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Abstract

Background Game performance analysis has been playing a significant role in sports events which has reached

an international consensus. In the field of technical and tactical analysis of table tennis, many studies conducted

the segmented evaluation of players based on the phased-theory. The present study proposed the concepts of ‘com-
petitive technical and tactical performance” of elite table tennis players. The purpose of this study was to develop

an entropy-based weighting system integrated with three comprehensive evaluation methods, aiming to examine

its feasibility for evaluation in two practical applications: inter-athlete comparison and performance fluctuations
across time periods. Another purpose was to explore the applicability of different comprehensive evaluation methods
through comparative application.

Methods A total of 40 matches of six elite male table tennis players in 2019 were selected to evaluate their com-
petitive technical and tactical performance. The technical effectiveness of four phases in a match as the relevant
indexes, three comprehensive evaluation methods, including the Technique for Order Preference by Similarity

to an Ideal Solution (TOPSIS) method, the Rank-sum ratio method and the Osculating value method were applied
based on the Entropy weight method. Kendall's concordance coefficient and Spearman’s correlation coefficient were
employed to examine the consistency and correlation.

Results (1) The technical strength ranking of the six elite table tennis players was as follows: Player A, Player B, Player
C, Player F, Player E, and Player D. This ranking exhibited a high degree of consistency with the international rankings
as of December 2019. Notably, Player C's performance showed significant fluctuations, whereas Player E demon-
strated a steady and upward performance trend. (2) All Kendall's concordance coefficients exceeded 0.948, and all
Spearman’s correlation coefficients were above 0.883, with statistically highly significant results (p <0.01).

Conclusions All three comprehensive methods were shown to have strong applicability and high consistency

in evaluating the comprehensive performance of athletes. The TOPSIS method performed more well. This approach
facilitated a more in-depth and comprehensive representation of table tennis match analysis, providing practical
applications for athletes and coaches.
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Key points

methods was compared in the actual evaluation.

periods.

- The present study proposes the concepts of ‘competitive technical and tactical performance” of excellent table ten-
nis players. It will help for a more in-depth analysis the athlete’s technical performance.

- The Entropy-based TOPSIS method, the RSR method and the Osculating value method was applied to evaluate
the players'competitive technical and tactical performance. The suitability of the three comprehensive evaluation

- The comprehensive evaluation method could help for evaluating the competitive technical and tactical per-
formance of athletes, which can not only accurately evaluate the competitive performance of multiple athletes
at the same stage, but also longitudinally evaluate the competitive performance of an athlete in different time

Keywords Ping-pong ball, Comprehensive assessment, TOPSIS, RSR, Osculating value method, Game performance

Background

Game performance analysis plays a significant role in
sports events which has reached an international consen-
sus [1-4], and in a match, technical and tactical perfor-
mance is critical to the outcome in confrontational sports
[5], because the technique and tactics are key factors in
athletes’ competitive abilities, according to sports train-
ing theory and practice [6]. Research on technical and
tactical performance has been a subject of global concern
[7-9].

Evaluation of technical and tactical performance

In the technical and tactical analysis of table tennis, the
evaluation of performance has always been a core part
of scientific research in this sport. As early as the 1980s,
Wu [10] proposed the “three-phase evaluation theory’,
in which a match would be divided into three phases:
the serving and attacking phase, receiving and attack-
ing phase and rallying phase. This theory was widely
used to prepare for major international competitions by
the Chinese table tennis team and received high praise
from coaches and athletes. Many researchers have made
some improvements on this basis in recent years. For
example, the modifying method of studying table tennis
technique and tactics [11], the “four-phase evaluation
theory” [12], the expanded application of “three-phase
evaluation” [13], a phased model for table tennis chop-
ping stroke [14], dynamic three-phase method [9], dou-
ble three-phase method [15]. Many related studies have
applied these proposed phased methods to analyze the
specific games or players [14—16]. All the above methods
can be called “phased evaluation theory’, which combines
several shots into different phases in a match to evaluate
a player’s technical and tactical performance. Therefore,
the assessment of these methods is a phased evaluation,
according to which, the result is the athletes’ segmented
technical and tactical performance.

Although more accurate scientific explorations of eval-
uation indicators (e.g., usage rate and scoring rate) have
been undertaken—such as Zhang et al’s proposal of the
concept of technical effectiveness [17], Tamaki et al’s
introduction of shot effectiveness [18], and even Yang
et al’s exploration of the structure of the shot effective-
ness model [19]—the substance has not changed and
remains a segmented evaluation. The problem with seg-
mented evaluation was that it was difficult to assess an
athlete’s performance as a whole. For example, if Player X
is rated as “excellent” in one phase, “poor” in another, and
“general” in a third, while Player Y is rated as “general”
in all phases, it will be difficult to compare their overall
performance. Therefore, this study proposed a concept of
“comprehensive technical and tactical performance” and
tried to apply evaluation methods to assess it. In practice,
people often use match results to evaluate the compre-
hensive performance of athletes. For example, a score of
0:4 typically indicates poor performance by the athlete
and a significant gap compared to the opponent, while a
score of 4:3 suggests a hard-fought victory. However, this
approach only provides a vague assessment of the ath-
lete’s overall performance based on the scoreline and fails
to enable direct comparisons among multiple athletes.

Comprehensive evaluation methods

When dealing with complex scenarios where the evalu-
ation object is simultaneously influenced by multi-
ple factors, it is necessary to integrate multiple factors
(indicators) to rank and evaluate the object in terms of
its relative merits. This approach was referred to as the
comprehensive evaluation method, also known as the
multivariate comprehensive evaluation method. It was a
technique applied to quantitatively evaluate and compare
multiple indicators and populations simultaneously [20].
Currently, the commonly used comprehensive evaluation
methods include the Technique for Order Preference by
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Similarity to an Ideal Solution (TOPSIS) method [21],
Rank-sum ratio (RSR) method [22], Osculating value
method [21]. The above comprehensive evaluation meth-
ods have been widely and diversely applied in sports. The
TOPSIS method was applied to football [23, 24], bas-
ketball [25-27], table tennis [28, 29], and also applied in
areas such as match result prediction [30] and financial
efficiency [31], providing important references for deci-
sion-makers. The RSR method has also been applied in
basketball [32-34], volleyball [35-37], and football [38].
The Osculating value method was mainly applied in
basketball [39, 40], it has been widely applied in fields
healthcare quality evaluation [41, 42], and technological
innovation capacity evaluation in industry [43, 44] due to
its quick and easy-to-understand.

However, in previous studies, the evaluation process
had typically relied on a single method and paid less
attention to the weighting of indicators. Due to the dif-
ferent principles of comprehensive evaluation methods,
each had its own advantages and disadvantages in the
actual evaluation situation, and relevant studies show
that there were inconsistencies between the different
comprehensive evaluation methods [45, 46]. There-
fore, this study introduced the entropy weight method
to determine the weights of various technical and tacti-
cal performance indicators. The TOPSIS method, RSR
method, and Osculating value method were employed for
comprehensive evaluation and comparison.

The present study proposed the concepts of “competi-
tive technical and tactical performance” of excellent table
tennis players. One purpose of this study was to develop
an entropy-based weighting system integrated with three
comprehensive evaluation methods, aiming to explore its
feasibility for evaluation in two practical applications: inter-
athlete comparison and performance fluctuations across
time periods. By independently evaluating these two dimen-
sions, this approach facilitated the comparison of compre-
hensive technical and tactical performance among multiple
athletes within the same timeframe, while also enabling the
analysis of performance fluctuations in individual athletes
over a specified period. Ultimately, this methodology allows
for the quantification of an athlete’s competitive technical
and tactical performance in matches as a precise numeri-
cal value. Thus, it eliminates the need for vague judgments
based solely on match results (e.g., 0:4, 4:3) or fragmented
evaluations based only on phased theory. Another purpose
was to explore the applicability of different comprehensive
evaluation methods through comparative application. The
following hypotheses are proposed: (a) the combination of
three entropy-based weights with comprehensive evalua-
tion methods will improve the assessment of athletes’ com-
prehensive performance. Both the comparison of different
athletes and the evaluation across different time periods can
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demonstrate high feasibility in practice. (b) the results of the
three comprehensive evaluation methods for assessing an
athlete’s technical and tactical performance will vary, with
the TOPSIS method likely outperforming the others.

Methods

Design

This study employed three entropy-based weights com-
bined with comprehensive evaluation methods (the TOP-
SIS, RSR, and Osculating method) to assess the technical
and tactical performance of elite table tennis players. The
evaluation comprised two parts: Part 1 was a cross-sec-
tional study comparing the competitive performance of
six players, while Part 2 was a longitudinal study examin-
ing performance variations of a single player across dif-
ferent time periods, using Player C and Player E as case
studies. In Part 3, a comparison of the three comprehen-
sive methods were conducted.

Match samples

This study analyzed 36 matches of six elite male table tennis
players in 2019 to evaluate their competitive technical and
tactical performance (Result Part 1), with each player partic-
ipating in 6 matches. Furthermore, 3 additional matches for
Player C and 1 additional match for Player E were included
to examine performance variations across different time
periods (Result Part 2). These players were all among the top
12 in the world rankings (based on the International Table
Tennis Federation rankings in December 2019). All matches
were internationally renowned tournaments, including the
World Cup, World Championships, Asian Cup, and ITTF
Open tournaments. The opponents in these matches were
evenly matched, with their world rankings all within the top
18. All match videos were sourced from television broad-
casts and public website, as the ITTF website (https://www.
ittf.com/), WTT website (https://worldtabletennis.com/)
and ATTU website (https://asia.ittf.com/). Therefore, writ-
ten ethical approval was not required.

Procedures

Data observation and collection

The observation method and codes of table tennis match
are illustrated in Table 1 [12]. At first, the status of scored
or lost by the target player at the last shot in each point are
observed, and then the last shot number and the number
of points scored and lost by the player in the match.

After testing by SPSS, the data in this study showed no
missing values or outliers. Two table tennis players were
recruited to collect data and test inter- and inter-observer
reliability [1]. Both randomly selected and independently
observed and recorded data from 5 matches. After testing
by Cohen’s Kappa, and the result was k=1, indicating good
consistency and suitability for research purposes.


https://www.ittf.com/
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https://worldtabletennis.com/
https://asia.ittf.com/
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Table 1 Observation method and codes of table tennis match
Round Shot Scoring Losing Total
Serving round #1 Lost in #2 of opponent (A+) Lostin #1 of target player (A-) A
#3 Lost in #4 of opponent (B+) Lost in #3 of target player (B-) B
#5 Lost in #6 of opponent (C+) Lost in #5 of target player+ C
#>7 Lost in #>8 of opponent (D+) Lost in #>7 of target player (D-) D
Receiving round #2 Lost in #3 of opponent (X+) Lost in #2 of target player (X-) X
#4 Lost in #5 of opponent (Y +) Lost in #4 of target player (Y-) Y
#>6 Lostin #>7 of opponent (Z+) Lostin #>6 of target player (Z-) z
Relevant indexes Seori e of rallving ohase I (x3) — ct+D* L00% 6
The phased evaluation method has been widely applied coring rate of rallying phase 1 (x3) = =37 x 100% (6)
in the research of table tennis tactics. Among them, the
“four-phase evaluation theory” has received recognition U ¢ rallving phase I (v3) — Ct+D 100%
from coaches and athletes in practice [47]. Meanwhile, it sage rate of rallying phase I (y3) = A+B+C+D 7
has also been well applied in scientific research [48—50], (7)
and has been referenced in similar group projects [51, +
52]. In this study, the technical effectiveness (TE) [17] Scoring rate of rallying phase II (v4) = - = 100%
was applied to construct “four-phase TE”, including tech- (8)
nical effectiveness in the serving and attacking phase ' 7
(TE)), technical effectiveness in the receiving and attack- Usage rate of rallying phase II (y4) = Xxry gz <100%  (9)

ing phase (TE,), technical effectiveness in the serving and
rallying phase (TE;), and technical effectiveness in the
receiving and rallying phase (TE,).

Let x represents the scoring rate and y represents the
usage rate. The calculation formula for TE of a certain
indicator is as follows:

By Formulas (1, 2, 3, 4, 5, 6, 7, 8 and 9), the relevant
indexes can be obtained, which include TE,, TE,, TE,,
and TE,.

TE = — <1 + g) +(15+v2)[@+p05] - g[(l +9)26709| (1)

Let I represent the sum of total points scored and lost
in a match, /=A+B+C+D+X+Y+Z. The calculation
methods for scoring rate and usage rate are as follows:

Entropy weight method
The entropy weight method is an objective weighting
method that determines the weights of indicators based

+p+

Scoring rate of serving and attacking phase(¥1) = —————— x 100% (2)

coring rate of serving and attacking phase(x1) A+rBrCo X b

A+B+C™
Usage rate of serving and attacking phase(y1) = ArBHC x 100% 3)
A+B+C+D
Xt +yt

Scoring rate of receiving and attacking phase(x2) = A x 100% (4)
(5)

Usage rate of receiving and attacking phase (y2) = x 100%

CX+Y+2Z
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on the entropy of the indicators. It considers the rela-
tive degree of change of the indicators and their impact
on the overall system. The greater the relative degree
of change, the smaller the entropy, and the higher the
weight. Conversely, the smaller the relative degree of
change, the larger the entropy, and the lower the weight
[53, 54].

(1) Establishing an original indicator matrix A with the
number of evaluation objects is m and the number
of evaluation indicators is #, then, A=(a),,,, (i=1,
2 .omj=12..,n)

(2) Matrix normalization. Evaluation indicators are
often classified as high- and low-performing indi-
cators, where higher values are considered more
favorable for high-performance indicators, while
low-performance indicators are the opposite. All
the technical indices in the “four-phase evalua-
tion model” are high-performance. The range nor-
malization formula was used to process the indica-
tors and then got a normalized matrix R=(ry),,,»
r;€[0,1].

ajj-min(ajj)

= max(aij)—min(aij) (10)

(3)Calculating information entropy. For m evaluation
objects and # evaluation indicators, the information
entropy of the j,, evaluation indicator is calculated as:

m
H]' =-k Z fijlnfij (11)
i=1

where fy=r; / 3L, i k=1/lnm; and it is set that filn
f;=0, when f;=0.

(4) Determining weights. The entropy weight w; of the j,,
indicator is calculated as:

i U
TS (H))

,j:l’ 2, e n

Comprehensive evaluation method
(a) TOPSIS method

The basic idea of the TOPSIS method was to construct
a space using the positive ideal solution and the negative
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ideal solution based on the normalized original matrix
[55]. The evaluated solution was considered as a point in
this space. The distance between the point and the posi-
tive and negative ideal solutions is calculated to obtain
the relative proximity measure C; value. The evaluation
is then performed based on the C; value to assess the
quality.

(1)Normalization of the original data matrix. In this
study, all evaluation indicators are high-performance
indicators. The normalization matrix Y is established
using the formula (13), Y=y,

])mxn'

(2)Constructing a weighted normalization matrix.
Based on the weights calculated using the entropy
weight method, the standard matrix Y is weighted,
resulting in the weighted normalized matrix P.

P = i), n

Pij=WjYjj (14)

(3) Determining the positive ideal solution P+ and nega-
tive ideal solution P— based on the matrix. The posi-
tive ideal solution P+=(p,*, p,+..., pn+) and the
negative ideal solution P =(p;", py ... p, )

min

where p]+ :}in;;;mll% {P’/} ’ P]_ _1§i§m13{Pij} :

(4)Calculating the distances D;" and D;” between the
evaluated objects and the positive and negative ideal
solutions, respectively.

g 2
Z (Pj+ - Pi;)
j=1

=
I
—~
)
o
<
[ ]
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(5)Calculating the proximity measure C; between the
evaluated objects and the optimal solution.

Ci=—Di
" D +D;

(17)

The C; values range from 0 to 1, where a higher value
indicates a higher comprehensive level. The evaluated
objects can be ranked based on their C; values.

(b)RSR method

This method was proposed by Chinese statistician
in 1988 called Feng-tiao Tian [22]. The Rank Sum
Ratio (RSR) refers to the average rank of rows (or col-
umns) and possesses the characteristics of a continu-
ous variable ranging from 0 to 1. A higher RSR value
corresponds to a better evaluation result. The basic
expression of RSR in a matrix with n rows (representing
n evaluation objects) and m columns (representing m
evaluation indicators) is as follows:

i
m x né—j=1"

The calculation formula for Weighted Rank Sum
Ratio (WRSR) is as follows:

RSR; =

(18)

1 m
WRSR;=— Zl WiR,
J:

(19)

In formulas (18) and (19), where i=1, 2, ..., n; j=1,
2, ..., m; R; represents the rank of the element in the i,
row and j,, column; W represents the weight of the j,,
evaluation indicator.

The average rank of WRSR was denoted as “R’, the
downward cumulative frequency “p” and Probit can be
calculated as follows:

p=(+1—R) /n*100 (20)

Note that when the result of the calculation is 100, it
is estimated by (1-1/4n).

Probit = u+5 (21)

Note that “u” represents the standard normal devia-
tion corresponding to “p”. When a Probit value greater
than 6 indicates excellence, a Probit value between 4
and 6 indicates general, and a Probit value less than 4

indicates poor.
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(c) Osculating value method

The Osculating value method could avoid the subjec-
tive factors in determining the weights of indicators in
Grey Theory and overcome the construction difficulties
of membership functions in fuzzy mathematical meth-
ods [56]. The basic principle is to identify the best and
worst solutions by standardizing the evaluation indica-
tors, and then calculate the Euclidean distance between
each solution and the best or worst solution. And
finally, the osculating value of each solution based on
the Euclidean distance would be calculated. The solu-
tions are then ranked according to their osculating val-
ues [57].

(1) Establishing an indicator matrix, and then the
weighted standard matrix will be created after nor-
malizing and weighting. This process is similar to
the TOPSIS method, as shown in Formula (13) and
Formula (14). Determining the “best solution” and
the “worst solution’, which is denoted as P* and P~.

(2) Calculating the Euclidean distances G;" and G, for
each solution:

G = | > (o —p)’ (20)
j=1

G = | Y (o —p)’ 1)
j=1

(3) Calculating the closeness value E; for each solution
and rank them

Let G* be the minimum value among the m G,* val-
ues, and G~ be the maximum value among the m G;~
values. The formula for calculating the osculating value
E, for each solution is as follows:

G G

E=—i _ i

S (22)

When GT =G;" and G"=G,", E;=0. At this point, the
solution is closest to the optimal point. When E;>0,
a larger C; value indicates that the solution is farther
away from the optimal point, therefore, the solutions
can be ranked based on the E; values to obtain “the
most satisfactory solution”.
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(d)Combined ranking

The Combined ranking means the final ranking (result),
the Serial Number Summation Theory [58] was applied to
synthesize the evaluate results of the TOPSIS method, the
RSR method, and the Osculating value method to deter-
mine the final results. When the summation of rankings of
the three comprehensive evaluation methods is equal, the
mode theory [59] is used to determine the ranking issue.

Statistical analysis

To test the consistency of the evaluation results, Kendall’s
concordance coefficient was employed, with the inde-
pendent variable being the rankings derived from three
evaluation methods. Additionally, Spearman’s correlation
coefficient was utilized to examine the correlation, where
the independent variables consisted of the rankings from
the three evaluation methods, the combined rankings,
and the international rankings as of December 2019.
Both statistical analyses were conducted using SPSS soft-
ware (SPSS Inc., Chicago, IL, USA) for Mac, with statisti-
cal significance defined at P<0.05.

Results
Evaluation of competitive technical and tactical
performance for multiple players
Table 2 presents the TE values, weights and evalua-
tion results of 6 elite players in important competitions.
It showed that the highest average TE among the four
phases was TE; (0.540), the second was TE, (0.514), the
third was TE; (0.508), and the lowest was TE, (0.425).
The weights of TE were determined by using informa-
tion entropy. The weights of TE,, TE,, TE,, and TE, were
0.316, 0.172, 0.177, and 0.335, respectively.

It can be observed in Table 2 that the ranking of the
three methods for the evaluation of the comprehensive
technical and tactical of the 6 elite athletes was almost the

Table 2 TE, weights and evaluation results of six players
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same (except for the ranked 4 and 5 in the RSR method).
Player A was ranked first, Player B was ranked second,
Player C was ranked third, Player F was ranked fourth,
Player E was ranked fifth, and Player D was ranked sixth.
This indicated that the three comprehensive evaluation
methods based on entropy weight were suitable for the
evaluation of the comprehensive performance for elite
table tennis players.

Evaluation of a player’s competitive technical and tactical
performance across different time periods

Taking two rookie players, Player C and Player E, as
examples, the following was the evaluation of their com-
petitive technical and tactical performance across differ-
ent time period.

Evaluation of Player C

Table 3 showed the TE, weights and evaluation results
of Player C in 9 matches. It could be observed that the
average value of Player C in TE, (0.543) was significantly
higher than the average of 6 elite players (0.514), indicat-
ing his exceptional skills on the second and fourth shots.
The average value of Player C in TE; (0.509) was relatively
close to the average of 6 elite players (0.508), but his aver-
age value in TE; and TE, were all lower than the average
of 6 elite players, indicating that his rallying phase was
a weakness in his technique. Due to the variety of play-
ing styles and technical specialties of table tennis players,
the impact of technical indicators on their performance
varies. The weights of TE;, TE,, TE; and TE, were 0.313,
0.223, 0.297, and 0.167, respectively. The results of the
three comprehensive evaluation methods were not the
same. Among them, the results of the TOPSIS method
were completely consistent with the combined rank-
ing, indicating that the TOPSIS method might be more

TE, TE, TE; TE, TOPSIS RSR Osculating  Combined ranking
value
G Rank WRSR; Rank/R P (%) Probit Results E; Rank Summation Rank

Player A 0.535 0501 0627 0455 0838 1 0861 1 958 6.732 Excellent 0.000 1 3 1
Player B 0.536 0532 0599 0440 0813 2 0857 2 833 5967 General 0.166 2 6 2
Player C 0517 0546 0503 0419 0471 3 0639 3 500 5431 General 2783 3 9 3
Player D 0488 0496 0502 0390 0.161 6 0278 6 167 4033 General 4730 6 18 6
Player E 0496 0535 0494 0408 0334 5 0443 4 66.7 5000 General 3.740 5 14 5
Player F 0475 0461 0513 0438 0382 4 0423 5 333 4569 General 3616 4 13 4
Average 0.508 0514 0.540 0425 Kendall W=0.975p=0.012%
Information Entropy (H) 0953 0974 0974 0.950
Weights (W) 0316 0.172 0.177 0335

™, ", and” denotes statistical significance at the 0.1, 1, and 5% levels, respectively
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Table 3 TE, weights, and evaluation results of Player C
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Matches TE, TE, TE; TE, TOPSIS RSR Osculating value Combined ranking
G Rank  WRSR; Rank £ Rank  Summation Rank

2019.03.29 0.587 0.625 0483 0.449 0.587 1 0.712 1 0.142 1 3 1

Qatar Open 1/8 final

2019.04.06 0.615 0.614 0454 0471 0.586 2 0.693 2 0.161 2 6 2

Asian Cup 1/4 final

2019.04.06 0.500 0.461 0516 0.330 0.293 9 0401 8 1.161 8 25 9

Asian Cup 1/2 final

2019.06.02 0430 0490 0533 0442 0371 7 0375 9 0974 7 23 7

China 1/2 final

2019.07.05 0470 0520 0483 0463 0401 6 0.465 6 0829 6 18 6

Korea Open 1/2 final

2019.11.03 0432 0509 0637 0562 0568 3 0.608 5 0255 3 11° 3

World Cup 1/4 final

2019.12.01 0500 0577 0594 0413 0551 4 0.686 3 0257 4 11¢ 4

World Cup 1/2 final

2019.12.01 0.545 0.524 0476 0.256 0319 8 0452 7 1.202 9 24 8

World Cup final

2019.12.13 0.500 0.565 0.546 0.360 0426 5 0.609 4 0.685 5 14 5

[TTF final

Average 0.509 0.543 0.525 0416 Kendall W=0.948, p=0.004***

Information Entropy (H) 0.839 0.885 0.847 0914

Weights (W}) 0313 0223 0.297 0.167

? denotes the summation of the three methods' ranking is equal; *** ** and * denotes statistical significance at the 0.1, 1, and 5% levels, respectively
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(a) Player C

Fig. 1 Performance fluctuations of Player C and Player E in 2019

suitable for evaluating comprehensive technical and tac-
tical performance.

Figure 1 displayed the performance fluctuations of
Player C based on the C; values of the TOPSIS method.
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(b) Player E

He experienced fluctuating stages of peaks, valleys,
rebounds, and declines throughout the year 2019. In the
Qatar Open 1/8 final and the Asian Cup 1/4 final, Player
C displayed his best performance, with C; values of 0.587
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and 0.586, reaching the peak for the entire year. How-
ever, his technical status suddenly declined in the Asian
Cup 1/2 final, with C; value was 0.293, marking the low-
est point of 2019. This particular match had some psy-
chological impact on the player, for he remained in a low
state until the World Cup in November, and the China
Open and Korea Open both failed during this period.
During the World Cup, Player C’s performance showed
some improvement, performing well in the 1/4 final and
1/2 final with C; values of 0.568 and 0.551. However, his
performance was average in the final, with C; value of
0.319. There was a slight recovery until the ITTF final.
Overall, Player C’s comprehensive performance in 2019
had its ups and downs, with a slight overall downward
trend.

Evaluation of Player E

It can be observed in Table 4 that Player E’s comprehen-
sive performance in the returning and attacking phase,
serving and returning rallying phase, was significantly
higher than the average of 6 elite players. Only in the
serving and attacking phase did his TE fall below the
average, indicating that he already possessed remarkable
performance. However, his weaknesses lie in the first and
third shots. The weights of various technical indices were
obtained, which were based on Player E’s 7 matches. They
were 0.334, 0.221, 0.227, and 0.218. The ranking results
of four matches are completely consistent, while the
other three matches were slightly different. When using

Table 4 TE, weights, and evaluation results of Player E
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the method of the summation of rankings, the results are
consistent with the TOPSIS method.

Throughout the year, Player E’s comprehensive perfor-
mance exhibited a fluctuating pattern (Fig. 1), with peri-
ods of improvement, decline, further improvement, and
subsequent decline. In August, during the final of the
Czech Open, his performance reached its peak, with C;
value of 0.692. The next notable performances were in
December, during the World Cup where he secured third
place, and in June, during the quarter-final of the Japan
Open, with C; value of 0.588 and 0.557, respectively. The
lowest technical status occurred in the quarterfinals of
the Australian Open in July, with C; value of only 0.284.
Overall, Player E’s comprehensive performance in 2019
exhibited continuous fluctuations, with a slight upward
trend.

Comparison of the three comprehensive evaluation
methods

The TOPSIS method, RSR method, and Osculating Value
Method demonstrated a high degree of consistency in the
evaluation process, with Kendall's concordance coeffi-
cient (W) exceeding 0.948 (as shown in Tables 2, 3, and 4).
Additionally, the three methods exhibited a strong corre-
lation, as indicated by Spearman’s correlation coefficients,
all of which were above 0.883 and statistically highly sig-
nificant (Table 5) Moreover, the findings aligned closely
with international rankings (as of December 2019), further

Matches TE, TE, TE; TE, TOPSIS RSR Osculating Combined ranking
value

(@ Rank  WRSR; Rank E; Rank  Summation  Rank
2019.03.30 0.369 0.561 0.543 0447 0.301 6 0411 6 1.824 6 18 6
Qatar Open 1/4 final
2019.06.14 0.486 0.602 0517 0.530 0.557 3 0.679 2 0574 3 8 3
Japan Open 1/4 final
2019.07.12 0372 0442 0.500 0515 0.284 7 0.371 7 1.966 7 21 7
Australian Open 1/8 final
2019.08.25 0.632 0.500 0.558 0424 0.692 1 0.672 3 0.000 1 5# 1
Czech Open final
2019.11.16 0479 0.361 0.604 0377 0337 5 0517 5 1.538 5 15 5
Austrian Open 1/4 final
2019.12.01 0.537 0.660 0.562 0329 0.588 2 0.681 1 0461 2 S5# 2
World Cup Bronze
final
2019.12.12 0415 0.718 0.566 0438 0.460 4 0.670 4 1.124 4 12 4
[TTF 1/8 final
Average 0470 0549 0550 0437  Kendall W=0.952, p=0.009***
Information Entropy (H) 0722 0816 0810 0818
Weights (W/ 0334 0.221 0.227 0218

# denotes the summation of the three methods' ranking is equal; ***, ** and * denotes statistical significance at the 0.1, 1, and 5% levels, respectively
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Table 5 Correlation Coefficients of the three evaluation methods during three evaluation progress

TOPSIS RSR Osculating value Combined ranking International
ranking

Evaluation of multiple player’s TOPSIS 1

RSR 0.943** 1

Osculating value 1.000%* 0.943** 1

Combined ranking 1.000%* 0.943** 1.000%* 1

International ranking 1.000** 0.943** 1.000** 1.000** 1
Evaluation of Player C TOPSIS 1

RSR 0.900** 1

Osculating value 0.983** 0.883** 1

Combined ranking 1.000** 0.900** 0.983** 1
Evaluation of Player E TOPSIS 1

RSR 0.893%* 1

Osculating value 1.000** 0.893** 1

Combined ranking 1.000%* 0.893** 1.000** 1

™, ** and * denotes statistical significance at the 0.1, 1, and 5% levels, respectively

validating the practical relevance and applicability of these
three methods.

The TOPSIS method performed the best in the evalua-
tion process, as its evaluation results for elite table tennis
players were all identical to the combined ranking results.
The Osculating Value Method ranked second, with its
evaluation results consistent with the combined ranking
results twice. In contrast, the RSR method performed
relatively less favorably. However, the RSR method not
only allowed for ranking evaluation but also enabled the
classification of players’ performance into different cat-
egories. As shown in Table 2, by calculating the percent-
age p and the Probit values, the RSR results indicated that
Player A was classified as "Excellent," while the other five
players were categorized as "General." This suggests that
Player A’s performance is significantly superior to that of
the other players.

Discussion
Relationship between comprehensive technical
and tactical performance and TE
The comprehensive technical and tactical performance
reflects a player’s overall technical and tactical abilities,
and it enables comprehensive comparisons among dif-
ferent players. Meanwhile, TE reflects each phased per-
formance of the players. In sports training practice, the
combination of them can provide an overall understand-
ing of a player’s performance level, while also allowing for
analysis of each technical detail. It facilitates comprehen-
sive comparisons among players and summarizes their
technical characteristics.

Taking Player A and Player B as examples, their rank-
ings in terms of the comprehensive technical and tactical

performance are 1st and 2nd respectively, with C; val-
ues were 0.779 and 0.756. The difference between the
two players is not significant from this view. However,
by considering the four phases of TE (Table 2), it can be
observed more specific information. Player A had the
highest technical effectiveness in the serving and attack-
ing phase (0.535), rallying phase I (0.627), and rallying
phase II (0.455) among the 6 players. However, his effec-
tiveness in the receiving and attacking phase(0.501) was
weaker, ranking 5th. It is evidenced that Player A pos-
sessed comprehensive and outstanding comprehensive
abilities, particularly excelling in the first and third shots
and demonstrating strong rallying skills, but his receiv-
ing and fourth shot techniques required further improve-
ment. Meanwhile, Player B’s technical effectiveness for
the four phases were 0.536, 0.532, 0.599, and 0.440, which
ranking 1st, 3rd, 2nd and 2nd among 6 players. This indi-
cated that Player B had a well-balanced skill in all aspects,
with overall strong capabilities. His scoring skills were
diverse, and once he identified the weaknesses of his
opponents during a match, he could apply comprehen-
sive technical and tactical measures to suppression them.

Practical significance of evaluating of the competitive
technical and tactical performance across time periods

(1) It allows for observing the impact of different types
of competitions on players’ performance. Different
types of matches and different stages of a match can
have an influence on a player’s performance. Gener-
ally, the higher the importance of the competition,
or the later the stage of the game, the stronger the
athlete’s will to win, and thus the higher the psy-
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chological pressure, the more likely to affect their
performance [60, 61]. By analyzing the evaluation
of a player’s performance in different matches, it
is possible to observe this phenomenon. The com-
prehensive indicator values of Player C (Fig. 1)
showed a significant decrease from the quarter-final
to the semi-final of the Asian Cup. In the World
Cup, the comprehensive indicator values contin-
ued to decline as the competition progressed from
the quarter-final to the semi-final and then to the
final. This indicated that different stages of the com-
petition have had an impact on Player C’s techni-
cal status. The reason is due to the technical and
tactical are limited by the increasingly high level
of the opponents, or the physical fitness decline
as the game progresses, or there was a change in
the athlete’s psychology, a desire to win and a fear
of losing. The specific reasons are worth reflect-
ing on by coaches and athletes in the training. The
two matches in which Player E (Fig. 1) showed the
best competitive condition, that is with the high-
est value of the composite indicator, were the final
of the Czech Open and the bronze medal match
of the World Cup. This indicates that in the criti-
cal matches, Player E’s performance were better dis-
played compared to regular matches, demonstrat-
ing the qualities of an excellent table tennis player.
It is possible to analyze the characteristics of per-
formance when competing against different oppo-
nents. When facing different opponents, athletes
will show different technical status [6, 60]. The
athletes’ performance fluctuations can be clearly
observed when they play against different oppo-
nents, so that targeted analysis and training to be
conducted accordingly. In Fig. 1, the two matches
with the lowest performance evaluations for Player
C were the semi-final of the Asian Cup and the
final of the World Cup, with the same opponent
(Player A). It could be observed that Player C was
unable to effectively utilize his techniques in these
matches, resulting in generally low technical effec-
tiveness values. While Player E’s three matches with
the lowest performance were the quarter-final of
the Qatar Open, the eighth-final of the Australian
Open, and the quarter-final of the Austrian Open.
All the opponents were Chinese players, and all
end in defeat. This indicates that his comprehensive
performance was weaker when competing against
Chinese players.

Necessary psychological observation and regulation
can be conducted. Good mental fitness is a guar-
antee for the technical and tactical performance of
the game [6, 60]. When evaluating a player’s per-
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formance, in addition to considering the nature of
the match and the opponent’s technical character-
istics, it is also important to observe and regulate
the player’s psychological changes. The defeat in
the semi-final of the 2019 Asian Cup had a signifi-
cant impact on Player C, as he subsequently strug-
gled in his performance in the following matches.
His performance remained low for several con-
secutive months until his state started to recover
in the World Cup in November (Fig. 1). Being in a
relatively low performance for such a long period,
it is necessary for the coach to not only enhance
targeted training in terms of tactics and physical
fitness but also provide necessary psychological
regulation and support. Additionally, Player E dem-
onstrated a dark horse quality in several impor-
tant matches (the final of the Czech Open and the
3rd-4th place match in the World Cup). However,
as seen in Fig. 1, his comprehensive fluctuated
throughout the year, lacking stability, which could
also be partly attributed to psychological factors.

Limitations

This study exhibited three primary limitations. Firstly,
it is important to acknowledge that our investigation
is constrained to a relatively brief timeframe and is
centered exclusively on a single sport. To enhance the
generalizability and reliability of our present findings,
future research endeavors should encompass more
extensive observation periods and extend their scrutiny
to encompass performance metrics in diverse sporting
disciplines. Secondly, it is imperative for future research
to consider the variances in competitive contexts. This
entails examining factors such as the stages of a compe-
tition (e.g., start, middle, or end), the position of com-
petitors (leading or trailing), and distinctions between
male and female matches. By doing so, researchers can
delve deeper into understanding how these contextual
distinctions impact performance disparities. Thirdly,
The comprehensive performance of athletes is a criti-
cally important concept, and its quantification and
research hold significant implications for both compe-
tition and training. However, this study only employed
fixed comprehensive evaluation methods for analysis.
Future researchers could innovate more suitable math-
ematical or statistical approaches tailored to different
sports applications.

Conclusion

This article explores the application of different com-
prehensive evaluation methods to the evaluation of
elite table tennis players’ comprehensive technical and
tactical performance, the results show that (1) The
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comprehensive evaluation method can help to solve
the problem of evaluating the comprehensive perfor-
mance of athletes, which can not only accurately evalu-
ate the multiple athletes, but also longitudinally evaluate
performance fluctuations of a single player in different
time periods. (2) All three methods, the Entropy-based
TOPSIS method, the RSR method, and the Osculating
value method, showed to have strong applicability and
high consistency, but due to their different principles,
the evaluation results showed individual differences.
The TOPSIS method performed more well. (3) In prac-
tical applications, comprehensive technical and tactical
performance and phased-TE exhibit complementary
effects in the analysis of table tennis performance. This
approach facilitates a more in-depth and comprehensive
representation of table tennis match analysis, providing
practical applications for athletes and coaches, thereby
contributing to the enhancement of training and com-
petitive performance.
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