maximise
its effectiveness.

One reason for the relatively large amounts of ipetilt is its role in

compensating for the lack of knee flexion in thanse leg. In normal
walking, knee flexion during stance aids in effitiavalking. In contrast,
the main concern of the race walker is to haverdightened from contact
to midstance and the result is a gait that is geéparate from normal
walking or running. The data from the video studhpwed that men and
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women had on average full or nearly full extensadrthe knee at initial
contact. Rather than experiencing the knee flexlomt occurs during
midstance in normal walking, these race walkerseaws hyperextended
their knees. There was no difference found in thgleaof the knee at initial
contact between groups of athletes, which is ngbriging as all walkers
attempt to straighten the knee at this point. Haweit is noteworthy that
the 50 km athletes had slightly reduced knee arggld8.5 km, which is an
effect of fatigue that must be addressed to avisigudlification in the latter
stages of the race.

The angle of the knee during the swing phase shamealverage value for
women of 97°, for 20 km men of 102°, and for 50 kman of 101°. These
values fit into the range of 87 to 108° found byidker and Loch (1990)
but none of the athletes reached the recommendpdefiof 90° as
recommended by Hausleber (Hopkins, 1978). The lofiggsre was 92° for
a female athlete. Like Knicker and Loch (1990)s tsiudy did not find the
swing knee angle changed with fatigue. The angka®knee during swing
affects the height of the foot, and the averageevalf 10 cm is very low
and unlikely to attract the attention of judgesctmtrast, the highest points
of the foot are just after toe-off and in prepanatfor contact, and athletes
must be careful to try to maintain a low passagtheffoot to avoid lifting.
As it happened, the rise of the centre of massweassmall for all athletes.

The base of support measurements from the forcly stiowed an average
measurement of approximately 3 cm for junior atdetind 4 cm for
seniors. These values are lower than the normajerari 5 to 10 cm as
suggested by Whittle (1996) and are a charactendtrace walking. The
foot should be kept straight during the stance phafsrace walking to
increase step length (Markham, 1989) but the reduitm the treadmill
study showed that just under half of the athletads lout-turned feet
(although these angles did tend to be quite smalBontrast, some athletes
had a very large amount of turning-in which may éhamegative
consequences in terms of propulsion and lowerggy. Coaches should
try to ensure that athletes achieve the corredt fosition through visual
analysis.

In the force data study, the impact peaks for tsmhior and junior men
were lower compared to both groups of women. Thay suggest that the
male athletes were more skilled than the femalesuggested by Fenton
(1984). The men had an overall greater mean agehédhay reflect more
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training experience. Midsupport forces in normallkivey tend to drop
below 1 BW; a range between 1.19 and 1.40 BW wamdohere.
Furthermore, all groups had lower propulsive secpedk values than
loading first peaks, and the largest decrease vEdsEBW. This value is less
than that found by Fenton (1984) who found a 0.50 &ecrease, but the
overall vertical force pattern suggested by him westly replicated here.
The junior women showed the smallest decrease ketifese two values,
and this may be a result of their relative inexgece in the event. Both
groups of senior athletes showed relatively typicate walking GRF
patterns in an attempt to prevent lifting of thaitce of mass. Typical race
walking patterns are not shown in less-experiefigeir athletes. Coaches
and athletes are advised to develop muscular enceirand work towards
developing efficient race walking gait in order develop efficiency of
movement and reduce the risk of disqualificatioa thulifting.

Race walking is a highly technical event in whidte tcompetitor must
perform a specific skill continuously. Training fosuccess requires
consideration of many factors and the ability @& #thlete to develop all the
aspects of strength, flexibility, and endurancee Tdptimisation of race
walking performance depends greatly on balancinguuanber of key

parameters. Once an athlete has mastered thesdblear the limiting

factor becomes endurance and the resulting ahditgnaintain technique.
Because race walking rules prohibit knee flexionil uafter the vertical

upright position, other determinants of gait suck pelvic tilt are

exaggerated to compensate. Elite race walkersiadsease pelvic rotation
to increase step length and speed. They have kigeajctions that allow
them to walk in an extremely efficient straight€dinAll athletes, and
especially 50K men, should note that techniqueraetges with fatigue to
the point where there is an increased risk of dibfication. The effects of
fatigue may be offset by walking at a constant ghosughout the race.
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Table 1.Video study - Speed at each stage of analysis (Fmé&iD)

Distance 20K Women 20K Men Distance 50K Men

45km  1355(+1.21) 1512 (+0.53) 185km 1440.61)
BE 85km 13.20(x0.72) 14.73(x0.63) 285km 14:48.60)
&£ 135km 13.08(x0.77) 14.66(x0.79) 385km 13:98.76)

18.5km 12.63 (+1.03) 14.48 (£+0.95) 485km 13#8.71)

Table 2.Video study - Step length at each stage of anafygsésan + SD)

Distance 20K Women 20K Men Distance 50K Men
;—%.) 4.5 km 1.10 (+ .08) 1.27 (£ 0.02 185km 1.25 @)
& = 85km  1.07(x.05) 1.24(x0.04) 285km 1.24 (@4)
&>~ 135km 1.07 (x.05) 1.24 (x0.03 385km 1.23(@5)
» 18.5km 1.05 (x.07) 1.24 (£ 0.04 485km  1.2M(@5)

Table 3.Video study - Pelvic rotation at each stage of gial(mean + SD)

Distance 20K Women 20K Men Distance 50K Men
& 45km 14 (+ 2) 18 (x3) | 185km 21 (x3)
§ 85km 14 (+ 3) 21(x3) | 285km 19 (x2)
g 13.5 km 14 (x 2) 22 (£ 3) 38.5 km 18 (£ 3)
& 18.5 km 15 (x3) 22 (x2) 48.5 km 17 (£ 3)

Table 4.Video study - Pelvic tilt at each stage of analysiean + SD)

Distance 20K Women 20K Men Distance 50K Men
4.5 km 12 (1) 72 18.5 km 15(x1)
& 85km 11 (x2) 8(x1) 28.5 km 15(x1)
= 135km 12 (+1) 10(x1) | 385km  15(x1)
18.5 km 12 (£ 1) 11 (£ 1) 48.5 km 16 (£ 1)
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Table 5.Video study - Knee contact angle at each stagealyais (mean *
SD)

Distance 20K Women 20K Men Distance 50K Men

4.5 km 180 (x 2) 179 (£ 3) 18.5 km 179 (£ 2)
8.5 km 180 (x 2) 179 (£ 3) 28.5 km 179 (£ 2)
13.5 km 180 (+ 2) 180 (= 3) 38.5 km 180 (+ 2)

185km 180 (¢ 3) 179 (2) | 485km 178 (£3)

Table 6.Video study — Knee swing angle, foot position, aisd of the
centre of mass at approximately halfway (mean + SD)

Angle (°)

= o~ .~ Q
= s E £ E =E
s - = - = -
L~ o o oo Qs
Q = o T 0
c o o [ =0
< L L = 04

20 kmWomen 97 (+4) 0.18(+.01) 0.10 (+.01) O(8501)
20 km Men 102 (+4) 0.19 (+.01) 0.11(+.01) O(®601)
50 km Men 101 (+4) 0.18(+.01) 0.09 (+.01) O(@501)

Table 7.Force study — Speed, step length, and base of Huipgonior
athletes (mean % SD)

Speed (km/hr)  Step length Base of support (cm)
Distance (m)
Junior men
1000 m 11.92 (£ .83) 1.09 (£ .06) 3.0(x1.7)
2500 m 11.92 (+.82) 1.09 ( .06) 3.1(x1.3)
4500 m 11.91 (£ .82) 1.08 (£ .07) 3.1(x1.1)
Junior women
1000 m 10.97 (£ .62) 0.98 (+.04) 2.8 (x1.4)
2500 m 10.97 (+ .64) 0.98 (+ .05) 2.8 (x1.4)
4500 m 10.97 (£ .65) 0.99 (+ .06) 2.8 (x1.5)
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Table 8.Force study — Speed, step length, and base of guppsenior
athletes (mean = SD)

Speed (km/hr) Step length  Base of support (cm)
Distance (m)
Senior men
2500 m 12.68 (+ .54) 1.14 (x.07) 3.7(2.7)
4500 m 12.67 (+ .54) 1.15 (+.07) 3927
6500 m 12.67 (= .53) 1.15 (= .08) 3.7(£2.6)
8500 m 12.67 (£ .54) 1.15 (+.07) 4.1 (+2.6)
Senior women
2500 m 11.65 (+ .68) 1.02 (= .06) 40 (x2.1)
4500 m 11.64 (+ .67) 1.03 (= .06) 3.9(2.3)
6500 m 11.65 (+ .65) 1.03 (= .05) 3922
8500 m 11.65 (+ .65) 1.03 (= .06) 3.9(x25)

Table 9.Force study — Impact®and 29 peaks, and midsupport forces in
junior athletes (mean £ SD)

Impact 1st peak Midsupport 2nd peak
Distance (BW) (BW) (BW) (BW)
Junior men
1000 m 1.43(x.14) 1.76(x.13) 1.30(%.28) 1(6008)
2500 m 1.45(x.16) 1.78(x.12) 1.37(x.31) 1(6309)
4500 m 142 (+.18) 1.77(¢x.11) 1.38(%.29) 1(6209)
Junior women
1000 m 153(x.19) 1.68(+.10) 1.28(%.20) 1(6803)
2500 m 155(.22) 1.71(x.11) 1.30(%.25) 1(6703)
4500 m 152 (.21) 1.71(x.14) 1.32(%.27) 1(6505)

Table 10.Force study — Impact®and 2¢ peaks, and midsupport forces in
senior athletes (mean + SD)
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Impact 1st peak Midsupport 2nd peak
Distance (BW) (BW) (BW) (BW)
Senior men
2500 m 1.43(x.20) 1.73(x.13) 1.25(%.31) 1(5613)
4500 m 1.43(x.20) 1.73(x.12) 1.24(%£.32) 1(5514)
6500 m 141 (x.27) 1.71(x.13) 1.24(%£.33) 1(5413)
8500 m 1.41(+.18) 1.69(x.10) 1.19(%.30) 1(5213)
Senior women
2500 m 1.45(x.37) 1.83(x.23) 1.37(x.39) 1(5409)
4500 m 151 (x.40) 1.85(+.24) 1.40(%.38) 1(5409)
6500 m 150 (x.27) 1.84(x.23) 1.38(%+.38) 1(5111)
8500 m 151 (x.42) 1.82(+x.25) 1.36(%.41) 1(5112)
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THE MODERN INSTRUMENTS OF KINEMATIC AND
KINETIC TECHNIQUE EVALUATION AT THE
COMPETITORS PRACTICING RACE WALKING

Chwata WiestaW, Mirek Wactaw, Kisiel Krzysztot
! Anthropomotorics Departament University School bf$tcal Education
in Cracow,
%2 Theory and Methodology of Track and Field Athkefiepartment,
University School of Physical Education in Cracow,
% Polish Association of Athletics

Abstract

Contemporary sport requires interdisciplinary ceragion. Norms
are the scientists from different scientific arezmoperating with the
coaches. Race walking is the only athletic endwaagent, in which
technique is assessed by the judges, that is whyirtformation about
movement biomechanics, which is used by coach tk wa optimal and
effective technique, is very important. In the prged work the authors
undertook the presentation of methods and direstiof research in
Movement Biokinetic studio at Academy of PhysicaluEation in Krakow
Academy. The research possibilities in the follogviscope have been
presented: three-dimensional race walking kinematmplex evaluation
of competitor's motor condition, ground’s reactiforce analysis, COM
position change evaluation and muscle work, chanfjesgles, speeds and
angular accelerations in jointsilovement trajectories of osseous points and
joints axis. The presented research methods andrymiities have been
based on rich, own research material.

Key words: biomechanics, three-dimensional analysis, Vicontesys
graphical record of electric currents associateth wiuscle contractions,
ground reaction force, race walking.

Introduction

The race walking is periodical movement which igdid into two
phases: support and wave. In the support phase dmthrtization and
rebound can be specified. In the wave phase itdslaration and braking.
The walking paste is the function of length andjfrency of the step which
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are dependent on race walker's structure of theybaad movement
technique (Chwata 2009).

Biomechanical researches related to race walkinghnique
include kinematics of race walker's movement. Thesminteresting
literature positions which bring up various aspedtshis discipline in the
past years are Hagberg and Coyle (1984), Cairncan{1986). Hog and
co. (2006), Yoshida (1989). The domination of kiatim analysis is the
movement description with biomechanical variabléhout going into the
cause of its origin. Kinetics concentrates on diedasearch of movement,
causes and description of internal and externatcefor competitor's
interaction and gravitational field in which he/shemoves about.
(Ruchlewicz and co. 2006). The oscillation evaluatof general centre of
body gravity determined with COM is quite sign#it in the movement
technique analysis. It is a certain hypothetical tepresentative point for
the whole body movement, where resultant of allvigyaforce acts at
particular body segments of the competitor. Thetisbanovement COM
evaluation allows to asses the changes of poteatidlkinetic energy, by
further rotation machine-work done by competitarisvement system. The
estimate of COM position changes could be doneherbasis of ground’s
reaction force value registration in the phase whmmpetitor’s feet have
contact with the ground, also the moments of baxyments inertness and
the change of their mutual position during the mogat. Therefore both
the kinematic and kinetic methods of evaluatiorowallto describe the
characteristics of COM movement. Assessing COM mw@ we can
conclude indirectly about the competitor’'s all boohpvement. (Chwata
2009).

In the area of kinematic movement parameters, tier@mnalysis
describing spatial movement, linear and angulalocy and body
segments acceleration represented by their cenfrggavity and joints’
biomechanical axis. With regard to COM onward mogatmand rotary
movement in the competitor’'s axis joints both theward and rotary
movement parameters are used to describe the movedard and co.
1997).

The other important aspect of kinematic evaluatisn the
intersegmental angle change analysis and angldssedcbetween body
segments and spatial coordinate system related deingn competitor’s
body, or immobile coordinate system connectedh wie ground. Like in
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case of of segments and joints, the position cheage accompanied by the
evaluation of velocity and acceleration of angualaanges in joints.

The next area of kinematic analysis is the evadmadf work form,
range of length changes, diagram of joining skéletuscle propelling
complex systems of osseous lever. It allows torest both functional
biopotential values, muscle activity stage (EMGlgsia), and observation
of spatial distances changes between their mussttions. These allow to
determine if the muscle takes part in joint stahtiion, to do concentric
work and see if during the active contraction theirscle insertions recede
(eccentric work).

The domain of kinetic analysis is mutual interactievaluation
between muscle strength values, bond forces, atinal forces such as
body weight, ground reaction force, atmospherittreeresistance force or
inertial force.

What's important from COM movement evaluation padfitview
is the external forces analysis, which determirés movement. Internal
forces may only mutually change the position ofypsegments, but they do
not change COM movement track.

Race walking three-dimensional kinematic analysis

The coaches, for the movement technique analysisyally reach
for race walking technique video recorded during ttompetition or
training. (Hanley in al. 2008a,b). Due to littlecaracy of such analysis it
has the limited diagnostic value. The two-dimenalcamalysis, frequently
done based on material registered with one digitaihcorder can be
insufficient for quantitative evaluation of race llwag kinematics. What
has significant influence on the accuracy of comngicanalysis is the
deformation of the registered body segments’ lind@meters resulting
from perspective phenomenon. Also picking up dnéal error is often
connected with the need of searching mutual movémeractions of body
segments at all three levels. (Chwata and Maci€jaeg).

The highly qualified contemporary sport requirensestriented on
movement economisation, force to use more sophistl, complex
evaluation methods of movement techique, whichcapable of providing
coach the precise information, which is later useaorrect the technical
errors and improve the sport result. They can dsoused to locate
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overloaded links of motion organ and to prevent itijaries effectively.
(Chwata and Mirek 2009).

Because the race walking, which is a part of catlimovement,
has three-dimensional character, that is why thdables analysis
determining technique should be done in three daio@is. In recent years
measuring apparatus sets are used for this purpased on active and
passive markers localized in essential antropometoints of the body,
which permit the three-dimensional visualization dfe registered
movement.

One of the accurate reference systems, for the réilysis is the
Vicon (Polygon User Manual 1998-2000) system. Témearch conducted
during the past few years at Academy of Physicalcaton in Krakow,
based on this system, allowed to accumulate rickeareh material,
presented in few publications, amongst the rad&ess group at the high
sport championship level. (Chwata and co. 2005,72@009).

The system is created by the set of cameras, eedipn
luminescent diodes (fig.1.), and the data statidrere the information from
the particular cameras is sent. The cameras workooderland of visible
light wave and infrared, and the image recordingesppdepends on settings
and the camera type. The work frequency of usedecasnis from 120 to
240 frames per second. Each and every camera setwaoddimensional
image, which is then sent to Datastation, where ithages from the
remaining cameras are analysed, and consequenggting three-
dimensional image mapping of markers spatial locatthat are stuck on
the studied competitor’s skin.
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Fig. 1. The MX series modern cameras used in the Vicok Bgstem
(source: Vicon Polygon. (2002) Multi-media repoatithoring tool for
movement analysis, Vicon Motion Systems).

One of the measurement experiment elements is ®&rTusx
anthropometric measurements of competitor's bodyckvcan later, whilst
modeling the movement, be used to recreate spskitddton model with the
characteristic osseous points, axis joints anchtbecle insertion points to
the bone. With this end in view it is importantdbtain the measurements
concerning pelvis' width, knee-joints, tibial ankbénts, cubital joint, radial
wrist joints, feet and arms thickness and relateegth of competitor’'s
lower limbs.

Before completing the measurement experimentésgential to prepare the
system and measurement space that is camera’sngodtea where the
race walking will be recorded. The cameras arramggnshould provide

good visibility of markers, which are on the exaedrperson’s body, and
their work range should cover long enough area alkiwg path. Three-

dimensional track image of particular markers mogetis reached when
each of them is registered in the same time bgadtltwo cameras situated
in different measurement space areas. (fig. 2.)
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Fig.2 The measurement area of race walking recordindy wameras
localization and view of markers position (sourcen research).

System calibration, which proceeds in two stagesl das
significant influence on measurement accuracy,his mext element of
experiment preparation. Static calibration providee information to a
system about spatial orientation of coordinateesystelated to the ground.
The second calibration’s stage is distance evalndtetween the markers in
measurement space. It allows the recording opttinizaand markers
recognition on the screen with specific coefficieftsignal intensification.
As a result of dynamic calibration the measurensgstem remembers the
position of the markers in various space fragmantsdetermines precisely
the distances between them.

In order to begin the research it is essential repare the race
walker in advance by sticking passive markers @nltbdy and footwear.
With regard to significant body segments’ acceleratmarkers occurring
during walking are fixed with special tape thabalé marker's movement
to a point on the skin during the measurement éxmat. Their layout
reflects biomechanical body model scheme fig.3.yTée fixed in joints’
axis, in an appropriate distance from joints’ syrnmnecentre and in
characteristic points on head, chest, pelvis aotl fbhanks to this activity
the spatial presentation of these body segmentsgaimdng information
about dimensions of particular body segments, sischhest range, pelvis,
limbs and head sizes is possible.
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Fig.3. The set of whole body markers — view from the fr(source: own
research)

The Golem markers set has been used on examinedmalkers.
The trunk’s coordinate system axis are determingdtdrso markers
(C7, CLAV, TH10, STRN). The front head markers HF and RFHD)
define head’s beginning and scale, where the baekl markers (LBHD
RBHD) determine its position in space. The pelwsrdinate system axis
are determined by the pelvis markers (LASI, RASbether with sacrum
markers. The sacrum marker should reflect therab&unteversion of pelvis
and should be located on perpendicular surfaceh¢oline joining the
markers (LASI i RASI). It's very important to pladmth the markers in
knee joints axis and markers in the foot areaextiy.

The movement recording is the next stage, it cacqed in many
stages, including speed of movement diversity, Itiegu from actual
motoric condition of the competitor or the starstdihce. The race walking
is also registered on treadmill, it enables toycant the technique analysis
with the given walking speed or the ground’s argfldepression. Normally
several dozen of race walking cycles is registefirdevery movement
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speed, in order to reach, in further stages of yaiml reliable motor

schemes of the competitors with the stabilizedraye race walking speed.
As a result of this registration we obtain the maimage of markers

position. (fig.4.)
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Fig.4. Three-dimensional image of markers position regéest during the
race walking (source: own research)

During the next stage of analysis we first make tharkers’
identification (fig.5a.), then we shape the movemeith mathematical
algorithm containing specific "structure of the lyadap”, which as a result,
after taking into consideration antropometric pagters of competitor’s
physique we obtain the three-dimensional imageaoshpetitor's skeleton
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with the set of muscles. (fig.5b.) Depending ompatational model used,
the analysis provides wide spectrum of kinematid kimetic parameters’
values, which will be discussed below.

Fig.5. The markers position after identification (a) ttggr with their
mutual links in space (b) (source: own research)

The multimedia file, created in "Polygon” appliicat, is used in
order to present the obtained information abou¢ naalking evaluation. It
allows to observe from any perspective of compesitbody movement in
three-dimensional space and to follow simultanggtisl the real time, the
values of analysed kinematic and kinetic variabbbsracterizing race
walking (fig.6.)

Fig.6. The race walker's movement sequence — the view fdifferent
perspective (source: own research)
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The analysis of kinematic variables
Spatio-temporal parameters

What is important from race walking technique etifeaness point
of view is is spatio-temporal parameters optim@ati such as steps
frequency, time of single and double support, cleteyth and duration etc.
in the context of their influence on the value lof developed race walking
speed and COM oscillation range (fig.7.) The indiigl technique scheme
of movement is to a large degree determined by etitops somatic
physique and spatio-temporal parameters resuli&oes. The competitors’
individual movement schemes determine various teahsolutions, which
are the effect of movement optimization in relatimnsomatic physique
(Ruchlewicz and co. 2007). Standardized valuehe$d parameters allow
to optimize movement technique from the point ofa@xlength and
frequency determination and the step frequency, sggood effect, allow
to predict the values fluctuation of these vagsahin the ascending speed
function of competitors’ walk. (Chwata 2009).
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Fig.7. Spatio-temporal race walking parameters (souna@: i@search)
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Movement trajectories of osseous points and joigtaxis

The multimedia report gives the opportunity of gdatmovement
track observation of selected joints axis and @ssepoints in repeated
cyclical movements during race walking. Fig. 8 prés the exemplary,
spatial trajectories (movement tracks) of bionaeutal tibial ankle joints
axis, knee joints, hip joints and anterior supeifiac spine.
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Fig.8. The spatial movement tracks (trajectories) aftaxis and osseous
points. The vertical movement track of pelvis jaaixis points are shown at
the diagram (source: own research)
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The movement trajectories analysis allows to eatallasymmetry
degree and movement range of chosen joints andwsg®ints on both
sides of longitudinal axis of the body. They canamalysed in all three
movement areas in any configuration sets. It githes coach particular
information about the errors in movement technigesulting from big
movement asymmetry or mutual body segments positiuring
competitor's movement and allows to precisely datee their range. The
diagrams of all variables can be laid on each o#ret it is possible to
observe their values in standardized time pointacé walking cycle.

Changes of angles, speeds and angular accelerationgoints

Another significant kinematic variables are intgreentary angle
values and change of spatial segments positionfaéh their constant
fluctuation in particular phases of competitor'alkv Software allows to
observe momentary and average spatial values aflanghanges in all
main lower and upper limb joints in normalized raealking cycle. These
angles are included between neighbouring body setgne.g. foot, gaskin
and thigh, etc. (fig.9). Other category would be #ngle position changes
of all segments in measuring space against mowvidgchanging constantly
its orientation in space coordinate system with petitor's moving body. It
gives the coach the possibility to observe the mmr of e.g. pelvis, chest
or head which angular changes are included in dmalgradual scopes.
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Fig.9. Temporary values of angular changes in knee joifitshe race
walker in normalized race walking cycle. (sourcenaesearch)

Because the angular change in joint in time famctis resultant
effect of acting on the body of all constituentcies, that is why knowing
them is very important from competitor’'s movemesthnique evaluation
point of view. More precise information is delivdrdy simultaneous

analysis of angular changes in joint

values togretlith speed and

movement angular acceleration in joint (fig.10). eTleoach receives
information not only about scope of angle changparticular race walking

phases but also about dynamics of these changes.
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Fig.10. The angular change, angular speed and angulaieeatien in knee
joint in the same phases of normalized race walkinge. (source: own
research)

Muscle work evaluation

Muscle work evaluation is based on two importar#gdostic variables:
spatial change of mutual position of initial anddii muscle insertions
which reflects change of their length and musclecfional biopotentials
values measured with global EMG. The measuremebioafectric activity
done with superficial electrodes shows phases amgred of muscle
stimulation, expressed with relative MVC coeffidieand delay (latency)
engaging the muscles to work in agonistic, synéogiand antagonistic
chains.

Observing on the diagrams belly of the muscle tieredpanges in
context of their activity phases it is possibleasess the character of their
work (concentric, eccentric), the symmetry of wotlke scope of length
changes and the order of their activation in biekmatic chains. Other
important source of information is to compare oa #ame diagram the
work of muscle antagonistic sets, especially twiicalar muscles, allowing
to formulate important conclusions regarding moventechnique. (fig.11.)
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Fig.11. Comparison of rectus muscle and biceps femorigtfenohanges in
normalized race walking cycle (source: own reséarch

The evaluation of COM position changes

How it has already been mentioned above, the aisabf COM
position changes has significant meaning in raegdking’s technique
evaluation. On the one hand it allows to estimhaéshorizontal and vertical
COM oscillation values, on the other hand it pregdhe information about
race walker's movement repeatibility in the nexterawalking cycles
(fig.12.) The COM oscillation values decide inditg@about race walker’s
energetic consumption and serve as initial variablassess the values of
movement potential energy (EP) changes in eacheardy race walking
cycle. After computing next derivatives COM dism@atent with respect to
time, we obtain the components of speed and bodgigre of gravity
accelerations. On the other hand, COM speed coteditthe initial
parameter for evaluation of developed race walldimetic energy (EK)
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value. The familiarity with both types of energissessential to assess
values indicators of mutual energy processing atal biomechanical cost
of race walking.

Knowing both types of energy is essential to as#es indicators’
values of mutual energy processing and total bitvaeical cost of race
walking. Such an evaluation allows to search thenmetitor's optimal
technique based on minimising energy expenditurat is seraching for
compromise between length and frequency of step.

The knowledge of COM movement tracks projectiosifion at
the support surface provides important informatiamout question of
competitor’s race walking stability.
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Fig.12. The COM vertical constituent position changes annmalized race
walking cycle (source: own research)

The ground’s reaction force analysis

Three dimensional systems of movement analysispevate with
peripheral devices, such as dynamometric platfonmeasuring ground’s
reaction force components in the phase of footssgure on the ground.
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The knowledge of vertical constituent value, frbatk and transverse
reaction force permits consequently to assess iogadbrce values in

competitor’s joints, developed forces moments amdef generated in joints
(Hoga and co. 2006). The analysis of shape andtiamr® value of

ground’s reaction force and reaction resultant domadlows to assess
effectiveness of dissolving movement system workamortization and

rebound phase which to a significant measure déatesrcorrect technique
of movement. (fig.13). From own observation thigleation is some sort of
compromise between developped reaction force vahms movement
economics results from (Chwala and co. 2009).
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Fig.13. The reaction force at the platform and its vaitmonstituent values
in normalized race walking cycle (source: own resiea

Complex evaluation of competitor’'s motor condition

Complex evaluation of competitor’s training conaiitiincludes the
use of methodology, which is used by biomechanitd physiologists
(Yoshida 1989). It allows both to asses the enexgyenditure during the
test of selecting corrective insoles for the contpe{Klimek and Chwata
2007), and to determine the influenceof physiaagand biomechanical
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parameter values on the total energetic cost & vealking. The expiratory
gas analysis made by modern portable ergospiromdtggether with
kinematic and kinetic analysis of movement givesinable benefits in the
evaluation of fatigue influence on the movementhtégue and optimal
choice of physiological and biomechanical paransetef movement
(starting speed, oxygen consumption level, lengtth sequency of steps).
Thanks to having the information both about phymialal and
biomechanical cost at the same time it is possbkttempt the assessment
of competitor's movement system efficiency, whidflects all elemental
constituents of predisposition, technique and cditgues preparation to
physical effort.

Fig.14.The experiment course of joining the measureréphysiological
and biomechanical parameters (source: own research

Conclusions

The application of more exact technical deviceastlie@ movement
technique analysis in the training process is ailyea necessity to keep

210



World race walking research PupiS Matrtin et. al.

high level of sports results and to enter into cetitipn on the highest
world level. A competitor presenting high sportdévto improve it, has to
reach for more precise diagnostic methods, which pvovide him/her
information serving a periodical sport techniquetcol. They also give the
rational benefits on the stage of teaching andriee improvement.

One of the possibilities that the three-dimendioamalysis of
movement technique gives, is using it not only foiomechanical
description but also utilizing its results to itooptimisation through
introducing corrections in training process.

Presented in other works analysis of body segmemtgements
and trajectories of centre of gravishows (in spite of the highest sport
level) the presence of asymmetry in race walkinthtégue, which can
directly influence race walking energy cost andirectly affect the sport
result. Unfavourable phenomenons on the level @ffaye values in one
race walking cycle are added on the starting digtan

The observed results of three-dimensional movenaralysis
constitute the base for improving the sport restitsough consistent
elimination of technical errors in sports training.
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THE PROBLEM OF OBJECTIVITY IN JUDGING
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Problem

The problem of objectivity in judging of race walki competitions has its
roots in the judging technique of the moving of keak. It is absolutely

exceptional in the family of athletics: in othesciplines judges are obliged
to control moving in delineated space (betweenlithes on the track, in

circles for discus and hammer throw etc.). A kifidcontrol of technique is

required for example in shot put and triple jummt In any case not
controlled by eight judges all the time like itilsrace walking. It seems to
be so strange that there are some old fashiondgfsbthat race walking

does not belong to the athletics. These argumeatsi@ familiar with the

long-lasting history of race walking in the OlympiGames, of course with
all the failures caused by the temporary exclusibrace walking from the

OG program during several periods. The race wglks the firm part of

athletics; IAAF Competitions Rules in a part Defimins named Track and
Field, Road Running, Race Walking, Cross-CountrpriRag and Mountain

Running building athletics.

The aim of the study and methodology

Our aim is to show the limits of the objectivity judging of race walking

and possible ways how to increase the objectivitydging. There are a lot
of public discussions going on the topics. Lookiag the problem of

objectivity from the systematic point of view wencdistinguish among
different kinds of topics how to improve the objeity of judging: these are
rules, judges, and technical equipment. It meduwes definition of race

walking, human ability of objective judging and hedcal equipment for the
judging organization. We try to address only seldgbroblems which are
not visible at first sight during race walkingmpetition. We also try to
bring some proposals, new way of thinking how teiiave objectivity of

judging. We try to analyze the Rule 230.1, judgamgl technical equipment
from the point of view if there are some possilglitto improve objectivity

of judging.
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OUTCOMES - RULE 230.1.- RACE WALKING AND Looking on the Table 1,
we can see the position of race walking in theeditd family. No wonder
there is greapressure on objectivity of judges. With so compkchrules
and procedures how to judge, race walking lieshaneénd of the “table of
objectivity”.

Table 1 “Table of objectivity”. Athletics family accordinto the control of
technique of moving by judges

Parts of| Control of | Other control| Rules Keeping
Athletics | technique of objectivity
moving in judging
Mountain | No Easy Easy Easy
Running
Cross- No Easy Easy Easy
Country
Running
Road No Easy Relatively | Easy
Running easy
Track No Complicated, Complicated| Relatively
with easy
technical
equipment
Field Yes, to some Relatively Very Relatively
extend easy complicated | easy
Race Yes Relatively Very Complicated
Walking | absolutely | easy Complicated

There have been many discussions what is rightimglikn comparison to
running since the beginning of our discipline. Tdefinition what the
walking is was created not till 1928, but in 190&lkers had already
participated in the London Olympics Games. The abjity was put into
the hands and moral qualities of judges. In 1889 Amateur Athletic
Association in England (AAA) published the first [Bsi for Competition
including race walking: cautions and disqualifioas to be left to the
discretion of the judges. The decision of the judgeeach competition to
be final. (Rule 14 and 15). You can see, the coneking definition as
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well as the behavior of the judges was left tortlogin interpretations. In
2010 we have definition of race walking, as wellexsct procedure about
the judging. Anyway, as regards objectivity in judg explicitly
formulated in the IAAF Rule 230, we are neathie AAA Rule 14 and
15.

From the beginning it seems to be clear that wglkmeans “fair heel and
toe” or “heel and toe on line” and everybody iseatul see it and judge it.
The first definition of race walking is from 1928valking is progression by
steps so taken than unbroken contact with the grasnmaintained —
formulates finally the basic rule no 1 for the raeking — contact with the
ground.

Rule no 1 “contact” still exist in contemporary I&ARule 230.1 definition

of race walking (2010 — 2011). “Race walking isragvession of steps so
taken that the walker makes contact with the grpsodthat no visible (to

the human eye) loss of contact occurs.

With the progression of speed the next characie$twalking came into

its discovering. The straightened leg as a rul&rmcurred in 1956. In
1972 came the other explanation - the leg mustiaéghtened (not bent in
the knee) “the supporting leg must be straight he wertical upright

position”. Since 1956 with the specification in 29The rule 1 and the rule
2 for walking have been the basic characteristescribing what is right
walking and what is not walking (in fact what isining).

Mexican style of walkers fascinated the world froine 1968 for several
decades. Development of speed requires new spamficof the rule 2 in
1996: The advancing leg shall be straightened fict.bent at the knee)
from the first moment of the first contact with tgeound until the vertical
upright position”. It is the second sentence inmdgbn of race walking in

contemporary IAAF Rule 230.1. We are witness of homles follow

advancing technique of athletes, and not how tipeathletes follow the
advanced rules. | consider this tradition very im@ot: it gives us
traditional continuation with the previous histooy race walking but is
open for the new specifications based on the padace of top walkers.

From this point of view, increasing objectivity dorot require the change
of the Rule 230.1. Definition. There is the otharaulox: ultra distances and
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many masters competition used only the Rule 1.is good if we call it
walking. But we can not call this progression tBpst“heel and toe on line”
race walking. Race walking means to adopt the Ruleot bent knee, too.
This is the difference between right walking anghti race walking. In
England it is called the Rule B (contact with bkemée), despite the fact that
IAAF Rule 230 concerns Race walking does not knamy Rule B (or A
etc.) The definition of race walking is only the eomentioned above,
operating with the contact with the ground andigtizned (i.e. not bent at
the knee) leg.

Even from the biomechanics point of view, the ginééned (i.e. not bent at
the knee) leg makes the main difference betweemimgnand walking:
body gravity axis are copying two peaks during #tep according the
definition of race walking. Running means to makee @eak for body
gravity axes. (SuSanka, 1975, 1978). We can sedlifference between
walking and race walking naturally not only on theédeo from
biomechanics laboratories. It is difference betw&enmal walking and
walking with high speed. High speed requires ndljuather technique of
steps and body moving. The advanced (professideabnique is called
race walking. In fact every definition of walkinqiéh race walking is in
relationships to running. Walking is consideredo be the opposite of
running.

OUTCOMES - JUDGES AND JUDGING IN RACE WALKING COMPETITIONS :

As mentioned above, there is not explicitly writtesmat objectivity in
judging in the IAAF Rule 230 means. But we can fimény feedbacks
developed through practice whose purpose is toirdite subjectivity in
judging.

Repeating number of 3 independent judges, 3 redschkom them for
disqualification of one walkers, judges from difat countries in
international competitions — these are expliciesulor the procedure. There
also exist explicit rules how to judge: all judggsll act in an individual
capacity (as individuals) and their judgment shallbased on observation
made by human eye.(IAAF 230.2b) There exist boskietw to judge, how
to organize positions of judges, and the Code bicetof race walking
judges.

Anyway, the problem of objectivity in judging ofaawalking exists in

spite of all these rules and booklets. To anallgiepart, we need to look
at:
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a) Physiology of human eye

b) Process of judging

c) Social context

d) Moral values of judges

c) Limits of consistency in judging

ad a) Physiology of human eye: “...no visible (to thenan eye) loss of
contact occurs” is written in the Rule 1 of racelkivey. This unability of
human eyes is often the source of many conflictdormally, the human
eye is not able to recognize the loss of contactoup0 milliseconds (it
means that it is not able to split the movematt shorter sections). A
high frequency camera in laboratory shows thatthkkers on the top level
have no contact with the ground for 30 millisecondiudges as well as
spectators evaluate it like a contact and theyighg according to the Rule
230.1. Individually, if the loss of contact is hgghthan 60 milliseconds we
are able to recognize the loss of contact withgreund looking from the
site on passing walker.

The problem is clearly visible in the random plsotshowing just the loss
of contact of walkers published in media. It is ffz@ne problem like with a
playing by hand in football which is not visiblerfjudge, but visible for

camera. Using slow video record shows the sameemobTlhere is clearly
visible every step and every loss of contact, betjtdge cannot slow down
moving walkers. To sum it up, in case of keeping tAAF Rule 230, the

rule 1 in definition of race walking, we cannot Bbsolutely objective,

because of physiological limits of human eye.

Ad b) Process of judging: judging in fact means et@luate something
according to the patterns what is correct and whatot correct. The
construction of the right patterns is a questiorpiavious experience and
repeating of cases of good and bad practices. Tikene open door for the
education of judges using examples, pictures, daso.

Ad c) Social context: social context can changepéatterns what is correct.
Feeling great responsibility during the Olympic Ganfinishing walkers,
media, spectators and last 10 - 5 meters failsotoply with the Rule
230.1. It is not theory, but life with all complie& consequences. Was it
obvious? Did everybody mention it? What is worseréxe walking? What
is worse for me as the Chief Judge? Patternsgbt tiechnique are not
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static parameters, but under the social and clltcoatext are more
important than we think.

Ad c) Moral values of judges: independency on &#isle coaches,
organizers, other judges and IAAF representativdidsois required but not
so easy to keep in practical judging. It does neamthat objectivity lies on
the mechanic application of the Rule 230 at allt£osOn the contrary,
judges should be an intelligent part of the contigeti If their role should
be only to keep the rules without any feedbackthdetes and conditions,
they can be replaced by computers completely. ficems all athletics
events.

Ad c) Limits of consistency in judging: there arel@ast two kinds of
consistency — qualitative and quantitative. As rdga qualitative
consistency, the team of race walking judges maselihe same approach
to athletes and competitions. Calculating qualiatonsistency is possible
only indirectly, but it is clearly visible on behav of judges to walkers and
spectators. They must be not enemies, but officidio provide fair play
competitions.

As regards quantitative consistency, absolute tikjBc requires to be
100% consistent in terms of every judge sent red tmthe same athletes
for his/her disqualification. This is possible lebry, but not in practice. If
the team of judges reach more than 60% of consigtendisqualification
of walkers it is very good scoring, more than 7@excellent. Despite of
the used method of counting consistency, 100% akistency for every
method means there is no single red card, no daedleards per walker,
only disqualifications or nothing.

OUTCOMES - TECHNICAL TOOLS IN JUDGING :

Briefly, there is no technical tool for judging ofce walking explicitly
mentioned in the IUAAF Rule 230. On the contrahgre is a remark about
the loss of contact visible by human eye.

Looking at the main obstacles with objectivityjinlging of race walking
we can see the limits of judges (general humantdinin their ability to

reach high consistency near to 100%. There amebamentioned above,
some of them objective - physiology of human eyspme of them
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subjective - moral values, some of them giving etghces in social and
cultural context. We cannot eliminate all of theBut we can reduce some
of them.

The big misunderstanding is still the rule 1 ifinidon of race walking —
the loss of contact with the ground. Is it visilolenot? If it is visible for
camera and not for judges what about objectivitjudfing?

Vision of implementation of technical tools:

Our proposal is easy: to use technical tools. Mapgrts use advanced
technology to help them in judging. Tennis, ice keycare good examples.
There is no reason to be conservative and losetlfg and race walking
from the OG. Let’s “clever shoes” go into our sp®here is no space for
discussion about technical details and technichltiso. It will be found
very fast if there is common demand and we wilbpen for modern tools
with the old tradition of race walking. Economitalvs sometimes work...

How to control contact with the ground? Is it pdds® It is!

We need clever equipment, something like chiprdpander system, with
control record similar to the lap counting. A lot electronical tools do
exist now and are used in marathons and our radiengacompetitions.
They are arguments against using the “clever shited”it is impossible to
make a contact in every steps and everybody wilDRe These arguments
are out of fashion, out of today technical develepi It is possible to
develop a program with a tolerance to loss of adritamilliseconds like it
is in real competition judging by human eyes. Theneuld be empirical
based percentage of total time allows loss of aistand it should be easy
to record the program into the clever shoes withtthnsferable detector -
chip. Our cheap sport needs the interest of Hi-ampanies. There is
potential how to open our sport for the higher ipgration of fit-walkers
using these “clever shoes”. Fit-walkers should e first step for race
walkers. Fit-walkers can participate in their owategjories together with
race walking competitions — the loss of contactgjnd will be provided
automatically by “clever shoes” and recorded onRbsting board without
any influence of the judge. We can image “cleveres” also for training
of the professionals like a perfect tool how to impe and control the
correct technique of race walking.
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Consequences: What will the role of judges be?

Of course, the “clever shoes” do control only cotgaRace walking judges
still control our rule 2 according to the definitiof race walking in the
IAAF Rule 230.1. It means that leg should be gtrened (i.e. not bent at
the knee), the judges make a cautions, the Chigdel disqualifications,
etc. There is no problem to make a cautions folldks of contact with the
ground to have an information about the percentdgetal loss of contact
coming from the chip, or other feedback system.

Consequences to the IAAAF Rule 230.1

Our rule 1 should not be changed — only the fallmaamendment should
be put into formulation: “Race walking is a progg®n of steps so taken
that the walker makes contact with the ground,lsd ho visible (to the
human eyeR BY HELP TO THE HUMAN EYE BY AUTHORIZED TECHNOLO®)
loss of contact occurs.”

To be open for the advanced technologies, we cafoigeard to modern
social attitudes to be a part of story, to be actig offer something new for
the public area. Using the modern technology & @hseveral possibilities
how to improve objectivity, fairness and transpaseim the judging system
of race walking.

Conclusion

Judges and judging process cannot be absolutectl®, there are limits
in physiology in human eye, limits in social skiltmoral values etc. On the
other hand, there is an open door for improving dbgectivity by partial
professionalism of the international race walkingdges. There is a
paradox: athletes and coaches have become morenarel professional,
judges are still amateurs with their own jobs ptlisir hobbies to judge
international competitions. It is strange in®2dentury, is not it? Many
sports use advanced technology to help them inipgdd ennis, ice hockey
are good examples. Let’s “clever shoes” go into sport. There are
arguments against using the “clever shoes”. s liripossible to make a
contact in every steps and everybody will be DQeSgharguments are out
of fashion, out of today’s technical developments possible to develop a
program with a tolerance to the loss of contaanitiseconds like it is in
real competition judging by human eyes. There gshdid empirical based
percentage of total time allowing the loss of cotstand it should be easy
to record the program into the clever shoes withtthnsferable detector -
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chip. Using modern technology is one of sev@a@dsibilities how to
improve objectivity, fairness and transparencyhia judging system of race
walking.

Summary

The study analyzed the definition of race walkidgyman ability of
objective judging and technical equipment for thelging organization
from the point of view how to increase objectiviby judging in race
walking. Results show increasing objectivity does mequire the change of
the Rule 230.1. (Definition of Race Walking). Longiat the judges and
judging there are strict limits in term of: a) Piojsgy of human eye b)
Process of judging c) Social context d) Moral valoé judges c) Limits of
consistency in judging. To reduce some of the #mie proposed using
advanced technology in race walking, replacingltiss of contact judging
by “clever shoes” with the program with a millisects tolerance of loss of
contact, with some empirical based percentageefdtal loss of contacts.
Using the modern technology is one of several iptisies how to improve
objectivity, fairness and transparency in the judgystem of race walking.
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THE PROBLEM OF CONSISTENCY IN JUDGING OF RACE
WALKING
Miloslav Lapkd and Jan Lapka
YFaculty of Economy, South Bohemia University, C&ldejovice,
Czech Republic

Abstract

The study provides a contemporary overview of theremt problem of

consistency in judging of race walking. There ave kinds of consistency
important for the race walking judges: qualitatiged quantitative. The
gualitative consistency in race walking can berdgedilike a consistency of
opinion, acting and communication of the judgex &tegories fit to the
definition:  Punctuality, Concentration, Behavidndependency, Team
communication, Athletes communication. The formatian of these

categories is relatively easy; the question is wbald evaluate it? The
qualitative consistency is based on two main apgves: linear and non-
linear. The linear one is used like calculatingrage and simple linear
consistency. The great disadvantage is the pdigsiltd increase the
individual consistency by “calculated red cardsivégt, means more red
cards. For our purpose - practical implementatiénthe model which

avoids the disadvantage of the linear model antbgilused for individual

calculating of consistency — we need more develapedel based on the
empirical experience. We tested our non-linear rhodang six variables.

Now our model is a part of our developed Judgingn®ary Sheet and
ready for the right use just immediately afteririfj the Judging Summary
Sheet.

Key words: qualitative consistency, quantitative consistedicggar model,
non-linear model, judging, race walking

Problem

The term “consistency” has a lot of meanings: coammle, accordance,
cohesion, integrity, unity, harmony etc. There asweral definitions of
consistency on the website: harmonious uniformityagreement among
things or parts; the property of holding togethad aetaining its shape;
logical coherence and accordance with the factshe Pproblem of
consistency concerns marketing, psychology, gerstadistics (Teknomo,
2006). Of course, the problem of consistency i &ifects every judging in
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sport, million links could be found on the internfbm open discussion
about football judging to serious analyses. As mggarace walking,
consistency is used in two ways: in qualitative Wkg integrity, cohesion,
unity of performances and behavior of judges, anduantitative way like
mathematical based accordance of red cards cotdtio disqualification
of walkers. Both topics are at the beginning, thelitative is more
developed in the Code of ethics of race walkingggs] based on the Code
of Ethics of the IAAF, as adopted by the IAAF Colliiie November 2003.
The quantitative approach to consistency is undgesl, there are a few
serious studies discussed below (Magio, 2008, Da0@9).

The problem of consistency in judging of race wadkevents is in fact the
problem of quality of race walking. It is the ptelm of in-consistency in
judging and behavior of race walking judges behimel discussion about
excluding race walking from the program of the Opyjon Games.

Discussion about subjectivity of judging, aboutainfjudging, all of these
are results of in-consistency. The athletes andchmsm have become
professional, but judges are still amateurs, degpié strong evaluation of
judges every four years provided by the IAAF. listbontext and on this
level we need theoretical as well as practical eph@f consistency in
judging of race walking.

Goal

The goal of this article is to bring general ovewiof qualitative and
guantitative consistency in race walking judgingigl as the examples of
practical use. Can we increase the consistencgc@ walking judging? We
want to stress that the qualitative as well asgientitative consistency are
only the tools for improving the quality and faiap judging. It is
influenced by many factors which cannot be fornalizlike experience,
motivation, cultural and social background of jusigdll of these factors
create the judging.

Qualitative consistency — methodology

The IAAF Competition Rules, in our case of racekival, the Rule 230, do
not help us too much. There are five lines abafindion of race
walking; the rest of page is dedicated to the @doce of how to judge. The
consistency is not mentioned in the Rule 230, buhe paragraph 6a and
6b — Disqualification - is based on consistencthoée judges, of course.
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Referring to the Code of ethics of race walkinggesl and to the experience
with the international competitions held under fRele 1.1a-h) we can
provide easy definition of consistencQualitative consistency in race
walking can be defined like a consistency of opminiacting and
communication of judge.Opinion, acting and communication are three
pillars of qualitative consistency. We can divideermn into following
categories:

Opinion:

Punctuality:

Means not only to be in time in his/her designasedtion, but to fill
correctly his/her sheet of race walking judge witie correct bib (start
number) time of caution and disqualification (D@)is very important for
the udging Summary Sheet to get the correct irddion. The jury of
appeal usually used race walking sheet like th&t fwidence in case of
protest.

Concentration on the competition

Means not only to concentrate on the leading grobpt to keep
concentration to the end of all races. The techigfurace walking usually
change during the race, concentration means to doefut on passing
athletes all the time. It is not so easy to keegceatration for 5 hours in the
50 km race, several shorter races included. It lisarc that good
concentration requires good physical condition adl vas familiarity,
experience with these kinds of races.

Acting:

Correct behavior during races

Means race walking judges are not enemies of wallRégs, he/she has the
power to DQ any athletes failing to comply with tHefinition of race
walking, but the role of judge is only to providefar-play race, nothing
more, and nothing less. It is not allowed to hawg eontact with spectators
or team officials or other athletes, particulatipse who may be identified
as members of any Member Federation; to use a engilibne, radio
transmitter or similar device at on the coursénform coaches and other
people about the progress, positions of athleesRetce walking judge is a
part of competition, not a part of national teatis Inot allowed to have any
active interest on the Posting Board (Board with tld cards, called also
DQ board). The correct behavior means also tesd@n appropriate
uniform.
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Independency

Means to keep his/her given section, avoid anyudision with the other
judges, spectators, athletes and coaches. Indepgnde based on her/his
own judging, it can be under supervising of thee€liudge only during the
race, but without any direct changes in his/heiigi@c. Independency also
means to be independent on team or athletes pustio the other hand,
communication with the Chief Judge about every [gnobof competitions
is necessary, if failing to comply with any IAAF @getition Rules.
Independency means: | am responsible for my judgihds my own
responsibility and | can publish it and defend itécessary.

Communication:

Social skill in team communication

Means not only language ability. It is necessary dommunication in/
during international competitions, but social skills broader meanings: to
solve the problem, to avoid conflicts, to be openifmprovisation. During
the race walking meetings before and after the @&aitiqgns (pre and post —
race meetings) is good occasion to use your owalssidll to help to build
the team..

Social skills in athlete’s communication

There is not allowed direct communication with pagsathletes about their
progress, positions etc. On the other hand, evawjian (yellow paddle)
showing to the athletes is a part of communicatiooording to the Rule
230. 4. It must be clear that a walker notes thwepaddle and his/her bib
(start number). If necessary do not hesitate totgwy finger to the athletes
,you are“, because not everybody understands hawead the bib, not
mentioned the fact that not all athletes understanglish or your mother
language. If there is a serious need to help tathketes - in case of injury,
medical cases etc, do not hesitate to do it. Affiter competition there
should be a feedback with athletes and coachg®yss$ible and required
from their site. We need to break barriers betwathietes, coaches on the
one hand and judges on the other.

The question is who will evaluate race walking jesig The first person in
direct contact with all judges is the Chief Jud@&e other is technical
delegate. These two people are responsible focdhgpetition, but only if
they have the confidence of judging team, therddcbe some evaluation.
In great competitions held under the Rule 1.1. le@re could be an
appointed person to provide the qualitative evaduat
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The example how to evaluate qualitative criteriéofes
Table 1 Formalization of qualitative criteria
No of race walking judge:

Opinion Acting Communication  Scoring
Punctuality 0-5 Behavior 0 — 10 Team 0-10
Concentration 0-3 IndependencyO- 10  Athletes @ - |1

Name of evaluator: Date: Competition:

CommentsThe maximum points which can be obtained are 3@iscase.
As you can see, there is stressed correct behaesponsibility of every
judge for his/her own decision and ability of commuation — with the
athletes during and after the race. The questidioig exactly it should be
controlled by evaluators, but this problem is snaltomparison with the
advantage to take the first step in terms of evalnaf qualitative criteria
and improving the consistency in race walking

international competitions.

Recommendation:

There are still barriers between athletes and @saom the one hand and
judges on the other. In order to break the bartieesSummary of Chief

Judge could be a part of the results. Names ofgsidguld be replaced by
numbers. It is only convention hidden behind thpgravork. On the post-

race meeting, the race walking judges can votettferpublishing of the

Judging Summary Sheet with the full names. We hexerienced this

method several years before: after the first skégpti it has become a
regular part of Podebrady web site meeting and hogaeeting. We need
feedback between athletes and judges; the Judgimgn@ry Sheet is a
good example of how to do it in an easy way withany changes in the
Rule 230.

Quantitative consistency — methodology
In general qualitative consistency the rate of cadds is variable. The
problem occurs just at the beginning: there cowddsbveral explanations
what the rate of red cards means.

1. red cards (RC) sent by one judge — in this caseamespeak about

individual consistency

2. RC sent by all judges — team consistency

There are usually three variables:
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a) the number of red cards (RC) sent by indivigludgge on DQ walkers,
b ) total number of RC sent by individual judge,
¢) total number of DQ athletes

According to the construction of using methodsdalculating consistency
we can speak about linear and non-linear consigtencace walking. We

are trying to introduce the main approaches, from ¢asy ones to non-
linear model which can be put into the Judging Bwamy Sheet like a

program counting immediately individual consisterafyevery judge just

after the completing the Judging Summary Sheetbgrder.

Average

This is very easy method, giving overview about #ighmetic average
number of RC of every judge.

- Advantage: easy for application, everybody iseatd find average of
every judge in the Judging Summary Sheet, usefuthfe first look at the
results of judging.

- Disadvantage: there is nothing about real coeisst. | can have the same
average like the team average is, for example 6 RRE,non of my RC
contributed to DQ of a particular athlete, so thieren fact no consistency
with the other judges.

Simple linear consistency

This method uses two formulas:

Formula 1. The number of red cards (No of RC) sgrindividual judge on
DQ walkers/total number of DQ athletes. (Judge resth values from 0 —
1.100 = 0% - 100%)

Formula 2. The number of red cards (No of RC) ssrindividual judge on
DQ walkers/ total number of RC sent by individuadge. (Judge can reach
values from 0 — 1. 100 = 0% - 100%)

- Advantage: relatively easy for calculating. Tat@ of DQ athletes is
known just after the race, easy to calculate iéncent.

- Disadvantage: this linear consistency means nRR€ sending by
individual judge to improve his/her probability @fnsistency.

Testing formula 1.

There is total number of 4 DQ walkers in the raceent 1 RC on DQ
walkers, my rate is 1:4 = 0,25 . 100 = 25% of cstesicy. The other judge
sent also 1 RC on DQ walkers, has the same ratkisler total number of

227



World race walking research PupiS Matrtin et. al.

sent RC was 10. You can feel the big differencevben 1 and 10 sent RC
and the same scoring. But total number of RC sgrihdividual judge is
missing variable in this formula. In theory, ifénd RC to every walker, |
can reach the 100% of consistency in this lineadeh From this point of
view it is not only theoretical problem. It is athl problem, too. In the
interesting article (Maggio, 2008), authors tried talculate team
consistency on the great pool of collecting datenfthe Judging Summary
Sheets from many Italian competitions. He used fosinula 1.: “the
number of Red Cards sent by the individual judgés wontributed to the
disqualification of a particular athlete/ the totalmber of athletes
disqualified in the race"“. From the ethical poifitview the following note
is important: It is easy to see that the higher tumber of Red Cards sent
by the single judge, the greater the possibilit the value of will be high.
We can point out here that the primary task ofdgguis to "judge,” not to
raise his/her index evaluation®. (Maggio, 200844).

To avoid this trap of linear consistency, some arghused formula 2. , This
index (also expressed as a number from 0 to 108)He specific purpose
of mitigating the effect of a large number of Redr@s issued by a single
judge compared to his/her colleagues” Maggio, 2@084.

Testing formula 2.

In our example, | sent 1 RC on DQ walkers and ngl toumber of sent RC
is also 1. 1:1. 100 = 100% of consistency. The seane, the other judge
who sent 10 RC and 1 of them was on DQ walkerstfitute to DQ of a

particular walker). 1:10 . 100 = 10% of consistenggain you can see and
feel the big difference between 1 and 10 sending dRSpite the fact that
number of DQ walkers was the same (4 like in o@vimus example). In
this case less activity means great advantagejnatittory no RC sent by
any judge can be 100% of consistency if there ar®@ walkers. What is
missing is the total number of DQ walkers in tlasnfiula 2.

That is the reason why some authors suggest cotidrindaggio (2008)
call it Technical Assessment Index, (TAI, can redwdh values 0% - 200%
because of combination of formula 1 and 2). Daf#6D9) put combination
on the table of additional analyses. “I've creatkd following analysis:
...... red cards that were on a disqualified walkertdtal disqualified
walkers (0.0% to 100%) and red card on a disqedlifvalker to total red
cards by judge (0.0% to 90.9%) “. The percentageresults coming form
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the data of 9 international events held under thie R.1 a, b and c), more
important are the same formulas 1 and 2 mentiobedea

Daniel and Maggio (2009, 2008) used this formulaarid 2 for the

evaluation of team consistency. Then statisticaiseld on relatively great
pool of collecting data from the Judging Summarye@&h from many

Italian, US as well as international competitiohsis good tool for long-

term retrospective evaluation of race walking juggetivities. Usually, we

have no such data per every judge and no timeddahis team evaluation
just after the competition. This is the reason wiey formulate non-linear
model of consistency for practical implementation.

Non-linear model of consistency — methodology
Demands on the ideal model are following:

1. Individual evaluation: we need to know how much sistent in
terms of quantitative consistency is every judgtherace,

2. Avoid the disadvantage of linear consistency as timeed in
formula 1 and 2 to save walkers against “calculated cards
activity” from judges who knows the increasing (dEsing)
number of red cards means increasing probabiliookistency.

3. Take into account the number of participating weatkand level of
competition

4. Be able to calculate individual evaluation justhwtite result list

5. Program to be friendly used and integrated intoe ftudging
Summary Sheet

We try to introduce a model able to reach alleidnds above, if possible.
Looking on the formula 1 and 2 there are missingatdes: total number of
RC sent by individual judge is missing variablefammula. 1 and total
number of DQ walkers is missing in formula 2. lusad the problem with
linear dependency in terms more RC means increasiofability of

consistency, or on the contrary, less activity éase probability of
consistency. Both extremes are not only theoretitait also ethical

guestions how to protect participating athletesrejdcalculated red cards
activity”.

In real competition we can get following variables:
e Total no of RC sent by individual judge
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* No of RC sent by individual judge on DQ walkers ensistency
with at least 2 and more other RC , we will caldQ consistency

* No of RC sent by individual judge together withatlone - 2 RC
consistency, we will call idlouble consistency

* No of RC sent by individual judge with no one astency - we
will call it single RC

e Total no of DQ walkers

* No of participating walkers

The experience show that we need to avoid extremethe both ends of
activity and to take into account the level of tlaee and the number of
participating walkers. It means to penalize “cadted red cards activity” in
terms of increasing (or decreasing) number of R@. g@n the other hand,
some toleration regarding position of judge and thenber of passing
walkers is needed, to be as much fair as possibjedges and athletes.
About five years ago we tried to test our non-lmeadel on the great
IAAF and EAA competitions, directly during the e¥sror ex-post. There
is one condition for the successful applicationtttd model: to have the
Judging Summary Sheet carefully filled, in electcoform if possible,

using excel. Our model is derived from reality odice walking

competitions, not from the statistical theory. @n-linear model will be

tested by extreme values in next paragraphs.

DQ consistency =

RGq, 1 N
—— | *100
[DQt VRG]
Where:

RCyq = No of RC sent by individual judge on DQ walkers

DQ; = Total No of DQ walkers

RC = No of RC sent by individual judge with no onensistency .
100 to get result in per cent points.

Part of formula@ can reach values 0 — 1.

DQx
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G

Testing limits of the formula: can be 0 in real competitions, it means,

judge has no consistency with any DQ walkers. is thse, result is &> If

RCuq

= 0 than result of consistency = 0.

R
No of DQ can be 0. It happens. In this case result—gf% must reach

value 1, because it represents a particular caserwfistency. Nobody was
DQ, so judge cannot reach other valug;Ran 0. DQis logically 0, too.

. . RG
But O cannot be in nominator. For reachlﬂgﬁq value 1 are values of

RG
RCyq and DQ automatically changed to %+ If DQ; =0 thanD—Qf =1.

Explanation: Nobody was DQ, it means the first part of formula

RG
D—th must be 1, because the judges get 100% of consysterDQt. But

1
in the second part of formula\/R=G can every judge decrease his/her

consistency depending on number of RCi.

V RG is important variable, avoiding in fact calculatired cards activities
and saving athletes from a lot of single red ca@s.the other hand, you
will see, amount of 1, 2 red cards sent by judge & single cards, does not
influence so much his/her scoring, because theseoaf function is non-
linear, but parametric following our formulaViRG.

There could be 0 in ROt means judge is able to make consistency with a
DQ walkers, without any single red card. It happeims this case we

1
calculate value 1 in the part e\/fR=G in our formula— If RG = 0 than
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result of

1
vRG

value 1 in this case automatically.)
This model shows consistency behind the averagebahihd the linear
formula with two variables and is very close to tmpirical reality of
judging in race walking competitions.

Table 2 The course of non-linear consistency, example

= 1. (Again 0 cannot be in nominator, RS changed to

Notes: We have the same race. There were the nataber of 4 DQ
athletes.
No of RC | No of single (R(:dq* 1 ] 4100 * 100 (per cent points)  Scoring
contributi | RC sent by TSA (in %)
ng to DQ | individual bQ RG
sent by| judge
individua
| judge
1 0 1, 1), (no | 1:4 = 0,25 * 1:1 (seg 25
[Z ﬁj 100 limits 0= 1) = 0,25 *
single RC per thig 100=25
judge
2 1 2/4 * 11 2:4=05*1:1750
0,50 * 100 =50
3 1 3/4* 1N1 75
4 1 4/4 * 101 100
4 2 4/4 * 102 1*0,70 * 100 70
4 3 4/4 * 103 58
4 4 4/4 * 1N4 50
4 5 4/4 * 15 45
4 10 4/4 * 1110 31
4 20 4/4 * 120 22
3 5 ¥ * 145 33
2 6 2/4 * 116 20
1 7 Y, * 1N7 10
0 0 0
0 Total No of 0
participating
walkers — 4
DQ walkers
in this case
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Double consistency =

We need to know double consistency, too. It is shene formula now
transformed to double consistency:

No of RC sent by individual judge contributing tther one RC/ Total No
of double RC * 1 No of RC sent by individual judge with no one
consistency * 100 to get result in per cent points.

We can write the formula in the following way

RC 1
* —— [*100
( RCx +RG j
Where:

RC, = No of RC contributing to other one RC

RC,; = Total No of double RC

RC = No of RC sent by individual judge with no onensistency.
100 to get result in per cent points.

can rich values 0 — 1. For particular caseyRC0, then the same
2t

condition like in the previous formula for DQ costgincy. If RG; = 0, then
RC, and RG is changed to 1 for the counting.

Cautions:

There is no methodological barrier to evaluateioastin the same way, but
we need to take into consideration the purposeaofians. The purpose of
caution is to announce athletes there are in dasfgfailing to comply with
the Rule 230.1. definition of race walking. Yellgvaddle can help them
improve the technique of walking, if they are atiledo it. In this case it
seems to be nonsense to put caution on the formmélationed above,
because we cannot compare two kinds of consistdnoytools using by
race waking judge. The most important is to lookhat Judging Summary
Sheet to know if DQ walkers have been cautioneflitige without any DQ
or double consistency. This is very important fog torrect evaluation. If
yes, walker was cautioned, the question is abaulithit of tolerance, not
about the inconsistency in terms this failing tanpdy with race walking
definition which was not visible for the judge.
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Statistics based on empirical studies shows thebeumf 50% of cautioned
athletes recoded on the red card. We can considerrate as a good
average. But it depends on race and athletes meigh, more about the
problem in Maggio (2008).

What is good and what is pure consistency?

The non-linear model, which shows number of RC rouating to DQ sent
by individual judge, is a leading variable. Of ceeirwe need as much DQ
consistency as possible; the worse thing for aghlahd spectators is a great
number of single red cards sent to nearly evertigiaating athlete. Model
shows that there are three parts, from 0%- 30%uig PQ consistency,
over 30% up to 50% is average, from 50% - 75% isesy good
consistency, over 75% to 100% is the excellent Dpsistency. To
calculate double consistency has its sense patlguif there is no DQ
athlete. The scale is the same, because usingthe ®rmula and system.
The comparison between DQ consistency and doublsistency is clearly
visible on the bar graph. There is no problemtifier program to calculate
also team consistency like the arithmetic or otivgrage of the obtained
data. For our purpose to get survey of individoahsistency of every
judge, we consider this part of graph as additiamfakmation.

Number of participating athletes and changing paetens of the presented
model:

The great advantage of the presented model isaiiahility. Everyone has
their own experiences with the different local agréat international race
walking competitions. In dependency on the lesklcompetition and
number of participating athletes in one race, wa oadify parametric
values in a part of our formula\IRC single. Briefly, more passing athletes
usually mean more tolerance to single RC sent bividual judge. The
table below indicate proposed tuning of the modiae example presented
here are tuned on the EAA permit meeting in PodBhra 110 athletes
participating in one race, 7 -8 race walking judgéskm lap, passing
athletes are visible only one way, i. e. 20 timesrace (10 times per junior
race).
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Table 3 Possibility

of tuning the model

L

RC

Level of the race Approx. No  of Model used Parameters VLRC
participants in one single
race
National local Up to 40 average -
National Upto 50 Simple linear -
championships formula 1 and 2 o
non-linear in case o
number near to 5(
participants
EAA and |AAF | Over 50 —upto 120| Non-linear 0; 1 — 2 single RC
permit 1
Area championships 40 - 80 Non-linear 0; 1, 2leilRC =
1
World cup 60 — 150 Non-linear 0; 1, 2 -3 single K
=1
oG 40 - 80 Non-linear 0; 1, 2 single RC

1

Examples (with permission of the Chief Judge ardtlkiges)
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Picture 1.a The judging Summary Sheet of woman race
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Picture 1.b The judging Summary Sheet of woman race

Red card's consistency
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Picture 2. The graph of non-linear consistency for woman race
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Picture 3.aThe judging Summary Sheet of man race
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Picture 3.b The judging Summary Sheet of man race
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Picture 3.cThe judging Summary Sheet of man race
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Picture 4. The graph of non-linear consistency for man race
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The comments on the examples: five judges fromrthmber of eight

reached very good DQ consistency and two of thezelknt consistency in
woman race. Looking at the man race, the rate iseydwo judges reached
the excellent consistency again, but the rest gfdges reached the only
poor consistency. On the other hand, it is verydgti@t none of them is
without any contributing to DQ. Looking at the Judgy Summary Sheet
form, you can see that an average of RC sent dplagtany role for the

rate of consistency (the judge no 1 for examplelred worse scoring with
5 RC than the judge no 3 with 2 RC sent). ThegulNg 5 is good example
how important it is to deliver individual recordrdato unable to compare
all the cautions with the other judges. In our daiseindividual record card

is empty because of delivering his record cardnret Of course, all his red
cards are recorded, because of the on-line wonkdngrder and the control
program.

Outcomes: How to implement non-linear model?
Going back to demands on the ideal model, we can se

* Individual evaluation is possible and clearly visilin a graphic
form.

» Empirical construction of the model avoids the dismtage
connected with linear consistency.

e Model cans response to the level of race and numidfer
participants by changing the parameters.

e Just after completing the Judging Summary Sheetehat of DQ
consistency and double consistency are available.

* Non-linear model like a program is integrated ith@ Judging
Summary Sheet (in excel). It can be friendly uséthout any
requirements: you can choose whether you wantitd fire graph
of consistency or not.

The implementation requires carefully filled andecked the Judging
Summary Sheet. There are the data for the model.Jldging Summary
Sheet itself is very important document and anyluaten of consistency
without it is not objective. DQ and double congiste can be considered as
a high development of the Judging Summary Sheet.ugéethe Judging
Summary Sheet based on the excel file, with a dl@s#ls which does not
allow to change any record, if you are not authemtiperson and more than
it, it allows manager of Posting Board to conttbk correct number of RD
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and DQ all the time. The Judging Summary Sheetrobnitself with a
program controlled correct syntax of every line aetdl. It means, if there
occur two red cards sent on the same walkers byunlge, it is impossible
to record it in the Judging Summary Sheet — etf@.red cards are sent to
one athlete without DQ, announcement about thisiscim proper cell etc.
Now, after many testing is the Judging Summary Sivita the program of
consistency available from the authors of this gtfat the right using in
every race walking competitions as indicated inet&@b

Conclusion

The problem of consistency in race walking judgmthe problem of future
existence and development of race walking. Behid statistics methods
how to calculate consistency in judging lies aniceth question about
responsibility and professional manners of raceingljudges.

There are two kinds of consistency: qualitative gudntitative. Both are
naturally used in race walking judging and orgatiirg but as regards
theoretical principles there are just at the beigimnOn the other hand,
what is clearly visible for TV spectators, coactasl athletes, is just
consistency or inconsistency of judging.

We have tried to bring an overview of qualitativensistency in race
walking by using the general definition: Qualit&ticonsistency in race
walking can be defined like a consistency of opinicacting and
communication of the judges. Six categories fit tlee definition:
Punctuality, Concentration, Behavior, Independefi®@gm communication,
Athletes communication. Formalization of these gat&s is relatively
easy; the question is who could evaluate it? Twsqes are appropriate for
this from their official position during the comjfigins: the Chief Judge and
the Technical delegate. We consider the qualitatimesistency to be an
important part of ethical behavior of race walkjundges. The formalization
and an attempt to evaluate this consistency coeld the family of race
walking judges as well as the walkers and coaclesntrease the
professional level of our international race wagkadompetitions.

The qualitative consistency is based on two maipr@ches: linear and

non-linear.

The linear approach is used like calculating averagd simple linear

consistency. Every method has its advantages isadvantages, discussed
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in this study. The great disadvantage is a podyibib increase the

individual consistency by “calculation red cardsiaty”, which means the

more red cards are sent, the higher probabilitgafsistency. There are
missing variables in the formula 1 and formula thggor the construction
of the linear consistency. There are some attertptgorrect this by

combination of both formulas, but anyway, we canoohsider it as a
non/linear model. The studies dealing with the pFobof consistency are
based on the relatively great pool of data comimmgnf many national as
well as international competitions.

For our purpose - practical implementation of theded which avoids the
disadvantage of the linear model will be used faliviidual calculating of
consistency — we need more developed model basetherempirical
experience. In real competition we get 6 variables:
e Total no of RC sent by individual judge
 No of RC sent by individual judge on DQ walkers ensistency
with at least 2 and more other RC , we will caldQ consistency
* No of RC sent by individual judge together withatlone - 2 RC
consistency, we will call ilouble consistency
* No of RC sent by individual judge with no coneisty - we
will call it single RC
* Total no of DQ walkers

We tested DQ consistency formuIaR—qu* EE 100with extreme
DQ +RG

values. This formula seems to be the good backgrofor the
implementation of program into the Judging Summnfanget. The formula
can be modified according to the number of parditim athletes and level
of competitions. In fact, this is the advanced JoglgSummary Sheet,
including the friendly used program, which can beedi in every
international and national competition (Miloslawdadan Lapka copyright).
This Judging Summary Sheet with the calculatingai-linear consistency
is available for the right use in race walking ceations under the
permission of the authors.

However, the best program cannot replace good madtiand international
judges as well as good coaches and athletes invalgeng competitions all
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over the world. On the other hand, the problemmfsistency is the real
problem of race walking from the early history dfist sport. Every

evaluation of qualitative as well as quantitativensistency should be
provided correctly with the aim to help race watkito increase the number
of experienced judges. The old tradition combineth\a modern method

how to conceptualize the problem of consistencynse® be the best way
for the future of our sport.
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