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Abstract. Personnel performance appraisals have been practiced in many organi-
zations and institutions with the purpose for salary adjustments, promotions,
training, and other decisions that affect employee status in the company. Human
judgments, including preferences are often vague and cannot be estimated in exact
numerical values. This paper uses a method under the linguistic framework for
heterogeneous performance evaluation, which allocates different weights for as-
sessor members to use linguistic terms in order to express their fuzzy preferences
for candidate solutions and for individual judgments. The introduced method has
been used in the empirical study, and the results have been analyzed.
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1 Introduction

Fan and Zhang [4] and Chuu [5] stated that human beings are faced with issues of
decision making that basically involves choosing the most-preferred alternatives
from a limited set of alternatives to obtain certain-predefined objectives. Evaluat-
ing personnel is one of the most critical decisions that must be taken [6]. Most
crucial and significant decisions in organizations are made by groups of managers
or experts. There are two types of group decision making: (a) homogeneous
and (b) heterogeneous. Contrary to homogeneous group decision making, the
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heterogeneous decision making considers opinions from decision makers that
constitutes of different gender, age, education, functional specialization and exper-
tise [7-9]. In such an environment, disagreement always happens in group deci-
sion making as members in a group generally do not come to the same decision
[10]. To solve disagreements for one decision maker that involves multi criteria
evaluation and ranking problems, the multi criteria decision making (MCDM) has
been developed [11-16]. Crisp data are insufficient to simulate real life situations
and managers’ judgments normally include preferences are often vague and not
precise estimates of the numerical value [17]. Chuu [5] stated that the traditional
MCDM methods are random processes and deterministic, and unable to solve
group decision making problems with inaccurate and vague information. There-
fore, fuzzy MCDM methods were developed. The concept of fuzzy sets is one of
the most important and significant instruments in the computational intelligence
[18]. Fuzzy sets and fuzzy logic are powerful mathematical tools for modelling in
uncertain systems in industry, nature and humanity and act as facilitators for
common-sense reasoning in decision making in the absence of complete and accu-
rate information [19]. Therefore, designing applicable multi-dimensional appraisal
systems for heterogeneous appraisers has been a main concern for scholars. This
paper is trying to use heterogeneous group decision making model under fuzzy
environment for personnel performance appraisal.

2 Preliminaries

Definition 2.1. A fuzzy set presents a boundary with a gradual contour, by contrast
with classical sets, which present a discrete border. Let U be the universe of dis-

course and u a generic element of U, then U = {u} A fuzzy subset A, defined in
U,is: A ={(u,u i (u)) tue U}, Where u i (u) is designated as membership

function or membership grade of u in A[20].

Definition 2.2. A is a fuzzy number, if A is normal and convex [21]. A triangular
fuzzy numbers can be expressed as M = (I, m, u), where [ <m < u, in which [ <m
< u. In the fuzzy event, parameters (I, m, u) are the smallest, promising, and the
largest possible value, correspondingly [22]. Equation (1) describes the triangular
fuzzy number membership function M, when /=m=u, it is a non-fuzzy number by
agreement as shown in Fig. 1 [23]
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Fig. 1 The triangular fuzzy membership function [2]
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Definition 2.3. For two triangular fuzzy numbers M; and M, of the main opera-
tional laws are as follows [24]:

M+ My =(l; + 1, my + my, us+ uy), o X M| = (wl;, om;, wu;), ©>0, we R, )
M, % My= (I % b, my %o, uy % u), oy - = (1w, 1/ my, 1/1)). 2)
Definition 2.4. A variable with values of word or sentences in an artificial lan-
guage is defined a linguistic variable [25]. After the cardinality of the linguistic
terms set are recognized, linguistic terms and semantics that must be arranged as
show in (Tables 1 & 2)..

Table 1 Linguistic variables for the ratings Table 2 Linguistic variables for the

[1] importance weight of each criterion [3]
Very Poor VP 0,0, 1) Very Low VL (0,0,0.1)
Poor P (0, 1,3) Low L (0,0.1,0.3)
Medium Poor MP (1,3,5) Medium Low ML (0.1,0.3,0.5)
Fair F (3.5,7) Medium M (0.3,0.5,0.7)
Medium Good MG (5,7,9) Medium High MH (0.5,0.7,0.9)
Good G (7,9, 10) High H (0.7,0.9, 1.0)
Very Good VG (9, 10, 10) Very High VH (0.9, 1.0, 1.0)

3 The Fuzzy Heterogeneous Performance Evaluation

Method
The purpose of this method is to enhance group agreement on the group decision
making outcome based on Borda count. Let A = {A,,4,,...,A, } be a discrete
set of alternatives, P =({P,,P,,...,P, )} be the set of decision makers, and

A=A, 4,.....4,) be the weight vector of decision makers,
where g >0, P=12..,k,and ¥' 4 -1.Letc =(c,,c,,..C,}
be the set of attributes, and w = (w,,w,,... ,w,) be the weight vector of
attributes, wherew, >0, n=12,...j >’ w, =1 [26]. The fuzzy

n=1

group decision problem can be concisely expressed as matrix format [27]:

Cr Co Cn W o=[#,.%,.—.w,] Where gt and
A Xn X n X in . .. .
N N - w © are linguistic variables that can be
ﬁiAz X 21 X 2 X 2n j
T : : : : shown by fuzzy numbers as shown in
Aw|Tmi Tw2 o X (Tables 1, 2).

The proposed models are linearly described in the following 11 steps:

1- Identifying evaluation criteria. 2- Generating alternatives. 3- Identifying
weights of criteria and weights of decision makers. 4- Presenting preferences on
the part of each decision maker (every decision maker gives preferences to per
alternative based on every attribute according to linguistic terms such as Table 2.
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5- Construction of fuzzy decision matrix. In fuzzy decision matrix, we suppose
that, each 55; is fuzzy number. 6- Construct the normalized fuzzy decision matrix

that can be found in [28, 29]. If (¥;.i=12,....m,j=12,...n) are triangular
fuzzy numbers, then the normalization process can be performed by [25]:

~ a; b, ¢, a, a; a;
r":[cii’cii’c%] 7‘1:[ ’,b’, ! i=1,2,... ,m, jec &

Cy i a;

Where B and C are the set of benefit criteria and cost criteria, respectively.
7- Construction of defuzzification decision matrix; the defuzzified value of fuzzy
number can be obtained from Equation

BNP=[(U, —L)+(M, —L)1/3+L, . Vi (5)

8- Considering proper value (DM weights) of every decision making group mem-
ber idea N, = Ny;xA4, (6). Nyjis an element of defuzzification decision
matrix for every DM, and 2, is the weight of per DM idea. 9- Formation of

R matrixes; while the rows of the matrix are alternatives and its columns are
J

DMs opinions based on j criterion. So n matrixes in lieu of j attributes were estab-
lished (g ):
J

Al oow Computing linear sum in lieu of P
d s : Soizi2em decision makers (& ) and final
R =A\|r ... r .. i j=12,.,n zr"f
J g Ly L L ’ e p=l

: : : : ,p=12.k (7) . . . .

; : grade of every alternative in lieu of j
P .
Anllug oo T g attributes would be calculated.

In this matrix the line with the highest mark is the first rank and the line with the

lowest mark is m rank. 10- Changing R, matrix into Bor-
G G G da count, i.e. alternative with first
A.I ’1.'1 ’1:/ ’lfu rank based on per criterion would
o (8) have m-1 relative value on the basis
R = Af' L of m alternatives. The same goes
A' for, alternative with second rank (m-

m | Tmi T LA™

2 relative value). Alternatives with

m rank would receive zero relative values. We multiply the Borda count matrix
with the corresponding weight vector of attributes function [2]

A by by, by, w, byywi+ byw,+ e by, n
Ay | by by, e by, « Wyl _ byywi+ by, wy+ o by,w, |
A buy bun b, w, b w+ b,,w by, T

The alternative sum with the highest value would be considered as the first rank
and the lowest represents the last rank.
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4 Empirical Study

Table 3 Fuzzy performance measurement of assessor

group done by professionals This study was performed in
Profos- Assosors Energy Efficiency Organiza-
?E::;l Manager Colleagues Inferior E{?]Tkll:ry:;l:f tion active in the field of
KGkjIProf energy consumption optimiz-
1 VH MH MH H :
Prot 2 u MH M ML ing. Twenty-one persons were
gmgz VH H MH H selected as a professional
TOI_: . .
Prof S o v e i group according to the presi-
Prof_6 “ " M MH dent of EEO organization

Pof 1 091010 050709 050709 070910 opinion based on their expe-
Prof 2 070910 050709 03,05,0.7 0.1,03,0.5 riences and education in order

Prof.3 0.9,1.0,1.0 0.7,0.9,1.0 0.5,0.7,0.9 0.7,0.9,1.0 to determine the criteria,
Prof_4 0.9,1.0,1.0 0.7,0.9,1.0 0.9,1.0,1.0 0.7,0.9,1.0 . . .
Prof_5 0.7,0.9,1.0 0.3,0.5,0.7 0.5,0.7,0.9 0.0,0.1,0.3 Welghts’ and assessors’ view-
Prof 6 070900 030507 030507 050709 point weights as shown in
Total 3.500 4.133 4.067 3733 Table. 3. In this paper the
Weight 0.32 0.24 0.23 0.21

organization’s middle manag-
ers from deputy of training and optimizing energy consumption were evaluated.
So each manager was assessed by 4 assessors based on 33 quality and quantity
attributes. Aj, A,, A;, A4 was allocated to 4 managers. In step 4 of algorithm me-
thod, the assessors presented preferences for each alternative based on each
attribute according to linguistic terms based on Table. 4. Next step constructed the
normalized fuzzy decision matrix and converted the normalized fuzzy decision
matrix to the defuzzification decision matrix by (Equation (6) as shown in (Table .
5). Step 8, 9: Considering proper value (DM weights) of every decision making
group member idea by (Equation (7) and establishing n matrixes lieu of j attribute
as (Table . 6). Step 10: In (Table . 6) Linear sum would be reached in lieu of P
decision makers and final rank of every alternative in lieu of j attribute would be
calculated. In these matrixes, the line with the highest mark is the first rank and
the line with the lowest mark is m rank. Step 11: We change the Rg matrix into
Borda count; multiply the Borda count matrix with the corresponding weight vec-
tor of attributes by (Equation (9). The alternative sum with the highest value
would be considered as the first rank and the lowest represents the last rank. The
ordinal ranks of four alternatives (Middle managers) are attained as follows: A; >>
Ay >> A >> A, Therefore, A; is the optimal candidate.

Table 4 The ratings of four candidates by decision makers under all criteria

Ci G, G
A A, A, A A A, A Ay A A, A A,
P, MG G F G G G F VG G G VG VG
P, G G G VG MG G MG VG VG VG G VG
P, F F G MG F F G G G G VG G
P, G G VG MG MG G VG G VG VG VG VG
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Table 5 The fuzzy normalized decision matrix and criteria weights

C, C, G
A 050709 0700 07,0910 0867 070910 _ 0867
b A 070910 0867 070910 0867 070510 0867
A, 03,0507 0500 03,0507 0500 09,1010 0967
A, 070910 0867 09100 0967  09,1.01.0 0967
A 070910 0867 050709 0700  09,1.01.0 0967
b A 070910 0867 070910 0867 091010 0967
> A, 070910 087 050709 0700 070910 0867
As 091010 0967 091010 0967 091010 0967
A 030507 0500 030507 0500 070910 0867
, A, 030507 0500 030507 0500 070910  0.867
A, 070910 0867 070910 087 091010 0967
A, 050709 0700 070910 087 070910 0867
A 070910 0867 050709 0700  09,1.010 0967
b A 070910 0867 070900 0367 091010 0967
“ A, 091010 0967 091010 0967  09,1.010 0967
As 050709 0700 07,0910 087  09,1.010 0967
Criteri
riterta 0.0335 0.0335 0.0299
weights

Table 6 Aggregation matrix (Rg) based on per criterion (Middle managers)

[ P, P, P, > R _C P P, P, P, > R
Ay 022 020 011 018 072 4 A, 027 016 011 014 070 4
A, 027 020 011 018 078 2 A, 027 020 011 018 078 2
Ay 016 020 019 020 077 3 Ay 016 016 019 020 073 3

Ay 0.27 0.23 0.16 0.14 0.81 1 Ay 0.30 0.23 0.19 0.18 0.92 1
¢z P P Py P Y R

A 0.27 0.23 0.19 0.20 091 3,4

A, 0.27 0.23 0.19 0.20 091 3,4

A; 0.30 0.20 0.22 0.20 0.94 2

Ay 0.30 0.23 0.19 0.20 0.94 1

4,14 4 3,4 0o 0 0.5 0.0335 1.259 3

4,12 2 3,4 N 2 2 0.5 N 0.0335 _ 0.663 _ 4

A, (3 3 2 1 1 : 2.055 1

A 1 1 1 3 3 3 0.0299 2.023 2

Table 7 Comparison of proposed method and pervious personnel performance appraisal (Middle
managers)

Candidates A A, As Ay
Previous assessment grade 29.5 29 295 29.5
Fuzzy heterogeneous performance evalu-
ation method

3 4 1 2

5 Conclusion

The personnel evaluation is one of the most important and complicated aspects of
human resource management. A new proposed personnel performance appraisal
model was used in this study, in which personnel are evaluated from different
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points of view and evaluation’s errors are minimized. In multi criteria group deci-
sion making with linguistic variables, the assessors may have vague information,
limited attention and different information processing capabilities. This paper uses
a fuzzy group decision making method which allows group members to express
their fuzzy preferences in linguistic terms for candidate selection and for individu-
al judgments. The proposed method covered heterogeneous performance evalua-
tion by considering the decision makers’ viewpoint weights. The results of the
mentioned models are compared with the pervious personnel performance
appraisal model (the evaluation of the subordinate from manager point of view)
Table . 7.
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