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Introduction

Abstract: In tennis, choosing the right player can be extremely difficult because
their performance in a match depends on many biomechanical criteria. Thus, this
study aims to establish a framework to help coaches select the best tennis players
based on a set of biomechanical parameters. Tennis involves specific strategies
that require players to execute serves accurately and professionally to get more
points. Consequently, there are biomechanical criteria that evaluate each player's
performance. Multi-criteria decision-making (MCDM) techniques have provided
optimal solutions to various problems. The methodology proposed in this study
incorporates several decision-making techniques in two stages: the first involves
calculating the weights of the selected criteria by combining triangular fuzzy
numbers with the Analytical Hierarchy Process (AHP) technique. The second
stage is to select the appropriate alternative using the TOPSIS technique, which
focuses on the shortest geometric distance of the alternative from the positive
ideal solution and the farthest geometric distance from the negative ideal solution.
Additionally, the MOORA technique was applied, based on two attributes:
beneficial value and non-beneficial value. The study’s findings indicated that the
first attempt (AT-1) was the best alternative in both techniques. Spearman
correlation coefficient was employed to assess the relationship between the two
techniques, and a sensitivity analysis was conducted based on the ranking results
derived from both techniques.

Keywords: Tennis Player, Biomechanical Variables, MCDM Techniques,
Triangular Fuzzy Numbers, AHP Technique, TOPSIS Technique, MOORA
Technique.

The world has witnessed significant scientific and technological progress in applying
the best modern foundations in sports nowadays. These foundations have notably
contributed to the advancement of sporting levels in many games and events, including
tennis (Setyawan et al., 2024). This type of sport encompasses a set of skills that require in-
depth study and analysis of its biomechanical aspects, which aids coaches in achieving
accurate, objective results. These skills are essential in developing players' technical
performance and identifying their strengths and weaknesses. For instance, the skill of a
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straight tennis serve necessitates timing, balance, muscle strength, arm speed, and high
accuracy(Colomar et al., 2022) . Without the proper mechanics, all the effort will be wasted.

Each sport has a specific training strategy for players to ensure winning in
matches(Caroline et al., 2021). Therefore, tennis players rely on a set of biomechanical
factors that help them reach professional status. The process of training players on the court
is important to prepare them to become professionals (Id & Muehlbauer, 2022). Therefore,
coaches must monitor players during training to ensure they perform all professional
movements in executing various strokes and serves to win matches.

Multi-criteria decision-making techniques have provided numerous solutions in
various sectors, including sports (Yi et al., 2024). There are several biomechanical
parameters that every player must consider. In this study, these parameters represent the
criteria for evaluating a tennis player. Eleven attempts were made to evaluate a player's
performance according to seven basic criteria. Triangular fuzzy numbers were combined
with the AHP to calculate the weights of the criteria (Temesi et al., 2024). Meanwhile,
TOPSIS and MOORA techniques were used to select the optimal alternative (Jassim Al-
Shamary et al., 2022),(Yas & Zaidan, 2023). The best player is then selected based on their
on-court performance according to specific criteria.

Study problem

Selecting the best player based on his performance is usually the most difficult
challenge coaches’ face. Several trials were conducted during on-court tennis training
based on several selected criteria, listed in Table 1. The various criteria used to select the
alternatives are described in the next section.

Biomechanical factors overview
Tennis is considered a major sport around the world. There is great interest from sports

organizations in many countries to recruit professional players to ensure winning in

international tournaments. Consequently, over the years, many players have achieved

impressive results and set world records. Therefore, coaches have focused on developing

outstanding players by evaluating them during training according to biomechanical factors

used in player selection(Martin, 2018), as follows:

- Ball height: The distance between the vertical line connecting the ground and the height
of the ball at the moment of hitting

- Ball launch angle: The angle between the line that connects the center of the ball before
its launch and the imaginary horizontal line, where the angle represents the point of
intersection of the two lines

- Ball launch speed: The ball's release speed was calculated using the formula: speed =
(distance/time).

- Trunk inclination angle: The angle between the line extending from the hip joint
upwards (the imaginary vertical line) and the line passing through the shoulder joint
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- Shoulder angle: The shoulder angle was measured using several lines: the line from the
wrist joint, passing through the elbow joint and to the shoulder joint, and the line from
the shoulder joint to the hip joint.

- Height of the center of mass: The distance between the maximum flexion of the knees
from the moment the ball is thrown with the opposite hand to the moment the ball is
struck with the full extension of the body.

- Peripheral velocity of the arm: The peripheral velocity of the hitting arm was measured
from the moment the arm began to swing and the elbow joint extended to distance the
racket from the axis of rotation (shoulder) in order to increase the peripheral velocity of
the racket and thus increase the launch velocity of the ball.

Table 1, shows a dataset obtained by conducting several attempts to evaluate a
player's performance. The table includes eleven attempts made by the tennis player
according to seven specific criteria.

Table 1. Serving performance based on the biomechanical variables of the tennis player

Attempts Ball Ball Ball Trunk shoulder = Height  peripheral
height launch  launch inclination angle of the velocity of
angle speed angle center the arm
of mass
AT-1 3.30 3 39 16 168 0.26 8.44
AT-2 3.28 5 34 13 159 0.25 7.89
AT-3 3.13 3 39 12 165 0.33 9.03
AT-4 3.41 6 40 10 156 0.31 9.03
AT-5 3.39 5 36 9 154 0.25 8.01
AT-6 3.15 4 38 8 145 0.26 8.15
AT-7 3.18 4 37 7 148 0.29 8.42
AT-8 3.33 4 37 6 156 0.30 8.07
AT-9 3.42 4 38 11 155 0.31 8.3
AT-10 3.24 6 40 10 152 0.33 9.06
AT-11 3.26 7 37 10 150 0.30 8.49
Motivation

The paper's contribution is highlighted by solving the problem of the tradeoff
between criteria, which is considered a fundamental focus in the selection and
benchmarking process. However, MCDM techniques have provided solutions to the
research problem. These techniques are mainly based on mathematical models. In the
TOPSIS technique, alternatives are selected based on the closest geometric distance to
the positive ideal solution and the longest geometric distance from the negative ideal
solution. Whereas the alternatives in the MOORA technique are selected based on
criteria such as the beneficial and non-beneficial types. On the other hand, calculating
the weights of criteria has a significant impact on the process of selecting the expected
best alternative instead of selecting the actual best alternative. The paper aims to select
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the best tennis player based on MCDM techniques, taking into account the degree of
compatibility of these techniques with the selection rules.

Literary review

The significant focus on developing players' skills in many modern sports has
contributed to raising the standards of play in numerous games and events, including
tennis. According to various literature, tennis has strategies for evaluating players based
on specific physical and biomechanical factors.

Franck Brocherie and Daniel Dinu, (Brocherie & Dinu, 2022) utilized inertial
measurement units in a 3D on-court measurement system to analyze the biomechanics
of tennis serves. Two professional tennis players, equipped with an inertial
measurement unit (Xsens MVN suit), performed two attempts of five serves each. The
players were monitored during the loading phase for center of gravity rotation, all joint
angles (shoulder, elbow, knee), center of mass displacements, and rotational dynamics,
while similar development was recorded for both female and male participants from the
loading phase to the end phase. Player performance was evaluated from the loading
phases to the end. The total, minimum, and maximum energy contributions were
comparable for both players, with the coefficient of variation deemed acceptable
between the two experiments. Therefore, the inertial measurement unit (IMU) serves as
a suitable method for collecting and subsequently analyzing biomechanical data on
tennis serves, providing tennis players with personalized feedback to enhance their
motor skills and serve efficiency.

JIAN LI et al. (X. Zhang & Yang, 2023) used deep learning (DL) image processing
technology to study the effect of tennis players' hitting power and angle. A convolutional
neural network (CNN) algorithm based on camera video images was applied to the joint
angles of tennis players when executing the serve from a biomechanical perspective.
Gaussian mixture model (GMM), visual background extractor (VIBE), and optical flow
(OF) were used for simulation and comparison. The study results show that the
processing frame rate, hit-and-run similarity score of the proposed algorithm, based on
camera video image and CNN, are much higher than those of GMM, VIBE, and OF.

Zhiqiang, Liang, et al. (Liang et al., 2023) An inertial measurement system, which
relies on a combination of accelerometers, gyroscopes, and magnetometers, is used to
identify and monitor tennis movements. This system is important for assessing the main
biomechanical dynamics of the serve phases and events. In addition, the kinematic
metrics contribute during the serve to analyze their impact on serve velocity. Eighteen
tennis players were divided into two groups, equipped with inertial measuring devices,
and evaluated for an extended serve according to their positions above or below the
average serve speed of the sample. According to the results obtained, relevant
biomechanical differences during transmission were identified. Thus, it highlighted the
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changes in joint angles and angular velocities between the two groups. These results
provide valuable information for coaches and players to improve their serve efficiency.

André V. Brito, et al. (Brito et al., 2024) studied the biomechanical performance of
the footwork serve (FUS) in female tennis players of different skill levels. 32 female
tennis players were tested in the biomechanics laboratory to analyze their performance
at three different levels. In this study, one-way analysis of variance (ANOVA) was
applied to examine the differences in kinetic data between groups. Three-dimensional
biomechanical data were collected for the lower extremities of female tennis players
during the foot serve. The results demonstrated that the range of motion (ROM) of
bilateral lower extremity joints resulted in significant differences in motor performance
during the preparation and landing phases (p < 0.05). Therefore, joint range of motion
and lower extremity stiffness significantly influence tennis players' performance in FUS
training. Joint flexibility and lower extremity stiffness enhance performance during the
preparation phase of FUS training.

Li, Zhuoyuan ,and Yin, Yitian, (Li & Yin, 2024) developed a player performance
evaluation model based on the EWM-TOPSIS method to analyze players' momentum
and its impact on their tennis performance. Various factors such as winning condition,
distance, winners, and double faults were considered. The model differentially evaluates
the winning motivations of servers and receivers and relies on an exponentially
decreasing accumulation of evaluation indicators, similar to the momentum algorithm
in deep learning. Players' performance scores at a given point, called the momentum
score, were determined using the EWM-TOPSIS evaluation algorithm. In this study, a
random match was selected to depict the momentum score for both sides to demonstrate
the consistency of the momentum score and match conditions. The results of the study
demonstrated that the relationship between momentum score and the increase or
decrease in winning probability can be influenced by momentum score, which has a
significant correlation with the volatility of winning probability.

Hraste, Mladen , et al. (Hraste & Jelaska, 2024) used the analytical hierarchy
process (AHP)method to analyze the priorities of all-court tennis players. The study
focused on investigating the priorities of tennis players on all courts in attack and
defense. Eighteen criteria were selected to evaluate the overall performance of tennis
players based on the expertise of seven tennis experts. The importance coetficient vectors
assigned by each expert were calculated using the geometric mean method and used to
form the decision matrix for the player on all courts. The arithmetic mean and standard
deviation vectors were calculated for all criteria. The results showed that the top of the
defensive hierarchy indicated the quality of defensive movement/tasks and the quality
of the first serve and return, which are of high importance. While the quality of
performance in long rallies is of medium to high importance. Therefore, the top of the
offensive hierarchy indicated that playing with multiple styles and the quality of the first
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serve are of high importance. Conversely, the quality of initiative in rallies and the
quality of the offensive forehand are of medium to high importance.

Materials and Methods

In this section, various decision support techniques are proposed for evaluating
tennis player performance based on a set of biomechanical parameters. Subsequently,
MCDM techniques combined with fuzzy logic, such as AHP, TOPSIS, and MOORA, are
applied using a hybrid approach that integrates several decision support methods
(Alazzawi, 2025),(Al-Azzawi et al., 2023),(Yas & Zaidan, 2023).

Materials

This study used an experimental dataset comprising eleven attempts made by a
tennis player on the court based on seven selected criteria. These attempts represent
alternatives based on a set of selected criteria that form the foundation for evaluating a
tennis player's performance.

Tennis player Criteria

In this study, several biomechanical criteria for tennis players were considered for
benchmarking. Each criterion was prioritized for a specific purpose and to achieve a specific
goal within the decision matrix. Although conflicts between criteria may affect the
importance of each criterion within the decision matrix (DM) (Almarashi et al., 2024). Thus,
the criteria were evaluated using a reasonable balance to determine the priority and
importance of each criterion based on their comparison.. Seven key criteria were identified
that significantly influence tennis player performance, as ball height, ball launch angle, ball
launch speed, trunk inclination angle, shoulder angle, height of the center of mass, and
peripheral velocity of the arm, respectively. Figure 1, shown the various biomechanical
variables performed be tennis players in the court.

Alternatives and

Players

Biomechanical Variables for Tennis [ DM for identify of J

Criteria

POYPIA SISO [*|
POYRIN HOMIA [*

u I] UI] Ranking and Optimal
= Tennis player Selection

Figure 1. Taxonomy for selecting tennis player based on MCDM techniques.
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Methods

In this section, several MCDM techniques used in this study for evaluation and
selection are discussed (S. Zhang & Mao, 2021). In addition, the weights of the selected
criteria are calculated.

Triangular fuzzy number

The fuzzy system proposed by L. Zadeh, called fuzzy set theory, is also called
probability theory, and is based on the probability distribution of fuzzy variables (Zadeh,
1999) . The principle of fuzzy logic theory is based on crisp fuzzy values that can be
determined for a specific variable. This theory has been widely accepted by researchers and
applied in various disciplines to contribute to solving problems in various sectors, such as
industry, education, and healthcare. Many methods and models based on fuzzy logic have
been derived, such as the fuzzy triangular number approach (Yas et al., 2021). Three
elements are the components of the triangular fuzzy number approach as:

a= (a’, a™, a“) defined a membership function as follows (Zhang, S. F., Liu, S.
Y., & Zhai, 2011)

Triangular Fuzzy Numbers @ = (at, a™, a%) (1)
x—a) / (an— a) ifay<x < ap
pa(x)= (ay,— x) / (ay— ap) if ap<x < ay

0, Otherwise.

Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) method, based on the pairwise comparison
principle, was used. The AHP method was integrated with the triangular fuzzy numbers
approach to calculate the weights of the different criteria selected in this study. According
to (Yas, Q. M., Ibrahim, D. S., & Mohammed, 2023) , the fuzzy number for pairwise
comparisons is based on triangular fuzzy numbers, which take into account the
interdependence of the criteria of the decision matrix . However, directly calculating fuzzy
eigenvalues and fuzzy eigenvectors is very difficult in practice (Xiao et al., 2022). Therefore,
a generated decision matrix (DM) that consists of m alternatives (eleven trials) and 7 criteria
(seven criteria) can be defined, where the i-th alternative intersects with the j-th criterion
(Zaidan et al., 2019). Figure 2 shows a flowchart of the Analytic Hierarchy Process (AHP)
method (Saaty, 2001).
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Goal
Criteria 1 Criteria 2 Criteria3 | ... Criteria n
Alternative 1 Alternative 2~ | e Alternative m

Figure 2. Analytical hierarchical process (AHP) method diagram.

According to T.Saaty, different metrics are proposed to compare the selected criteria
based on experts” preferences (Saaty, 2012). These scales are defined in rational intervals
from 1 to 9. According to this formulation of scales, they can be represented in linguistic
terms and thus transformed into fuzzy triangular numbers. Therefore, fuzzy scales are
considered effective methods to properly deal with this ambiguity. Table 2, shows the
process of converting the values used in the decision matrix based on a five-point of Likert

classifier for TFN scales.
Table 2. Likert classifier for TEN scales.

Description of scales Triangular Fuzzy Number
Equal preference (11,1
Slight preference (2,3,4)
Strong preference (4,5,6)
Very strong preference (6,7,8)
Excellent preference (8,9,10)

Therefore, the FAHP approach was implemented using pairwise comparison, based
on the preferences of decision-makers. The values of the linguistic decision matrix were
changed to the triangular fuzzy numbers form. Thus, calculating criteria weights according
to the FAHP approach, to be used as input values for the TOPSIS, MOORA, and other
techniques later.

TOPSIS Technique

This technique is considered one of the best MCDM technologies according to it is
characteristics (F. M. Jumaah, A. A. Zaidan, B. B. Zaidan, R. Bahbibi, M. Y. Qahtan, 2018),.
According to the rules of this technique, which is based on selecting alternatives based on
the closest geometric distance of the alternative to the positive ideal solution and the longest
geometric distance from the negative ideal solution. Therefore, the closest geometric
distance of the alternative to the positive ideal solution is used to choose the best alternative.
Meanwhile, the farthest geometric distance of the alternative from the negative ideal
solution is used to choose the worst alternative. In detail the steps of the TOPSIS method
are discussed as follows:
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e Step 1- Normalization of the decision matrix
This step involves performing a comparison process between attributes by
converting dimensional attributes into non-dimensional attributes.

Tij = xij/ Xty xizj (2)

The result of this step generates a new matrix R that can be described as follows:

rll rlz ey rln
er TZZ e TZn

R= : : : : (3)
TTm1 Tm2 o Tmn

e Step 2- Weighted of normalized decision matrix
This step included the set of criteria weights w = wy, w,, w3, -, wj,-=-, wy, as in the
decision matrix. Decision matrix values are calculated by multiplying each column in the
decision matrix (R) by its associated weight (R) by its associated weight w; , which
should equal 1.
e Step 3- Determine the ideal solution and the negative solution
This step included identifying the two alternatives A” (the ideal alternative) and,
A” (the negative ideal alternative) as follows:

A= {((miax vi; |j E]),(miinvij jer)|i=12, m)} (4)
= {vi,v3, .., v, v} (5)
A = {((miin vy |j E]),(miax vi; |j e]-) i=1.2, m)} (6)
= {v7,v7, ... v], v} )

where a subset of ] is {i = 1,2, ..., m}, to be included the benefit attribute. Correspondingly,
the values of /™ are the complementary set of J, or ( /), which represent the cost attribute.

e Step 4-Calculate the separation measure based on the Euclidean distance
This step involved calculating the ideal vector A* through the process of
separating the alternatives according to the Euclidean distance for each alternative in V
as follows:

Where, C;+ = 1 if and only if (A; = A*), similarly, C;+ = 0 if and only if (A; = A™).
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MOORA Technique

A multi-objective optimization technique based on ratio analysis was developed by
Brauers and Zavadskas (Shahzadi, G., Lugman, A., & Ali Al-Shamiri, 2022). MOORA
technique can be described in three main basic steps to be applied in the real world. Two
main features are described: A beneficial feature to be as a maximum value, while a non-
beneficial feature to be as a minimum value in this technique. A decision matrix is
generated, where m denotes the alternatives (number of concentrations) while # is the
number of criteria for these alternatives. The decision matrix includes the value xij, should
be within (0 and 1) to calculate the normalization values. In this technique, the
normalization values of the alternatives as ith ,while the jth are represented for the criteria,
to be the positive value of (beneficial feature) and the negative value of (nonbeneficial
feature) as follows:
e Stepl- Calculating normalized decision matrix

x;=.>j</ ;X;,(izl,z,...,m;j:1,2,...,n) 8)

e Step2: Estimating assessment values

y=2 WX=) WX 9)

e Step 3- Calculating the Rank of alternatives
Calculating the maximum value of the variable yi which represents the
maximum priority and first rank, the second largest value of yi represents the second
priority and second rank, and so on.

Comparative analysis

In this section, an analytical comparison using Spearman's rank correlation
coefficient (rs) is applied to verify the values of the results obtained for both techniques (Ali
& Al-Hameed, 2022). This method is considered unique for comparing the ranks of the
alternatives applied in this study. Typically, rs measures the similarity between two sets of
evaluations of the techniques applied in our study. Spearman's method is based on a rule
for measuring similarity values between ranks, which typically range between -1 and 1 (Yu
& Hutson, 2024).

Results and Discussions

In this section, the results are discussed in several stages according to the proposed
methodology, employing a multi-criteria decision-making method (MCDM) technique.
In the first stage, the weights of the selected criteria are calculated using FAHP. In the
second stage, the ranks for all attempts made by a tennis player on the court are
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calculated using two MCDM techniques. Additionally, an analytical comparison of each
rank based on the two techniques is performed using Spearman's correlation coefficient
(SCC). Consequently, these results are verified through a sensitivity analysis.

Results of criteria weights

The results of the criteria weights are obtained by integrating fuzzy logic with the
AHP method. The weights were calculated based on the pair-wise concept while
checking the consistency between the values according to the rules of the AHP
technique. These results were obtained according to the preferences of six experts. Table

3, shows the weights of various criteria based on experts” opinions.
Table 3. Results of criteria weights using FAHP approach.

Ball Ball Ball Trunk Shoulder Height Peripheral
Height launch launch Inclination Angle ofthe  Velocity
Angle Speed Angle Center of the
of Arm
mass
Exp-1 0.320 0.045 0.190 0.138 0.231 0.076 0.045
Exp-2 0.305 0.071 0.187 0.144 0.212 0.081 0.028
Exp-3 0.342 0.084 0.203 0.094 0.230 0.047 0.081
Exp-4 0.312 0.268 0.118 0.072 0.204 0.026 0.072
Exp-5 0.282 0.134 0.203 0.085 0.251 0.047 0.073
Exp-6 0.278 0.216 0.121 0.160 0.151 0.073 0.050

TOPSIS technique ranking for alternatives

The TOPSIS technique results identified alternative 1, with the first attempt being the
best alternative for a tennis player. The worst alternative was recorded at attempt 7. The
remaining alternatives were ranked as shown in Table 4.

Table 4. Results of TOPSIS technique for alternatives.

2 EXP-1 EXP-2 EXP-3 EXP-4 EXP-5 EXP-6
>
-45 Rank
= S+ S- S+ S- S+ S- S+ S- S+ S- S+ S-
2
AT-1 | 12.6435 | 3.3911 | 11.6284 | 2.4216 | 12.6072 | 3.3082 | 11.0476 | 1.8080 | 13.6695 | 4.3719 | 8.2881 | 1.5897 1
AT-2 | 11.2357 | 1.9819 | 10.3230 | 1.1231 | 11.2035 | 1.9002 | 9.8483 | 0.9813 | 12.1597 | 2.8773 | 7.3473 | 2.2434 3
AT-3 | 12.1793 | 2.8692 | 11.1976 | 1.9006 | 12.1580 | 2.8409 | 10.6489 | 1.3898 | 13.1833 | 3.8736 | 7.9539 | 1.5824 2
AT-4 | 10.9245 | 1.6524 | 10.0522 | 0.9155 | 10.9179 | 1.6892 | 9.5306 | 0.6664 | 11.8266 | 2.5559 | 7.1319 | 2.3851 4
AT-5 | 10.5635 | 1.2401 | 9.7092 | 0.4345 | 10.5460 | 1.2271 | 9.2441 | 0.6685 | 11.4381 | 2.1321 | 6.8923 | 2.5698 9
AT-6 | 9.4194 | 0.4545 | 8.6687 | 0.8953 | 9.4163 | 0.5999 | 8.2066 | 1.2141 | 10.1971 | 0.9894 | 6.1420 | 3.3079 8
AT-7 | 9.7821 | 0.5151 | 8.9969 | 0.5252 | 9.7734 | 0.5982 | 8.5405 | 0.9378 | 10.5916 | 1.3069 | 6.3787 | 3.0595 | 11
AT-8 | 10.8548 | 1.5210 | 9.9781 | 0.6561 | 10.8393 | 1.5217 | 9.4940 | 0.5654 | 11.7543 | 2.4441 | 7.0787 | 2.3569 6
AT-9 | 10.7435 | 1.4549 | 9.8805 | 0.7087 | 10.7291 | 1.4476 | 9.3829 | 0.4842 | 11.6289 | 2.3276 | 7.0130 | 2.4686 7
AT-10 | 10.3841 | 1.1808 | 9.5583 | 0.7133 | 10.3813 | 1.2513 | 9.0491 | 0.7057 | 11.2408 | 2.0062 | 6.7796 | 2.7365 5
AT-11 | 10.0483 | 0.7876 | 9.2419 | 0.4818 | 10.0373 | 0.8275 | 8.7926 | 1.0719 | 10.8808 | 1.6246 | 6.5719 | 2.9662 | 10
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MOORA technique ranking for alternatives

The results of the MOORA technique determined alternative 1, where the first
attempt was the best alternative, as a tennis player's performance. The worst alternative was
recorded at attempt 7. The remaining alternatives were ranked as shown in Table 5.

Table 5. Results of MOORA technique for alternatives.

v Exp-1 Exp-2 Exp-3 Exp-4 Exp-5 Exp-6
g » . RAN . RAN . RAN . RAN . RAN . RAN
2 y1 K y1 K y1 K y1 K y1 K y K
Aj_l 1.161 1 1.%21 1 1.;98 1 0.9799 1 1.3;26 1 0.%27 1
o 1.1143 3 1.;10 3 1.(2)98 4 0.9968 5 1.2633 5 0.i72 )
s 1.1799 5 1.1258 5 1.1650 ’ 0.254 6 1.176 5 0.5(5)56 6
T 1.1638 4 1.%)10 4 1.210 3 0.9187 ’ 1.2354 3 0.8668 3
TS 1.(;81 g 1.%48 8 1.(3152 8 0.225 - 1.1189 8 0.i06 8
T 1.(;45 10 1.(;13 10 1.(118 10 0.266 10 1.1942 10 0.257 9
T 1.(;36 1 1.(;02 1 1.(;11 1 0.265 1 1.;39 1 0.243 1
s 1.(;61 9 1.(3123 9 1.(())41 9 0.5(5)92 9 1.274 9 0.7153 10
ATo 1.1)18 6 1.(;83 6 1.(178 6 0.9117 8 1.208 . 0.8717 7
e 1.1924 5 1.(:397 5 1.(;97 5 0.3:76 4 1.%38 4 0.5;61 5
. 1.(())94 7 1.(;70 - 1.(())71 7 0.9185 3 1.2216 6 0.5;65 4

According to the results obtained, the two techniques used were completely identical
in selecting the best and worst cases, regardless of the other cases. This alignment resulted
from the weighting of the criteria, which significantly impacted the final results.

In other words, the experts' preferences were fairly close in determining the
superiority of each criterion over the other, supporting the view that group opinions are
superior to individual opinions. Therefore, based on the results, attempt 1 is considered the
best alternative for the specific study problem [30]. Therefore, it is recommended that
coaches take these results into account when evaluating or selecting any tennis players.
Figure 3 shows the different classifications according to the three MCDM techniques
applied.
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Ranking of altrantives using MCDM
techniques

15

10
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AT-1 AT-2 AT-3 AT-4 AT-5 AT-6 AT-7 AT-8 AT-9 AT-10AT-11

EMOORA RANK ®TOPSIS Rank

Figure 3. Ranking of Alternatives using MCDM techniques.

On the other hand, an analytical comparison used the Spearman correlation coefficient
for the products collected from the application of FAHP-based MCDM techniques. The
Spearman rank correlation coefficient (SCC) was calculated to assess the consistency
between the rankings produced by the different MCDM techniques. The results revealed
high positive correlations (ranging from 0.90 to 1.00), particularly between TOPSIS and
MOORA methods, indicating strong agreement in ranking tennis player performance.
According to the SCC rules the values obtained in the table range from 0.9 to 1.0 using the
rs factor. Whereas, the values of the MCDM technique when compared to itself were
recorded at a value of 1. See the table 6, shows the comparison between the TOPSIS and
MOORA techniques.

Figure 4 shows that the results obtained from MOORA and TOPSIS match extremely.
As is known, the different values of the criteria weights greatly affected the values of the
results by using several techniques. Therefore, when the values of the criteria change, there

is a high probability that the order of the alternatives will be changed.
Table 6. Spearman’s rank correlation coefficient (SCC)
TOPSIS MOORA
TOPSIS 1 0.93
MOORA 1

TOPSIS & MOORA

15

10

1 2 3 - 5 6 7 8 9 10 11

=@=—=TOPSIS ==@==NOORA

Figure 4. Comparison TOPSIS and MOORA results.
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Conclusion

In the last decade, tennis has become one of the most popular Olympic sports
worldwide. Various Olympic tournaments are held annually in many countries. Tennis
matches are typically held outdoors, requiring players to perform at their best to win a
match. However, evaluating a player's performance poses a challenge for coaches when
selecting the right player based on several biomechanical criteria. In this study, several
decision-making techniques combined with fuzzy logic were used. The Fuzzy Analytical
Hierarchy Process (FHAP) was used to calculate the weights of the selected criteria.
Seven basic biomechanical parameters were selected to evaluate tennis player
performance. Two techniques were applied to select the optimal alternative as TOPSIS
and MOORA. The results showed that the best alternative was the first attempt (AT-1)
using both techniques. The correlation between the values of the two techniques was
calculated using Spearman's Correlation Coefficient. In addition, five scenarios were
used for sensitivity analysis of the ranking results of both techniques. Future work could
apply more decision-making techniques to other cases, yielding impressive results.

References

Al-Azzawi, A. A. M,, Talal, M. L., Khadhim, B. J., & Yas, Q. M. (2023). Selecting Optimal
Educational Boards Based on a Decision Support Approach. International Journal on
Technical and Physical Problems of Engineering, 15(1), 345-351.

Alazzawi, A. (2025). A Group Decision-Making for Selecting Multi-Deep Face Recognition
Models A Group Decision-Making for Selecting Multi-Deep Face Recognition Models.
Iraqi Journal for Computer Science and Mathematics, 6(2), 1-21.

Ali, K., & Al-Hameed, A. (2022). Spearman’s correlation coefficient in statistical analysis.
Int. J. Nonlinear Anal. Appl, 13(May 2021), 2008-6822.
http://dx.doi.org/10.22075/ijnaa.2022.6079

Almarashi, A. M., Daniyal, M., & Jamal, F. (2024). A novel comparative study of NNAR
approach with linear stochastic time series models in predicting tennis player ’ s
performance. BMC  Sports Science, Medicine and Rehabilitation, 7, 1-11.
https://doi.org/10.1186/s13102-024-00815-7

Brito, A. V, Fonseca, P., Costa, M. J., Cardoso, R., Santos, C. C., Fernandez-fernandez, J., &
Fernandes, R. J. (2024). The Influence of Kinematics on Tennis Serve Speed : An In-
Depth Analysis Using Xsens MVN Biomech Link Technology. Bioengineering, 11(971),
1-15.

Brocherie, F., & Dinu, D. (2022). Biomechanical estimation of tennis serve using inertial
sensors : A case study. Frontiers in Sports and Active Living, 4(5), 1-8.

Caroline, M., Sorel, A., Touzard, P., Bideau, B., Degroot, H., & Kulpa, R. (2021). Influence of
the forehand stance on knee biomechanics: implications for potential injury risks in

https://edu.pubmedia.id/index.php/jpo



Pubmedia Jurnal Pendidikan Olahraga Vol: 3, No 2, 2025 15 of 17

tennis players. Journal of Sports Sciences, 39(9), 992-1000.

Colomar, J., Corbij, F., Brich, Q., & Baiget, E. (2022). Determinant Physical Factors of Tennis
Serve Velocity : A Brief Review. International Journal of Sports Physiology and Performance,
17, 1159-1169.

F. M. Jumaah, A. A. Zaidan, B. B. Zaidan, R. Bahbibi, M. Y. Qahtan, and A. S. (2018).
Technique for order performance by similarity to ideal solution for solving complex
situations in multi-criteria optimization of the tracking channels of GPS baseband
telecommunication receivers. Telecommunication Systems, 68, 425-443.

Hraste, M., & Jelaska, 1. (2024). Tennis performance priorities for all-court player using the
Analytic Hierarchy Process method. Acta Kinesiologica, 18(2), 1-6.

Id, J. L., & Muehlbauer, T. (2022). Physical fitness and stroke performance in healthy tennis
players with different competition levels: A systematic review and. PLoS ONE, 1-15.
https://doi.org/10.1371/journal.pone.0269516

Jassim Al-Shamary, A. K., Yas, Q. M., Badr, A. M., Shalabi, R. Al, & Aldulaimi, S. H. (2022).
Multi Criteria Decision Making Technique for Evaluation and Selection performance
Large Scale Data of Composite Materials. 2022 ASU International Conference in Emerging
Technologies for Sustainability and Intelligent Systems, ICETSIS 2022, 96-103.
https://doi.org/10.1109/ICETSIS55481.2022.9888862

Li, Z., & Yin, Y. (2024). A Quantitative Assessment Model for Momentum in Tennis Based
on Exponential Decay and EWM- TOPSIS Method. Academic Journal of Computing &
Information Science, 7(5), 136-142. https://doi.org/10.25236/AJCIS.2024.070518

Liang, Z., Wu, J., Yu, J., & Ying, S. (2023). Comparison and analysis of the biomechanics of
the lower limbs of female tennis players of different levels in foot-up serve. Frontiers in
Physiology, 14(February), 1-11. https://doi.org/10.3389/fphys.2023.1125240

Martin, C. (2018). Biomechanics of the Tennis Serve. Tennis Medicine, 1-14.

Saaty, T. L. (2001). Fundamentals of the Analytic Hierarchy Process. The Analytic Hierarchy
Process in Natural Resource and Environmental Decision Making, 15-35.

Saaty, T. L. (2012). How to make a decision. International Series in Operations Research and
Management Science, 175, 1-21. https://doi.org/10.1007/978-1-4614-3597-6_1.

Setyawan, H., Purwanto, S., Indra, E. N., Prayudho, S., Pavlovic, R., Nowak, A. M., Susanto,
N., Darmawan, A., Shidiq, A. P., Padang, U. N., & Islam, U. (2024). The Differences
Result In Serve Skill of Junior Tennis Players Assessed Based On Gender and Age Las
Diferencias Resultan En La Habilidad De Servicio De Los Tenistas Jovenes Evaluadas
Segun El Género Y La Edad. Retos, 54, 272-278.

https://edu.pubmedia.id/index.php/jpo



Pubmedia Jurnal Pendidikan Olahraga Vol: 3, No 2, 2025 16 of 17

Shahzadi, G., Lugman, A., & Ali Al-Shamiri, M. M. (2022). The Extended MOORA Method
Based on Fermatean Fuzzy Information. Mathematical Problems in Engineering, 2022(1),
7595872.

Temesi, J., Szddoczki, Z., & Bozdki, S. (2024). Incomplete pairwise comparison matrices:
Ranking top women tennis players. Journal of the Operational Research Society, 75(1), 145-
157. https://doi.org/10.1080/01605682.2023.2180447

Xiao, W., Geok, S. K., Bai, X., Bu, T., Rozilee, M., & Wazir, N. (2022). Effect of Exercise
Training on Physical Fitness Among Young Tennis Players: A Systematic Review.
Frontiers in Public Health, 10, 1-10. https://doi.org/10.3389/fpubh.2022.843021

Yas, Q. M., Ibrahim, D. S., & Mohammed, K. G. (2023). Academic Ranking of Diyala
University Using Hybrid Decision-Making Approach. In AIP Conference Proceedings,
2834(1).

Yas, Q. M., Adday, B. N., & Abed, A. S. (2021). Evaluation Multi Diabetes Mellitus
Symptoms by Integrated Fuzzy-based MCDM Approach. Turkish Journal of Computer
and Mathematics Education, 12(13), 4069-4082.

Yas, Q. M., & Zaidan, F. K. (2023). A NEW HYBRID MULTI-CRITERIA DECISION
APPROACH FOR EVALUATING AND BENCHMARKING VACCINES. International
Journal on Technical and Physical Problems of Engineering, 15(54), 33-38.

Yi, Q., Liu, Z.,, Liu, X.,, Wang, Y., & Li, R. (2024). The development strategies of amateur table
tennis matches in China based on the SWOT - AHP model : a case study in Shanghai.
Scientific Reports, 1-11. https://doi.org/10.1038/s41598-024-62334-2

Yu, H., & Hutson, A. D. (2024). A robust Spearman correlation coefficient permutation test.
Communications in  Statistics -  Theory and  Methods, 53(6), 2141-2153.
https://doi.org/10.1080/03610926.2022.2121144

Zadeh, L. A. (1999). Fuzzy sets as a basis for a theory of possibility. Fuzzy Sets and Systems,
100(1999), 9-34.

Zaidan, A. A. Z. B. B,, Albahri, M. A. A. O.S., & Qahtan, A. 5. A. M. Y. (2019). Multi-agent
learning neural network and Bayesian model for real-time IoT skin detectors: a new
evaluation and benchmarking methodology. In Neural Computing and Applications (Vol.
3). Springer London. https://doi.org/10.1007/s00521-019-04325-3

Zhang, S. F.,, Liu, S. Y., & Zhai, R. H. (2011). Computers & Industrial Engineering An
extended GRA method for MCDM with interval-valued triangular fuzzy assessments
and unknown weights q. Computers & Industrial Engineering, 61(4), 1336-1341.

Zhang, S., & Mao, H. (2021). Optimization analysis of tennis players’ physical fitness index

https://edu.pubmedia.id/index.php/jpo



Pubmedia Jurnal Pendidikan Olahraga Vol: 3, No 2, 2025 17 of 17

based on data mining and mobile computing. Wireless Communications and Mobile
Computing, 1, 9838477. https://doi.org/10.1155/2021/9838477

Zhang, X., & Yang, G. (2023). The Biomechanical Analysis on the Tennis Batting Angle
Selection Under Deep Learning. IEEE Access, 11(September), 97758-97768.
https://doi.org/10.1109/ACCESS.2023.3313167

https://edu.pubmedia.id/index.php/jpo



