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MODELING THE COMPETITIVE PROCESS IN ROCK CLIMBING
Yu.V. Kotchenko

Sevastopol State University, Sevastopol, Russia

The working hypothesis of research was that the effectiveness of the performance of a climber on a route is
determined by the indicators of the most important climbing characteristics and is subject to the inner structural
laws of the competitive process (CP). In accordance with the hypothesis, researches dedicated to the studies of the
system of the CP in the discipline of lead climbing among women have been conducted. For seven years, the starts
of highly qualified female athletes on the semi-final and final routes of the World Cup and the World Champion-
ships have been studied. The collected indicators made it possible to form the structure of the CP system, which
includes 12 components that determine the performance result. Five of them, in accordance with the selection
criteria became the core of the system. A neural network was constructed that allows to obtain the correct results
using only 3 input variables. Using the variables included in the core of the system, two regression models were
constructed for short and long competitive routes 8a+/8b+ categories of difficulty.

Keywords: rock climbing, competition, efficiency, potential, modeling.

Introduction

An analysis of the competitive practice of highly
qualified climbers allows to state that the perfor-
mance is determined not only by pre-competition
preparation and a number of other factors of com-
petitive activity, but also by understanding the pat-
terns of lead climbing and the ability to use them to
demonstrate the highest indicators. For these reasons,
the studies of biomechanical and specialized charac-
teristics of climbing that have not been considered
before can be a prospective area of research.

Currently, experts in their scientific works more
often consider the impact on climbing performance
for physiological, anthropometric, somatic and mo-
tor characteristics [8]. Research in the field of an-
thropometry is quite common and very controversial.
Thus, the results of the work of Mermier and his
colleagues did not confirm the opinion that a climber
must necessarily have certain anthropometric char-
acteristics in order to achieve high results [6]. It was
also suggested that the determinants of climbing
characteristics may be attirbuted more to trainable
variables, rather than specific anthropometric char-
acteristics [11].

The results of the search for factors contributing to
successful or unsuccessful climbing were published
by Draper and his colleagues. One of these factors,
according to the authors, is the aspect of reducing the
time of active operations at key points of the route
[2]. Predicting the effectiveness of climbing through
training characteristics: indicators of body composi-
tion, muscle strength and endurance, was considered
in the work [1]. Researchers modeled the process
using structural equations.

An extensive study on the structure of the motor
actions of a rock climber was conducted in 2013 [5].
Forty three components were analyzed, of which the
seven most important were identified. In other works,
specialists have shown that for the perceptual and
motor adaptations improving the co-ordination of a
climber [7], as well as the climbing indicators that
take into account the trajectory of the ascent and the
time of the trajectory [10] are very important for im-
proving the effectiveness of climbing.

There are fewer works describing the mechanical
parameters of climbing, that, according to authors,
are a useful tool for a quantitative assessment of the
characteristics of a climber at a particular section of
a route [3]. In this area, the kinematics and kinet-
ics of motor actions are studied, taking into account
the energy of the movements [9]. The authors have
developed a dynamic model for predicting the meta-
bolic aspects of climbing, minimizing muscle fatigue.

This whole range of numerous characteristics, as
well as minor (specific) climbing components, de-
termines the success of a performance and has a de-
cisive influence on the result. The structure of this
influence is subject to certain rules; if these are not
complied with it will negatively impact the effective-
ness of climbing and does not contribute to solving
the main task of an athlete: maximum realization of
competitive potential. However, at present there is no
single metric system of physical potential indicators
in general and in climbing in particular. Therefore,
the question of qualimetry of the climber's potential
is one of the important issues to be addressed.

Effective realization of potential is a difficult task
and very often neither an athlete nor a coach can
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solve it. Why does this happen? And what actions
by an athlete on a competitive route may contribute
to a more successful performance?

In order to find answers to the questions posed,
research devoted to the study of the competitive pro-
cess system (SCP) in the discipline of lead climbing
was conducted. Under the competitive process (CP)
is considered to be a process of going on the route:
from the moment of start to either fall or finish.

The concept of the research included the search for
and analysis of biomechanical and specific climbing
characteristics of climbing (components of the SCP),
interpreting the state of activity of a climber on the
route, containing information about their potential
and having a direct impact on the final performance
result (Y). It was meant to simulate the SCP with a
minimum number of characteristics that will to ob-
tain a quantitative assessment of the complex actions
of the climber at the time of completing the route.

The purpose of the research: the search for the
leading components of climbing, the study of the
laws of the competitive process that contribute to
maximizing the realization of potential and building
a model of the SCP in the discipline of lead climbing
among women.

Material and methods

All the data presented in the article are based on
the analysis of the performances of athletes at major
international competitions.

The studies included 3 stages and were conducted
over 8 years. At the first stage (2011 — 2012), the
concept of research was formulated and the influenc-
ing components of the SCP were defined. At the sec-
ond stage (2012 — 2017), the performances of highly
qualified female athletes at the World Cup and World
Championships were studied. Video files of the starts
were processed in VLC 3.0.4 and Kinovea 0.8.24 and
analyzed in the mathematical software Statistika 10.
At the third stage (2018), the models built as a result
of research were tested at World Cup stages (n = 7)
and the World Championships in Innsbruck .

A total of 1670 starts at 114 semi-final and final
routes of the World Cup competitions (n = 54) and
World Championships (n = 4) were collected and
processed. During the processing of each start, the in-
dividual indicators of the athlete were simultaneously
taken from 8 biometric characteristics, 7 specific
climbing components and 2 route parameters. More
than 21,200 indicators are included in the generated
database, which made it possible to obtain reliable
research results.

Results

In contrast to most of the scientific works in sports
climbing, the basis of this research were not the is-
sues of pre-start preparation and the training process,
but the actions of a female athlete at the time of fin-
ishing a competitive route.

The working research hypothesis was that the ef-
fectiveness of a climber on a route is determined by
the closeness of their indicators to the optimal values
for the most important components of the SCP: the
closer the indicator, the higher the degree of potential
realization.

The analysis of the starts showed that in a situation
where the level of readiness of the strongest climbers
considering the key positions is virtually equal, and
maximum performance is achieved with maximum
effort, the degree of influence on the result of less
significant, secondary factors is often decisive. And
this fact must also be taken into consideration. Tak-
ing into account the data of the preliminary analysis,
at the first stage of research the determining charac-
teristics of the CP were established:

1. Effective movement (d) — one movement of a

climber with fixation of a subsequent hold on
a route having a point grade. This component
includes all the parts of the pre-start prepara-
tion and largely determines the potential of an
athlete.

2. Skipped movement (z) — a movement without
which the athlete was able to pass the stretch
of the route and skip the working hold, while
other athletes used this hold. This parameter is
a significant indicator of mastery, and is par-
ticularly pronounced at the stage of qualifying
starts.

3. Recovery time (#,) — rest pauses used by an
athlete during climbing on a competitive route.

4. Pure climbing time (z,) — the time of active
movements.

5. The pace of movement (w). Shows the average
time spent by an athlete to perform one effec-
tive movement.

6. Density of climbing (p). It characterizes the de-
gree of continuity and intensity of the climbing
process.

In the course of the research, other variable char-
acteristics were also studied: completion time of a
starting segment (d,), climbing intensity (v), using
dynamic movements (g), total climbing time (¢), be-
lay factor (s) and incomplete movement (o). In total,
12 components of the SCP were analyzed [4].

One of the objectives of the research involved
the obtaining of a mathematical model to calculate
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the competitive potential of an athlete for a particular
route. It was assumed that such a model should be
limited to a small number of variables, allowing the
achieving of the required accuracy of the calculation.
In this regard, it became necessary to select compo-
nents that have the most significant impact on the
result and that are included in the core of the SCP
model.

The parameters of total and partial correlation (r >
0.20), the significance value of the relation, value of
the contribution to the result (§ > 0.03) were used for
selection criteria. Knowledge of the relation of each
component with the result, the type of dependence
and the magnitude of the selection criteria made it
possible to identify the most important components,
form the structure and build a general model of SCPs
in lead climbing, figure 1.

The core of the system includes the most important
components with a constant influence and possessing
the most stable relations with the result. Behind the
core are the components of the variable degree of
influence, that were put behind the core due to non-
compliance with one of the stated selection criteria.

Let us consider one of them: completion time of a
starting segment of a route (d,). The starting segment
includes the first eight effective movements. It was
necessary to understand how the speed of completing
the starting segment affects the final result.

The calculations performed showed (n = 338) that,
in general, the degree of paired correlation with the
result is in the moderate zone: » =—0.37 and is highly
significant, p = 2.2E — 11. At the same time, it should

Result

Core SCP

\

Lﬁ 9
External components
r<0,2; f<2

be noted that the correlation practically didn’t appear
on some routes, and on some it reached » = —-0.56 and
even r = —0.86 (Xiamen final, 2018). However, the
established contribution level is low (B = 0.006) and
for this reason the d8 component does not appear in
the core of the system. At the same time, it is a fully-
fledged element of the model, since under certain
conditions set by the algorithm for constructing the
starting segment, reducing the time spent on the first
8 movements has a significantly positive effect on the
result (p = 1.9E — 17). On such routes, the correlation
with the result is » = —0.53, and such values can no
longer be ignored.

By a similar principle, the location of each com-
ponent was determined during the formation of the
system structure. The core of the system, together
with the result, formed 5 characteristics, with a very
high coefficient of determination (R* > 0.98), with
the exception of the skipped movement component
(R? = 0.63). Another important characteristic, the re-
covery time, was derived beyond the boundaries of
the core in order to reduce the effect of multicollin-
earity in regression analysis. Linear graphs of paired
relationships are shown in figure 2.

Research was hampered by the need to study not
only directly paired relationships with the result,
but also internal and intercomponent correlations.
Analysis of the correlation matrix, that includes 66
component pairs, made it possible to correct the input
model data and revealed a number of implicit but
interesting dependencies. For example, in the pair
‘recovery time — the time of active movements’

Internal components
r>0,2;p<0,001;4>3

Intercomponent
relations

Fig. 1. The system of the competitive process in the discipline of lead climbing
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Fig. 2. Matrix diagram of a paired relationship of the components forming
the core of the system with the result of the performance

(¢, — t,). The obtained model of a paired correlation
showed that the use of rest pauses during climbing
the route contributes to the increase in the time of
active movements of a female athlete (n = 1201;
R =0.49; p << 0.001). The patterns of such a rela-
tion allow to partially predict the growth dynamics
of the ¢, component, depending on the duration of
recovery pauses. Since this component is the sec-
ond most important in the SCP and actively contrib-
utes to achieving high results (R = 0.85; p << 0.001;
B = 0.08), the method of managing them during a
performance can be very promising and in demand
in real competitive practice.

The complexity of the research was largely due
to the lack of standardization of routes in the lead
climbing discipline. Unlike the speed discipline,
where the parameters of the reference route are the
same at all competitions, in lead climbing, athletes
are offered new routes each time that are different
in both length (¥, Dp) and the category of difficulty
(K ). And these are the most important parameters of
the route that had to be the reference points. Studies
have shown that, depending on these parameters, the
values of the climbing characteristics can change,
reducing or increasing the degree of correlation with
the final result.

The category of difficulty is the main parameter
of a climbing route. At major international competi-
tions, the fluctuations of the difficulty category, with
rare exceptions, are in the range from 8a+ to 8b+ for
women's semi-final and final routes. For the 7 com-
petitive seasons of 2012—2018, out of 114 routes at

the World Cups and World Championships, only in
8 cases did the category not fall into the specified
interval. We have found that some components are
hypersensitive to such fluctuations, but in general,
in a given category interval, the considered relations
are fairly stable.

Compared to a relatively stable parameter — cat-
egory, another parameter of the route — its length,
turned out to be much more variable. This circum-
stance dictated the need to divide the competition
routes into two groups:

Group I — short (s-routes): ¥, < 42;
Group 2 — medium and long (ext-routes):
Y, > 42

Of all the routes analyzed, 31 are in the short
group. The minimum length is recorded in the semi-
finals of the 2012 World Cup stage, Xining (CHN):
Y, = 28. The maximum value is noted in the final of
the 2013 World Cup stage, Mokro (KOR): ¥, = 63.
Such a significant variation in the length of the routes
greatly limited the precision of unified model, since
the value of the error at the ends of the interval, with
Y, <32andY, > 55, approached the maximum per-
missible values. For this reason, two SCP regression
models were built, each for its own group of routes.

S-model of the first group.

The construction parameters: the ridge regression,
the coefficient of the bias of the estimate A = 0.00006;
input variables 5; the number of starts N = 413; the
number of observations n = 2065; working range of
the model 15 < Y < 42.
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z; d;
Y, =1,023>12+0,918) " d —0,208w +
z=1 d=1
(1)
+0,016p +0,012¢, + &,

Where Y is the theoretical result of performance
on a short route; z — the amount of skipped move-
ments; d — the sum of successful movements; w —
climbing rate; ¢, is the net climbing time on the route;
p is the climbing density; ¢, — the effect of unac-
counted factors.

Ext-model of the second group.

The construction parameters: the ridge regression,
the coefficient of the bias of the estimate A = 0.0006;
input variables 5; the number of starts N = 792; the
number of observations n = 3960; working range of
the model 15 < Y < 56.

z; d;
Y,, =1,008> 2+0,929> d —0,215w+

z=1 d=1 (2)
10,0150 + 0,017, + &,

Where Y is the theoretical result of a performance
on a long route.

Regression analysis showed that the value of the
input variable contribution partially changes depend-
ing on the length of the route. The most stable com-
ponent is the level of pre-competitive preparation,
determined by the number of effective movements.
Its value is virtually constant and makes a decisive
contribution to the result: for women, B, = 79% suc-
cess.

The remaining 21% are divided among the other
4 components in the following proportion (for the
ext-model): skipped movements _= 7.2%; net active
actions time B, = 6.4%; rate of movement is g =
3.9% climbing density is Bp = 3.4%. The variations in
the contribution of the components are insignificant
and do not exceed the value of AB ~ 0.016.

The main characteristics of the models fully
meet the requirements of the regression analysis:
R?*=0.9995; Fisher criterion F' = 162900 (p << 0.01);
significance of b-coefficients (p << 0.01); Durbin-
Watson criterion (DW_ = 1.73; DW, = 1.83); residual
autocorrelation » = 0.13; r, = 0.08.

The obtained characteristics provided good preci-
sion of the models: the value of the standard error
on the training set was m = 2.3%. In the verification
process of the control data, the error was even lower.

Discussion

Testing of the models was carried out at the stages
of the World Cup and World Championship in the
2018 season. On short routes (n = 70), the standard
error was m = 0.51%, the maximum error m = 1.4%.
On long routes (n = 150), the value of the standard
error did not change, and at maximum reached 1.6%.

The analysis of errors falling into the zone of kur-
tosis has shown that they are caused, as a rule, by a
sporadic combination of component values. For ex-
ample, in the case of the maximum error, the French
athlete H. Janicot at the semi-final route of the World
Championships in Innsbruck, achieved the result
Y = 42 with a low net time of z, = 186 seconds, a
high climbing rate w = 4.6 and a very short rest: 7,
= 12 seconds. This rare combination of indicators
contributed to the increase in error.

In general, testing on the control data showed
good results: in 220 starts on the semi-final and fi-
nal routes, the maximum error in absolute terms was
0.68 points. Only in 2 starts out of 220 did the theo-
retical result of the performance differ from the em-
pirical one by 1 point; in the other starts, the results
obtained completely coincided with the referee pro-
tocols.

Apart from the correlation and regression analy-
sis, the neural network analysis method (multilayer
perceptron MLP) was used to search for the most
significant components of the CP. Several neural
networks of various architectures were built and,
experimenting with the number of input variables,
we managed to create a network (MLP 3-9-1) that
allowed us to obtain the correct results using only
3 input variables, eliminating the variable of pre-
competition preparation and the density component
of climbing, figure 3.

The network performed on the training set without
error (m = 3.2E — 06), and showed a low error on the
control set. At the same time, the network perfor-
mance was 5 orders of magnitude higher compared
to the regression model. However, from a practical
point of view, the neural network turned out to be
less efficient, since it only allows the calculation of
the absolute potential of the athlete, while the regres-
sion model makes it possible to bind to the route of
a given length.

Developing mathematical models made it possible
to solve the main research tasks: to create a tool for
calculating the competitive potential for a specific
route and to obtain a quantitative assessment of the
effectiveness of the performance.
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Fig. 3. Neural network architecture

The method of calculating the potential using the
proposed model includes a database on the 6 most
important components of the SCP, obtained as a re-
sult of an analysis of at least 5 starts. These can be
official performances or a test on-sight climb on a
training route with a category 8a+/8b+. The basic
principle of the method is simple: you need to enter
the best parameters of a climber in 5 variables into
the appropriate model. However, in practice there
are serious limitations that do not allow the use of
maximum indicators without taking into account the
internal intercomponent correlations of the SCP. In
addition, it is desirable to know the exact value of
the category of the route where this indicator was
obtained. The category does not need to be taken into
account, but in this case, there is a tangible probabil-
ity of gross error (p = 0.07).

As an example, we will calculate the potential of
the Japanese climber Noguchi Akiyo for the final
route of the 2018 World Cup in Innsbruck (Y, o = 455
K, = 8b+). The calculations used data obtained during
10 performances in the 2018 season. Given the inter-
component constraints and the category of the route,
the best indicators of the athlete were selected for 5
variables: d =34;z=1.83; w=4.76; p =98, 1, = 167.

Entering these data into an ext-model makes it
possible to determine the potential of A. Noguchi for
the final championship route: ¥ = 35.7. That corre-
sponds to an assessment of 35+ in the final protocol.

During the performance, the athlete showed a score
of 31 points (Y), while her potential allowed her to
receive a score of 35 points (Y¢). She did not finish,

but 35 points gave her the chance to take 3rd place,
figure. 4. She remained in 6th place in the final and
came 8" in the final protocol of the championship.

The overall performance was 87%. This is a good
figure, but not the maximum one. If you conduct
a component-based analysis of the start using the
ext-model, you can evaluate the performance of the
athlete's actions for each component separately and
understand the reasons that did not allow her to reach
her full potential.

Fig. 4. Relation between the result
and potential using the example of the performance
of the Japanese athlete A. Noguchi in the finals
of the 2018 World Championship

Apart from the advantages indicated, the simula-
tion of the competitive process makes it possible to
carry out a multicomponent analysis of a sports per-
formance, determine lost points (cause and number)
and see ways to increase competitive efficiency. The
implementation of such an analysis is solved by dis-
cretization of the judging score using the SCP model.

The model constructed as a result of the research
performed is a first generation model and has certain
disadvantages. It allows you to accurately calculate
the potential and general effectiveness of the per-
formance, but while carrying out a multicomponent
analysis it does not take into account one aspect that
is essential for climbing. The problem is that in the
model under consideration there is no important vari-
able: a technical-tactical error. Athletes often make
mistakes, and one serious mistake (or several minor
ones) can nullify both a good level of pre-start prepa-
ration and the ability to work on the route
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in the optimal mode. Without taking this compo-
nent of the CP into account, it is impossible to say
which part of the result was lost due to incorrectly
chosen climbing modes, and which part was lost due
to the erroneous actions of the athlete.

An example is the performance of one of the world
leaders in climbing, the Belgian A. Verhoeven in the
semi-finals of the World Cup 2018, Villars (SUI).
The sportswoman's potential allowed her to fully pass
the semi-final route, but already during the twelfth
movement, due to the sliding of the leg, she fell. In
this case, the analysis of the actions of the athlete
using the model will be ineffective, since the over-
whelming part of the potential was lost as a result of
a gross error.

If the route is passed without errors or the error
value is minimal, but the desired result is still not
achieved, the simulation allows you to accurately
estimate the effectiveness of the climber.

Conclusion

Studying the CP system allows to obtain new
knowledge about the patterns of motor actions and
tactical and temporal characteristics of climbing
the competitive route. Such knowledge opens up
broad opportunities in the search for new ways to
increase the effectiveness of sports performance and
the development of fundamentally new methods for
assessing the climbing of the highest category at in-
ternational competitions. In addition, the simulation
allows to evaluate the effectiveness of actions for
each component of the CP separately, which makes
it possible to teach athletes to use rules of the CP in
order to maximize effective climbing. Methods of
such training are based on knowledge of the optimum
component zone, which can be calculated.

Perspectives

Currently, there are real grounds for improving the
system, due to the specification of additional external
components that affect the final result and the study
of their internal relations. Research in this direction
is continuing: an algorithm has been developed for
calculating a technical-tactical error and data is being
collected. Including this component in the structure
of the system will improve the model and find and
explore the reserves hidden in the SCP that contribute
to the maximum realization of potential.

Practical recommendations

Modeling is a very promising field, allowing the
use of theoretical laws in real sports practice. Such
knowledge contributes not only to the maximum re-

alization of the climber's abilities at competitions, but
also to more effective training in the pre-competition
period.

The models developed as a result of research al-
low:

1. Knowing the practical performance of an athlete
on competitive or training routes, you can enter data
into the equation, and you can accurately calculate
the competitive potential. In this case, the error value
will be not more than 2.3% (1 point for the route with
a length of Y, = 44).

The capacity indicator can be used to predict or
decide on the selection of the best trained athletes.

2. Conduct a multicomponent analysis of sports
performance, determine lost points (cause and num-
ber) and see ways to improve competitive perfor-
mance.

3. To split the result obtained at competitions into
component parts, evaluate the contribution of each
of them separately and obtain a general quantitative
estimate of the effectiveness of the start.

4. To achieve a higher degree of realization of the
potential due to the training of the ability to climb a
competitive route in the mode closest to optimal for
the most significant components of the CP.

The solution of these and some other problems
is possible using a modeling methodology. Such an
approach will contribute to the achievement of the
maximum result primarily due to the actions of the
athlete based on the understanding and optimal con-
trol of the laws of the competitive process in lead
climbing.
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MopgenupoBaHue copeBHOBaTE/IbHOrO NMpouecca B CKasiosla3aHUu1

10. B. KoTueHKo

CeBacTorno/IbCKU rocyaapcTBeHHbIN yHuBepcuTeT, CeBacTonosib, Poccus. skalazb@rambler.ru

Pabowas rumoTe3a mccaenoBaHUH MpeAronarana, 9To 3pQpeKTHBHOCTD NeHCTBUH CKajlojla3a Ha TPacce OMpeesIeTcs
MoKa3aTessiMUA HanboJiee BaKHBIX XapaKTEPUCTHK JIa3aHUs U MOJYMHSACTCS BHYTPHCTPYKTYPHBIM 3aKOHOMEPHOCTSIM
copeBHoBaTebHOTO TIpotiecca (CIT). B coOTBETCTBUYU C THUITOTE301 OBLITN MPOBEISHBI UCCIEAOBAHUS, TIOCBAIICHHBIC
m3ydenuto cucteMbl CII B AMCHMIUINHE JTa3aHUs HA TPYAHOCTh CPEIU JKEHIIWH. Ha MpOTSHIKEHUH CeMH JIET U3ydauch
CTapThl BEICOKOKBATU(DHUIIMPOBAHHBIX CIIOPTCMEHOK Ha MONy(QUHATBHBIX ¥ (UHATHHBIX Tpaccax dTaroB KyOka Mupa
n yemnuoHaTax mupa. CoOpaHHBIE MOKAa3aTeIN TO3BOIIIIH CPOPMUPOBATH CTPYKTYpy cuctembl CII, BKIIOUAIONTY IO
12 KOMITOHEHTOB OTIPECIIAIONINX PE3YIbTAT BEICTYIUICHHS. [14Th U3 HUX, B COOTBETCTBHH C KPUTEPHSIMH OTOOpPA BOIILITH
B s1Ipo cucTteMbl. [TocTpoeHa HEHPOHHAS CETh MMO3BOJISIONIAS TIOTYIUTh KOPPEKTHBIE PE3YIBTAThI C TIOMOIIBIO BCETO TPEX
BXOJHBIX TIepeMeHHbIX. C UCTIOIB30BAHUEM MIEPEMEHHBIX BXOISIINX B AAPO CUCTEMBI, IIOCTPOCHBI JBE PETPECCUOHHBIE
MOJICITH TSI KOPOTKUX U JUIMHHBIX COPEBHOBATENBHBIX Tpacc 8a+/8b+ kaTteropun TpymaHOCTH.

KuarwoueBble cioBa: ckanonasanue, COpeBsHOoBAHUAL, 3gb¢e1<muemocmb, nomeHyual, Modeﬂupoeayue.
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