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Abstract
Aim. The paper aims to compare the measurements of perceived exertion with those of objective physiological
norms of load intensity by using the lactate (La) data obtained in the ski ergometer test and the treadmill test
with respect to the five-zone aerobic intensity scale (Table 1). Materials and methods. The athletes were asked
to participate in a psychophysiological assessment based on the Borg scale. The assessment included five stages,
three minutes each. Each stage also assumed an increase in load intensity in accordance with the five-zone
aerobic intensity scale. The Concept2 SkiErg (USA) training tool with the system of continuous motion and the
Assault Runner (USA) treadmill with the Stryd power meter synchronized with the PerfPRO (USA) training
software (ANT + system) were used for the purpose of the study. The exercise test was performed with
simultaneous lactate (La) measurement. The study sample consisted of 20 skilled cross-country skiers (n = 20;
age (M ± δ) - 19.65 ± 0.80 years; body weight - 69.78 (M ± δ) ± 6.14 kg; body length (M ± δ) - 176.14 ± 6.09
cm; fat mass (M ± δ) - 10.41 ± 4.23%; BMI (M ± δ) - 22.51 ± 1.99). Statistical analysis of the study results was
carried out using the IBM SPSS Statistics v. 23. The study took place at the Institute of Sport, Tourism and
Service of the South Ural State University (Russia, Chelyabinsk) at the beginning of the preparatory period
(May). Results: statistical assessment of the results obtained with the Shapiro-Wilk test allowed to identify that
the lowest values of the SkiErg exercise test were found at the anaerobic threshold (AnT, intensity zone 4) (W, p
= 0.054) and within the aerobic intensity zone 1 (W, p = 0.008). Conclusion: a 10-point scale with evenly
distributed lactate values can be used for subjective assessment of aerobic physical activity. The inability of
athletes to assess themselves in terms of functional fitness allowed to identify their tactical level and expected
physical performance. From a physiological point of view, further improvement of aerobic performance can be
achieved through the increase of aerobic power of arm, trunk and leg muscles.
Keywords: Borg scale, exercise test, cross-country skiers, load intensity, lactate, perceived exertion.
Introduction
Physical activity of different intensity results in physiological and psychological changes (Cherepov, E.
A et al, 2019), which cause the so-called subjectively perceived exertion (SPE). The ability of an athlete to
evaluate load intensity with respect to his/her abilities reflects his/her adequate self-assessment in terms of
physical fitness, self-regulation and stress coping skills, which contributes to the correct assessment of the
psychophysiological status and accurate prediction of competitive performance (Kilpatrick, M.W. et. al, 2009;
Scherr, J. et. al, 2013; Stolyarova, N.V. et. al, 2021).
There are various scales and methods for the assessment of perceived exertion (Daniel A. Hackett et. al,
2012; Buckley, John P. et. al, 2022; Fontes, E.B., et. al, 2010; Goosey-Tolfrey, V. et. al, 2010; Zamunér, A. R.
et. al, 2011), which allow to quantify the sensory and subjective responses of an athlete during muscular activity.
Heart rate monitors (an external physiological parameter) and portable hematology analyzers (an internal
physiological parameter) are the most common ways to control the intensity of physical activity.
The ski ergometer exercise test allows to measure functional performance, excluding the psychological
component. Therefore, psychophysiological tests based on the Borg scale are becoming more and more popular
(Borg, G.A., 1982; Williams, N., 2017).
The 20-point Borg scale makes it possible to match perceived exertion data with heart rate
measurements (PE x 10 = HR) only in people with a heart rate of approximately 200 bpm. The relationship
between objective and subjective assessments is described by the linear regression equation (%HRmax = 1.01 PE
- 0.77), which theoretically ensures the correspondence between the numerical values of these indicators.
Previously, it was found that the subjective assessment of load intensity during exercise test was directly
dependent on power. The correlation coefficient between perceived exertion and power was 0.96. There was also
a close correlation between perceived exertion and absolute heart rate with a correlation coefficient of 0.93
(Akimov, Е.B., et. al, 2008).
----------------------------------------------------------------------------------------------------------------------------------1799
Corresponding Author: ANASTASIA S. BAKHAREVA, E-mail: bakharevaas@susu.ru

ANASTASIA S. BAKHAREVA, ALBERT S. AMINOV, VADIM S. CHEREPANOV, ELVIRA F.
LATYPOVA, DMITRIY S. STEPANOV
--------------------------------------------------------------------------------------------------------------------------------------In skilled athletes, HRmax is an individual parameter, which depends on the functional state of the
autonomic nervous system (Sylta, Ø. et. al, 2014). At the same time, lactate concentration is the most reliable in
exercise tests (Beneke R., et. al, 2011; Schmidt, F., et. al, 2018). Lactate concentration can be easily correlated
using the 10-point Borg scale and the five-zone aerobic intensity scale (Dias, M.R. et. al, 2014; Morishita, S. et.
al, 2018).
Thus, the ability to compare objective external and internal physiological parameters with subjectively
perceived exertion is an important criterion for the effectiveness of training and competitive activities (Cherepov,
E. et. al, 2016). Therefore, higher psychophysiological growth is believed to underlie better athletic performance
(Herzog, T. et. al, 2018, Dopsaj, M. et. al, 2020).
Materials and methods.
The athletes were asked to participate in a psychophysiological assessment based on the Borg scale. The
assessment included five stages, three minutes each. Each stage also assumed an increase in load intensity in
accordance with the five-zone aerobic intensity scale. Perceived exertion and the objective level of load intensity
was matched by the data of lactate concentration. Therefore, the athletes had to fall within the lactate limits of
the five-zone aerobic intensity scale (Table 1) in terms of perceived exertion or the 10-point Borg scale. The
Concept2 SkiErg (USA) training tool with the system of continuous motion and the Assault Runner (USA)
treadmill with the Stryd power meter synchronized with the PerfPRO (USA) training software (ANT + system)
were used for the purpose of the study. The exercise test was performed with simultaneous lactate (La)
measurement. La concentration (mmol/l) was measured by using the Lactate Plus (USA) portable lactate test
analyzer in the first minute after each stage of the test.
The study sample consisted of 20 skilled cross-country skiers (n = 20; age (M ± δ) - 19.65 ± 0.80 years;
body weight - 69.78 (M ± δ) ± 6.14 kg; body length (M ± δ) - 176.14 ± 6.09 cm; fat mass (M ± δ) - 10.41 ±
4.23%; BMI (M ± δ) - 22.51 ± 1.99). Statistical analysis of the study results was carried out using the IBM SPSS
Statistics v. 23. Since the size of the survey sample is considered small (n<30) (Ivanovsky, R.I., 2010), the
relevance of parametric methods (Student’s t-test) data normality was checked with the Shapiro-Wilk test, W
(Shapiro, S. S. et. al, 1965). To check sample homogeneity, the coefficient of variation (CV, %) was calculated.
The study took place at the Institute of Sport, Tourism and Service of the South Ural State University (Russia,
Chelyabinsk) at the beginning of the preparatory period (May).
Table 1 – A multistage test combined with the five-zone aerobic intensity scale and the Borg scale
(Morishita, S. et. al, 2018)
1 stage

2 stage

3 stage

4 stage

5 stage

I zone

II zone

III zone

IV zone

V zone

% of HRmax

% of HRmax

% of HRmax

% of HRmax

% of HRmax

60 – 72 %

73 – 82 %

83 – 87 %

88 – 93 %

94 – 100 %

La, mmol/l

La, mmol/l

La, mmol/l

La, mmol/l

La, mmol/l

1.6 – 2.5

2.6 – 4.0

4.1– 6.0

RPE 1–10

RPE 1–10

RPE 1–10

RPE 1–10

RPE 1–10

1– 2 points

3 – 4 points

5 – 6 points

7 – 8 points

9 – 10 points

Very low

Low

Moderate

High

Very high

0.8 –1.5

6.1 <

Results
The results of the normality test and the calculation of the coefficient of variation are presented in Table 2.
Table 2 - The results of the normality test (Shapiro-Wilk test) for the data obtained in the exercise test
for cross-country skiers based on the Borg scale
Ski-Erg (n = 20)
La, mmol/l
1 stage
2 stage
3 stage
4 stage
5 stage

Afr (n = 20)

M±δ

W, р*

Cv, %

M±δ

W, р*

Cv, %

2.14 ± 0.71
2.61 ± 0.67
3.91 ± 0.91
6.36 ± 1.51
10.68 ± 2.71

0.522
0.746
0.788
0.054
0.665

33.44
25.73
23.22
23.73
25.03

1.43 ± 0.69
1.48 ± 0.74
2.48 ± 1.29
4.90 ± 1.40
10.68 ± 2.80

0.008
0.124
0.401
0.731
0.727

47.98
49.81
52.14
34.66
26.17

*Note. Low p values presume the erroneous assumption of normality.
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both the ski ergometer and treadmill) can be considered normal. The coefficient of variation showed a large
scatter in lactate values at stage 1 in the SkiErg test (Cv > 20%) and from stages 1 to 4 in the Afr test (Cv >
20%), which indicated a strong variability in La values at these stages.
Comparative analysis of the La data obtained in the Ski-Erg and Afr tests is presented in Table 3.
Table 3 - The results of a comparative analysis of the La data obtained at the stages of the Ski-Erg and
Afr tests (T-test)
La
at different stages, mmol/l
La 1
La 2
La 3
La 4
La 5

Ski-Erg / Afr
Ski-Erg / Afr
Ski-Erg / Afr
Ski-Erg / Afr
Ski-Erg / Afr

Pair differences
95% confidence interval for the difference
Lower
Higher
0.35888
1.20362
0.42510
1.57490
0.52046
2.06704
-0.00999
2.07249
-1.26165
1.74915

t-test

р*

3.942
3.708
3.566
2.111
0.345

0.001
0.002
0.003
0.052
0.735

*Note: р< 0.05 – significant differences; р< 0.01 and < 0.001 – highly significant differences.
Table 3 shows significant differences in La levels during the first three stages of Ski-Erg and Afr tests.
Thus, at stage 1, the difference in La concentration between Ski-Erg and Afr tests was 0.71 mmol/l (p<0.01), at
stage 2 – 1.13 mmol/l (p<0, 01), at stage 3 – 1.43 mmol/l (p <0.01), at stage 4 – 1.46 mmol/l (p > 0.05), at stage
5 peak average La values were equal between two tests.

Figure 1 – The dynamics of La concentration (mmol/l) among cross-country (Ski-Erg and Afr tests)
Figure 1 shows that during the SkiErg test La concentration increased faster than during the Afr test. It
was found that, in the SkiErg test, averaged subjective perceived exertion values were increased at the first stage,
and La concentration turned out to be 30% higher (p <0.01) compared with an objective indicator of zone I.
When it comes to the second stage, perceived exertion values did not correspond to those of zone II, since La
concentration exceeded reference values by 1.20% (p> 0.05), at the third stage, perceived exertion data perfectly
matched that of zone III. When it comes to the treadmill test, averaged perceived exertion values during the first
three stages of the test were increased, since La concentration was lower than reference values by 3.33% (p >
0.05), 48% (p < 0.01) and 45 % (p<0.01), respectively.
Discussion
A 10-point scale with evenly distributed lactate values can be used for subjective assessment of aerobic
physical activity. Large production of La by the arm muscles can also be associated with a greater involvement
of high-threshold muscle fibers with low oxidative capacity (Bakhareva, A.S. et al, 2018; Popov, D. V. et al,
2014). The lowest values of the Shapiro-Wilk test were found at the level of anaerobic threshold (W, p = 0.054,
SkiErg test) and at the level of zone I (W, p = 0.008, Afr test). Anaerobic threshold plays an important role in the
performance of cross-country skiers, it reflects the aerobic reserves of muscle cells, the effectiveness of adaptive
changes, the buffer capacity of blood (Bakhareva, A.S. et al, 2020; Bennett, H. et al, 2019; Ghosh, A. K., 2004;
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--------------------------------------------------------------------------------------------------------------------------------------Gusakov, I.V. et al, 2020). Performance in zone I does not produce any effect on the body, however, it creates
prerequisites for the further development of physical fitness, namely, the network of blood vessels in the skeletal
and cardiac muscles expands, and the performance of other functional systems is activated (Isaev, A.P. et al,
2018; Nogaev, B.T. et al, 2018).
Conclusion.
Thus, from a psychological point of view, incorrect assessment of perceived exertion indicates a
misunderstanding and ignorance of the real level of physical fitness, as well as irrational use of one's efforts.
From a physiological point of view, further improvement of aerobic performance can be achieved through the
increase of aerobic power of arm, trunk and leg muscles.
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