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Introduction
This paper deals with the issue of stress load during 
the climbing performance in case of climbers-begi-
nners and advanced climbers. This stress load re-
flects the current heart rate of an individual climber. 
The value of the heart rate is influenced by many 
factors that affect various stages of performance. The 
starting point for this investigation is the assump-
tion that personal, tactical, fitness and technical 
factors don´t affect the performance of climbers-be-
ginners and advanced climbers equally or similar-
ly. Our goal is, based on the heart rate results and a 
questionnaire, to carry out a probe within the group 
of climbers-beginners and advanced climbers and to 
compare the load curve and factors that influence 
the current load.
Theoretical outcomes
Glowacz and Pohl (1999) divide factors affecting 
performance climbing into 4 categories:

1. Personal factors - temperament, fear, emotion 
and motivation.

2. Tactical factors - ideological analysis, situational 
use of practical skills, theoretical knowledge and 
experience, reading the route and climbing inte-
lligence.

3. Conditioning factors - muscle strength, mobility, 
endurance, speed and readiness of the circulatory 
system.

4. Technical factors - coordination skills and clim-
bing technique.

Vomáčko a Boštíková (2008) however, draw attention 
to several important facts: Physical fitness is the most 
important for climbers beginners, while advanced 
climbers have to increase the performance of special 
physical condition. At the same time both the begi-
nners and the advanced climbers need to work on 
mental preparation, which, according to Glowacz and 
Pohl (1999) are among the factors of personality and 
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which has a specific influence on climbing performan-
ce at all levels and categories. Dovalil (2008, 169) cha-
racterizes the mind as „the psyche, the brain activity 
subjectively reflecting the surrounding reality. The re-
flection of surrounding facts is of the active nature and 
it manifests itself in perception, behavior and percepti-
on of objective reality.“
Fitness, technique and tactics are the main perfor-
mance factors for a climber, but a mentally weak 
climber may not be able to take full advantage of 
his fitness, technical and tactical qualities, if fear or 
stress prevail over these qualities. Fear is, not only 
in climbing on an artificial wall, one of the most 
powerful braking factors. It comes mainly from the 
risk of falling when the climber leads the route. Fear 
has a very strong influence primarily on beginners 
who have not yet grown to trust the climbing equip-
ment , or to the climbing partner and fear of falling 
is stronger and more continual. This fear can be eli-
minated only by gradually gaining experience. This 
means that even a beginner should systematically 
rehearse falls , both to gain confidence in climbing 
equipment and also to experience and test the fee-
lings associated just with the fall . This way you can 
eliminate the „first climb „ fear and ease the transi-
tion from the climbing using a top reversal point to 
lead the route.
Fear, which causes the stress load, as well as the 
physical load affecs the heart rate (HR) of a clim-
ber. This is a value indicative of the organism load 

not only during sports activities. „HR is a highly in-
fluenced indicator which reacts through stress hor-
mones (epinephrine) on the agitation and increases 
consequently before the start (before the climb).“ 
(Dovalil, 2002, 49). At the same time it is the most 
affordable, non-invasive and easily measurable pa-
rameter. Thanks to the HR the training process can 
be managed in order to increase physiologically op-
timal fitness. Dynamics can be observed before and 
after the exercise. Therefore Havlíčková (2004) dis-
tinguishes between three stages of performance:
Resting phase - a slight increase in HR is caused by 
conditioned reflexes and emotions. Emotions pre-
dominate for untrained people, while for the trained 
people these are rather conditioned reflexes associa-
ted with muscle activity representing previous expe-
rience which prevail.
Loading phase – the subsequent intense increase is 
attributable to the performance itself. The HR initia-
lly rises rapidly, then slows down until it stabilizes 
the load values. It is also called a steady-state.
Calming phase - the HR returns back to their de-
fault values. The curve should first be steep, then 
gradual. It depends on the rate of return predomi-
nance of one or the other part of the vegetative sys-
tem. The steeper the return is, the more experienced 
climber he is.
Figure 1 shows the changes in heart rate before, du-
ring and after loading.
*************************************

Fig. 1 Changes in heart rate before, during and after loading (Coote, 2009)

Vomáčko and Boštíková (2008) point out that the 
main problem while climbing on an artificial wall is 
fear. Some climbers do not have a problem with it, 
others do. Fear may be incerased also after an injury 
or a long or a dangerous fall. Fear can be divided 
into several categories: fear of the unknown, fear of 
change, fear of falling, fear of pain, fear of injury, 

fear of discomfort or exertion, fear of failure, fear of 
success and fear of embarrassment and ridicule. Ac-
cording to Vomáčka (2003), the fear and stress are 
closely related to other psychological processes that 
affect climbing. For climbing it is the most impor-
tant that our mind is ahead of the body. If we climb 
when negative thoughts arise, probably it would be 
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better not to try a new path at all. Only positive thin-
king and the maximum concentration on the per-
formed activity can help us to overcome the barriers 
associated with climbing difficulty.

Objective
The aim of the study is to compare the stress load 
during climbing performance for beginners and 
advanced climbers by measuring the heart rate. The 
partial objective is to analyze the differences, in ter-
ms of personal, technical, tactical and fitness factors 
affecting performance of a climber.

Methodology
To obtain the data needed to perform this quanti-
tative descriptive study the method of direct obser-
vation and measurement of the response to stress 
was applied (Komeštík & Fejtková, 1997). The heart 
rate monitor record and a questionnaire on physical 
activity were the techniques used for examining the 
data.
Within the direct observation of each subject fo-
llowing items were measured: the time of climbing 
itself and the heart rate during relaxation between 
outputs and re-load when climbing twice two paths 
of difficulty 3 and 3 + UIAA. The heart rate monitor 
Polar was used to measure the heart rate. The upper 
value was set on fH 230 and the lower limit on the 
value fH50 in order to record the extreme fluctuati-
ons. Due to the fact that this was a record within a 

thirty minute timespan, we chose a one-second in-
terval recording.
Beore the actual measurement probands arrived to 
the climbing wall, changed themselves into sport-
swear and warmed up before the exercise. Further-
more, they put on a climbing harness, climbing 
shoes and after that a heart rate monitor and a pulse 
watch were installed. Attaching to the rope was done 
while the monitor was already set on. The probands 
climbed in style "top rope“ (belaying with the top an-
chor) and were belayed by an experienced climber. 
The climbers themselves did not belay anyone du-
ring the measurement. After climbing the first route 
(UIAA 3) the respondent had time to relax and when 
felt rested, he began climbing the same route again. 
After completing two outputs on the same route we 
moved to another route (3 + UIAA) which was half 
a degree more difficult. The respondent again clim-
bed the route twice with a break to calm down. After 
climbing all the routes the climbers relaxed and we 
quit the measuring program. The climbers then put 
aside climbing equipment and filled out a question-
naire on physical activity and climbing experience. 
Subsequent processing of the results was carried out 
by evaluating and comparing the measured and de-
rived values.

Results
Table 1 and Table 2 show the probands and their ba-
sic characteristics related to the monitored factors.

Table 1 General characteristics of subjects

Subject Sex Age Height (m) Weight (kg) BMI Climbing course
MB M 19 1,85 82 23,96 yes
JZ F 22 1,75 65 21,22 no
MK F 28 1,8 60 18,52 yes
BL F 23 1,64 59 21,94 In progress
ZD F 24 1,78 63 19,88 In progress
LS F 21 1,75 72 23,51 In progress
TR M 18 1,84 78 23,04 yes
VO F 32 1,72 62 20,96 yes
HO M 28 1,78 75 23,67 yes
DD M 22 1,72 80 27,04 no
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Table 2 The most difficult routes and time of climbing

Subject Climbing 
experience 

(years)

Monthly 
climbing 

(hours)

Rock
OS

(UIAA)

Rock
TR

(UIAA)

Wall
OS

(UIAA)

Wall
TR

(UIAA)

Level

MB 3,5 30 6 7+ 7- 7+ Advanced
JZ 1,5 15 - 6 5+ 6- Advanced
MK 3 16 6+ 7+ 6+ 7+ Advanced
BL 0,25 8 - - 4 4+ Beginner
ZD 0,25 11 - - 3+ 4+ Beginner
LS 0,25 5 - - 4 5 Beginner
TR 1 23 - 6 5+ 6+ Beginner
VO 11 20 6 7- 6- 6+ Advanced
HO 4 25 6+ 7 7- 7 Advanced
DD 1 6 5+ 6 5+ 6 Beginner

Legend: OS (On Sight) – climbing a route on the first attempt, without falling and resting in the anchoring point. No information before 
the climb must be available. TR (Top Rope) – belaying with the top anchor. UIAA (Union Internationale des Associations d‘Alpinisme) – 
International climbing association monitoring the safety norms and difficulty levels.

The age of tested persons ranged from 18 to 32. 
These were both beginners and advanced climbers 
who regularly attend a climbing wall. In addition to 
climbing they all are engaged in several physical ac-
tivities and outdoor activities - mainly cycling and 
running.
On the basis of the completed questionnaires tested 
people were assigned to two groups according to 
their performance (see Table 2).
Given the fact that the probands were selected to 
the fact that everyone in their free time was engaged 
in physical activity even besides the climbing, their 

general physical condition was not considered dif-
ferent. The climbers beginners were not of a lower 
fitness level than advanced climbers, yet most novi-
ce climbers reached the maximum heart rate higher 
than most advanced climbers (Table 3). From this 
we can deduce that for beginner climbers personal, 
tactical and technical factors are far more important 
factors than fitness factors. There is a strong effect 
of current physical and mental stress, which is in-
fluenced among others by following elements: - fear, 
ability of tactical analysis, ability of tactical climbing 
thinking and a level of climbing techniques.

Table 3 Results of measurements on an artificial wall – comparison based on HRmax

Subject HR max HR min average HR Time 
HO – advanced 121 68 87 18:15:00 
BL – beginner 130 64 85 31:17:00 
MB – advanced 136 70 93 30:55:00 
VO - advanced 141 58 90 24:45:00 
MK – advanced 144 100 114 30:55:00 
ZD – beginner 147 68 98 27:20:00 
DD – beginner 150 72 110 24:15:00 
LS – beginner 160 63 99 34:30:00 
TR – beginner 166 100 124 31:00:00 
JZ - advanced 167 98 124 21:33:00 
All probands - average 146,2 76,1 102,4 27:28:30

Legend: Bold depicted advanced climbers.
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1. Typical examples of a climber-beginner and an 
advanced climber are probands HO and LS. HO 
is an advanced climber who has been climbing 
for four years and who climbs an average of 25 
hours per month. During the measurement of 
his climbing performance he reached the ma-
ximum heart rate of 121 beats/min. During the 

resting phase his heart rate dropped to 68 beats/
min. The average heart rate measured was 87 
beats /min, i.e. 71.90% HRmax. The level of loa-
ding oscillates in his case between the very low 
and low intensity, although the total climbing 
time spent was very short. The measured value 
are presented in the graph below (Fig. 2).

Fig. 2 Climber HO (Source – author)

A typical example of a climber-beginner is a woman 
under the abbreviation LS. She has been actively en-
gaged in climbing for four months and at the time 
of measurement she spent an average of five hours 
per month with climbing. When measured perfor-
mance this climber reached the maximum heart rate 
of 160 beats/min. When resting between climbing of 
the routes her heart rate dropped to 63 beats / min 

and the average rate was 99 beats/min, i.e. 61.88% 
HRmax. The relatively low average value may be also 
explain by very long climbing time, including longer 
intervals between individual performances. Overall, 
this climber shows significant differences in heart 
rate – she is moving at both very low and high in-
tensities and her relatively high HR before the start 
is evident (Fig. 3).

Fig. 3 Climber LS (Source –author)
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Conclusion
The aim of this research was to compare stress load 
levels during the climbing performance among 
climbers-beginners and advanced climbers by mea-
suring their heart rate and to analyze the differences 
in terms of personal, technical, tactical and fitness 
factors affecting their performance.
For the purposes of the reserach ten climbers were 
interviewed (five beginners and five advanced), who 
agreed with the measurement procedures and filled 
out of the questionnaires. Observed climbers were 
subjected to the measurement of their sport per-
formance on two climbing routes that they always 
climbed twice.
The given objective was reached and the main fin-
ding out was that in the case of the observed group 
the stress load before and during the actual climbing 

performance influences the HR mainly in the begi-
nners group.
From the perspective of the four studied groups it was 
found out that factors that the effect of the overall fit-
ness condition on the heart rate isn´t as relevant as 
personal, tactical and technical factors. Overall, the 
load in case of the climbers-beginners is higher than 
by the advanced climbers, although their physical 
condition is at a similar level. When comparing the 
maximum pulse rate the 80% of advanced climbers 
reached the below-average value of the overall mea-
surement. In contrast, 80% of the meassured climber-
s-beginners reached their above-average heart rate.
As the popularity of climbing on an artificial wall 
grows and this sport is becoming more popular with 
the general public, this reaserach may be made a 
useful probe for the beginning climbers.
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