International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:6, No:2, 2012

Evaluation of the Contribution of Starting
Pitchersin a Professional Baseball Team by
Grey Relational Analysis

Chih-Cheng Chen, Yung-Tan Lee, Shih-Yang Lee, Shih-Kuei Huang, Tien-Tze Chen and Qiu-Jun
Chen

Abstract—The evaluation of the contribution of professional
baseball starting pitchers is a complex decision-making problem that
includes several quantitative attributes. It is considered a type of
multi-attribute or multi-criteria decison making (MADM/MCDM)
problem. This study proposes a model using the Grey Relational
Anaysis (GRA) to evaluate the starting pitcher contribution for teams
of the Chinese Professiona Baseball League. The GRA calculates the
individual grey relational degree of each aternative to the positive
ideal aternative. An empirical analysis was conducted to show the use
of the model for the starting pitcher contribution problem. The results
demonstrate the effectiveness and feasibility of the proposed model.
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I. INTRODUCTION

ACH year, as the season ends, basebal fans and

sportswriters exhibit considerabl e interest in discussing the
contribution of professional baseball players for the favorite
team in Taiwan. At the same time, al professional baseball
team managers or coaches eval uates the contribution of players
to their teams. The purpose of the evaluation is to provide
information to the owner, who is a decision maker, to decide
whether to increase or reduce the salaries of playersin the next
season. According to the history of baseball, starting pitchers
were considered more crucia than players in other positions
[1-3]. Starting pitchers pitch more innings over the course of a
season and, for a century, all of the best pitchers in teams were
starting pitchers [1-5]. In a professional baseball team, the
manager and coaches are always concerned about the starting
pitcher first.
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Manager or coaches determine the contribution of starting
pitchers by the number of innings pitched, strikeouts, and
gameswon or lost. Therefore, the eval uation of the contribution
of professional baseball starting pitchers is a complicated
decision-making problem that includes several quantitative
attributes. It is regarded as a type of multi-attribute or
multi-criteria decision making (MADM/MCDM) problem [5].
The purpose of this study was to devel op amethod that can help
the manager or coaches to assess the contribution of starting
pitchers for the team in the domestic professional baseball
sector in Taiwan. Several common methodologies were
proposed for MADM, such as simple additive weighting
(SAW), the technique for order preference by similarity to ideal
solution (TOPSIS), analytical hierarchy process (AHP), data
envelopment analysis (DEA), and Grey relational anaysis
(GRA) [6]. The grey system theory proposed by Deng [7] has
been widely applied to various fields [6]. It is useful for
managing inferior, incomplete, and uncertain information.
Grey relationa analysis (GRA) is part of grey system theory,
which is suitable for solving problems with complicated
interrelationships between multiple factors and variableg[6].
The GRA was successfully applied to solve a variety of
MADM problems, such as hiring decisions [8], the restoration
planning for power distribution systems [9], and the modeling
of quality function deployment [10]. The GRA solves MADM
problems by combining the entire range of performance
attribute values considered for every aternative into a single
value. This reduces the origina problem to a single attribute
decision making problem. The GRA approach is applied to
assess the contribution of starting pitchers in professional
baseball teamsin Taiwan. Thisis done according to the degree
of similarity or difference of development trends between an
aternative and the idea aternative. We assume that this
analysis provides useful information for professional baseball
team managers or pitching coaches to help them to evaluate the
contribution of their starting pitchers. The remainder of the
paper is organized as follows: the methodology for evaluation
is discussed in Section 2; Section 3 presents the empirical
analysis to determine the contribution of professional team
starting pitchers in Taiwan; and lastly, Section 4 offers
conclusions and remarks for future studies.
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Il. METHODOLOGY

The evaluation procedure consists of sevéealss Detailed
descriptions of each step are provided in the ¥atg
subsections.

A.Grey Relational Analysis method

The grey relational analysis is based on the degfee
similarity or difference of development trends beémn an
alternative and the ideal alternative. A strongaationship
exists if the trend of change between the alteveatind the
ideal alternative is consistent. Otherwise, thatiehal grade is
smaller[10-11].The procedure of GRA is to first translate th
performance of all alternatives into a comparap#i€quence.
This step is called grey relational generating. eference
sequence (ideal target sequence) is defined aceptdithese
sequences. Subsequently, the grey relational comffi
between all comparability sequences and the
sequence is calculated. Finally, based on thesergtational
coefficients, the grey relational grade between réference
sequence and every comparability sequence is asdclullf a
comparability sequence translated from an alteradtias the
highest grey relational grade between the referasecgience
and itself, that alternative is the optimal choi@[ The
procedures of grey relational analysis are showfign 1.

Grey relational
generating

v

Reference sequence
definition

!

Grey relational
coefficient calculation

!

Grey relational grade
calculation

Fig 1 Procedure of grey relational analysis

Stepl: Grey relational generating

When the units in which performance is measurefedibr
various attributes, the influence of a number tilaites may
be neglected. This may also occur if a number diopmance
attributes have a large range. In addition, if eals and
directions of these attributes differ, it would sauincorrect
results in the analysis [12-13]. For a MADM probleifhnm

alternatives and n attributes exist, tife alternative can be
where Y the
performance value of attributg of alternativei . The term
Y, can be translated into the comparability sequen
Xij = (%1, X2,---, % ) by using either (1) or (2).

expressed asY, =(Y1, Yz, Y ) is
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Yij —min(y; ,i=1,2,..m)

Xj = - - - for
max(y; i =1,2,..m } minf i= 1,2,m Q)
i=12,..m;j=12,.n
_ max(yij i=12,.m ¥ ¥ for
5 T max(y; i=L2,.m ¥ ming i= L2.m @

i=1,2,.m;j=12,.n
Equation (1) is used for benefit attributes andig2ysed for
cost attributes.

tep2: Reference sequence definition
All performance values are scaled into [0, 1] aftez grey
relational generating procedure using (1) or (2y.a&n attribute

j of alternativei , if the valuex; , which was processed by

referergrey relational generating procedure, is equal tw hearerto 1

than the value for any other alternative, the permce of
alternative i is optimal for the attributej . Therefore, an
alternative is the optimal choice if all of its flgmance values
are closest to or equal to 1. However, this typaltdrnative
does not usually exist[12]. Our study defined thémence
sequenceXg as (X1, X2+, Xgj ), and subsequently aimed to
find the alternative in which the comparability seqce is the
closest to the reference sequence.

Step3: Grey relational coefficient calculation

Grey relational coefficient is used for determinimgw close

Xj is 10 x; . The best grey relational coefficient is a seqaenc
that closer toX,. The grey relational coefficient can be
calculated by Eq. (3).

Amin +$Amax P
—n—_T& for i = 3
Aij +£Amax ( )
In (3), r(xoj,%;) is the grey relational coefficient betweeg,

r(xoj,)qj): 1,2,..m;j=12,.n

and % » and
By =[x =%,
JA. :min(Aij i=12,.m;=12,.n

Dpax =max@y j=12,.m j= 1,2,.n
& is the distinguishing coefficieng0[0,1]

The purpose of the distinguishing coefficient igigand or
compress the range of the grey relational coefficien most
studies [10-15], the distinguishing coefficieptwas set as 0.5,

which is the same value used in our study.

Step4: Grey relational grade calculation

After calculating the entire grey relational coeiint
r(Xoj,% ), the grey relational grade is subsequently caledla

by (4).

F(XO,Xi):in (%, %) fori=12,..m (4)
=1

In (4), F(Xg, Xi)is the grey relational grade betweép
and X; . It represents the level of correlation betweea th
égference sequence and the comparability sequends. the
weight of attributej and usually depends on the judgments of
the decision makers or the structure of the praghpseblem. In
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addition, ZW, =1. The grey relational grade indicates the For example, in the case of the wins attribute,rtteimal
1= value was 16 and the minimal value was 3. By uglhgthe
degree of similarity between the comparability sewe and results of grey relational generating of A2 is ddoa(10-3)/

the reference sequence [10-12]. As discussed, fwh e (16-3) = 0.5385. All results of grey relational geating are
attribute, the reference sequence represents thEnap shown in Table II.

performance that can be achieved by any of the acahyity TABLE Il
sequences. Therefore, if a comparability sequemreah RESULTS OF GREY RELATIONAL GENERATING
alternative obtains the highest grey relationaldgravith the

reference sequence, the comparability sequencesssimilar Player Wins Lost Innings Pitched  Outs
to the reference sequence, and that alternativddwaoe the Xo 1.0000 1.0000 1.0000 1.0000
optimal choice[12].
B Data Al 1.0000 0.6250 1.0000 1.0000
The data used in this study were obtained fromoffieial A2 0.5385 0.0000 0.4729 0.4732
CPBL website (http://www.cpbl.com.tw), which colted and
A3 0.0000 0.5000 0.0972 0.1220

posted records of every CPBL baseball game in 20u4.
selected alternatives for one team from the offi€i#®BL A4 0.1538 0.0000 0.1839 0.1756
website in 2011. Every alternative chosen has playene of

the top five games for his teaifihe commonly cited statistics AS 0.4615 1.0000 0.0000 0.0000

for starting pitchers in the empirical analysis eénnings  2.Grey relational coefficient calculation

pitched (IP)[1, 5], win games (Wins) [1, 16], lggtmes (Lost), In Table II, X,is reference sequence. After calculatifg,
and the number of opponent batters out (outs) ElIF@f which
are included in this study. The calculation wadqrened using
GRA, in which parameters used as criteria are famib all calculated by (3). For examplé,, =[1-.623 = 0.3750,
fans. Dmax =1, and A, =0 if £=0.5; subsequentlyr(Xg,Xp1) =
(0+.5x1) /(0.375+ .5¢ 1)=0.5714. All results for the grey
relational coefficient are shown in Table 3.

TABLE llI
RESULTS OF GREY RELATIONAL COEFFICIENT

Anax and Ani, , all grey relational coefficients can be

I1l.  EMPIRICAL ANALYSIS FOR CONTRIBUTION OF STARTING
PITCHERS

A.Alternative pitchers’ information of pitch

A brief description of five pitchers for a teampeovided.
The names of pitchers for a team in the CPBL adi in
Table 1. As shown in Table 1, all starting pitchetested more Al 1.0000 05714 1.0000 1.0000
than 12 games in 2011 season. Al was the bestrpedfce

Player Wins Lost Innings Pitched Outs

player, and started 26 games, won 16 games, piteb&d A2 0.5200 0.3333 0.4868 0.4869
innings, and struck 412 opponent batters out. Hewesthers A3 0.3333 0.5000 0.3564 0.3628
were not discriminated clearly.
A4 0.3714  0.3333 0.3799 0.3775
TABLE |
ALTERNATIVE PITCHERS PITCHING INFORMATION A5 0.4815 1.0000 0.3333 0.3333

Player Game Started  Wins Lost Innings Pitche®uts . .
Y 9 3.Grey relational grade calculation

Al 26(1) 16(1) 6(2) 203(1) 412(1) In this case, the importance of all performancetattes was
assumed as equal. Thus, the weights of the fodonpeaince

A2 21) 10 114 143(2) 30402 attributes were all the same (1/4). By using (&g grey
A3 18(3) 35) 709 100(4) 232(4) relational grade can be calculated, as shown ianeol2 of
Table IV.
A4 14(4) 5(4)  11(4) 110(3) 243(3)
TABLE IV
A5 12(5) 9(3) 3(1) 89(5) 207(5) THE RESULTS OF GREY RELATIONAL ANALYSIS
. . Pl Grey Relational Grad Ranki
B.GRA for alternative pitchers ayer rey relational brade anxing
Based on the data of Table I, the GRA proceduas is Al 0.8929 1
follows:
. . A5 0.5370 2
1.Grey relational generating
The main purpose of grey relational generating isansfer A2 0.4568
the original data into comparability sequences. tLis A3 0.3881

considered a cost attribute, and wins, inningshpitic and outs
are benefit attributes. The grey relational geregaprocess A4 0.3656
used (1) for the data of performance values of wimsings

pitched, and distance of outs; (2) was used fordae of 4 Evaluate contribution of starting pitchers _
performance values of lost. The GRA approach identified Al player as the optima

contributing starting pitcher in one CPBL team hessa Al

a ~ w
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player ranked first in three attributes. Accordingrable 1, the [15] J. Zhang, D. Wu, and D.L. Olson, "The Method of fRelated Analysis

A2 player won 10 games, pitched 143 innings, strGoK
opponents outs, and was ranked second by intuiiomever,
as shown in Table IV, A2 ranked third by GRA be@Ag lost

11 games in 2011 season. The A5 player ranked decdh?] H.O. Stekler, D. Sendor, and R. Verlander, "Issnesports forecasting",

unexpectedly. His performance of innings pitched amts
ranked fifth; however, he lost 3 games in 2011 seawhich
was the among all starting pitchers. Finally, tbatdbution of
the A4 player ranked fifth, and his performanceirafings
pitched and outs were superior to that of A3 plaiftawever,
he lost 11 games; therefore, his performance tfdtas inferior
to that of the others.

IV. CONCLUSION

Evaluation of contribution of starting pitchersaddifficult
problem that can be classified as a type of muitieca
decision making problem (MCDM) for managers or ¢ueescof
professional baseball teams. Therefore, our stpglied grey
relational analysis (GRA) to calculate the perfonce of
starting pitchers with respect to each criteriomalty, all
starting pitchers were ranked by grey relationaldgr This
methodology can be used to provide team managels
coaches with a thorough understanding of the dmunidn of
starting pitchers in their teams.
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