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Abstract: The objective of the research centered on how the pulse oximeter 

was used to identify heart rate dynamics when performing free throws under 

standardised conditions in the male and female experimental groups (U14-

U18). The study was conducted in 2021, and the functional test consisted of 

monitoring the heart rate with the help of the pulse oximeter during the 

execution of the ‚’10 Experimental Throws Test’ used to identify how the 

heart rate varies during the execution of free throws. In the case of the 

functional test, heart rate differences monitored with the pulse oximeter, 

recorded between the initial and final testing of the study, were statistically 

significant for all female and male experimental groups, showcasing the 

ability of the subjects to adapt and recover from the effort, which can have 

positive effects on their ability to concentrate and enhance their accuracy 

when executing free throws in basketball. 
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1. Introduction 
 
Sport training can be analyzed from a 

multidimensional perspective as the 
specialized pedagogical, instructional, and 
educative processes, which involve a 
systematic longitudinal phasing of the 
contents that are meant to capitalize on 
identifying potential, specialized 

knowledge, technical skills, and abilities of 
athletes for the purpose of obtaining 
valuable results in sports competitions [7],  
[13]. The constitutive components of 
sports training are adapted to the 
particularities of the basketball game and 
refer to various aspects, spanning from 
specificity and personalised training, to 
aspects such as prevention and recovery 
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after effort, as well as to those regarding 
physical overload and overtraining [14], 
[17]. 

The performance level of players 
practicing team sports is influenced and 
determined by the weight and quality of 
technical and tactical training along with 
physical, psychological, and theoretical 
training for all categories of children and 
juniors. The technical training of juniors 
must focus on increasing the level of their 
technical skills and the efficiency of 
technical procedures in relation to 
multilateral sports training [2]. 
Information technologies using real-time 
filming and analysis of executions is an 
ongoing interest for specialists in the last 
decades.  Video recording the individual 
activity of a thrower is considered by 
many specialists [1], [10], [15] as having 
an important role in sports training with 
direct effects on performance during 
basketball games.  

Basketball specialists pay special 
attention to the effectiveness of free 
throws at the level of all types of sports 
and especially in large-scale sports 
confrontations. All studies show that the 
percentage of missed free throws, 
especially at the junior level, is high. A 
determining role in optimizing the motor 
potential of players that are practicing 
team sports games is the level of 
functional capacity as physiological 
support for improving the motor capacity 
[9], [16]. Changes in selected physiological 
parameters following training block of 
specific circuit training among national 
top-level basketball players [3].  

A good physical condition is determined 
by the body's ability to recover the major 
functions highlighted by the respiratory 
and cardiac rhythms. The studies that 
addressed the aspects of the correlation 

between the dynamics of functional 
capacity indicators and technical aspects 
in basketball are relatively few and did not 
focus on the investigation of changes in 
the heart rate during the execution of free 
throws [12]. Possible cause of performing 
the standard actions incorrectly in game 
sports and hypothesis of increasing 
performance [4], [5].  Experimental study 
on improving the quality of life through 
the standardization of an aerobics 
program and of effort parameters control 
using the pulse tester. 

Based on these arguments, we consider 
that approaching this topic will contribute 
to expanding the knowledge of how 
functional capacity influences the 
technical level of basketball players when 
executing free throws.  

• The hypothesis of the study - the 
dynamics of the heart rate evaluated by 
using the pulse oximeter will decrease 
during the performance of the motor 
tests conducted at the level of the 
experimental male and female 
basketball groups, which highlights a 
good physical condition; 

• The objective of the study was based on 
the implementation of a pulse oximeter 
in order to identify the dynamics of the 
heart rate during free throws in 
standardised conditions in the male and 
female experimental groups.  

 
2. Description of the equipment 
 

The pulse oximeter is used to monitor 
the health status of people with any type 
of condition that affects the level of 
oxygen in the blood, but also a person's 
ability to tolerate physical activity. With 
the help of a pulse oximeter, you can 
monitor the capacity for physical exertion, 
using the device during physical exercises. 



M.OLTEANU et al.: A Study on the Dynamic of Heart Rate when Executing Free Throws … 31 

The pulse oximeter will be able to show 
the level of oxygen saturation, but also the 
heart rate. Due to the small size of the 
pulse oximeter and the speed of 
measurement, it can be used anywhere. 

 
2.1. Methods and materials 

 
The experiment consisted in evaluating 

the heart rate at the beginning of the 
training period and at the end of it. The 
research took place at the gym of the 
Faculty of Physical Education and 
Mountain Sports in Brasov, within the 
Transilvania University in Brasov, in 2021. 

The Functional Test – heart rate 
monitoring with a pulse oximeter during 
the “10 Experimental Throws Test” 
identifies how the heart rate varies during 
free throws. 

The way to apply this test is to monitor 
the pulse before the start of the test and 
at the end of it. The number of beats per 
minute for each athlete is recorded. This 
functional test was applied in the final 

tests only to the experimental groups of 
the actual research. 
 
3. The subjects of the study 

 
It is important to mention that the 

athletes from the experimental and 
control groups have been practicing 
basketball for 3-5 years, being enrolled in 
the national junior competition system - 
the National Junior Championship, 
categories: U14, U16, U18. The samples of 
junior athletes involved in the actual 
research were structured as follows: 

• male experimental samples U14 (16 

subjects), U16 (16 subjects), and U18 

(14 subjects) registered active athletes 

aged between 12-18 years; 

• female experimental samples U14 (16 

subjects), U16 (16 subjects), and U18 

(14 subjects) active athletes aged 

between 12-18 years. 

 
3.1. Results  
 

 
 
 
 
 
 
 
 

Table 1 

Statistical analysis of heart rate  for male experimental groups  U14, U16, U18       

Group Testing Min Max Median Variation Skewness 

Initial testing 108,00 132,00 120 54,286 ,001 U18 
Final testing 102,00 121,00 11,5 36,615 -,046 

Initial testing 108,00 133,00 120,5 61,717 -,082 U16 
Final testing 102,00 126,00 114 51,200 ,145 

Initial testing 108,00 136,00 122 66,517 -,031 U14 
Final testing 102,00 128,00 115 62,917 ,134 



Bulletin of the Transilvania University of Braşov. Series IX • Vol. 15(64) No. 2 - 2022 

 

32 

 
 

Fig. 1. Arithmetic average of heart rate, male experimental groups 

 

 

Table 3 
Statistical analysis of heart rate for female experimental groups U14, U16, U18 

Group Testing Min Max Median Variation Skewness 

Initial testing 108,00 130,00 119 35,016 -,331 
U18 

Final testing 100,00 118,00 119 34,374 -,132 

Initial testing 108,00 133,00 121 52,829 -,069 
U16 

Final testing 102,00 124,00 113 40,496 ,082 

Initial testing 108,00 134,00 126 67,800 -,163 
U14 

Final testing 102,00 127,00 114,5 56,896 -,097 

 
 

       Table 2 

Descriptive heart rate  statistics for male experimental groups  U14, U16, U18 

95% CI 
Group Testing X SD X Tf-Ti t p 

Lower Upper 

Initial testing 119,142 7,367 
U18 

Final testing 110,000 6,051 
9,142 8,817 ,000 6,902 11,383 

Initial testing 120,875 7,856 
U16 

Final testing 112,000 7,155 
8,875 5,329 ,000 5,325 12,424 

Initial testing 121,375 8,155 
U14 Final testing 113,875 7,932 

7,500 4,456 ,000 3,912 11,087 
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Table 4 
Descriptive heart rate statistics for female experimental groups U14, U16, U18 

 

95% CI 
Group Testing X SD 

X 

Tf-Ti 
t p 

Lower Upper 

Initial testing 119,357 5,917 
U18 

Final testing 109,285 5,862 
10,071 9,141 ,000 7,691 12,451 

Initial testing 120,187 7,268 
U16 

Final testing 111,687 6,363 
8,500 4,874 ,000 4,782 12,217 

Initial testing 121,750 8,234 
U14 

Final testing 115,312 7,542 
6,437 7,275 ,000 4,551 8,323 

 
 

 
 

Fig. 2. Arithmetic average of heart rate, female experimental groups 
 

 
4. Interpretation of results regarding 

heart rate dynamics in male 
experimental samples 

 
The heart rate analysis that was taken 

with the pulse oximeter in the male 
experimental samples revealed that the 
pulse values of the players were in a 
considerable decrease, a fact which shows 
us that they are prone to long-term effort, 

to a better focus on obtaining a much 
higher free throw success, to an increase 
in personal and team percentage from the 
free throw line and why not, to an 
increase in the level of performance at the 
level of the respective age group 
competition. 

The analysis of the test shows that the 
results in all three female experimental 
groups were statistically significant, with 
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the significance threshold values being 
.000 less than the reference value of .05 
established for this study. The values of 
the Skewness parameter for all age groups 
U18, U16, and U14 show that the 
distribution of the data was within the 
limits of normality. 

Correlating and comparing the results 
that we previously presented in the tables,  
it is worth mentioning that the findings for 
the U18 male experimental groups at the 
initial testing recorded a heart rate of 
119.142 beats/minute and at the final 
testing of 110.000 beats/minute, the 
difference being 9.142 beats/minute. In 
the U16 age category, the male 
experimental group registered a heart 
rate of 120.875 beats/minute at the initial 
test and 112.000 beats/minute at the final 
test, the difference being 8.875 
beats/minute. In the U14 age category, 
the male experimental group recorded a 
heart rate of 121.375 beats/minute at the 
initial test and 113.875 beats/minute at 
the final test, the difference being 7.500 
beats/minute. 
 
4.1. Interpretation of results regarding 

heart rate dynamics in female 
experimental samples 

 
In the female experimental samples, the 

heart rate dynamics, which were 
measured with the help of the pulse 
oximeter, reveal that the players have a 
good physical condition and a good 
capacity for recovery, which has positive 
effects on the ability to concentrate and 
their accuracy when executing free 
throws. 

The analysis of the ‘Student's Statistical 
Test’ shows that the results in all three 
female experimental groups were 
statistically relevant, with the significance 

threshold values being .000 less than the 
reference value of .05 established for this 
study. The values of the Skewness 
parameter for all age groups U18, U16 and 
U14 show that the distribution of the data 
was within the limits of normality. 

The results of the female experimental 
groups in the U18 group show that during 
the initial test, a heart rate of 119.357 
beats/minute was recorded, while at the 
final test the average heart rate of the 
subjects was 109.285 beats/minute, the 
difference being 10.071 beats/minute. In 
the U16 age category, the female 
experimental group registered a heart 
rate of 120.187 beats/minute at the initial 
test and 111.687 beats/minute at the final 
test, the difference being 8.500 
beats/minute. The Gemini experimental 
group U14 registered a heart rate of 
121.750 beats/minute at the initial test 
and 115.312 beats/minute at the final 
test, the difference being 6.437 
beats/minute. 

 
5. Conclusions 

 
The analysis of the heart rate showed 

that it decreased during the tests, thus 
providing evidence to support the idea 
that the experimental male and female 
groups have a good physical condition and 
a good recovery capacity after physical 
activity. By correlating and comparing the 
functional test results of the male and 
female experimental groups, the following 
relevant results for the final research can 
be highlighted, as follows: 

 
1.  In the male U18 groups, a heart rate 

of 119.142 beats/minute was 
recorded at the initial test and 
110.000 beats/minute at the final test, 
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with a difference of 9.142 
beats/minute; 

2.  In the male U16 category, the 
experimental group recorded a heart 
rate of 120.875 beats/minute at the 
initial test and 112.000 beats/minute 
at the final test, with a difference of 
8.875 beats/minute; 

3.  In the male U14 category, the 
experimental group recorded a heart 
rate of 121.375 beats/minute during 
the initial test and 113.875 
beats/minute during the final test, 
with a difference of 7.500 
beats/minute. 

4.  The U18 female experimental group 
registered a heart rate of 119.357 
beats/minute at the initial test and 
109.285 beats/minute at the final test, 
with a difference of 10.071 
beats/minute. 

5.  The U16 female group registered a 
heart rate of 120.187 beats/minute at 
the initial test and 111.687 
beats/minute at the final test, with a 
difference of 8.500 beats/minute. 

6.  The U14 group recorded a heart rate 
of 121.750 beats/minute at the initial 
test and 115.312 beats/minute at the 
final test, with a difference of 6.437 
beats/minute. 
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