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Abstract: The aim of this study was to investigate the impact of the implementation of an experimental
program with combined plyometric and coordination exercises for a time interval of 6 months aimed
at improving the jump shots of U12 junior players through the use of information technologies.
One hundred seventeen female basketball players, aged between 10 and 12 years (U12), participated
in this study. The study subjects were divided into two groups: the experimental group (EG), with
60 (51.3%) subjects, and the control group (CG), with 57 subjects (48.7%). The 6-month experiment
program implemented in the experimental group included exercises that combined coordination
exercises with plyometric exercises in the execution of throwing skills and skills specific to the
basketball game by using the MyVert portable smart sensor. This study included an initial test and a
final test, in which three motor tests adapted to the specifics of the basketball game were applied in
order to evaluate jump shots: a throw-after-step test, a standing shot test and a shot-after-dribbling
test. Only the results of the experimental group showed statistically significant progress (p < 0.05)
between the final and initial testing in all three motor tests for the following parameters: maximum
jump height (cm), average jump height (cm), power (watts/kg) and successful shots (no). The gains
of the control group were not statistically significant in any test. It should be noted that the number of
throws scored in the basket of the experimental group increased significantly, a fact highlighted by the
very large size of Cohen’s value > 3 in all the tests of this study. The results of the experimental group
as a result of the implementation of the experimental training program using MyVert technology
were superior to the results of the control group. The practical implications of the present study will
contribute to the optimization of the athletes’ training methodology in order to improve the physical
and technical levels in relation to the peculiarities of age and training level.

Keywords: movement analysis; smart sensors; technology; plyometric; coordination exercises;
basketball; jump shots

1. Introduction

Basketball is a team sports game characterized by complexity and technicality, and it
has a continuous dynamic in terms of physical and technical training in correlation with
the performance objectives specific to each level of training. The interrelationship between
the technical level and the physical capacity of the players supports the optimization of the
performance level of the athletes [1,2]. The use of portable sensor technology in basketball
allows the scientific quantification and monitoring of training and sports performance in
terms of physical and technical parameters [3–5].

The progress of science and technology has facilitated the diversification of portable
sensor technology that, through the data provided, contributes to optimizing the needs
of athletes and coaches [5,6]. The benefits of technology are undeniable in any field of
activity, and sports represents a field in which the innovative implications of technology
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are involved in continuous diversification and specialization with a major impact on future
sports performances [7,8]. The contribution of technology in sports is decisive in the
monitoring and evaluation of sports performance parameters. The specialization of these
technologies facilitates the quantification of the main physical and technical parameters
in relation to the characteristics and specifics of different sports. The use of technology
in the sports training process allows the collection of data and feedback in real time,
which can contribute to the optimization of training, especially in the initiation and junior
stage specific to basketball [9–11]. In the last decade, numerous research studies have
focused on studying the impact of the use of different informational technologies and
portable smart sensors in basketball, aiming at improving the sports performance and
the physical and technical parameters of the athletes [12–14]. The use of information
technologies allows for the identification of positive aspects and aspects that lead to the
disadvantage of athletes through execution errors or the insufficient development of some
physical parameters [15,16]. The correction and modeling of basketball training requires
a permanent update to take into account the particularities of the athletes, the sports
experience and the training and performance objectives [17,18].

The level of technique and the level of physical fitness combined with sports experience
are major components of ensuring success in basketball. The efficiency of basketball throws
is conditioned by a series of parameters like coordination capacity and physical fitness,
including hand–eye coordination, handball, the parameters of the vertical jump when
making shots at the basket, the accuracy of the shots, etc. [19,20]. During the initiation time
in basketball, a major objective is the correct acquisition of execution techniques in order
to make executions more efficient and ensure an optimal level of physical fitness [21,22].
Coordination in making basketball shots requires intersegmental control in conditions
of movement, precision, spatial orientation, adversity, etc. [23,24]. Coordination abilities
are essential components in the process of learning and perfecting technical skills and are
made up of the following components: general coordination, rhythm, spatial orientation,
precision, the ability to combine movements and reaction time [2,25–27]. In the game of
basketball, the efficiency of the throws is conditioned by the context of the game (throwing
in adverse conditions, throwing after moving, throwing in jumping conditions, throwing
from different distances to the basket, etc.) and the training level of the players [28–30].
The efficiency of the jump shots is conditioned by the height of the jump, the impulse
power of the lower limbs, the posture and body alignment during the flight, the execution
technique, the hand–eye coordination and the accuracy of the throw [31–33]. Plyometric
exercise programs have proven their effectiveness in improving players’ ability to perform
various technical skills specific to basketball [34,35]. In sports training, all these aspects
require special attention from coaches and athletes in order to maximize the physical and
technical potential specific to basketball.

Studies on the efficiency of shots, jumps and jump shots in game-specific conditions,
such as those preceded by movement or from standing or preceded by other technical
actions, have been the target of numerous research studies [36,37]. The results of these
studies highlight the importance of individualizing and adapting training according to
characteristics like age and level of sports experience [38–40]. Studies that identify how the
combination of plyometric exercises and coordination exercises adapted to the specifics of
the basketball game contribute to the improvement of jump shots in training conditions are
very few in number and do not cover the aspects of the present study. We consider the ap-
plication of a 6-month experimental program combined with plyometric and coordination
exercises in order to improve the characteristics of jump shots in conditions close to those in
the game. The experimental program was adapted to the particularities of age (10–12 years)
and the level of sports training (juniors U12, sports experience of at least 2 years), which
will contribute to the optimization of sports performance in basketball.

Basketball combines the skills of running and jumping with those of passing, drib-
bling and throwing, which are based on a high level of strength, coordination, speed and
endurance. The specifics of the basketball game include the ability to perform the skill
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of throwing the basketball in conditions of lateral movement, from the jump, pirouette,
etc. The success and efficiency of basketball hoop shots are conditioned by the coordina-
tion of the segments when making shots from the spot or from the jump, and the jump
shot is influenced by the parameters of the jump (height and power of the jump). Most
coaches approach the sports training of junior players by carrying out separate programs
to improve the jump parameters, respectively, for coordination and implicit technique. The
experimental program implemented in the present study was adapted in such a way as to
increase the efficiency of the training by designing and practicing exercises that combine
plyometrics with coordination in technical conditions specific to basketball. We consider
that the novelty of our study consists of the design and implementation of a combined
program of plyometric and coordination exercises that uses the MyVert sensor [41] in order
to improve the technical level of the players. This study focuses on jump shots performed
in conditions adapted to the game of basketball (shots were combined and preceded by
other technical actions). We also designed and applied three tests to evaluate the jump
parameters, power and effectiveness of the jump shots, which were adapted to the specifics
of the basketball game (the jump shot was preceded by various technical actions).

The aim of this study was to investigate the impact of the implementation of an exper-
imental program of combined plyometric and coordination exercises for a time interval of
6 months, which aimed at improving the jump shots of junior U12 players in game-specific
conditions (jump shots were preceded by various movements and technical actions).

2. Materials and Methods
2.1. The Design of this Study

The research was carried out between April and November 2023, staged in an initial
testing session (IT) (the first week of this study) and a final testing session (FT) (the last
week of this study) and the implementation time interval of a combined experimental
program of plyometric and coordination exercises. The training program had a duration of
6 months, including 24 weeks. The experimental program was implemented in a total of
48 trainings organized in 2 trainings/week/90 min. It should be mentioned that during
this study, the sportswomen of this study, both from the experimental and the control
group, performed an average of 4 training sessions per week, but of these, the experimental
group performed 2 training sessions per week according to the experimental program.
The experimental program for the experimental group included exercises that combined
coordination exercises with plyometric exercises in the execution of throwing skills and
skills specific to the basketball game by using the MyVert portable smart sensor [41].
The training program had a duration of 6 months, including 24 weeks. The exercises
included in the experimental program were structured according to their specifics as
follows: for coordination, 22 exercises were applied (coded C1–C22); for plyometrics,
29 exercises were practiced (coded P1–P29); and there were 15 combined coordination–
plyometric exercises (coded C-P1-C-P15). During this study, the control group undertook
a physical and technical training session aimed at improving basketball shots through
specific exercises without the use of smart technologies or sensors (Table 1).
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Table 1. Distribution by months and weeks of the exercises from the experimental program practiced
by the experimental group.

Period Month 1 Month 2 Month 3 Month 4 Month 5 Month 6

Week 1
P1, P2, P3, P4, P5,
C-P8, C-P1, C-P2,
C-P3

P9, P10, P11, C7,
C8, C9, C-P4, C-P5

P15, P16, P17
P18, C11, C-P13,
C-P14

P21, P22, C13,
C14, C-P17

P26, P27, C14,
C-P19, C-P20

P19, P20, P21,
C11, C-P9,
C-P10

Week 2
P1, P2, P3, P4, P5,
C1, C2, C-P1, C-P2,
C-P3

P9, P10, P11, C10,
C-P7, C-P8, C-P9

P15, P16, P17,
P18, C11, C-P13,
C-P14

P21, P22, C13,
C14, C15, C-P17

P26, P27, C14,
C15, C16,
C-P19, C-P20

P24, P25, P29,
CP9, C-P13,
C-P21, C-P22

Week 3 P6, P7, P8, C1, C2,
C3, C4, C-P4, C-P5

P12, P13, P14, C10,
C-P10, C-P11, C-P7,
C-P12

P19, P20, C12,
C-P15, C-P16

P23, P4, P25,
C15, C16, C-P18

P28, P29, C-P19,
C-P20, C-P21,
C-P22

P19, P20, P21,
C11, C-P9,
C-P10

Week 3
P6, P7, P8, C3, C4,
C5, C6, C7, C-P5,
C-P6

P12, P13, P14, C10,
C-P10, C-P11,
C-P12

P19, P20, C12,
C-P15, C-P16

P23, P24, P25,
C16, C-P18

P28, P29, C-P20,
C-P21, C-P22

P24, P25, P29,
CP9, C-P13,
C-P21, C-P22

C—coordination exercises; P—plyometric exercises; C-P—combined exercises.

The tests for evaluating the level of coordination were applied under the same con-
ditions and at the same time for both groups. The order of the tests was as follows: the
shot-after-step test, the standing shot test and the shot-after-dribbling test. Each test was
performed 2 times, and the best result recorded by each athlete was taken into account for
this study. This study was made while respecting the principles of the Helsinki Declaration;
all subjects voluntarily participated after providing oral informed consent. This study was
approved on 73/29 September 2021 by Transilvania University of Brasov.

2.2. Participants

One hundred seventeen female basketball players, aged between 10 and 12 years
(U12), participated in this study. The study subjects were divided into two groups: the
experimental group (EG), with 60 (51.3%) subjects, and the control group (CG), with
57 subjects (48.7%). The experimental group was made up of junior U12 athletes from the
School Sports Club from Sibiu—the women’s basketball section—and the control group
was made up of junior U12 basketball players from the “Gladiu” Sports Club from Targu
Mures. Inclusion criteria:

Active athletes, having at least 2 years of experience in basketball, having good health,
having no injuries during this study and participation in tests; for the experimental group,
inclusion criteria include full performance of the experimental program, the technical
level of the subjects according to the primary selection criteria of the Romanian Basketball
Federation for U12 (mini-basketball), and the players had to have obtained the minimum
score in the physical tests specific to U12. The level of technical skills of the subjects must
correspond to the training model for U12 of the FRB, which requires the ability to perform
the basic technical and tactical actions in basketball in conditions of adversity and game.

2.3. Measures

For the present study, we designed and applied 3 motor tests specific to the basketball
game to evaluate the jump shots in conditions specific to the basketball game (the jump
shots were preceded by different movements or technical actions): the shot-after-step test,
the standing shot test and the shot-after-dribbling test. The tests were applied in the same
order for both groups of this study in the initial and final testing. The test application
conditions were similar (at the same time interval, after a 30 min warm-up, with the same
sensors). The parameters evaluated for each motor test with the MyVert sensor were the
maximum height of the jump (cm), the average height of the jump (cm) and the power
(watts/kg). We also quantified the number of shots scored during each motor test.

Shot-after-step test. Starting position: The players are placed as shown in Figure 1.
Players denoted with “A” are passers, and player “B” is an executor. Test description:
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Player “B” executes a run to the marker on the opposite side, receives a pass from player
“A” on the same side and executes a 2-time stop and a jump shot, after which she executes
the same route back. The route is executed 10 times, and the number of marked shots
is noted.
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Figure 1. Shot-after-step test.

The standing shot test. Initial position: the players are placed as shown in Figure 2.
Player “A” is the retriever, and player “B” is the executor. Description of the test: Player
“B” performs 2 consecutive shots from each training cone (5 positions), and player “A”
recovers her shots and passes the ball back to her. Ten shots are made, and the number of
scored shots is noted.
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Figure 2. The Standing shot test.

The shot-after-dribbling test. Starting position: the players are placed as shown in
Figure 3. Player “A” is the passer, and player “B” is the executor. Description of the test:
Player “B” dribbles from the training cone (yellow) from the 3-point line, stops in two steps
in front of the second training cone (white), jumps, shoots at the basket and returns to the
position from the start cone. Player “A” recovers the ball and passes it back to her. Player
“B” executes two consecutive shots from each training cone (5 positions). Ten shots were
taken at the basket, and the number of scored shots was noted.
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2.4. Vert Technology Applied in Study

Vert technology [41] consists of a portable sensor dedicated to sports activity, which
is designed for the analysis of vertical jumps by measuring the vertical displacement in
proportion to the center of body mass of the subject. The device is made up of a belt
where the sensor is placed (the belt is attached to the waist of the athlete) and a mobile
application for monitoring the data provided via Bluetooth in the mobile application. Vert
sensors include an inertial measurement unit (IMU): 3-axis accelerometer, gyroscope and
magnetometer. Vert technology allows real-time monitoring of the following vertical jump
parameters: number of jumps, landing impacts, flight height, explosiveness, asymmetry
of the athlete, % of max (an athlete’s jump consistency and effort), best (the highest jump
during the session and average high (the averaged top 25% of all jumps in a session)
(Figure 4), [41]. In our study, we used the Vert sensor in the training process and in the
testing of the experimental group; in the control group, it was used only when performing
motor tests in order to collect data. The Vert sensors used in this study were used during
the experimental program and motor tests. The system has the ability to collect data
simultaneously from 16 players. The players in the experimental group were constantly
monitored when they performed the exercises specific to the experimental program and
during the tests. The collected data allowed the training to be monitored in real time, which
facilitated the modeling of the training and the quantification of individual and training
group results. In this study, an appropriate number of sensors were used in relation to the
size of the group of subjects.
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2.5. Statistical Analysis

We used IBM-SPSS software, version 22, for statistically processing the following
parameters: arithmetic mean (X), standard deviation (SD), mean difference between tests
(∆X), Student’s t-test (t), confidence interval with lower and upper bounds (95% CI), effect
size (d), Skewness and coefficient of variation (CV). Interpretation of Cohen’s d effect size:
0.1–0.2, small; 0.3–0.5, medium; 0.5–0.8, large; and over 0.8, very large. Coefficient of
variation interpretation: 0–10% indicates very good homogeneity, 10–20% indicates good
homogeneity, 20–30% indicates average homogeneity, and >30% indicates low homogeneity.
Fisher’s test, being a statistical hypothesis test, is calculated to highlight whether the
variants between two variables are equal. The Skewness parameter was calculated to show
the normality of the distribution, which must fall between −1 and 1. We used paired
Student’s t-test to calculate the differences between the results in the final and the initial
testing for the 3 tests of this study of the experimental group, respectively, for the control
group. We used independent Student’s t-test to highlight the differences between the
experimental group and the control group in the initial test, respectively, in the final test
and in all 3 tests of this study. Statistical significance was p < 0.05 for this study.

3. Results

In Tables 2–10, we have presented the most relevant results of this study and the
relevant statistical parameters in order to highlight the statistical significance and the
progress made.

Table 2. Descriptive statistics of the results of the shot-after-step test.

Test Parameters Group Test Min. Max. X SD Skewness CV (%)

The maximum height of
the jump (cm)

EG
It 21.20 32.30 26.303 3.187 0.020 12.12

Ft 26.20 36.80 31.980 2.907 −0.052 9.09

CG
It 18.10 34.00 25.931 4.031 −0.094 15.55

Ft 19.70 33.70 26.028 2.965 0.013 11.39

The average height of the
jump (cm)

EG
It 19.30 31.40 24.666 3.350 0.363 13.58

Ft 25.60 35.60 30.833 2.900 0.035 9.41

CG
It 17.10 33.30 24.212 3.941 −0.084 16.28

Ft 18.40 31.10 24.110 2.727 0.254 11.31

The power (watts/kg)
EG

It 5.40 11.20 7.988 1.494 0.196 18.70

Ft 10.30 19.70 15.026 2.576 −0.313 17.14

CG
It 4.10 14.50 9.096 2.548 0.152 28.01

Ft 5.90 13.70 8.926 2.035 0.553 22.80

The number of
shots scored

EG
It 0.00 5.00 2.583 0.544 −0.400 21.06

Ft 4.00 8.00 5.683 1.081 0.006 19.02

CG
It 0.00 6.00 3.140 0.821 −0.279 26.15

Ft 1.00 4.00 2.877 0.746 −0.271 25.93

Min.—minimum; Max.—maximum; SD—standard deviation; CV (%)—coefficient of variation; It—initial test;
Ft—final test; EG—experiment group; CG—control group.

Table 3. Statistical analysis of the results of the shot-after-step test.

Test Parameters Group ∆X(Ft-It) SD
95%CI

t p Effect Size
Lower Upper

The maximum height of
the jump (cm)

EG 5.676 1.299 5.340 6.012 33.831 0.000 1.86

CG 0.096 1.537 −0.311 0.504 0.474 0.638 0.02
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Table 3. Cont.

Test Parameters Group ∆X(Ft-It) SD
95%CI

t p Effect Size
Lower Upper

The average height of the
jump (cm)

EG 6.166 1.842 5.690 6.642 25.919 0.000 1.96

CG −0.101 2.317 −0.716 0.513 −0.332 0.741 0.03

The power (watts/kg)
EG 7.038 1.952 6.533 7.542 27.924 0.000 3.34

CG −0.170 0.868 −0.400 0.060 −1.479 0.145 0.07

The number of
shots scored

EG 3.100 1.068 2.823 3.376 22.466 0.000 3.62

CG −0.263 1.587 −0.684 0.157 −1.252 0.216 0.33

∆X(Ft-It)—the difference of the arithmetic means; SD—standard deviation; t—value of Student’s test;
p—statistically significant level.

Table 4. Comparative statistical analysis between the experimental group and the control group in
the shot-after-step test.

Test Parameters Test
Fisher’s Test Student’s t-Test

∆X
95%CI

F p T p Lower Upper

The maximum height of
the jump (cm)

It (GE-GC) 3.729 0.056 0.555 0.580 0.371 −0.955 1.699

Ft (GE-GC) 0.008 0.929 10.960 0.000 5.951 4.876 7.027

The average height of
the jump (cm)

It (GE-GC) 0.987 0.323 0.673 0.502 0.454 −0.883 1.791

Ft (GE-GC) 0.390 0.534 12.902 0.000 6.72 5.690 7.754

The power (watts/kg)
It (GE-GC) 17.064 0.000 −2.886 0.005 −1.108 −1.868 −0.347

Ft (GE-GC) 3.638 0.059 14.163 0.000 6.100 5.247 6.953

The number of
shots scored

It (GE-GC) 2.523 0.115 −2.359 0.020 −0.557 −1.024 −0.089

Ft (GE-GC) 1.296 0.257 14.907 0.000 2.806 2.433 3.179

F—value of Fisher’s test; p—value of statistical probability; t—values of independent Student’s test;
∆X—difference of mean averages; CI—interval of confidence; EG—experiment group; CG—control group;
It—initial test; Ft—final test.

Table 5. Descriptive statistics of the results of the standing shot test.

Test Parameters Group Test Min. Max. X SD Skewness CV (%)

The maximum height of
the jump (cm)

EG
It 18.00 33.90 26.530 3.304 −0.315 12.45

Ft 26.80 36.60 32.471 2.641 −0.199 8.13

CG
It 20.70 31.70 26.582 2.736 −0.365 10.29

Ft 19.00 35.40 26.729 3.959 −0.055 14.81

The average height of the
jump (cm)

EG
It 17.30 33.90 25.415 3.268 −0.192 12.86

Ft 26.10 35.80 31.720 2.518 −0.204 7.94

CG
It 18.40 34.60 24.989 4.030 0.198 16.13

Ft 18.20 30.00 25.171 3.135 −0.466 12.45

The power (watts/kg)
EG

It 6.00 15.10 8.371 2.025 1.449 24.19

Ft 14.20 20 17.64 1.398 0.408 7.93

CG
It 5.60 13.90 10.198 2.281 −0.283 22.37

Ft 6.00 13.00 9.635 1.727 0.077 17.92
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Table 5. Cont.

Test Parameters Group Test Min. Max. X SD Skewness CV (%)

The number of shots
scored

EG
It 0.00 4.00 1.983 0.515 0.159 25.97

Ft 4.00 7.00 5.466 1.032 0.092 18.88

CG
It 0.00 4.00 2.245 0.499 −0.174 22.23

Ft 0.00 6.00 2.491 0.377 0.656 15.13

Min.—minimum; Max.—maximum; SD—standard deviation; CV (%)—coefficient of variation; It—initial test;
Ft—final test; EG—experiment group; CG—control group.

Table 6. Statistical analysis of the results of the standing shot test.

Test Parameters Group ∆X(Ft-It) SD
95%CI

t p Effect Size
Lower Upper

The maximum height of
the jump (cm)

EG 5.941 1.168 5.639 6.243 39.380 0.000 1.98

CG 0.147 2.122 −0.415 0.710 0.524 0.602 0.04

The average height of
the jump (cm)

EG 6.305 1.414 5.939 6.670 34.539 0.000 2.16

CG 0.182 2.277 −0.421 0.786 0.605 0.548 0.05

The power (watts/kg)
EG 9.270 1.926 8.772 9.767 37.271 0.000 3.79

CG −0.563 0.990 −0.826 −0.300 −4.292 0.000 0.27

The number of
shots scored

EG 3.483 1.589 3.072 3.893 16.980 0.000 4.27

CG 0.245 1.628 −0.186 0.677 1.138 0.260 0.55

∆X(Ft-It)—the difference of the arithmetic means; SD—standard deviation; t—value of Student’s test;
p—statistically significant level.

Table 7. Comparative statistical analysis between the experimental group and the control group in
the standing shot test.

Test Parameters Test
Fisher’s Test Student’s t-Test

∆X
95%CI

F p t p Lower Upper

The maximum height of
the jump (cm)

It (GE-GC) 3.804 0.054 −0.093 0.926 −0.052 −1.166 1.061

Ft (GE-GC) 8.886 0.004 9.270 0.000 5.741 4.514 6.968

The average height of
the jump (cm)

It (GE-GC) 2.608 0.109 0.629 0.531 0.425 −0.915 1.766

Ft (GE-GC) 2.170 0.143 12.483 0.000 6.548 5.5091 7.587

The power (watts/kg)
It (GE-GC) 1.924 0.168 −4.585 0.000 −1.826 −2.615 −1.037

Ft (GE-GC) 0.359 0.550 27.612 0.000 8.006 7.432 8.580

The number of
shots scored

It (GE-GC) 0.249 0.619 −1.189 0.237 −0.262 −0.699 0.174

Ft (GE-GC) 3.077 0.082 13.263 0.000 2.975 2.531 3.419

F—value of Fisher’s test; p-value of statistical probability; t—values of independent Student’s test;
∆X—difference of mean averages; CI—interval of confidence; EG—experiment group; CG—control group;
It—initial test; Ft—final test.

Table 8. Descriptive statistics of the results of the experimental group in the shot-after-dribbling test.

Test Parameters Group Test Min. Max. X SD Skewness CV (%)

The maximum height of
the jump (cm)

EG
It 20.90 32.80 26.585 3.076 −0.268 11.57

Ft 28.20 36.80 32.631 2.460 0.170 7.54

CG
It 17.80 32.70 26.243 3.214 −0.308 12.25

Ft 17.10 31.70 26.787 3.233 −0.565 12.07
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Table 8. Cont.

Test Parameters Group Test Min. Max. X SD Skewness CV (%)

The average height of the
jump (cm)

EG
It 19.70 31.90 25.323 2.868 −0.085 11.33

Ft 18.00 35.40 30.773 3.638 −1.424 11.82

CG
It 17.00 30.10 23.350 3.041 −0.063 13.02

Ft 16.60 30.60 24.614 3.253 −0.430 13.22

The power (watts/kg)
EG

It 5.40 12.70 8.045 1.645 0.769 20.45

Ft 14.10 19.30 16.753 1.292 0.160 7.71

CG
It 6.90 19.70 9.838 2.157 1.896 21.93

Ft 5.60 18.40 9.882 2.605 1.230 26.36

The number of
shots scored

EG
It 0.00 4.00 2.216 0.622 −0.143 28.07

Ft 4.00 7.00 5.050 0.928 0.293 18.38

CG
It 0.00 4.00 2.035 0.701 −0.238 34.45

Ft 0.00 5.00 2.210 0.820 −0.053 37.10

Min.—minimum; Max.—maximum; SD—standard deviation; CV (%)—coefficient of variation; It—initial test;
Ft—final test; EG—experiment group; CG—control group.

Table 9. Statistical analysis of the results of the shot-after-dribbling test.

Test Parameters Group ∆X(Ft-It) SD
95%CI

t p Effect Size
Lower Upper

The maximum height of
the jump (cm)

EG 6.035 1.348 5.686 6.383 34.671 0.000 2.17

CG 0.543 2.372 −1.173 0.085 −1.731 0.089 0.16

The average height of the
jump (cm)

EG 5.450 2.916 4.696 6.203 14.476 0.000 1.66

CG 1.263 2.573 −1.945 −0.580 −3.706 0.000 0.40

Test parameters
EG 8.708 1.325 8.365 9.050 50.893 0.000 5.88

CG 0.043 1.008 −0.311 0.223 −0.329 0.744 0.02

The number of
shots scored

EG 2.833 1.520 2.440 3.226 14.438 0.000 3.58

CG 0.175 1.881 −0.674 0.323 −0.704 0.484 0.22

∆X(Ft-It)—the difference of the arithmetic means; SD—standard deviation; t—value of Student’s test;
p—statistically significant level.

Table 10. Comparative statistical analysis between the experimental group and the control group in
the shot-after-dribbling test.

Test Parameters Test
Fisher’s Test Student’s t-Test

∆X
95%CI

F p t p Lower Upper

The maximum height of
the jump (cm)

It (GE-GC) 0.023 0.879 −0.347 0.729 −0.202 −1.358 0.952

Ft (GE-GC) 2.001 0.160 12.083 0.000 6.376 5.330 7.421

The average height of
the jump (cm)

It (GE-GC) 1.337 0.250 1.252 0.213 0.709 −0.412 1.831

Ft (GE-GC) 0.726 0.396 11.940 0.000 7.422 6.191 8.653

Test parameters
It (GE-GC) 5.384 0.022 −4.585 0.000 −1.837 −2.631 −1.043

Ft (GE-GC) 4.672 0.033 21.155 0.000 6.914 6.267 7.562

The number of
shots scored

It (GE-GC) 0.061 0.805 0.027 0.978 0.006 −0.441 0.453

Ft (GE-GC) 0.592 0.443 16.039 0.000 3.014 2.642 3.387

F—value of Fisher’s test; p—value of statistical probability; t—values of independent Student’s test; ∆X—difference of
mean averages; CI—interval of confidence; EG—experiment group; CG—control group; It—initial test; Ft—final test.
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Analyzing the results of the two tests, we find that in the final test, the results of the
arithmetic averages show improvements in all the parameters of the shot-after-step test,
both for the experimental group and for the control group. The Skewness values were
between −0.5 and 0.5, which reflects an almost symmetrical distribution of the results in
this test for both study groups in both tests. For the experimental group, during the initial
testing, it was found that the CV value was 21.06% for the scored shots, showing a low
homogeneity of the group; for the other parameters, the values fell between 10 and 20%,
reflecting an average homogeneity. In the final tests of the experimental group, the CV
values decreased, reflecting a very good homogeneity (between 1 and 10%) for the jump
height and the average height; homogeneity was good for power and scored shots (values
between 10 and 20%) (Table 2). For the control group, the CV values in the initial and
final testing were higher than those of the experimental group for all parameters of the
shot-after-step test, indicating a good and average homogeneity.

In Table 3, Figure 5, it can be seen that the differences between Ft and It for all the
parameters of the shot-after-step test for the experimental group were higher than for the
control group. For all test parameters for both groups of this study, the differences between
the arithmetic means of the final and initial test fell between the upper and lower limits of
the 95% CI. The progress recorded between Ft and It was statistically significant for p < 0.05
for all test parameters for the experimental group; for the control group, the differences
were statistically insignificant (p > 0.05). Analyzing Cohen’s values, we find that for the
experimental group, it fell between 1.86 and 3.62, which reflects a very large effect size.
For the control group, the effect size was small, with the values falling between 0.02 and
0.33. It should be noted that the greatest progress among the tests was recorded by the
experimental group at a power of 7.038 watts/kg and an average height of the jump of
6.166 cm, and the lowest progress was found in scored shots with 3.100 throws. In the
control group, the progress between the tests was recorded only in the maximum height
of the jump by 0.096 cm (Table 2). It should be noted that the greatest progress recorded
for scored shots was found in the experimental group after 3.100 throws as a result of
practicing in the experimental program, while the control group result was 0.263 throws.
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Figure 5. Progress made on the standing shot test (blue color—results of EG; red color—results
of CG).

Comparatively analyzing the results in Table 4, we find that the differences in the
arithmetic averages of the shot-after-step test between the experimental and control groups
in the initial tests were statistically significant (Student’s t-test) only for the parameters of
strength and scored shots where p < 0.05; in the final tests, p = 0.00 for all the parameters of
the shot-after-step test, with the differences being statistically significant. The arithmetic
mean differences between the experimental and control groups in the initial and final tests
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fell between the upper and lower limits of the 95% CI. Analyzing the differences of the
arithmetic averages (∆X) between the two groups of this study, it is found that in the final
testing, these differences were much greater than in the initial testing for all the parameters
of the shot-after-step test, which was in favor of the experimental group. Analyzing the
number of shots scored in this test, we find that in the initial test, the experimental group
scored 0.555 fewer shots on average than the control group, but in the final test, the progress
of the experimental group compared to the control group was 2.806 shots.

In the standing shot test, we find that for the experimental group, the average results
from the final test are better than those from the initial test; in the control group, the same
situation is found with a single exception, the power, where in the final test the result was
lower than in the initial one. The initial arithmetic mean values for all tests for both groups
of this study were lower than for the final tests, which highlights that the experiment
program produced positive effects. For the experimental group, the CV values fell between
12.45% and 25.97% in the initial test, which reflects a good and average homogeneity of
the group, and in the final test, the homogeneity improved, falling between 7.94% and 18.
88%. For the control group, the CV values in the initial and final testing were higher than
those of the experimental group for all parameters of the standing shot test, indicating
good and average homogeneity. Most of the Skewness values were between −0.5 and
0.5, with a single exception for the power at EG in the initial testing, which reflects an
almost symmetrical distribution of the results at this test for both study groups at both tests
(Table 5).

According to Table 6, Figure 6, in the standing shot test, we identified progress in all
parameters between the initial and final testing in both groups, but those of the experimental
group were higher than those of the control group. The progress recorded between Ft and
It was statistically significant for p < 0.05, for all test parameters, only in the experimental
group. For all test parameters for both groups of this study, the differences between the
arithmetic means of the final and initial test fell between the upper and lower limits of
the 95% CI; the results show that they can be considered reliable for this study. Analyzing
Cohen’s values, we find that for the experimental group, it fell between 1.98 and 4.27,
which reflects a very large effect size and emphasizes that the practiced experimental
program was effectively reflected by the great progress made between initial and final tests.
For the control group, the effect size was small, with the values falling between 0.04 and
0.55. It should be noted that the greatest progress among the tests was registered by the
experimental group with a power of 9.270 watts/kg and at the average height of a jump
of 6.305 cm, and the lowest progress was in scored shots with 3.483 throws. In the control
group, progress between the tests showed that large progress was recorded in scored shots
of 0.245 and with the average height of the jump of 0.182 cm, and in strength, the difference
was negative (Table 6). The progress of the experimental group was much higher than the
control group in all parameters of the standing shot test, which demonstrates the positive
impact of the training program implemented through the use of Vert technology. This
aspect is especially noticeable in scored shots, where the experimental group progressed
with 3.483 shots, while the control group progressed with only 0.245 throws.
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Analyzing the results of scored shots, we identify that in the final test, the results of
the experimental group were much better, with a score of 2.975, which was more than that
of the control group, although, in the initial test, the experimental group had an average
result lower than the experimental group with −0.262 shots. In Table 7, it can be seen that
the differences between the experimental group and the control group are not statistically
significant for the initial testing, with a single exception for power (p = 0.00). The arithmetic
mean differences between the experimental and control groups in the initial and final tests
fell between the upper and lower limits of the 95% CI. The biggest average differences
between the study groups were found in the final test at a power of 8.006 watts/kg and
an average height of 6.548 cm. For the final testing, the differences between the two study
groups are statistically significant for p <0.05 in all parameters of the standing shot test.

In the shot-after-dribbling test, the comparative analysis of the results between the
two initial and final tests highlights that, in the final test, the results of the arithmetic
averages have improvements in all parameters for both groups. The Skewness values
reflect an almost symmetrical distribution of the results only for the parameters of the
maximum height of the jump, the average height of the jump and scored shots for both
groups. Homogeneity of both groups, in both initial and final tests, was good or average
for most parameters of the shot-after-dribbling test; we identified a few exceptions where
the homogeneity of the experimental group in the final test was very good, with the values
being <10% at the maximum height of the jump of 7.54% and at the strength of 7.71%
(Table 8).

According to Table 8, Figure 7, we find that in the shot-after-dribbling test of the
experimental group, Cohen’s values fell between 1.66 and 5.88, which reflects a very large
effect size. For the control group, the effect size was small, with the values falling between
0.02 for strength and 0.40 for average height. The differences between Ft and It for all
parameters of the shot-after-dribbling test for the experimental group were higher than
for the control group. For all test parameters for both groups of this study, the differences
between the arithmetic means of the final and initial test fell between the upper and
lower limits of the 95% CI. The progress recorded between the final and initial testing was
statistically significant for p < 0.05 for all analyzed parameters in the experimental group,
and for the control group, it was only statistically significant for the average jump height.
The greatest progress among the tests was recorded by the experimental group at a strength
of 8.708 watts/kg and a maximum height of the jump of 6.035 cm, and in the control group,
the greatest progress among the tests was recorded at an average height of the jump of
1.263 cm and a maximum height of the jump of 0.543 cm. Analyzing the scored shots, we
notice that the experimental group progressed as a result of the implemented experimental
program with 2.833 shots, while the control group had only 0.175 shots.
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In Table 10, we presented a comparative statistical analysis between the experimental
group and the control group in the shot-after-dribbling test in which the differences in
the performance of the test parameters of the two groups are highlighted, with a special
emphasis on the improvements recorded by the experimental group. According to the
Student’s t-test, we found that in the final tests, the results between the two groups of
this study were not statistically significant, with only one exception in strength; but in the
final test, the differences between the experimental and control groups were statistically
significant for all the parameters of the shot-after-dribbling test for p < 0.05. The arithmetic
mean differences between the experimental and control groups in the initial and final tests
fell between the upper and lower limits of the 95% CI. According to Table 9, the biggest
differences between the study groups in the final test were recorded at the average height
of the jump of 7.422 cm and at a strength of 6.914 watts/kg in favor of the experimental
group. Analyzing the scored shots, we notice that in the final test, the experimental group
progressed with 3.014 throws more than the control group compared to the results from
the initial testing, where a small difference of 0.006 shots was recorded, with the groups
performing almost similarly (Table 10).

4. Discussion

In the present study, we aimed to investigate the impact of the implementation of a
6-month experimental program of combined plyometric and coordination exercises on the
basketball jump shot characteristics in conditions close to those of the game in U12 players
(girls, juniors). The results of this study highlight the superior progress of the experimental
group compared to the control group in all three motor tests specific to basketball. The
superior progress recorded by the experimental group, compared to the control group,
is considered to be due to the impact of the experimental program implemented in the
study of the experimental group. The experimental program applied to the experimental
group included exercises that combined coordination exercises with plyometric exercises
in the execution of throwing skills and skills specific to the basketball game by using
the Vert portable smart sensor (for the entire duration of the experiment). During this
study, the control group performed specialized training in which the physical and technical
training aimed especially at basketball shots were approached separately through exercises
specific to basketball without the use of information technology. The performances of the
experimental group improved significantly statistically in terms of the height of the jumps
in the execution of the throws (maximum height, average height and strength of the jumps),
as well as the number of shots scored in the basket.

The results of this study contribute to the understanding of the manner in which the
application of a specialized and adapted workout that combines coordination exercises and
plyometrics through the use of intelligent technologies in physical and technical training
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contributes to the optimization of sports performance in basketball. The relevant results
of our study complement previous studies that focused on improving the efficiency of
jump shots in training or game conditions through the use of smart technologies and
sensors [42,43]. The results of our study align with previous studies that concluded that
the use of intelligent technologies that provide real-time data can improve basketball
training methodologies based on the information received by coaches and athletes [4,5,19].
Numerous studies have addressed how jumping and basketball shooting can be optimized
by specializing and adapting physical and technical training through the use of information
technologies that monitor technical and physical parameters in training conditions or
during games [44–47]. A series of studies have evaluated the duration of the jump in
making basketball shots [48–54]. Other studies have focused on the height of the jump, as
in the case of our study [48–50]. A series of studies carried out on junior basketball players
focused on how different technologies contribute to monitoring the parameters of throws
in order to adapt training to individual characteristics [51–53]. Also, the studies focused on
how the efficiency of jump shots is evaluated through different technologies or sensors in
conditions of training or during the game [51–54].

Our study highlights that the implementation of a program of combined plyomet-
ric and coordination exercises adapted to the specifics of the basketball game technique
contributes to improving the jumping parameters and increasing the efficiency of bas-
ketball shots. Other studies have highlighted the contribution of different training pro-
grams specialized exclusively for a certain type of exercise on the jumping shot, such as
plyometric-only programs [34,55]; others approach the training tools for the development
of coordination specific to basketball separately [24,25,37,56,57]. Studies have highlighted
that the training of juniors must address the factors of physical and technical training in
interrelation to ensure effective motor learning contexts and the improvement of technical
skills [58–60]. Combining different types of exercises in technical conditions facilitates
increasing the attractiveness of basketball training, especially for junior players [58,59].
The advanced training of young people for the practice of basketball requires an approach
that uses all the favoring factors and improves the limiting factors specific to the age and
the level of sports training [59–64]. Sports training in basketball requires a complex and
interdisciplinary approach, and the implementation of smart technologies and sensors can
contribute to the provision of real-time data that facilitates the analysis and adaptation of
training parameters and athletes’ performance. The current trends in the basketball game
require modern approaches in which the technology can be efficiently completed in order
to optimize sports performance. The results of this study highlight that sports training,
combined with different types of methods and exercises, and contributes to improving the
level of physical and technical training of basketball players.

The strengths of this study are as follows: the design and implementation of a com-
bined experiment program of plyometric and coordination exercises in order to improve the
execution technique and especially the jump shots in conditions close to those of the game,
the design of three motor tests to evaluate the jump shots in conditions close to game condi-
tions, the use of the Vert portable intelligent sensor in the process of preparation and motor
evaluation and the extended duration of the implementation of the experimental program.

The limitations of this study include the non-inclusion in this study of male samples,
the non-inclusion in this study of categories of athletes other than U12, the use of only Vert
sensors without the use of other technologies or sensors, the number of throws or jumps
made by the control group during the 6 months was not quantified, the environmental
factors in which the training was carried out were not taken into account, and the efficiency
of the jump shot in official match conditions after the implementation of the experimental
program was not analyzed.

5. Conclusions

The implementation of a combined experimental program of plyometric and coor-
dination exercises with the use of the Vert portable sensor determined the improvement
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of the jump shot parameters. The results of the experimental group showed significant
statistical progress between the initial and final testing of the experimental group regarding
the maximum height of the jump, the average height of the jump and the strength and
efficiency of basketball shots. The results of the experimental group after the implemen-
tation of the experimental training program that uses Vert technology were statistically
significantly superior to the results of the control group. The practical implications of the
present study will contribute to the optimization of the athletes’ training methodology in
order to improve the physical and technical levels in relation to the age and level of training
particularities. We consider that the improvement of coordination and strength abilities in
the conditions of practicing basketball throws determines the improvement of the technique
and efficiency of basketball throws specific to basketball. Future research directions will be
able to focus on the application of combined experimental programs in order to improve
various basketball-specific skills and on the use of various informational technologies and
portable intelligent sensors specialized in the process of training and monitoring players
and the game of basketball, etc. The experimental program can represent a good practice
guide for basketball coaches that can be easily adapted in terms of content and dosage
for other age categories of juniors. The results of our study corroborated the content of
the training program, which will facilitate the understanding of the effectiveness of the
combination of plyometric and coordination exercises in improving the level of strength
and technique in making jump shots in specific basketball conditions. Specialists in the
training of basketball players will be able to use and adapt the experimental program
proposed by us to the particularities of the athletes at the training level and use other
informational technologies and smart sensors.
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