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The selection of rugby players for any match will directly affect the team per-
Sformance, and the final outcome of the match. Rugby team player selection involves
many individual ability and technical performance criteria, making it a multiple cri-
teria decision-making (MCDM) problem. Traditionally, a simple additive weight-
ing method is used to select suitable team players. However, the traditional simple
additive weighting method is only capable of unilaterally handling either individ-
ual ability criteria or technical performance criteria. In order to effectively solve the
above issues, this study combines the order preference by similarity to ideal solution
(TOPSIS) method and the importance-performance analysis (IPA) method for
rugby team player selection. For numerical verification, this study applies the selec-
tion of Tatwanese Army rugby team players as an example to verify the effective-
ness of the proposed novel rughy team player selection method. Simulation results
show that the proposed method provides a more accurate and reasonable selection
mechanism for selecting the best rughy team for a given match than the traditional
simple additive weighting and TOPSIS methods. Moreover, the assessment results
achieved using the proposed method can provide a reference for future training
resource allocation.

KEYy WORDS: Personnel selection. Rugby, TOPSIS Importance-performance
analysis.
1. Introduction
Rugby is a high-teamwork, high-intensity sport, with each player on a

team fulfilling a specific role in a specific position. Players, who tend to spe-
cialize in their team positions, must be in the top physical condition and have
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excellent technical skill. The intense and exciting game has grown rapidly in
popularity in recent years, making it one of the most watched and played
sports around the world, and its economic benefits and international influ-
ence cannot be underestimated.!? Therefore, many studies follow and
explore the related issues of rugby sports. >~

The assessment criteria for selecting the best team players include many
individual ability and technical performance criteria, which making selection
become a multiple criteria decision-making (MCDM) problem. Many stud-
ies have thus explored rugby team player selection assessment criteria, such
as Gabbett®, who proposed a method for selecting players for semi-profes-
sional teams. He analyzed data which obtained from players’ physiological
tests of different grades to determine whether there are physiological differ-
ences between players in two grades. The physiological tests included body
mass, muscular power, speed, agility, and estimated maximal aerobic power.
The study found that muscular power, speed, agility, and estimated maximal
aerobic power were not the main factors in player selection. Body mass, com-
petitive experience and skills, however, were found to be high priority factors
in player selection. Till et al.” used anthropometric and performance charac-
teristics to predict player selection in junior UK rugby league players. Their
study found that critical assessment criteria were the physical, technical, tac-
tical and psychological variables. Gabbett and Seibold® demonstrated the
relationship between physical qualities, team selection and physical match
performance of semi-professional rugby league players. The rugby players
performed different tests, including upper-body strength, upper-body
strength endurance, lower-body power, prolonged high-intensity intermit-
tent running ability, etc., and found that player selection was better than non-
selection of players in all tests.

Many studies used various calculation methods to solve MCDM prob-
lems. For example, Wen et al.” combined the minimal variance order
weighted averaging operator and importance-performance analysis (IPA) to
solve complicated MCDM personnel selection problems. Chang!'® combined
the intuitionistic fuzzy weighted averaging method and a soft set to solve the
supplier selection problem of imprecise data. Turskis et al.!! combined the
Likert fuzzy rating method and the analytic hierarchy process (AHP) method
to assess information security risks in critical infrastructures. Yang et al.!?
combined the AHP, entropy information method, and the technique for
order preference by similarity to ideal solution (TOPSIS) method to solve
the phase change material selection problem. The TOPSIS method is one of
the most commonly used methods for solving MCDM problems. Hwang and
Yoon? first proposed the TOPSIS method to deal with multiple attribute
decision-making (MADM) and MCDM problems. The TOPSIS method is
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based on the criterion that the best alternative should simultaneously have
the shortest distance from the positive ideal solution and the longest distance
from the negative-ideal solution, and it then uses the relative closeness value
to rank the preference order. The TOPSIS method has been widely used in
many different fields, such as supplier selection,'*!* determining the com-
petitive advantages of shopping websites,'¢ plant location selection,!” and
failure mode and effect analysis.!®

Rugby team player selection has traditionally been carried out by using
the simple additive weighting method to calculate the aggregated assessment
criteria preference value. The traditional simple additive weighting method
is a simple calculation, and is easy to understand. However, the method can-
not simultaneously take individual ability and technical performance infor-
mation into account. In order to address this problem, Martilla and James'®
proposed the IPA method for reviewing the performance of the automotive
industry. They used importance degree and performance level to construct a
two-dimensional grid, divided into four quadrants, labeled keep up the good
work, concentrate here, low priority, and possible overkill, to provide a ref-
erence for future management decision-making. The IPA method has since
been widely used in many different fields, such as the medicine,?® tourism?!
and hospitality industries,?? benefit evaluation of military simulation training
systems,”” and personnel selection.” In order to effectively address the issue
of rugby team player selection, this paper combines the TOPSIS and IPA
methods to rank the rugby players, and provide a reference for future train-
ing resource allocation.

The structure of this paper is arranged as follows. Section 2 reviews
related works, including the TOPSIS and IPA methods. Section 3
describes the proposed a novel player selection method combining the
TOPSIS and IPA methods for rugby team player selection problems. Sec-
tion 4 applies the proposed method to select the best players for the Tai-
wanese Army rugby team as a numerical example, and compares the simu-
lation results achieved using the proposed method with those achieved
using the traditional simple additive weighting and TOPSIS methods to
verify the rationality and correctness of the proposed method. Conclusions
are presented in Section 5.

2. Methodology

2.1 Topsis METHOD

The TOPSIS method was developed by Hwang and Yoon! to handle the related issues of
MADM and MCDM problems. The basic principle of the TOPSIS method for handling
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MADM and MCDM problems is that the best alternative should have the shortest distance from
the positive ideal solution, and the longest distance from the negative-ideal solution. The process
for implementing the TOPSIS method is presented in six steps as follows:!? 242>

Step 1: Calculate the normalized evaluation matrix.
The normalized value 7; is calculated as:

xU
?"U‘ = —
’E?élxxzj

Step 2: Calculate the weighted, normalized evaluation matrix.
The weighted, normalized value v; is calculated as:

,Jj=123..n i=123..,m (1)

vij=wj*rj, j=123..,ni=123.,m 2)

where w; is the weight of the 7" criterion, and Z?zlwi =1.

Step 3: Determine the positive ideal solution and the negative ideal solution.
A=l it vl b= {(mjax vijli €)), (mjin vij li €]},

A= ={vl,v3, .., 00} = {(m}jn vijli€)), {m;jixvij li €9},

where ] is associated with benefit criteria, and J' is associated with cost criteria.

Step 4: Calculate the separation measures.

The #n-criteria Euclidean distance is used to calculate the separation measures. The sep-
aration of the positive ideal and the negative ideal solutions for each alternative are measured
as D;" and Dy, respectively:

Step 5: Calculate the relative closeness to the ideal solution of each alternative.

The relative closeness of the 7 alternative to positive ideal solution A* is defined as:
Di
G=prvn;
i i (5)

where 0= C;<1,and7=12,..., m.
Step 6: Rank the preference order.
Alternatives are preference ranked in decreasing order of C;.
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2.2 IpA METHOD

Martilla and James'® proposed the IPA method to measure service performance in the
automobile industry. The IPA method uses the average importance degree and performance
level values to construct a two-dimensional grid, as shown in Fig. 1.1 2¢ Four quadrants are
formed by the x and y axes in the IPA diagram, where the x-axis represents the performance
of an attribute, and the y-axis represents the importance of an attribute. The four quadrants
of the IPA diagram have different meanings: Quadrant I (keep up the good work), indicates
both high importance and high performance, and the project in question should continue to
be maintained because it provides the competitiveness of the firm. Quadrant II (concentrated
here), indicates high importance, but low performance, and is a critical factor for the future
development of the firm, through investing more resources to prioritize improving the pro-
ject. Quadrant III (Jow priority), indicates both low importance and low performance, hence
the project does not require attention under limited resources. Quadrant IV (possible
overkill), indicates low importance, but high performance, and the firm should not waste lim-
ited resources on these projects, but rather deploy the resources elsewhere.

3. The Proposed Novel Rugby Team Player Selection Method

Team player selection is a key factor to effectively improve any rugby
team’s win rate. Rugby is a very complicated sport, in which every player
position has a different function. Selecting the best players for a match
involves simultaneously considering individual ability and technical perfor-
mance criteria, making it a complicated MCDM problem. Rugby players
produce optimal match performances by combining their individual athletic

Extremely important
11 I

{Concentrate here) (Keep up the good work)

Fair performance 111 v Excellence performance

(Low priority) (Possible overkill)

Slightly important

Fig. 1. - Four-quadrant IPA grid.
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ability and technical skills, to devastating effect on-field. However, the tradi-
tional simple additive weighting method used to select team players only uni-
laterally handles individual ability criteria or technical performance criteria,
but cannot handle both simultaneously. In order to effectively solve this
shortcoming, this study combines the TOPSIS and IPA methods to improve
the assessment process in rugby team player selection. This paper applies the
TOPSIS method to handle the qualitative and quantitative data for the indi-
vidual ability and technical performance criteria of rugby players. Moreover,
the four quadrants of the IPA diagram provide a reference for future training
resource allocation.

The implementation steps of the proposed method are as follows, and
are shown in Fig. 2:

Step 1: Determine the individual ability and technical performance
assessment indicators.

The individual ability and technical performance assessment indicators
are determined through discussions with rugby experts.

Step 2: Collect individual ability test data for each player.

Physical testing was conducted to obtain the individual ability test data
for each rugby player.

Step 3: Collect technical performance assessment score for each rugby
player.

A technical performance assessment score for each rugby player was
given by rugby experts.

Step 4: Calculate the normalized evaluation matrix.

Eq. (1) was used to calculate the normalized value 7.

Step 5: Calculate the weighted, normalized evaluation matrix.

Eq. (2) was used to calculate the weighted, normalized value v,

Step 6: Determine the positive ideal solution and the negative ideal
solution.

Step 7: Calculate the separation measures.

Egs. (3) and (4) were used to calculate the separation measures.

Step 8: Calculate each alternative’s relative closeness to the ideal solu-
tion.

Eq. (5) was used to calculate each alternative’s relative closeness to the
ideal solution.

Step 9: Construct the IPA grid.

The data obtained in Step 8 was used to construct the IPA grid, in
which the x-axis was individual ability, and the y-axis was technical perfor-
mance.

Step 10: Rank the rugby players, and establish a reference for future
training resource allocation.
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Determine the individual ability and
technical performance assessment indicators

Y

Collect individual ability test data for each
player

Y

Collect technical performance assessment
score for each rugby player

Y

Calculate the normalized evaluation matrix

Y

Calculate the weighted, normalized
evaluation matrix

Y

Determine the positive ideal solution and the
negative ideal solution

Y

Calculate the separation measures

Y

Calculate each alternative's relative closeness
to the ideal solution

'

Construct the IPA grid

Rank the rugby players, and establish a
reference for future training resource
allocation

Fig. 2. - Flowchart for the proposed novel rugby team player selection method.
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The results obtained in Step 9 were used to rank the rugby players, and
establish a reference for future training resource allocation.

4. Case Study

4.1 OVERVIEW

In the example of rugby competition player selection used for this study,
the R.O.C. Military Academy selected a squad of the best 28 rugby players
from a pool of 40 players to compete in the rugby tournament at the National
Intercollegiate Games. Rugby player selection involves many individual ability
criteria and technical performance criteria, making it a complicated MCDM
problem. Rugby experts from Taiwan agreed that in rugby team player selec-
tion, the individual ability evaluation indicators should include flat bench press
(kg), shoulder press (kg), deadlift (kg), squat (kg), shuttle run (10 m, 20 m, and
30 m), 60 meter sprint, height (cm), and body weight (kg). The technical per-
formance evaluation indicators were divided into two categories: response
capability, and skill score. The technical performance linguistic assessment
level is shown in Table I. Based on Table I, the technical performance of the 40
rugby players was evaluated by experts, and the results are shown in Table II.
In terms of personal ability, actual tests were used to obtain the eight evalua-
tion index values of the 40 rugby players, as shown in Table II.

4.2 SOLUTION BY THE SIMPLE ADDITIVE WEIGHTING METHOD

The simple additive weighting method is simple, and easy to calculate,
and it is widely used in different areas. The method requires that the decision
matrix (X) be normalized, and the formula is as follows:27-28

TaABLE I
Linguistic assessment level for technical performance

Level Response capability Skill score

s1 Almost never Almost never
$2 Remote Remote

$3 Very slight Very slight

s4 Slight Slight

5 Low Low

56 Medium Medium

s7 Moderately high Moderately high
58 high high

$9 Very high Very high
510 Completely high Completely high
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Xij s, 5
, if j = benefit
Maxi xij f} f (6)
RU = Mint-x” if j'=cost
x”- !

The preference value for each alternative (V) is as follows:

n
Viz WJRU' i=1,2,...,m
= (7)

where W/ is the preference weight of each criteria, and ¥ W; = 1.

According to Table II, Egs. (6) and (7) were used to calculate' the
aggregate preference value of the simple additive weighting, and the results
are shown in Table III.

4.3 Topsis METHOD

The TOPSIS method is one of the most popular methods for solving
MCDM problems. The method finds a solution which is both the shortest
distance from the positive ideal solution, and the longest distance from the
negative-ideal solution. According to Table 2, Eq. (1) was used to calculate
the normalized evaluation matrix, and the results are shown in Table IV.

According to Table 4, Eq. (2) was used to calculate the weighted, nor-
malized evaluation matrix, and determine the positive ideal solution and the
negative ideal solution. The results are shown in Table V.

According to the results of Table 5, Egs. (3) and (4) were used to cal-
culate the separation measures (D}, D;), and Eq. (5) was used to calculate
the each alternative’s relative closeness to the ideal solution of technical per-
formance assessment scores for each r (Table VI).

4.4 THE PROPOSED METHOD

In order to address the MCDM problem of rugby team player selection,
this paper combines the TOPSIS method and IPA to correctly rank rugby
players, and to provide a reference for future training resource allocation. In
the rugby team player selection example, rugby experts first determined the
individual ability and technical performance assessment indicators. Then,
individual ability test data and ugby competition player were collected; the
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TABLE VI

The Separation Measures And The Relative Closeness 1o The 1deal Solution Of 40 Rugby Players
Player Df Di C;
Player 1 0.017 0.018 0.509
Player 2 0.013 0.023 0.633
Player 3 0.014 0.021 0.603
Player 4 0.011 0.024 0.677
Player 5 0.020 0.018 0.475
Player 6 0.017 0.019 0.530
Player 7 0.019 0.018 0.488
Player 8 0.025 0.017 0.402
Player 9 0.010 0.028 0.725
Player 10 0.019 0.016 0.450
Player 11 0.016 0.020 0.544
Player 12 0.018 0.016 0.469
Player 13 0.020 0.017 0.461
Player 14 0.012 0.022 0.641
Player 15 0.017 0.018 0519
Player 16 0.020 0.014 0.425
Player 17 0.024 0.013 0.349
Player 18 0.022 0.015 0.408
Player 19 0.025 0.011 0311
Player 20 0.020 0.015 0.428
Player 21 0.025 0.010 0.294
Player 22 0.025 0.010 0.284
Player 23 0.025 0.010 0.287
Player 24 0.012 0.024 0.674
Player 25 0.021 0.015 0.411
Player 26 0.014 0.023 0.611
Player 27 0.028 0.007 0.203
Player 28 0.027 0.008 0.224
Player 29 0.022 0.014 0.391
Player 30 0.024 0.012 0.340
Player 31 0.019 0.021 0.524
Player 32 0.026 0.008 0.248
Player 33 0.020 0.016 0.437
Player 34 0.025 0.009 0.267
Player 35 0.022 0.015 0.402
Player 36 0.025 0.010 0.291
Player 37 0.024 0.010 0.298
Player 38 0.026 0.010 0.273
Player 39 0.027 0.009 0.255
Player 40 0.027 0.008 0.220

results are shown in Table 2 (Steps 1-Step 3). The following procedure
describes the remaining steps:

Step 4: Calculate the normalized evaluation matrix.

According to Table 2, Eq. (1) was used to calculate the normalized
value 7, and the results are shown in Table 4.

Step 5: Calculate the weighted, normalized evaluation matrix.

Step 6: Determine the positive ideal solution and the negative ideal
solution.
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According to Table IV, Eq. (2) was used to calculate the weighted, nor-
malized value v;;, and further determine the positive ideal solution and the
negative ideal solution; the results are shown in Table VII.

Step 7: Calculate the separation measures.

Step 8: Calculate each alternative’s relative closeness to the ideal solu-
tion.

According to the results of Table 7, Egs. (3) and (4) were used to calcu-
late the separation measures, and Eq. (5) was used to calculate each alterna-
tive’s relative closeness to the ideal solution; the results are shown in Table
VIIL

Step 9: Construct the IPA grid.

The results of Table 8 were used to construct the IPA grid, with the x-
axis as individual ability, and y-axis as technical performance; the results are
shown in Fig. 3.

Step 10: Rank the rugby team players, and establish a reference for
future training resource allocation.

The results of Table VIII and Fig. 3 were used to rank the rugby play-
ers (as shown in Table IX), and to establish a reference for future training
resource allocation.

The four quadrant positions of the 40 rugby players are explained as fol-
lows.

(1) Quadrant I (keep up the good work): This quadrant position con-
tained players 1, 2, 3, 4, 5, 6, 9, 10, 11, 12, 14, 15, 20, 24 and 31. These 15
players have high individual ability and technical performance scores. Self-
training and auxiliary coaching guidance are suggested for these players.
There is no need to commit extra training resources under limited resources.

(2) Quadrant II (concentrate here): This quadrant position contained
players 7, 8, 13 ,17 ,18 ,19, 22 and 23. These 8 players have poor individual
ability, but good technical performance. The team should allocate increased
training resources to these players to enhance their individual abilities, and
effectively improve the team’s competitiveness and win rate.

(3) Quadrant I (Jow priority): This quadrant position contained play-
ers 17,19, 21, 22, 23, 27, 28, 30, 32, 34, 35, 36, 37, 38, 39 and 40. These 16
players have both poor individual ability and technical performance. If there
are already a sufficient number of players for the team, then it is not neces-
sary to allocate training resources to these players. If there are no enough
players for the team, however, then resources can be allocated to improve
both their individual ability and technical performance to effectively
improve the team’s competitiveness.

(4) Quadrant IV (concentrate here): This quadrant position contained
players 12, 16, 20, 25, 26, 29, 31 and 33. These 8 players have good individ-
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TaBLE VIIL
The Separation Measures And The Relative Closeness Values Of 40 Rugby Players By Proposed Method
Player Individual ability (x-axis) Technical performance (y-axis)
D} D; C; Df Di C;

Player 1 0.022 0.016 0.424 0.012 0.064 0.838
Player 2 0.016 0.023 0.592 0.012 0.064 0.838
Player 3 0.016 0.023 0.582 0.025 0.055 0.689
Player 4 0.014 0.025 0.643 0.012 0.064 0.838
Player 5 0.023 0.018 0.437 0.030 0.051 0.634
Player 6 0.021 0.020 0.493 0.025 0.055 0.689
Player 7 0.024 0.016 0.404 0.012 0.064 0.838
Player 8 0.031 0.010 0.236 0.000 0.074 1.000
Player 9 0.012 0.031 0.719 0.018 0.056 0.755
Player10 0.022 0.017 0.434 0.037 0.040 0.519
Player 11 0.020 0.018 0.477 0.012 0.064 0.838
Player 12 0.020 0.018 0.466 0.040 0.037 0.481
Player 13 0.025 0.014 0.365 0.012 0.064 0.838
Player 14 0.014 0.024 0.628 0.025 0.055 0.689
Player 15 0.020 0.018 0.474 0.025 0.055 0.689
Player 16 0.022 0.017 0.435 0.046 0.028 0.381
Player 17 0.028 0.013 0317 0.040 0.037 0.481
Player 18 0.025 0.014 0.361 0.037 0.047 0.561
Player 19 0.030 0.011 0.267 0.040 0.037 0.481
Player 20 0.023 0.016 0415 0.040 0.037 0.481
Player 21 0.028 0.012 0.304 0.056 0.018 0.245
Player 22 0.030 0.009 0.224 0.040 0.037 0.481
Player 23 0.029 0.009 0.225 0.040 0.037 0.481
Player 24 0.011 0.028 0.712 0.037 0.047 0.561
Player 25 0.023 0.017 0.423 0.051 0.030 0.366
Player 26 0.011 0.028 0.716 0.056 0.018 0.245
Player 27 0.030 0.009 0.232 0.074 0.000 0.000
Player 28 0.029 0.009 0.238 0.064 0.012 0.162
Player 29 0.023 0.017 0.421 0.056 0.018 0.245
Player 30 0.026 0.015 0.358 0.056 0.018 0.245
Player 31 0.021 0.024 0531 0.040 0.037 0.481
Player 32 0.029 0.010 0.249 0.056 0.018 0.245
Player 33 0.021 0.019 0.477 0.056 0.018 0.245
Player 34 0.030 0.009 0.236 0.046 0.028 0.381
Player 35 0.025 0.017 0.406 0.046 0.028 0.381
Player 36 0.029 0.011 0.269 0.046 0.028 0.381
Player 37 0.028 0.011 0.276 0.046 0.028 0.381
Player 38 0.030 0.010 0.247 0.046 0.028 0.381
Player 39 0.028 0.012 0.290 0.074 0.000 0.000
Player 40 0.028 0.010 0.252 0.074 0.000 0.000

ual ability, but poor technical performance. The team should increase avail-
able training resources to improve the technical performance of these players
in order to effectively improve the team’s competitiveness and strength.

4.5 COMPARISON AND DISCUSSION

In order to verify the reasonableness and effectiveness of the proposed
method, Section 4 described the Taiwanese Army rugby team player selec-
tion simulation example. This paper also compares the simulation results
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Fig. 3. - IPA grid.

achieved by the proposed method with those achieved using the traditional
simple additive weighting and TOPSIS methods. All methods used the same
input data, shown in Table 2, to calculate rugby team player selection results.
A comparison of the player rankings by the three methods is shown in Table
10. Based on Table 2, Table 10, and Fig. 3, it is clear that the proposed inte-
grated TOPSIS and IPA method has some advantages as follows.

First, the ranking repetition rate is reduced. Players 10 and 16, players
12 and 18 and players 21 and 23 are assigned the same ranks in the simple
additive weighting method, a ranking repetition rate of 15%. In the calcula-
tion results of the TOPSIS method, the ranking repetition rate is 5% (play-
ers 8 and 35 are assigned the same rank). The ranking repetition rate of the
proposed method, however, is 0%.

Second, the proposed method is capable of handling the two-dimen-
sional information of individual ability and technical performance, using the
weights of individual ability and technical performance to simultaneously
calculate each alternative’s average relative closeness to the ideal solution.
Therefore, the calculation results are more accurate and reasonable. Con-
versely, the traditional simple additive weighting and TOPSIS methods can
only process one-dimensional information, generating biased results.

Third, the proposed method uses different combinations of individual
ability and technical performance to draw the four quadrants of the IPA dia-
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TaBLE IX
Rugby Player Rankings
Player Individual ability ~ Technical performance Quadrant  Average value = Ranking
(x-axis) (y-axis)

Player 1 0.424 0.838 I 0.631 8
Player 2 0.592 0.838 I 0.715 3
Player 3 0.582 0.689 I 0.635 7
Player 4 0.643 0.838 I 0.740 1
Player 5 0.437 0.634 I 0.535 14
Player 6 0.493 0.689 1 0.591 12
Player 7 0.404 0.838 II 0.621 9
Player 8 0.236 1.000 1I 0.618 10
Player 9 0.719 0.755 I 0.737 2
Player 10 0.434 0.519 I 0.476 17
Player 11 0.477 0.838 I 0.657 5
Player 12 0.466 0.481 LIV 0.473 18
Player 13 0.365 0.838 1I 0.602 11
Player 14 0.628 0.689 I 0.659 4
Player 15 0.474 0.689 I 0.581 13
Player 16 0435 0.381 I\Y 0.408 21
Player 17 0317 0.481 1T, 1T 0.399 22
Player 18 0.361 0.561 I 0.461 19
Player 19 0.267 0.481 11, IIT 0.374 25
Player 20 0415 0.481 LIV 0.448 20
Player 21 0.304 0.245 111 0.274 35
Player 22 0.224 0.481 11, III 0.352 28
Player 23 0.225 0.481 11, IIT 0.353 27
Player 24 0.712 0.561 I 0.636 6
Player 25 0.423 0.366 IV 0.394 23
Player 26 0.716 0.245 v 0.481 16
Player 27 0.232 0.000 111 0.116 40
Player 28 0.238 0.162 II1 0.200 37
Player 29 0.421 0.245 IV 0.333 29
Player 30 0.358 0.245 111 0.302 34
Player 31 0531 0.481 LIV 0.506 15
Player 32 0.249 0.245 II1 0.247 36
Player 33 0.477 0.245 IV 0.361 26
Player 34 0.236 0.381 IIT 0.308 33
Player 35 0.406 0381 111 0393 24
Player 36 0.269 0.381 111 0.325 31
Player 37 0.276 0.381 11T 0.328 30
Player 38 0.247 0.381 IIT 0314 32
Player 39 0.290 0.000 111 0.145 38
Player 40 0.252 0.000 11T 0.126 39

gram. Players are allocated to different quadrants to provide training
resource allocation suggestions. The traditional simple additive weighting
and TOPSIS methods can only unilaterally handle individual ability criteria
or technical performance criteria.

Finally, the proposed method considers the positive ideal solution and
the negative-ideal solution, simultaneously. Although the simple additive
weighting method is simple to calculate, it cannot simultaneously consider
the positive ideal solution and the negative-ideal solution. The proposed
method and the TOPSIS method can consider both the shortest distance
from the positive ideal solution and the longest distance from the negative-
ideal solution, simultaneously.
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TABLE X
Comparison Of Rankings By The Three Methods

Player Simple additive weighting method ~ TOPSIS method Proposed method
Preference value Ranking C; Ranking Average value Ranking
Player 1 0.822 11 0.509 12 0.631 8
Player 2 0.877 4 0.633 5 0.715 3
Player 3 0.850 6 0.603 7 0.635 7
Player 4 0.890 1 0.677 2 0.740 1
Player 5 0.740 26 0.475 14 0.535 14
Player 6 0.838 8 0.530 9 0.591 12
Player 7 0.797 14 0.488 13 0.621 9
Player 8 0.774 18 0.402 23 0.618 10
Player 9 0.889 2 0.725 1 0.737 2
Player 10 0.769 21 0.450 17 0.476 17
Player 11 0.831 10 0.544 8 0.657 5
Player 12 0.786 15 0.469 15 0.473 18
Player 13 0.812 13 0.461 16 0.602 11
Player 14 0.872 5 0.641 4 0.659 4
Player 15 0.819 12 0519 11 0.581 13
Player 16 0.769 21 0.425 20 0.408 21
Player 17 0.728 28 0.349 26 0.399 22
Player 18 0.786 15 0.408 22 0.461 19
Player 19 0.739 27 0311 28 0374 25
Player 20 0.783 17 0.428 19 0.448 20
Player 21 0.727 29 0.294 30 0.274 35
Player 22 0.722 31 0.284 33 0.352 28
Player 23 0.727 29 0.287 32 0.353 27
Player 24 0.888 3 0.674 3 0.636 6
Player 25 0.772 19 0.411 21 0.394 23
Player 26 0.848 7 0.611 6 0.481 16
Player 27 0.680 39 0.203 40 0.116 40
Player 28 0.696 35 0.224 38 0.200 37
Player 29 0.748 25 0.391 25 0.333 29
Player 30 0.751 24 0.340 27 0.302 34
Player 31 0.832 9 0.524 10 0.506 15
Player 32 0.695 36 0.248 37 0.247 36
Player 33 0.770 20 0.437 18 0.361 26
Player 34 0.691 38 0.267 35 0.308 33
Player 35 0.763 23 0.402 23 0.393 24
Player 36 0.721 32 0.291 31 0.325 31
Player 37 0.720 33 0.298 29 0.328 30
Player 38 0.706 34 0.273 34 0314 32
Player 39 0.69%4 37 0.255 36 0.145 38
Player 40 0.678 40 0.220 39 0.126 39

5. Conclusions

Selecting the best players for a rugby team involves consideration of
many different assessment criteria. During a rugby match, players require
not only good responsiveness and skills, but must also be able to withstand a
large number of collisions in receiving and making tackles, engaging in
extreme physical activity like scrums an rucks, and must be able to consis-
tently maintain the massive muscle power required for repeated sprints
throughout an 80-minute game. Therefore, individual ability and technical
performance are a critical index for player selection. However, the traditional
simple additive weighting and TOPSIS methods for player selection cannot
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handle both individual ability and technical performance criteria simultane-
ously. This study therefore proposes a novel player selection method that
combines the TOPSIS and IPA methods to solve this issue. The evaluation
results of the four IPA diagram quadrants can provide a reference for future
training resource allocation.

The advantages of the proposed method are as follows:

(1) The proposed method can simultaneously process qualitative and
quantitative criteria in MCDM problems.

(2) The proposed method can reduce the player ranking repetition rate.

(3) The proposed method can consider two-dimensional information.

(4) The proposed method generates an IPA diagram to provide a refer-
ence for future training resource allocation.

(5) The proposed method considers each alternative solution’s shortest
distance from the positive ideal solution, and its longest distance from the
negative-ideal solution, simultaneously.

Future researches can extend the concept of the proposed method to
dealing with other athlete player selection problems of different sports. On
the other hand, future researches can also explore the rugby team player
selection problems in incomplete information.

Acknowledgments

The authors would like to thank the Ministry of Science and Technology, Taiwan, for
financially supporting this research under Contract No. MOST 108-2410-H-145-001 and
MOST 109-2410-H-145-002.

REFERENCE

1. Jones C. Mega events and host region impacts: determining the true worth of the 1999

Rugby World Cup. Int | Tourism Res 2001; 3: 241-251.

Connell J. Fiji, rugby and the geopolitics of soft power. Shaping national and interna-

tional identity. N Z Geogr 2018; 74(2): 92-100.

Kozub SA and Button CJ. The influence of a competitive outcome on perceptions of

cohesion in rugby and swimming teams. It | Sport Psychol 2000; 31(1): 82-95.

Nagata S and Long T. Examining validity of the athletic identity measurement scale in a

sample of wheelchair rugby athletes. It | Sport Psychol 2016; 47(3): 282-295.

Dobbin N, Highton J, Moss SL, et al. Factors affecting the anthropometric and physical

characteristics of elite academy rugby league players: A multiclub study. In¢ | Sport Phys-

t0l Perform 2019; 14(7): 958-965.

6. Gabbett TJ. Influence of physiological characteristics on selection in a semi-professional
first grade rugby league team: a case study. | Sports Sci 2002; 20(5): 399-405.

7. TillK, Cobley S, O’Hara J, et al. Using anthropometric and performance characteristics
to predict selection in junior UK rugby league players. | Scz Med Sport 2011; 14(3): 264-
269.

8. Gabbett T] and Seibold AJ. Relationship between tests of physical qualities, team selec-

AU



158 TA-C Wen, K-H Chang, H-H Lai, Y-Y Liu, |-C Wang

tion, and physical match performance in semiprofessional rugby league players. |
Strength Cond. Res 2013; 27(12): 3259-3265.

9. Wen TC, Chang KH and Lai HH. Improving personnel selection by combining the min-
imal variance OWA operator and IPA. | Intell Fuzzy Syst 2018; 35(6): 6229-6239.

10. Chang KH. A novel supplier selection method that integrates the intuitionistic fuzzy
weighted averaging method and a soft set with imprecise data. Ann Oper Res 2019;
272(1-2): 139-157.

11. Turskis Z, Goranin N, Nurusheva A, et al. Information security risk assessment in criti-
cal infrastructure: a hybrid MCDM approach. Informatica 2019; 30(1): 187-211.

12. Yang K, Zhu N, Chang C, et al. A methodological concept for phase change material
selection based on multi-criteria decision making (MCDM): A case study. Energy 2018;
165(B): 1085-1096.

13. Hwang CL and Yoon K. Multiple attribute decision making methods and applications.
Springer-Verlag, New York, 1981.

14. Boran FE, Genc S, Kurt M, et al. A multi-criteria intuitionistic fuzzy group decision
making for supplier selection with TOPSIS method. Expert Syst Appl 2009; 36(8):
11363-11368.

15. Zouggari A and Benyoucef L. Simulation based fuzzy TOPSIS approach for group
multi-criteria supplier selection problem. Eng Appl Artaf Intell 2012; 25(3): 507-519.

16. Sun CC and Lin GTR. Using fuzzy TOPSIS method for evaluating the competitive
advantages of shopping websites. Expert Syst Appl 2009; 36(9): 11764-11771.

17. Chu TC. Selecting plant location via a fuzzy TOPSIS approach. Int | Adv Manuf Tech-
10l 2002; 20(11): 859-864.

18. Chang KH, Chang YC and Lee YT. Integrating TOPSIS and DEMATEL methods to
rank the risk of failure of FMEA. In¢ | Inf Technol Decis Mak 2014, 13(6), 1229-1257.

19. Martilla JA and James JC. Importance-performance analysis. J. Mark. 1977;41(1): 77-79.

20. LiT,ZhuJH, Deng FM, et al. Microarray based functional analysis of myricetin and pro-
teomic study on its anti-inflammatory property. BioMed Res Int 2019; 2019: Article
Number: 3746326.

21. Boley BB, McGehee NG and Hammett ALT. Importance-performance analysis (IPA) of
sustainable tourism initiatives: The resident perspective. Tourismz Manage 2017; 58: 66-
77.

22. Beldona S and Cobanoglu C. Importance-performance analysis of guest technologies in
the lodging industry. Cornell Hotel Restaur Admin Q 2007; 48(3): 299-312.

23. Chang KH, Chan, YC and Chung HY. A novel AHP-based benefit evaluation model of
military simulation training systems. Math Probl Eng 2015; Article Number: 956757.

24. Jahanshahloo GR, Lotfi FH and Izadikhah M. Extension of the TOPSIS method for
decision-making problems with fuzzy data. App!/ Math Comput 2006; 181(2): 1544-1551.

25. Vahdani B, Mousavi SM and Tavakkoli-Moghaddam R. Group decision making based
on novel fuzzy modified TOPSIS method. App/ Math Model 2011; 35(9): 4257-4269.

26. Chang KH, Chang YC, Chain K, et al. Integrating soft set theory and fuzzy linguistic
model to evaluate the performance of training simulation systems. PLoS One. 2016;
11(9): Article Number: e0162092.

27. Chou SY, Chang YH and Shen CY. A fuzzy simple additive weighting system under
group decision-making for facility location selection with objective/subjective attributes.
Eur ] Oper Res 2008; 189(1): 132-145.

28. Wang YJ. A fuzzy multi-criteria decision-making model based on simple additive
weighting method and relative preference relation. Appl Soft Comput 2015; 30: 412-420.

Manuscript submitted August 2020. Accepted for publication January 2021.



