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Abstract. In recent years, some methods have been presented for appraising the
performance of high school teachers. In this paper, we present a new method for
appraising the performance of high school teachers based on simplified fuzzy
number arithmetic operations. The proposed method uses fuzzy numbers to repre-
sent fuzzy grades, where the fuzzy weights of criteria are automatically generated
from the opinions of evaluators. The proposed method can appraise the perform-
ance of high school teachers in a more flexible and more intelligent manner.

1 Introduction

In 1965, Zadeh proposed the theory of fuzzy sets [17]. In recent years, the application
of the fuzzy set theory in education has begun [1], [2], [7], [8], [9], [10], [12], [14],
[15], [16]. In [1], Biswas presented a fuzzy evaluation method (fem) and a general-
ized fuzzy evaluation method for students’ answerscripts evaluation. In [2], Chang et
al. presented a method for fuzzy assessment of junior high school students. In [7],
Chen et al. presented new methods for students’ evaluation using fuzzy sets. In [8],
Cheng and Yang presented a method for the application of the fuzzy set theory in
educational grading systems. In [9], Cheng et al. established the criteria for high
school teachers appraisal. They used fuzzy linguistic questionnaires to appraise the
performance of high school teachers and used fuzzy linguistic integrating operations
to calculate teachers’ fuzzy grades, and then used Lee-and-Li’s method [13] and
Chen-and-Cheng’s method [3] to rank teachers’ fuzzy grades.

In this paper, we present a new method to appraise the performance of high school
teachers based on fuzzy number arithmetic operation. The proposed method appraises
the performance of high school teachers based on simplified fuzzy number arithmetic.
It can appraise high school teachers in a more flexible and more intelligent manner
than the method presented in [9].

2 Simplified Fuzzy Arithmetic Operations Between Fuzzy Numbers

In 1965, Zadeh presented the theory of fuzzy sets [17]. A fuzzy number [11], [18] is a
fuzzy set in the universe of discourse X that is both convex and normal. A trapezoidal
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fuzzy number A of the universe of discourse X can be characterized by a trapezoidal
membership function parameterized by a quadruple (a, b, ¢, d) as shown in Fig. 1,
where a, b, ¢c and d are real values.

In Fig. 1, if b = c, then A becomes a triangular fuzzy number, and it can be param-

eterized by a triplet (a, b, d). Let Zl and Zz be two triangular fuzzy numbers param-
eterized by the triplets (a;, by, ¢;) and (a,, b,, ¢;), respectively. The simplified fuzzy

number arithmetic operations between the triangular fuzzy numbers A and Al are as
follows [11]:

Fuzzy Number Addition @ :

(a1, by, ¢1) @ (ap, by, ¢3) =(a; + a, by + by, ¢; +¢). (1
Fuzzy Number Multiplication ®:
(a1, by, ¢1) ® (az, by, ¢) = (a;Xay, by Xby, ¢1Xcy). )
Fuzzy Number Division @:
(aj, by, ¢1) @ (ay, by, ¢3) = (ai/cy, bi/by, ci/ay). 3)
f:(x) N
A A
1.0)
0 > X
a b c d

Fig. 1. A trapezoidal fuzzy number

3 A Review of Chen-and-Chen’s Method for Ranking Fuzzy
Numbers

In [6], Chen and Chen presented a method for ranking fuzzy numbers. The ranking

value Rank( A ) of a generalized trapezoidal fuzzy number A , A= (a, ay, a3, a4), can
be calculated as follows:

Rank(x) = xA +(1- yA )é‘Z ) )

where

x;Zy{;(a3+az)+(;4+a|)(1_y§)’ (5)

§ = /w , ©)
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y; = T’ lf‘al ¢a4 (7)

) l:f‘aW:aA

_ata,ta,+a,

where a . The larger the value of Rank( A ), the better the ranking of A.

4 A New Method for High School Teachers’ Appraisal

In this section, we present a new method for high school teachers’ appraisal, where
the criteria and the fuzzy linguistic questionnaires used for teacher appraisal used in
[9] are adopted as shown in Table 1 and Table 2, respectively.

Table 1. The Criteria for Appraising the Performance of High School Teachers [9]

Criteria Sub-criteria Contents

X According to the standard of the course and the needs of the students to achieve the teaching goals
Xio To make teaching plans and to prepare teaching materials and tools properly
Xis To present teaching materials clearly and correctly with proper methods

X Xis To bring the motivation of learning and testing and to increase students attention on lessons

(Teacl:ing) Xis To express clearly in speaking (helpful for comprehension and learning.)

Xis To express clearly in writing (helpful for comprehension and learning.)
X To make good use of various of teaching methods and teaching media
Xis To make good use of time while teaching
Xio Giving proper feedback to students while teaching
Xa Counseling students to obey the rules of life and develop good habits

X Xa To direct students to keep personal and public sanitation

(Class Managing) X Management of _

Xo4 an appropriate rule of class
Xos To praise and punish students properly

< Xal To take care of students actively

3
(Professional Attitude X Workmg‘hurd - -
and Specialty) Xu Researching and pursuing further education
X Being iastic with working
Xa To build various kinds of students’ files
X To join activities of school actively.
X _— X To keep good relationship with co-workers in school
(Cooperation in -ation - - - - -
and Relationship with People) X To keep good relationship and interactions with students’ parents

Xis Treating students fairly
Xas To keep good relationship with students
Xsi To be able to send and receive email

Xs Xs2 To be able to design a web page interacting with students

(Ability to Use Computers) Xss To be able to use word edit software to edit handouts and test papers

X4 To be able to search data on the web to be used in teaching

Table 2. A Fuzzy Linguistic Questionnaire for Appraising the Performance of A Teacher [9]

Fuzzy Linguistic Questionnaire

Satisfaction Levels of the Criterion X
Low High
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In Table 2, five linguistic levels are used to evaluate teachers performance regard-
ing the sub-criterion Xj;, i.e., very low (VL), low (L), middle (M), high (H) and very

high (VH), where the triangular fuzzy numbers 1,2, 3, 4 and 5 corresponding to

the linguistic satisfaction levels VL, L, M, H and VH are 1= 0,1, 2), 2= 1,2,3),

3=(2,3,4), 4=(3,4,5) and 5 = (4,5, 6) , respectively. The fuzzy grade G(%,) of

the sub-criterion Xj; is calculated as follows:

S X, f(X)
PIWACHY)

where i denotes the index of the criterion, j denotes the index of the sub-criterion, k
denotes the index of linguistic levels, X, denotes the kth linguistic satisfaction level

G(x) = ; ®)

of the criterion X, 1<k <5, ;‘-,k IS {1,2,3,4,5}, f (ij) denotes the degree of percent-
age that the teacher satisfies the kth satisfaction level of the criterion Xj, and
Y. f(x,)=1. A fuzzy linguistic questionnaire for determining the weights of a crite-

rion is shown in Table 3 [9]. The fuzzy weight W( X, ) of the criterion X; is calculated
as follows:

Y% (X))
SR

where i denotes the index of the criterion, k denotes the index of linguistic levels, X,

W(X)= )

denotes the kth linguistic satisfaction level of the criterion X;, 1<k<5,

X € {1,2,3,4,5}, f(x,) denotes the degree of percentage that the criterion X; satis-
fies the kth important level, and > f(X,)=1.

Table 3. A Fuzzy Linguistic Questionnaire for Determining the Weight of the Criterion X; [9]

Fuzzy Linguistic Questionnaire

Importance Levels of the Criterion X
Low High

VL L M H VH

The proposed new method for high school teachers appraisal is now presented as
follows:

Step 1: Determine the fuzzy weight of each criterion. Let each evaluator use the fuzzy
linguistic questionnaire shown in Table 3 to evaluate the importance of each criterion.
Then, use Eq. (9) to calculate the fuzzy weight of each criterion evaluated by each
evaluator, where a fuzzy weight represented by a triangular fuzzy number (k, m, n)
should satisfy the rules: “if k < 1, then let k = 1; if n > 5, then let n = 5”. For example,
assume that there are five evaluators E,, E, Ej, E4, E5 and nine teachers A, A,, As,
Ay, As, Ag, A7, Ag, Ay being evaluated. After five evaluators fill out the fuzzy
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linguistic questionnaires, we get the result shown in Table 4. After applying Eq. (9) to
calculate the fuzzy weight of each criterion evaluated by each evaluator, we get the
calculation results as shown in Table 5.

Table 4. The Result after Five Evaluators Fill Out the Fuzzy Linguistic Questionnaires

Criteria Evaluator E, Evaluator E, Evaluator E; Evaluator Ey Evaluator Es
VL L M H VH VL L M H VH VL L M H VH [VL L M H VH| VL L M H VH
X 80 | 20 10 | 80 | 10 20 | 60 | 20 70 | 30 80 10 10
X, 10 | 70 | 20 40 | 60 30 | 60 | 10 20 | 70 | 10 5 15 | 80
X3 20 | 80 20 | 70 | 10 70 | 30 20 | 70 | 10 20 | 80
X4 20 | 60 | 20 5 85 | 10 20170 | 10 10 [ 75 | 15 45 | 55
Xs 30 | 50 | 20 40 | 40 | 20 20|70 | 10 20 | 30 | 50 20 | 70 10

Table 5. The Fuzzy Weight of Each Criterion Evaluated by Each Evaluator

Fuzzy Evaluators
Weights
b E, E, E; E4 E;s
Criteria
X, (3.2,42,5) (3,4,5) (3.,4,5) (33,43,5) | (2.3,33,43)
X, (3.1,4.1,5) (3.6,4.6,5) | (2.8,3.8,48) | (29,3.9,49) | (3.75,4.75,5)
X (1.8,2.8,3.8) (2.9,3.9,4.9) (3.3,43,5) (2.9,3.9,4.9) (2.8,3.8,4.8)
X4 (3,4,5) (3.05,4.05, 5) (2.9,3.9,4.9) (3.05,4.05,5) [(2.55,3.55,4.55)
Xs (2.9,3.9,4.9) (2.8,3.8,4.8) (2.9,3.9,4.9) (3.3,4.3,5) (2.9,3.9,4.9)

Based on Egs. (4)-(7), we rank the fuzzy weights with respect to each criterion X;
evaluated by the evaluators, where 1<i<5, we drop the fuzzy weights with the
smallest ranking value and the largest ranking value. Then, we calculate the average
of the remaining fuzzy weights using the addition operations and the division opera-

tions of fuzzy numbers. Finally, we can get the fuzzy weighted vector W , where

S

w,

wW=|w |, w, denotes the average of the remaining fuzzy weights with respect to the

ith criterion, and 1<1i < 5. Therefore, the fuzzy weighted vector W is as follows:
w. ] [(3.07, 4.07, 5)

W, | | (3.2, 42, 497)

W=|w, |=](2.87,3.87,4.87) |
W, | |(2.98,3.98,4.97)
.| (2.9,3.9,4.9)

Step 2: Establish the fuzzy grade matrix. Each evaluator uses the fuzzy linguistic
questionnaire shown in Table 2 to evaluate the performance of high school teachers.
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Then, use Eq. (8) to calculate the fuzzy grade of each sub-criterion of each teacher
evaluated by each evaluator, where the fuzzy grade represented by the fuzzy number
(k, m, n) should satisfy the rules: “if k < 1, then let k = 1; if n > 5, then let n = 5”. For
example, assume that the fuzzy grades evaluated by the five evaluators are as shown
in Table 6, Table 7, Table 8, Table 9 and Table 10, respectively. Based on Egs. (4)-
(7), we rank the fuzzy grades of a teacher with respect to a sub-criterion evaluated by
the evaluators, then drop the fuzzy grades with the smallest ranking value and the
largest ranking value, and then calculate the average of the remaining fuzzy grades by
using the addition operations and the division operations of fuzzy numbers to get the
averaged fuzzy grade of the sub-cirterion. In the same way, we can get the averaged
fuzzy grade of each sub-criterion of each teacher. Therefore, we can get the fuzzy
grade of each teacher with respect to each sub-criterion to derive the averaged fuzzy
grade table shown in Table 11.

Table 6. Fuzzy Grades Evaluated by the Evaluator E,

Criteria C?i‘ljg:ia Teacher A; Teacher A, Teacher As Teacher Ay Teacher As Teacher Ag Teacher A; Teacher As Teacher Ay
Xt (2,3.4) (2.85,3.85,4.85)[(1.65,2.65,3.65)[ (2.9,3.9,4.9)
X (1. 4i 245 3 45) 4.5,5) (1.8,2.8,3.8

242,5)

X | (3754755 (3.7475)
X | (1828338) (12 225325) (2.9,3.9,4.9)
(3354355) | (1,1222)

X Xis (1,1.6,2.6)
(1.5, .5 (2.45,3.45,4.45)
(2.85,3.85,4.85)
(2.9,3.9,4.9) ) (1.25.2. 25325)
(2.7,3.7.4.7) (29?949) (1.452.45,3.45)| (1.
(2.3,3343) (2.6,3.6,4.6)
(2.6,3.6,4.6) (l 8 2 8,3. 8)
(3.75,4.75,5) K
(2. 55)| (2.6,3.6,4.6) [(2.55,3.55,4.55) (2 6 3 .6, 4 6) (1,1 ) (2.6, .6)
Xos (3.24. 2, i) (2.5,354.5) . 5) (2.53.5.45) (29.3.9.49) 234
Xai [(2.25,3.254.25) (2.6,3.64.6) |(2.153.154.15)|(2.15,3.15,4.15)[ (2.6,3.6,4.6) [(1.65,2.65,3.65)
Xs X (1.7,27,3.7) (1.8,2.8,3.8) (2.6,3.6,4.6) (3.75,4.75,5) | (3.754.75,5) (1,1.1,2.1)

(3.654.65.5) | (3.654.655)
(165265365)| (3354359
(1,122 1.82.83.8)

(

(1.95, 95,3.95)
(3.74.7.5)
(2.6,3.6,4.6)
1.45, 3.45

(2. )

Xa |2 15,3 154 15) ( 3 4.7)

Xa (2.7,3.74.7) (2.153.15,4.15) 5.4.3
Xz Xos (2.6, .6 3.2425) (1 452.45345)

(1.25,2.25,3.25)| (2.9,3.9,4.9)

(273747 (2.1,3.1.4.D

(2.9,3.9.4.9) (1.7,2.7,3.7)
2,34) (1.45, 2 45 3. 45)

Xs3 (273.7.4.7) ((1.252.253.25)( (2.7.3.7.4.7) (2.33.3.43) (1,1.2,2. 2) (253.5.45) (1.7,27.3.7)
X | (26,3.64.6) [(2.153.154.15) (1.7273.7) ((2.853.85,4.85)|(1.45,2.453.45)| (3.75,4.75.5) (1.6,2.6,3.6)
Xar (2.6,3.6,4.6) [(2.75,3.75,4.75) (2 25 3.254.25)| (2.7.3.7,4.7) (3 65 4. 65 5) (3.7,4.7.5)
X (3.85,4.85,5) . 25)| (1.7,2.7,3.7) .5,3.5,4.5) (1.8,2.8,3.8)
X. Xa (2.6,3.6,4.6) (I 45 2 45 3.45)((1.45,2.453.45)| (1.8,2.8,3.8) |(I.. 25 2 25, 3 25) (2.9,3.9,4.9)
o Xas (1.7,27.3.7) (2. ,4. (1.25,2.253.25)| (2.7.3.7,4.7) [(1.45,2.45,3.45)((1.45,2.45,3.45) (1,1.2.2.2) ( 35, )
Xss (2.6,3.6.4.6) [(2.153.15.4.15) (2 6,3.6,4.6) [(2.353.35.4.35) (2.6.3.6,4.6) (2.6,3.6,4.6) .9.3.9.4. (2.35,3.354.35) (l l 2,2.2)
Xas (1.82.8.3.8) [(2.353.35.4.35) (2.15,3.15.4.15)| (1.7.2.7.3.7) (1.7.2.7.3.7) (1.7.2.7.3.7) @2 .5) (29.3.9.4.9)
Xsi [(2.25,3.25.4.25)((2.55,3.55.4.55) (2.9,3.9.4.9) (2.85.3.85.4.85] (2. 85 3.85. 4 85) (1.6,2.6,3.6) (3.35,4.35.5)
X. X5 |(1.452.453.45)| (2.7,3.7,4.7) (2.35,3.35,4.35) 9) 293 (1,1.2,2.2) ( .5) [(1.45,2.45,3.45)
s X5 [(2.15,3.154.15)| (2.6,3.6,4.6) (1.25,2.25,3.25)| (1. 25)|(1.25,2.25, '% 25) (1.8,2.8,3.8) (3.75,4.75,5) (1,1.2,2.
Xs: [(2.353.35.4.35)| (1.6,2.6,3.6) (2 85 3854.85)| (1.82.83.8) | (293949 | (293949 | (1.1.22.2) (234) |(1.252.253.25)
Table 7. Fuzzy Grades Evaluated by the Evaluator E,
Criterid crilﬁerjr;a Teacher A, Teacher A, Teacher As Teacher Ay Teacher As Teacher As Teacher A Teacher Ag Teacher Ay
X | (283.84. 8) (3.154.15,5) (2.85,3.85,4.85) (2.83.84.8)
X (1. 8) (2.85,3.85,4.85) (2.35,3.35,4.35)
Xis (1.7,2.7,3.7) 35) (1,2,3)
X (2.75,3.75,4.75)
X Xis (2.1,3.1,4.1)
Xie (2 9,3.9,4.9)
X 1.25,2.25,3.25 3. 35
Xis (3.15,4.15,5) (2.7,3.74.7) 6. .6) 1) (
Xio (2.15,3.154.15) (2.9.39.4.9) (3.74.7.5) (1. 45 2 45,3.45)|(2. 35 3 5 4. ?5)
X (2.6,3.6,4.6) 6, 6.4.6) (2.1,3.1,4.1) (2.6,3.6,4.6)
X» (1.25,2.25,3.25) 3.7,4.7,5) (3354.35,5)
X | Xa (2.75,3.75,4.75) (1, (1.7,2.7,3.7) ,5.5)
Xos (2.1,3.1,4.1) (355455 S5) (1,1.2,2.2)  ](2.35,3.354.35)
Xas (3.74.7,5) (3.25 (23334.3) [(2.753.75.4.75)
Xs1 (2 85,3.: 85485) 4.
Xa 3.
XX
Xaa
Xy
Xa
X3
Xy Xt
Xis .
Xis .3 S . S
Xsi (2.85,3.854.85) (2.1,3.1.4.1) [(2.75,3.754.75) (2.85,3.85,4.85) 2,3, 2) (1.952.953.95)| (1.7,2.7.3.7)
X Xs (1.8,2.8,3.8) [(1.25,2.25,3.25)| (2.9,3.9.4.9) (l 45 45 3 45) 2,3.4) (1,1.2,2.2) (1. 8,2 8 3 8) (2,3.4) (3.35,4.35.5)
s X5 (2.1,3.1,4.1) (3.15,4.155) [(1.25,2.25,3.25) 3.8) (29,3.9.4.9) (2.1,3.1.4.1) [(1.252.25,3.25) (3.2.4.2,5) (2,3.4)
X5 | (2.83.8,4.8) (253545 [(2.153.154.15) (2.85,3.85,4.85) (253545 | (172737 | (152535 |(1452453.45)(1.25,2.25,3.25)
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Table 8. Fuzzy Grades Evaluated by the Evaluator E;

Criterial cri:‘er‘m Teacher A; Teacher A, Teacher A Teacher As Teacher As Teacher As Teacher A; Teacher Ag Teacher Ay
Xu | G473 (225325425) CT3TAT [TORIZAN [BTEIEATS) 293949
Xe | @6 (2.953.954.95) (3354355
Xis '45,3.45) (152
X (182838 233
X | Xis (2:6,3.6,4.6) (293949) [(2253254.25) @3
Xis (3.65,4.65.5) (31415 (2.6,3.6.4.6) (2:95.395, 4.95)
e (29,3.9.49) (3.154155) | (25354.5) 53.5)
Xis (18,2.8,3.8) (295395495)| (1415 2)
X0 (3.154.15.5) )| (3.154.15,5)
Xai
Xz
X2 | Xa (G.14.15) )
X | )| G (2.85.3.854.85) (3.242.5) (3754.75.5)
Xos | (293949) | (283848 | (31415 (2.753.754.75) (273747 |(2.953.954.95)| (1.45,.2.453.45)
Xo | (3.65,4.655) [(2153.154.15)] (1.828338) (263646 | QI3141) (145045345 (182838 C2325425)
x| Xo |125225325)| (3.654655) |(2.953.954; 95) (23 | @112n | (253545 | (283848) 3)
5| Xe [275,3.75475) 253545 | 233343) |2753.754.75)
Xu_|(2:95.3.95.4.95) (1.452.45.3.45) .
X |(2.85,3.85.4.85) 02,1222
Xe [(275375475) (1,452,453 45)
< | Xs | (3654655 (172737) (32425 | 374715 85385485 (1
| X @1s315475) | (123) (1.65.2.653.65)|(2.75,3.75.4.75) (1.45, 245345) (3354353)
Xis | (3.654.655) | (1.82.83.8) (2253254.25) (3.754755) | (172737
Xie (295, 3 95 499 (17273 7) 27374.7) |(1.45,2.453.45) GLALSS | 293949
X (5335329 23333 (2.85,3.854.85) (1.5,2.5,3.5)
| Xo | 9 |23 4 25) G415 (17.2.7,3.7) 5253, 021222)
s Xa | ¢ it (145, 245345) (3.74.7,5) 234 (152535 | (152535)
Xo. | (20, (1. 554es 45)|  (23.4) (17 (152535 | @i3idn | 021222 | (3754755
Table 9. Fuzzy Grades Evaluated by the Evaluator E,
Criteria| S0 | Teacher A\ | Teacher A | TeacherAs | TeacherA | TeacherAs | TeacherAs | Teacher Ar | Teacher Ay | Teacher Ao
X [(OTITAN [BISI0SARS)| B333A [ CIILS | CIILy) 135245309 CIIIED [([AS2353a9] 182838
X | 233343 | 273747) |23 39285385489 (145245345 73375479 3) [(1952.953.95)
X | (2838438) (2.63.646) |(2253.254.25)| (3.154.155) [(2253254.25) (I, ) (182.83.8)
X | (273747 Q3141 | (273747 |@75375475)| (18283.8) |(2.253.25425)[2.75.3.75.4.75)
X | Xis [2353.354.35) (11222) | (634655) | (152535) 7| 233343 215375475 (1.45.2453.5)
Xio | (3.65,4.655) (2.753.754.75) 22) | 253545 |14 5) | (18283.8)
Xr | (3.154.155) e (4,5,6) 45245345 (3. 5)
Xin | (7473 (2.253254.25) 1. (145245345
Xo | (32425 (2.953.954.95)(2.75.3.75.4.75)| (1.82.83. 8) (2:353354.35)
Xa | (3.65,4.655) (Q75375475)  (234)  |(1,452453.43) 0.2.3)
Xo | (263646) | (26364.6) (1,23) (18283.8) |(2253.254.25) (18283.8)
Xo | Xa [(1.452.453.45)[(1.452.453.45) (1415 | (3754755) |(2.35.3.354.35) (1.252.25.3.25)
Xos [(2.753.754.75)| (1.8.2.8.3.8) (3,55.4.55,5) | (1.82.8,3.8) [(2.25.3.254.25)(2.25,3.25.4.25)|(2.35.3.35.4.35)
Xoe | (233343) |2.753.754.75) (233848 | (263646 (2 7.3.7.4.7) |(1:452.45,3.45) (2 95335459
Xa | 273747 |(2.853854385) Q13747 | (2333243) |27 (182838) |27
| Xo | 07475 [225325425)|2753754.73)| (11222) |75 2.25,3.25,4.25)
2| X | 263646) ((2353354.35)((2:253.25425)[(2.753.754.75)| (28384, 5) [(2753.75475)
Xy |(1452453.45)| (1.82.838) | (263646) | (273747 [(1.252.25325)[(1.252.253.25)| (1.52.5,3.5) 3,
Xu [(2253.254.25)| (.154155) (225325425 (273747 | (1.82838) | G.1415) | (2939.49) [(2.853.854.85)
Xe | (233343) | 273747) | (182838) |@ 75 375475)| (GI34159 075315475)| (GIS4IS 1025325425
x| Xo [@B325429)@ 75375475 G154 i55) | (31415 | (7 A1120) | (253545) |(1:65.2:65,3.65)
C| X [CT3754T5| @S @ @. 53555, 4 25) 225 5) (3.654655) | (3.154.155) |(1:45.2.45.3.45)
Xis | (253343 | @ ) a gEEERgR 3. (747, 5) (154155) | (17,2737 (23.4)
Xi | (233343) | 75 5 75 475)| (233343) |2.253.5, 3 b5 @555 5500s) (182838 l0.45248345)1005.3254259
Xo | (1.82838) | (233343) | (1,1222) | (182338 | G. 15415.5) 123) (1,1222) | (1.82838)
x| Xo [285385485)[275375475)| (152535 |2753754.75)|275375475) (182838) |(1.45,245 (2.9.39,4.9)
s | Xs |23 35)| (283848 )| 32425 | (as ) [(1,45,2.45,3.45)|( 45245345 234
Xe, (2.253.25.4.25) (2.25325425)| (213, (1,1222) (3.35435.5)
Table 10. Fuzzy Grades Evaluated by the Evaluator E;
Criterial 3% | Teacher Ay | Teacher A, | Teacher Ay | Teacher Ay | Teacher As | Teacher Ac | Teacher As | Teacher Ay | Teacher Ao
X [ CSISES [OIIRII 11638 | 02425 (O9I95a)] (2123 0753 L7916 265 165 29539505
3 (1145245345)|  (31541555) | (3.654.65,5) |(2.75.3.75.4.75)|(1.45,2.453.45) 65) (39495 [(2253.254.25)
(275375475)| (2.75,3.75,4.75) G119 |215375475)
(2253254.25)| (1,45,2.453.45) (23.4) I (253545
X, (3.654.655) |(2753.754.75)| (293.9,4.9) (145245 3.45) (2.95,3.954.95)
(2253.25425)((2.95,3.95.4.95)| (2.75,3.75.4.75) ; (285385485)
(225325425)| (2.939,4.9) 5)
(145245345)| (172737 (1.45,
(3.154.155) |(2.85,3.85.4.85) (2.95:3.954.95)
(182838) [2753.75475)] (147, 5) 7537547 02.12.22) (1.65,2.65,3.65)
152535 [(1652653:65)| (3.154155) | (3.64.65) 535,45) |(1.452.453.45) (28384.8)
X (1.452.45345)| (283848 | (3.654.65.5) (GT3375475)(225325425) (2131.4.1)
2.8, (143245349 32423 (2753754.75) (2. (152533
. 452.453.45)|(2.75,3.75:4.75)| (2.35.3.35,4.35 (37475 |02 S 25595) @71
@. zs 25.4.25)
% 5| 239
. (182.83.8)  [(1.652.65,3.65) (253
(1. 275375475 (31475 |(2753.754.75) (2.853.85.4.85)
R75375473)] (G.154.155) [(145245345)] G.154.155) | (152535 |(145245345)[(145245343)](1.45.2.45.3.45)
GT3475.9|(145243345) (293049) [(149243349)|225323425) (3354 395) (225123429 (223325429
< (3.65,4.65,5) (3,4.3) (275375475)|  (32,42,5) |(1:65,2.65,3.65)| (3.35.4.35,5) |(1.45,2.45,3.45)
“ (145245345)| (3.1.4.1,5) 5) |(2:953.954.95)| (1.82.838) |(2:853.854.85)
(1:452.453.45)(2.75,3.75.4.75)| (1.65,2.65,3.65) [(1.95,2.953.95)| '(3.74.7.5) |(1.452.453.45) Q13.141)
La1AD | 182838 1075375475 | QLAIAD | 083848 | G4l 5) (3.254.255)
(15253.5) [Q753.75475)  (.1475) GTATS) RIS G L L cx 1) (2939.49)
< (2333438) | (3154155) | (145245345 3545) | (3.954.955) |(1.65, 265 3 65) 2.3.4) (1,1.222)
s (1.952.953.95)| (3.747.3) | (1145245345 (2 el 848) | (37475) 2) (1,1.2.2.2) (1.7273.7)
(1:452.453.45)|(1.65.2.653.65)| 213141 | (L1121 | 3354355 | 273747 (2.3.4) (152535 | (1,123
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Table 11. The Averaged Fuzzy Grade Table
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Sub-

Criteria criteria Teacher A; Teacher A, Teacher As Teacher Ay Teacher As Teacher Ag Teacher A; Teacher Ag Teacher Ay
Xt [(2.67,3.67.4.67)|(2.76,3.76,4.73)|(2.07,3.07,4.07){(3.02.4.02.4.95) [ (2.97.3.97.4.93) (2.3.4) (277.3.77.4.77) (2.3.3.3,4.3) [(2.68.3.68.4.68)
(2.47,3.47.4.47)

X | (2.8384.73) | (1.82.83.8) [(3.07.4.07.4.97)| (3. 07 4 07 4. 9) (2.07.3.07.4.07)((2.77.3.77.4.77)|(2.07.3.07.4.07) | (2.37.3.37.4.25)
Xo |QO713.97490) 83848) | @73747) | 25 282382479 2.153.154.19)| (2473474, 35) (2.15.3.15.4.15)
X [(2.33 QI1,3114.11)|(2233.234.23)|2.77, 77 4 65) (2.823.82,4.67)[(1.65.2.65.3.65)| (2.5, 2253254,
X | Xis |[@72.3.72, 4 i) (2.61,3.61,4.61)((2.22,2.953.95)| 2. 33)[(1:82,2.82:3.82) | (2.18.3.18.4.18) | (2.43,3.43, 4 43)
Xis [(238,3.38.4.38)|(3.26,4.26.4.98)|(2.78,3.78 4.78)| (2.47,3.47 4 43)((1.98.2.98.3.98) [ (2.82,3.82:4.67)| (2.9.3.9.4.85) | (1.9,2.93.9)

X [(2.833.83:4.75)((2.83,3.834.83)| (23.3.3,4.3) |(2.63,3.63.4.5) |(1.87.2.87.3.87)((2.23,3.23.4.23)|(1.88.2.88.3.88) (1.25,1.98 2.98)
Xis |(1.85,2.85,3.85)|(2.08,3.08.4.08)[(3.03,4.03,4.97)( (2.63,3.63.4.63)|(2.55.3.55.4.52) |  (234)  |(2.033.03.4.03)(1.63.2.63.3.63)

(1.98,2.98,3.98)
(2.05,3.05,4.05)
(2232,42)
(2.9,3.9,4.9)
(1.94,2.94,3.94)
(2.57,3.57,4.45)
(2.53.5.4.5)

X9 (2.93,3.93.4.83)|(2.93.3.93.4.93)[(2.71, 3 714.71)|(2.92, 3 92 4 92)[(2.35,3.35,4.35)|(2.18,3.18.4.18) | (2.53,3.53.4.53) [ (2.05,3.05 4.05)
Xor [(2.61,3.61,4.58) X (2.5,3.5,4.5) (1.9,2.9,3.9) [(2.33,3.33.4.33)[(1.92,2.92,3.92)
X 26,4. (2.42,3.42. ’H) . 4.’%2)
53

3)((1.97,2.97,3.97) | (2
2)((1.87,2.8

X: | Xa

(2. 4.2) 51,35 )| (3.06,4.06,4.: :
Xos |(2.78,3.78.4.73)|(2.75,3.75,4.75) | (2.51,3.51,4.48) (2 92392488) (2.75,3.75.4.75)|(2.65.3.65.4.57) [ (1.97,2.97,3.97) | (2.82,3.82.4.82)

2.02,3.02.4.0. . 4.18)|(
2, 02402) (255.3554.55)((1.67.2.673.67)|(1.77.2.77.3.77)

(1.58,2.58,3.58)

(2.5,3.5.4.5)
(1.97,2.97,3.97)

X1 [(3.03,4.03,4.82)[(2.48,3.48,4.48)(2.58,3.58,4.58)((2.83,3.83,4.83)[ (2.5,3.5,4.5) (2.43.4,44) (1.8,2.8,3.8) [(2.57,3.57.4.57)
Xs Xa [(1.75,2.75,3.75)|(2.28,3.28,4.28) [ (2.76,3.76,4.76)| (1.78,2.78,3.78) | (3.75,4.75,5.75) (2.17,3.17,4.17) | (2.67,3.67.4.67) | (1.83,2.83,3.83)

g X5 (273 734.73) (2.78,3.78,4.72)|(2.48,3.48,4.48)((2.47,3.47,4.47)|(2.58,3.58,4.58) | (2. 27 3 27,4.27) (2.98.3.98.4.75) (1.85,2.85,3.85)
X [(2.23,3.23,4.23)[(2.41,3.41,4.41)|(2.51.3 (2.77,3.77.4.77)|(2.32,3.32,4.27) 08) | (2.83,3.83.4.6) |(2.12,3.12,4.12)

F’

213141
(1.87,2.87.3.87)
(2:32.3.324.32)
(2.03.3.03.4.03)

K 61,4.61) (2.95,3.95,4.9) |(2.36, (2.7,3.7,4.77) (1.98,2.98,3.98)] (2. 97 3 97,4.93) (1. k.Z 8,3.8) (2.9,3.9,4.9)
Xp [(3.03,4.03,4.78)(2.58,3.58,4.58) (1 95 2. 95 3. 95) (24,3.4,44) |(2.18,3.18,4.18)((2.77,3.77,4.77)(1.97,2.97,3.97)| (1.92,2.92,3.92)

(1.98,2.98,3.98)
(2.283.284.28)

X. Xgs | (3.3,4.3,4.87) (2.33,3.33; 4 33) (2.75,3.75,4.75)((2.78,3.78,4.75)| (2.73,3.73,4.6) | (1.3,2.03,3. 03) (2.62,3.62, 4 62)[(1.95,2.95,3.95)|(2.58,3.58,4.47)
+ Xas |(1,98,2.98,3.98 42)| (2.8,3.8,4.8) [(2.42,3.42,4.42)| (1.9,29,3.9) (2.6,3.6,4.6) |(1.52,2.52,3.52)| (2.78,3.78,4.6)
Xss (3.07,4.07,4.83) 8 (2.37.3. (1.6,2.33 3 33)
X )[(2.65,3.65,4.65) .57)[(1.97,2.97,3.9 X 4.58) (2.
Xsi . K (3.12,4.12,4.95)] (2. 45 3. 45 ,4.45)|(1.23,1.67,2.67)(1.85,2.85,3.85) (2.1,3 4 ])
X. Xs2 1 4 .]3 56) ,1,2.7,3.7) (2 473, 47447) (2.55,3.55,4.55)|(1.72,2.72,3.72) | (1.58,2.58,3.58) ((1.82,2.82,3.82)|  (1.32,2,3)
Xs3 ( (3 21, 421 14.93)|(1.65,2.63,3.63)((2.02,3.02:4.02)|(2.17.3.17:4.17)((1.72.2.72.3.72)| (1.325,3.5) | (2.68,3.68.4.5) |(1.73.2.73.3.73)

Xsi (2. 68 3 684 68) (1.81,2.81,3.81){(2.33,3.33.4.33)|(1.92.2.92,3.92)|(2.85.3.85.4.88){(1.73,2.73.3.73) (1.87:2.87',3.87) (1.65,2.65.3.65)

(1.95,2.95.3.83)

Then, we apply the simplified fuzzy numbers addition operations and division op-

erations to the averaged fuzzy grade table shown in Table 11 to get the fuzzy

grade of

each criterion of each teacher with respect to each criterion. Finally, we can get the

fuzzy grade matrix G defined as follows:

X, X, X
Alg, 8. 8.

Alg, 8. 8.

where g, denotes the fuzzy grade of the ith teacher A; with respect to the jth criterion

Xi, 1<i<n, 1<j<k, ndenotes the number of teachers, and k denotes the number of

criteria. Therefore, we can get the fuzzy grade matrix G, shown as follows:

X X, X

[(2.61,3.61,4.55) (2.41,3.41,4.40) (2.44, 3.44,4.38) (2.63,3.63,4.52) (2.28,3.28,4.28) |
(2.58,3.58,4.54) (2.54,3.54,4.53) (2.49, 3.49,4.47) (2.45,3.45,4.45) (2.49,3.49,4.42)
(2.57,3.54,4.52) (2.77,3.77,4.65) (2.58,3.58,4.58) (2.32,3.32,4.32) (2.10,3.10,4.10)
(2.70,3.70,4.65) (2.56,3.56,4.54) (2.46,3.46,4.46) (2.49,3.49,4.48) (2.25,3.25,4.25)

X4 XS

&

ES

(2.33,3.33,4.20) (2.25,3.25,4.23) (2.29,3.29,4.23) (2.20,3.20,4.15) (1.91,2.91,3.91)
(2.40,3.40,4.38) (1.96,2.96,3.96) (2.57,3.57,4.46) (2.22,3.22,4.22) (1.55,2.41,3.41)
(2.01,2.98,3.97) (2.24,3.24,4.24) (2.09,3.09,4.09) (2.31,3.3L,4.27) (2,3,3.96)
(237,3.37,4.35) (2.28,3.28,4.25) (2.08, 3.08,4.08) (2.29,3.24,4.19) (1.78,2.70,3.67) |

(o}
Il
o

Step 3: Calculate the total fuzzy grade vector R , where

2,878, ] [w] [5.070F. 000 @7, 0 R
O I N ey W |5.OW®Z.0ne 0,0 R
ReGow=| 588 g M| _|8.OWOL OW g.Ow IR

g,8.78. ] |wm] senez. ene @7 0% | |

(2.36,3.36,4.33) (2.44,3.44,4.43) (2.79,3.79,4.78) (2.42,3.42,4.36) (2.67,3.67,4.64) |.

(10)
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where E denotes the total fuzzy grade of the ith teacher A; and 1<i<n . Therefore,

we can get the total fuzzy grade vector R, shown as follows:

[(37.18,69.57,109.39) |
(37.72,70.29,110.76)
(37.16, 69.4,109.58)
(37.49,69.57,110.62)
(38.02,70.72,111.35) |.
(33.02, 64.02,102.41)
(32.13,62.30,100.98)
(32.02, 62.57,101.47)

| (32.58,62.84,101.55) |

L I R I g

=1
Il

T T I - DI~ T I~ - DI R R~ - B T O~ -1
I

Step 4: Use Eqgs. (4)-(7) to rank the total fuzzy grades of the teachers. The larger the
value of Rank( I?‘ ), the better the ranking of ﬁ‘ and the better the choice of teacher
A, where 1<i<n and n denotes the number of teachers. For example, after applying
Eqgs. (4)—(7) to rank the total fuzzy grades EI , EZ Ex ﬁd, Ei, Eﬁ , E7 , EB and Eq ob-
tained in Step 3, we can get the ranking results as shown in Table 12. From Table 12,
we can see that Rank( ES) > Rank( Ez ) > Rank( E ) > Rank( fél ) > Rank( Ez) > Rank
(Eﬁ) > Rank( IE) > Rank( Ii) > Rank( Ii ). Because ﬁs has the largest ranking value,
teacher As is the best choice.

Table 12. Ranking Values of the Total Fuzzy Grades

Total Fuzzy Grades k, X* Y* B Rank( Ei )
13‘ 72.0467 0.3333 29.5575 72.04670624
IEZ 72.9233 0.3333 29.9055 72.9233
IEJ 72.0467 0.3333 29.6541 72.046706
134 72.6933 0.3333 29.9482 72.6933
IES 73.3633 0.3333 30.0242 73.3633
Is(, 66.4833 0.3333 28.4086 66.4833
IE7 65.1367 0.3333 28.2150 65.1367
138 65.3533 0.3333 28.4551 65.3533
139 65.6567 0.3333 28.2623 65.6567

5 Conclusions

In this paper, we have presented a new method for appraising the performance of high
school teachers based on simplified fuzzy number arithmetic operations. The pro-
posed method uses fuzzy numbers to represent fuzzy grades, where fuzzy weights of
criteria are automatically generated from the opinions of evaluators. The proposed
method can appraise the performance of high school teachers in a more flexible and
more intelligent manner.
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