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Abstract It is obvious that education institutions must pro-
vide students with the evaluation reports regarding their
test/examination as sufficient as possible and with the un-
avoidable error as small as possible. In this paper, we present
a new method for evaluating students’ answerscripts using
vague values, where the evaluating marks awarded to the
questions in the students’ answerscripts are represented by
vague values. The vague mark awarded to each question of a
student’s answerscript can be regarded as a vague set, where
each element in the universe of discourse belonging to the
vague set is represented by a vague value. An index of op-
timism A determined by the evaluator is used to indicate the
degree of optimism of the evaluator, where X € [0, 1]. The
larger the value of A, the more optimistic the evaluator. The
smaller the value of X, the more pessimistic the evaluator.
The proposed method can evaluate students’ answerscripts
in a more flexible and more intelligent manner.
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1 Introduction

In recent years, some methods for students’ evaluation
have been presented [1-3, 10, 12-16, 18-27]. In [1], Altun
and Cakan presented an investigation of cognitive styles,
achievement scores and attitudes toward computers among
university students. In [2], Biswas pointed out that the chief
aim of education institutions is to provide students with the
evaluation reports regarding their test/examination as suffi-
cient as possible and with the unavoidable error as small as
possible. Therefore, he presented a fuzzy evaluation method
(fem) for applying fuzzy sets [28] in students’ answerscripts
evaluation. He also modified the fuzzy evaluation method to
propose a generalized fuzzy evaluation method (gfem) for
students’ answerscripts evaluation. In [3], Chang and Sun
presented a method for fuzzy assessment of learning per-
formance of junior high school students. In [10], Chen and
Lee pointed out that the methods presented in [2] have two
drawbacks, i.e., (1) It will take a large amount of time to
deal with the matching operations of the matching func-
tion; (2) Two different fuzzy marks may be translated into
the same awarded letter grade which is unfair for students’
evaluation. Thus, they presented two methods for evaluat-
ing students’ answerscripts using fuzzy sets. In [12], Cheng
and Yang presented a method for using fuzzy sets in educa-
tion grading systems. In [13], Chiang and Lin presented a
method for applying the fuzzy set theory to teaching as-
sessment. In [15], Echauz and Vachtsevanos presented a
fuzzy grading system to translate a set of scores into letter
grades. In [16], Frair presented a method for student peer
evaluations using the analytic hierarchy process method.
In [18], Kaburlasos et al. presented a software tool, called
PARES, for computer-based testing and evaluation, used in
the Greek higher education system. In [19], Law presented
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a method for applying fuzzy numbers in education grading
systems. In [20], Ma and Zhou presented a fuzzy set ap-
proach for assessing the performance of student-centered
learning. In [21], McMartin et al. used scenario assignments
as assessment tools for undergraduate engineering educa-
tion. In [22], Pears et al. presented a method for student
evaluation in an international collaborative project course. In
[23], Rasmani and Shen presented a method for evaluating
student academic performance based on data-driven fuzzy
rule induction. In [25], Weon and Kim presented a leaning
achievement evaluation strategy in students’ learning proce-
dure using fuzzy membership functions. In [26], Wilson et
al. presented a flexible, adaptive and automatic fuzzy-based
grade-assigning system. In [27], Wu presented a method for
applying the fuzzy set theory and the item response theory
to evaluate learning performance.

In [2], the fuzzy marks awarded to answers in the stu-
dents’ answerscripts are represented by fuzzy sets [28]. In
a fuzzy set, the grade of membership of an element u; in
the universe of discourse U belonging to a fuzzy set is rep-
resented by a real value between zero and one. However,
in [17], Gau and Buehrer pointed out that this single value
between zero and one combines the evidence for u; € U
and the evidence against u; € U. They pointed out that it
does not indicate the evidence for u; € U and the evidence
against u; € U, respectively, and it does not indicate how
much there is of each. They also pointed out that the single
value between zero and one tells us nothing about its accu-
racy. Thus, they proposed the theory of vague sets, where
each element in the universe of discourse belonging to a
vague set is represented by a vague value. Therefore, if we
can allow the marks awarded to the questions of the stu-
dents’ answerscripts to be represented by vague sets, then
there is room for more flexibility.

In this paper, we present a new method for students’ an-
swerscripts evaluation using vague values. The vague marks
awarded to the answers in the students’ answerscripts are
represented by vague sets. An index of optimism A [12] de-
termined by the evaluator is used to indicate the degree of
optimism of the evaluator, where A € [0, 1]. The larger the
value of X, the more optimistic the evaluator. The smaller the
value of A, the more pessimistic the evaluator. The proposed
method can evaluate students’ answerscripts in a more flex-
ible and more intelligent manner.

2 Vague sets and vague values

In [17], Gau and Buehrer presented the vague set theory. In
[4], Chen has presented the arithmetic operations for vague
sets. In [7] and [8], Chen has presented similarity measures
between vague sets. A vague set A in the universe of dis-
course U is characterized by a truth-membership function 7 ;
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Fig. 1 A vague set [17]

and a false-membership function f 1 where ¢t 1:U—[0,1],
fi:U —[0,1], 1;5(u;) is a lower bound of the grade of
membership of u; derived from the evidence for u;, fz(u;)
is a lower bound of the negation of u; derived from the
evidence against u;, t;(u;) + fz(u;) <1, and u; € U. It
should be noted that the truth-membership function and
the false-membership function of a vague set are subjec-
tively defined. The grade of membership of u; in the vague
set A is bounded by a subinterval [75(u;), 1 — fz(u;)] of
[0, 1]. The vague value [z;(u;), 1 — f;(u;)] indicates that
the exact grade of membership w7 (u;) of u; is bounded by
tiui) < pzi) <1 — fi(u;), where 5 (u;) + f7 ;) < 1.
Figure 1 shows an example of a vague set A in the universe
of discourse U.

A vague set A of the universe of discourse U, U =
{ur,ua,...,u,}, can be represented as follows:

A= Tz, 1= frwi)]/u;. (1)

i=1

If the universe of discourse U is an infinite set, then a vague
set A of the universe of discourse U can be represented as
follows:

A:/U[tA(u,’),l—fg(ui)]/uis ui €U, )

where the symbol [ denotes the union operator.

In this paper, we present the concept of the expected truth
value E(X) of a vague value X. Let X be a vague value,
where X = [t,, | — fi] = [tx, f'], tx denotes the degree of
truth, fy denotes the degree of false, 7, € [0, 1], f; € [0, 1],
and t, + frx <1.Let ff =1 — f;,ie., the vague value X =
[tx, 1 = fx]=1tx, f]. Then, the unknown part N (X) of the
vague value X is defined as follows:

NX)=f—te=1— fo) —t. 3

Because different evaluators may have different characteris-
tics in students’ evaluation, in [12], Cheng and Yang divided
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the evaluators into three types according to their character-
istics in students’ evaluation, i.e., the strict-type evaluators,
the normal-type evaluators and the lenient-type evaluators.
They also use an index of optimism A to denote the degree
of optimism of an evaluator. If 0 < A < 0.5, then the evalu-
ator is a pessimistic evaluator (i.e., a strict-type evaluator).
If » = 0.5, then the evaluator is a normal evaluator (i.e., a
normal-type evaluator). If 0.5 < A < 1.0, then the evaluator
is an optimistic evaluator (i.e., a lenient-type evaluator). The
larger the value of A, the more optimistic the evaluator. The
smaller the value of A, the more pessimistic the evaluator.

Assume that the index of optimism determined by the
evaluator is A, where A € [0, 1]. Based on (3), the expected
truth value E(X) of the vague value X based on the index
of optimism X determined by the evaluator is defined as fol-
lows:

E(X)=(1—2) xty + A x (ty + N(X)),
=1 —=A) Xty +Ax(tx+ fiF—1y),
=1 =) Xt +A Xt + (1= fr) — 1),
=1 =2 xty +2x 1= fr), )

where ff=1— frand 0 <t <EX) <t + fF <L
For example, assume that X be a vague value, where X =
[0.6,0.9], and assume that the index of optimism A deter-
mined by the evaluator is 0.6 (i.e., A = 0.6). In this situation,
we can see that #, = 0.6 and f, = 0.1. Based on (4), we can
see that the expected truth value E(X) of the vague value
X based on the index of optimism A = 0.6 is calculated as
follows:

E(X)=(1-0.6) x0.6+0.6 x (1—0.1)
= 0.4 x 0.6+ 0.6 x 0.9
=0.78.

That is, the expected truth value E(X) of the vague value X
based on the index of optimism A = 0.6 is 0.78.

3 A review of Biswas’s methods for students’
answerscripts evaluation using fuzzy sets

In [2], Biswas used the matching function S to measure the
degree of similarity between two fuzzy sets [5, 6, 28]. Let A
and B be two fuzzy sets of the universe of discourse X,

X ={x1,x2,...,xn},
A ={(x1, na(x1)), (x2, ua(x2)), ..., (xn, a(xy))},
B = {(x1, up(x1)), (x2, up(x2)), ..., (xXn, up(xn))},

where (4 is the membership function of the fuzzy set A,
ua(xi) €0, 11, up is the membership function of the fuzzy

set B, up(x;) €[0,1],and 1 <i <n. The fuzzy sets A and
B can be represented by the vectors A and B, respectively
[9, 11], where

A= (ua(x1), ma(x2), ..., wa(xn)),
E:

(wp(x1), kB (x2), ..., wp(xs)).

Then, the degree of similarity S(A, B) between the fuzzy
sets A and B can be calculated as follows [5]:

- A-B
S(A,B) = — 5)
Max(A- A, B-B)

where S (Z, E) € [0, 1]. The larger the value of S (Z, E), the
higher the similarity between the fuzzy sets A and B.

In [2], Biswas presented a “fuzzy evaluation method”
(fem) for evaluating students’ answerscripts based on the
matching function S. Let X be the universe of discourse,
X ={0%, 20%, 40%, 60%, 80%, 100%}. He used five fuzzy
linguistic hedges, called Standard Fuzzy Sets (SFS), for stu-
dents’ answerscripts evaluation, i.e., E (excellent), V (very
good), G (good), S (satisfactory) and U (unsatisfactory),
where

E = {(0%, 0), (20%, 0), (40%, 0.8), (60%, 0.9),
(80%, 1), (100%, 1)},

V = {(0%, 0), (20%, 0), (40%, 0.8), (60%, 0.9),
(80%, 0.9), (100%, 0.8)},

G = {(0%,0), (20%, 0.1), (40%, 0.8), (60%, 0.9),
(80%, 0.4), (100%, 0.2)},

S = {(0%, 0.4), (20%, 0.4), (40%, 0.9), (60%, 0.6),
(80%, 0.2), (100%, 0)},

U = {(0%, 1), (20%, 1), (40%, 0.4), (60%, 0.2),
(80%, 0), (100%, 0)}.

Biswas pointed out that “A”, “B”, “C”, “D” and “E” are
letter grades, where 0 < E < 30,30 <D <50,50<C <
70, 70 < B < 90 and 90 < A < 100. Furthermore, he pre-
sented the concept of “mid-grade-points”, where the mid-
grade-points of the letter grades A, B, C, D and E are
P(A), P(B), P(C), P(D) and P(E), respectively, P(A) =
95, P(B) =80, P(C) =60, P(D) =40 and P(E) = 15.
Assume that an evaluator evaluates the first question (i.e.,
Q.1) of an answerscript of a student using a fuzzy grade
sheet as shown in Table 1. In Table 1, the fuzzy mark
awarded to the answer of question Q.1 indicates that the
degrees of the evaluator’s satisfaction for that answer in 0%,
20%, 40%, 60%, 80% and 100% are 0.1, 0.2, 0.3, 0.6, 0.8
and 0.9, respectively.
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Table 1 A fuzzy grade sheet [2]

Question No.  Fuzzy mark Grade
0.1 01 02 03 06 08 09

0.2

03

Q.n

Total mark =

In the following, we briefly review Biswas’s algorithm
from [2] for students’ answerscript evaluation as follows:

Step 1: For each question in the answerscript repeatedly
perform the following tasks:

(1) The evaluator awards a fuzzy mark F; to each question
Q.i and fills up each cell of the i th row for the first seven
columns shown in Table 1, where 1 <i < n. Let F; be
the vector representation of F;, where 1 <i <n.

(2) Calculate the values of S(E, F;), S(V, F;), S(G, F}),
S(S, F;) and S(U, F;), respectively, where E, V, G,
S and U are the vector representations of the standard
fuzzy sets E (excellent), V (very good), G (good), S
(satisfactory) and U (unsatisfactory), respectively.

(3) Find the maximum value among the values of S (E, F),
S(V,F),S(G,F;),S(S, F;)and S(U, F;). Assume that
S(V, F;) is the maximum value among the values of
S(E, Fy), S(V,F), S(G, F), S(S, F) and S(U, Fy),
then award grade “B” to the question Q.i due to the
fact that grade “B” corresponds to V (very good) of the
standard fuzzy set.

Step 2: Calculate the total mark of the student as follows:
1 n
Total Mark = 100 X ;[T(Q.i) x P(gil, 6)

where T (Q.i) denotes the mark allotted to Q.i in the ques-
tion paper, g; denotes the grade awarded to Q.i by Step 1 of
the algorithm, and P(g;) denotes the mid-grade-point of g;.
Put this total score in the appropriate box at the bottom of
the fuzzy grade sheet.

4 A new method for students’ answerscripts evaluation
using vague values

In this section, we present a new method for students’ an-
swerscripts evaluation, where the evaluating values are rep-
resented by vague values and an index of optimism A [12]
determined by the evaluator is used to indicate the degree of
optimism of the evaluator for evaluating students’ answer-
scripts, where A € [0, 1]. If 0 < A < 0.5, then the evaluator
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Table 2 Satisfaction levels and their corresponding vague satisfaction
values

Satisfaction levels Vague satisfaction values

extremely good (EG) [1,1]

very very good (VVG) [0.90, 99]
very good (VG) [0.80, 0.89]
good (G) [0.70,0.79]
more or less good (MG) [0.60, 0.69]
fair (F) [0.50, 0.59]
more or less bad (MB) [0.40, 0.49]
bad (B) [0.25,0.39]
very bad (VB) [0.10, 0.24]
very very bad (VVB) [0.01, 0.09]
extremely bad (EB) [0, 0]

is a pessimistic evaluator. If A = 0.5, then the evaluator is a
normal evaluator. If 0.5 < A < 1.0, then the evaluator is an
optimistic evaluator. The larger the value of A, the more op-
timistic the evaluator. The smaller the value of A, the more
pessimistic the evaluator. Eleven satisfaction levels shown
in Table 2 are used to evaluate the students’ answerscripts
regarding a question of a test/examination, where the corre-
sponding vague satisfaction values of the eleven satisfaction
levels are shown in Table 2.

Assume that an evaluator evaluates the students’ answer-
scripts by using a vague grade sheet as shown in Table 3,
where X; denotes a vague truth value defined in [0, 1] and
1 <i < 11. In any row of Table 3, the columns from the
second to the twelfth indicate the vague mark awarded to
the answer to the corresponding question shown in the first
column, where the vague mark is represented as a vague set.
The last (i.e., the thirteenth) column of the vague grade sheet
shown in Table 3 indicates the degree of satisfaction evalu-
ated by the proposed method awarded to each question. The
box at the bottom of the vague grade sheet shown in Table 3
indicates the total mark awarded to the student. For example,
assume that an evaluator uses a vague grade sheet as shown
in Table 3 to evaluate the vague mark for the first question
(i.e., Q.1) of a test/examination of a student, shown as fol-
lows:

FNg.1 ={(EG,[0,0]), (VVG,[0.8,0.9]), (VG,[0.7,0.8]),
(G, [0.5,0.6]), (MG, [0,0]), (V, [0, 0D,
(MB, [0,01), (8,10, 0], (VB, [0, 0]),
(VVB, [0,0]), (EB, [0, 0])}.

For convenience, the fuzzy set FNg 1 can also be abbrevi-
ated into

FNg1={(VVG,[0.8,0.9)), (VG,[0.7,0.8]),
(G,[0.5,0.6])}.
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Table 3 Vague mark represented by vague values of the question Q.i in a vague grade sheet
Question Satisfaction levels Degree (?f
No. EG VVG VG G MG F MB B VB VVB EB satisfaction
Q. X X X3 X4 Xs X6 X7 X3 X9 Xio Xn

Total mark =
It indicates that the vague satisfaction values of the student’s =0.3240.534
answerscript with respect to the first question is: [0.8,0.9] — 0854

very very good, [0.7,0.8] very good and [0.5,0.6] good,
where [0.8,0.9], [0.7,0.8] and [0.5,0.6] are vague val-
ues.

Assume that the vague mark of the question Q.i of a stu-
dent’s answerscript evaluated by an evaluator is as shown
in Table 3, where X; is a vague value in the universe of dis-
course [0, ITand 1 <i < 11. Assume that the degree of opti-
mism of the evaluator determined by the evaluator for evalu-
ating students’ answerscript is A, where A € [0, 1]. The pro-
posed method for students’ answerscripts evaluation based
on vague values is now presented as follows:

Step 1: Based on (4) and the index of optimism A deter-
mined by the evaluator, where X € [0, 1], calculate the ex-
pected truth value E(X;) of each vague truth value X; in the
vague grade sheet shown in Table 3, where E(X;) € [0, 1]
and 1 <i <11, as shown in Table 4.

Step 2: From Table 2, we can see that the correspond-
ing vague satisfaction truth values of the satisfaction lev-
els EG, VVG, VG, G, MG, F, MB, B, VB, VVB and EB
are as follows: T(EG) = [1,1], T(VVG) = [0.90,0.99],
T(VG) = [0.80,0.89], T(G) = [0.70,0.79], T(MG) =
[0.60,0.69], T (F) = [0.50,0.59], T(MB) = [0.40, 0.49],
T(B) = [0.25,0.39], T(VB) = [0.10,0.24], T(VVB) =
[0.01,0.09] and T (EB) = [0, 0], where [1, 1], [0.90, 0.99],
[0.80, 0.89], [0.70,0.79], [0.60, 0.69], [0.50,0.59], [0.40,
0.49], [0.25,0.39], [0.10, 0.24], [0.01, 0.09] and [0, O] are
vague truth values. Based on (4) and the index of optimism
A determined by the evaluator, where A € [0, 1], calculate
the corresponding expected truth value E(Y) of each sat-
isfaction level Y in the vague grade sheet shown in Ta-
ble 4, where Y € {EG, VVG, VG, G, MG, F, MB, B, VB,
VVB, EB} and E(Y) € [0, 1]. For example, from Table 2, we
can see that T(VG) = [0.80, 0.89], where tyg = 0.80 and
1 — fvg = 0.89. Assume that the index of optimism A de-
termined by the evaluator is 0.60 (i.e., A = 0.60), then based
on (4), we can see that the expected truth value E(VG) of
the satisfaction level VG is calculated as follows:

E(VG) =1 -2 xtyg+ 1 x (1= fvg)
= (1—-0.60) x 0.80 4 0.60 x 0.89

It indicates that the expected truth value of the satisfaction
level VG is 0.854 when the index of optimism A determined
by the evaluator is 0.60 (i.e., A = 0.60). The degree of satis-
faction D(Q.i) of the question Q.i of the student’s answer-
script can be evaluated by the function D,

D(Q.i) =[E(Xi1) x E(EG) + E(Xi2) x E(VVG)
+--+ E(Xi1n) x E(EB)]

/IE(Xi1) + E(Xi2) +--- + E(Xi11)], (7
where E(X;) denotes the expected satisfaction value of the
vague satisfaction value X;,1<i<I11l, and 0 <
D(Q.i) < 1. The larger the value of D(Q.i), the higher the
degree of satisfaction that the question Q.i of the student’s
answerscript satisfies the evaluator’s opinion.

Step 3: Consider the situation that the total mark of a stu-
dent’s answerscript to an examination is 100 marks. Assume
that there are n questions to be answered, i.e.,

TOTAL MARKS =100,

Q.1 carries s; marks,

Q.2 carries sy marks,

Q.n carries s, marks,

where Y 7 ;s; =100, 0 < s5; <100, and 1 <i < n. As-
sume that the evaluated degrees of satisfaction of the ques-
tions Q.1, Q.2,...,and Q.n are D(Q.1), D(Q.2),...,and
D(Q.n), respectively, then the total mark of the student is
evaluated as follows:

51X D(Q.1) +52 x D(Q.2) + -+ + 5, X D(Q.n). (®)

Put this total mark in the appropriate box at the bottom of
the vague grade sheet.
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Table 4 Expected truth values of the vague truth values of the question Q.i of Table 3

Question Satisfaction levels Degree (?f
No. EG WG VG G MG F MB B VB VVB EB satisfaction
0Q.i E(Xy) EX2) EX3) EX4) EX5) EXe) EX7) EXs) EX9 EXi) EXin)

Table 5 Vague grade sheet of Example 4.1

Total mark =

Question  Sagisfaction levels Degree of
No. EG WG e G MG VB B VB VVB EB satisfaction
0.1 [0.8,0.9] [0.9,0.95] [0,0] [0, 0] [0, 0] [0, 0] [0,0] [0,0] [0, 0] [0, 0] [0,0]
02 [0,0] [0,0] [0,0] [0.6,0.7] [0.9,0.95] [0.55,0.6] [0,0] [0,0] [0,0] [0,0] [0,0]
03 [0,0] [0,0] [0.85,0.9] [0.75,0.8] [0.5,0.6] [0,0] [0,0] [0,0] [0,0] [0,0] [0,0]
04 [0,0] [0, 0] [0,0] [0, 0] [0, 0] [0, 0] [0,0] [0.5,0.6] [0.9,0.95] [0.2,0.4] [0,0]

Total mark =

Example 4.1 Consider a student’s answerscript to an exam-
ination of 100 marks. Assume that in total there are four
questions to be answered:

TOTAL MARKS = 100,
Q.1 carries 20 marks,
Q.2 carries 30 marks,
Q.3 carries 25 marks,

Q.4 carries 25 marks.

Assume that an evaluator awards the students’ answerscript
by a vague grade sheet as shown in Table 5 and assume that
the optimism index A of the evaluator is 0.60 (i.e., A = 0.60).

[Step 1] Based on (4) and the index of optimism X deter-
mined by the evaluator, where A = 0.60, we can calculate the
expected satisfaction value of each vague satisfaction value
in the vague grade sheet shown in Table 5, as shown in Ta-
ble 6.

[Step 2] From Table 2, we can see that the corresponding
vague truth values of the satisfaction levels EG, VVG, VG,
G,MG, F,MB, B, VB, VVB and EB are [1, 1], [0.90, 0.99],
[0.80, 0.89], [0.70,0.79], [0.60, 0.69], [0.50, 0.59], [0.40,
0.49], [0.25,0.39], [0.10, 0.24], [0.01, 0.09] and [0, O], re-
spectively, i.e., T(EG) = [1,1], T(VVG) = [0.90,0.99],
T(VG) = [0.80,0.89], T(G) = [0.70,0.79], T(MG) =
[0.60,0.69], T(F) = [0.50,0.59], T(MB) = [0.40, 0.49],
T(B) = [0.25,0.39], T(VB) = [0.10,0.24], T(VVB) =
[0.01,0.09] and T (EB) = [0, 0], where [1, 1], [0.90, 0.99],
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[0.80, 0.89], [0.70,0.79], [0.60, 0.69], [0.50, 0.59], [0.40,
0.49], [0.25, 0.39], [0.10, 0.24], [0.01, 0.09] and [0, O] are
vague truth values. Because the index of optimism X deter-
mined by the evaluator is 0.60 (i.e., > = 0.60), based on (4),
we can get the following results:

E(EG)=(1—-0.60) x 1 +0.60 x 1 =1,

E(VVG) = (1 — 0.60) x 0.90 + 0.60 x 0.99 = 0.954,
E(VG) = (1 —0.60) x 0.80 + 0.60 x 0.89 = 0.854,
E(G)=(1—0.60) x 0.70 + 0.60 x 0.79 = 0.754,
E(MG) = (1 —0.60) x 0.60 + 0.60 x 0.69 = 0.654,
E(F)=(1-0.60) x 0.50 4+ 0.60 x 0.59 = 0.554,
E(MB) = (1 — 0.60) x 0.40 + 0.60 x 0.49 = 0.454,
E(B) = (1 —0.60) x 0.25 4 0.60 x 0.39 = 0.334,
E(VB) = (1 —0.60) x 0.10 + 0.60 x 0.24 =0.184,
E(VVB) = (1 — 0.60) x 0.01 +0.60 x 0.09 = 0.058,
E(EB) = (1 —0.60) x 0+ 0.60 x 0 =0.

Based on (7), we can get the following results:

D(Q.1) =(0.86 x 1 +0.93 x 0.954 40 x 0.854+0
x 0.754 +0 x 0.654 + 0 x 0.554 4- 0 x 0.454
4+0x0.33440x0.184 4+ 0 x 0.058 +0 x 0)
/(0.86+093+0+0+0+0+0+0+0+0
+0) =0.976,



Evaluating students’ answerscripts using vague values 189
Table 6 Expected satisfaction values of the vague grade sheet shown in Table 5

Question Satisfaction levels Degree (?f
No. EG WG VG G MG F MB B VB vvg  pp  Satisfaction
0.1 0.86 0.93 0 0 0 0 0 0 0 0 0

0.2 0 0 0 0.66 0.93 0.58 0 0 0 0 0

03 0 0 0.88 0.78 0.56 0 0 0 0 0 0

04 0 0 0 0 0 0 0 0.56 0.93 0.32 0

D(0.2)=(0x 140 x0.954+0 x 0.854 4 0.66 x 0.754
4 0.93 x 0.654 + 0.58 x 0.554 + 0 x 0.454
4+0x0.334+0x0.184 4+ 0 x 0.058 40 x 0)
/(0+04+040.664+093+0.58+0+0+0
+ 04 0) =0.658,

D(Q.3)=(0x1+0x0.954+40.88 x 0.854
4+ 0.78 x 0.754 + 0.56 x 0.654 + 0 x 0.554
4+0x0.454+0x%x0.3344+0 x 0.184
40 x 0.058 +0 x 0)
/(0+0+0.884+0.784+0.56+04+0+0
+0+0+0)

=0.768,

D(Q4)=0x1+0x0.954+4+0x0.85440 x 0.754
40 x0.654 +0 x 0.554 4+ 0 x 0.454
+0.56 x 0.33440.93 x 0.184
4 0.32 x 0.058 + 0 x 0)
/0+04+0+0+04+0+0+0.5640.93
+0.32+0)

= 0.208.

[Step 3] Based on (8), the total mark of the student is eval-
uated as follows:

20 x D(Q.1) +30 x D(Q.2) +25 x D(Q.3)
+25x D(Q.4)
=120 x 0.976 + 30 x 0.658 + 25 x 0.768 + 25 x 0.208
=19.52+19.74+19.2+52
=63.66
=64

(assuming that no half mark is given in the total mark).

Total mark =

5 A generalized students’ answerscripts evaluation
method using vague values

In this section, we present a generalized students’ answer-
scripts evaluation method using vague values. Assume that
there are n questions to be answered:

TOTAL MARKS =100,
0.1 carries s; marks,

Q.2 carries s> marks,

Q.n carries s,, marks,

where Y 7_;s; =100,0 < s; <100, and 1 <i < n. Assume
that the degree of optimism of the evaluator is A, where
A €[0,1]. If 0 < A < 0.5, then the evaluator is a pessimistic
evaluator. If A = 0.5, then the evaluator is a normal eval-
vator. If 0.5 < A < 1.0, then the evaluator is an optimistic
evaluator. The larger the value of A, the more optimistic the
evaluator. The smaller the value of A, the more pessimistic
the evaluator. Assume that an evaluator evaluates the an-
swers of students’ answerscripts using the following four
criteria [2]:

C1: Accuracy of information,
C>: Adequate coverage,
C3: Conciseness,

Cy4: Clear expression,

and assume that the weights of the criteria C{, Cp, C3
and C4 are wj, wy, w3 and wy, respectively, where 0 <
w; <1 and 1 <i < 4. Furthermore, assume that the eval-
uator can evaluate each question of the students’ answer-
scripts using the above four criteria based on the method
described previously. In this case, an evaluator can evalu-
ate students’ answerscripts using a generalized vague grade
sheet as shown in Table 7, where the evaluating values in
Table 7 are represented by vague values and the degrees of
satisfaction of the question Q.i of a student’s answerscript
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Table 7 A generalized vague grade sheet

Question Criteria Satisfaction levels Degree of Degree of
No. EG WG VG G MG F MB B VB VVB EB ?atiSf‘i‘Cti."“ satisfaction
or criteria for questions
0.1 Ci D(C11) P(Q.1)
(&) D(Ci2)
C; D(C13)
Cy D(C14)
02 Ci D(C21) P(0Q.2)
Cy D(C2)
Cs D(C23)
Cy D(Ca4)
Q.n Ci D(Cn1) P(Q.n)
G D(Cn2)
C3 D(Cn3)
Cy D(Cpa)

Total mark = 51 x P(Q.1)+s2 X P(Q.2)+---+ s, X P(Q.n)

regarding the criteria C1, C», C3 and C4 evaluated by the
proposed method presented in Sect. 4 are D(C;i;), D(Cj2),
D(Cj3), and D(C;4), respectively, where 0 < D(Cj;) < 1,
0=<=D(Ci2)<1,0<D(Ci3) =1,0=D(Ciy) <1l,and 1 <
i < n. The degree of satisfaction P(Q.i) of the question Q.i
of the student’s answerscript can be evaluated as follows:

P(Q.i) =[w; x D(Ci1) +w2 x D(Ci2)
+ w3 x D(Cj3) +wyq x D(Cig)]
/lwi + wa + w3 + wal, 9

where 0 < P(Q.i) <1 and 1 <i < n. The total mark of the
student can be evaluated and is equal to

s1 X P(Q.1)+syx P(Q.2)+---+5, X P(Q.n). (10)

Put this total score in the appropriate box at the bottom of
the generalized vague grade sheet.

6 Experimental results

We have made an experiment to compare the evaluating re-
sults of the proposed method with Biswas’s method [2] for
different days. In our experiment, there are four questions to
be answered in a student’s answerscript, where

TOTAL MARKS = 100,
Q.1 carries 20 marks,

Q.2 carries 25 marks,

@ Springer

Q.3 carries 25 marks,

Q.4 carries 30 marks.

Assume that the optimism index A of the evaluator is 0.60
(i.e., A = 0.60). The evaluator uses Biswas’s method pre-
sented in [2] and the proposed method to evaluate the stu-
dent’s answerscript on different days, respectively. The re-
sults are shown in Fig. 2 and Fig. 3, respectively. A compar-
ison of the evaluating results of the student’s answerscript
is shown in Table 8. From Table 8, we can see that the to-
tal marks of the student evaluated by the evaluator using
Biswas’s method [2] for July 1, 2006, July 2, 2006, July 3,
2006 and July 4, 2006 are 69, 72, 55 and 55, respectively.
We also can see that the total marks of the student evalu-
ated by the evaluator using the proposed method for July 1,
2006, July 2, 2006, July 3, 2006 and July 4, 2006 are 65,
65, 65 and 65, respectively. It is obvious that the proposed
method is more stable to evaluate the student’s answerscript
than Biswas’s method [2]. It can evaluate students’ answer-
scripts in a more flexible and more intelligent manner.

7 Conclusions

In this paper, we have presented a new method for eval-
uating students’ answerscripts using vague values, where
the evaluating marks awarded to the questions in the stu-
dents’ answerscripts are represented by vague values. The
vague mark awarded to each question of a student’s answer-
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Fig. 2 Evaluating the student’s July 1, 2006
answerscript on different days ’
using Biswas’s method [2] Question No. Satisfaction levels Grade
0.1 0 0 0 0.6 0.9 0.8
0.2 0 0 0.6 0.9 0.8 0
0.3 0 0 0 0.6 0.8 0.9
04 0 0. 0.9 0.8 0.2 0
Total mark =
July 2, 2006
Question No. Satisfaction levels Grade
0.1 0 0 0 0.8 0.9 1
0.2 0 0 0.7 0.8 0.9 0
03 0 0 0 0.7 0.9 0.8
04 0 0. 0.8 0.7 0 0
Total mark =
July 3, 2006
Question No. Satisfaction levels Grade
0.1 0 0 0 0.6 0.9 0.7
0.2 0 0 0.6 0.8 0.7 0
03 0 0 0 0.5 0.7 0.9
0.4 0 0. 0.8 0.6 0 0
Total mark =
July 4, 2006
Question No. Satisfaction levels Grade
0.1 0 0 0 0.6 0.8 0.7
0.2 0 0 0.5 0.9 0.7 0
0.3 0 0 0 0.7 0.9 0.8
0.4 0 0. 0.9 0.7 0 0
Total mark =
Table 8 A comparison of the
evaluating results for different Days Total mark
methods Methods
Biswas’s method [2] The proposed method
July 1, 2006 69 65
July 2, 2006 72 65
July 3, 2006 55 65
July 4, 2006 55 65

script can be regarded as a vague set, where each element
in the universe of discourse belonging to a vague set is rep-
resented by a vague value in [0, 1]. An index of optimism
A determined by the evaluator is used to indicate the de-
gree of optimism of the evaluator, where A € [0, 1]. From
the experimental results shown in Table 8, we can see that

the proposed method is more stable to evaluate students’ an-
swerscripts than the Biswas’s method presented in [2]. The
proposed method still can get good properties of Table 8
by making a small variation of the evaluating values. It can
evaluate students’ answerscripts in a more flexible and more
intelligent manner.
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July 1, 2006
Question Satisfaction levels Degree of
No. satisfaction
EG \4%¢; VG G MG F MB B VB VVB EB

0.1 [1,1] [0.8,0.9] [0.7,0.8] [0.6,0.7] [0,0] [0, 0] [0, 0] [0, 0] [0, 0] [0,0] [0,0]
02 [0, 0] [0, 0] [0, 0] [0, 0] [0.7,0.8] [0.8,0.9] [0.5,0.6] [0,0] [0, 0] [0,0] [0,0]
03 [1,1] [0.8,0.9] [0.7,0.8] [0.6,0.7] [0,0] [0, 0] [0, 0] [0, 0] [0, 0] [0,0] [O,0]
04 [0, 0] [0, 0] [0, 0] [0, 0] [0, 0] [0.2,0.3] [0.7,0.8] [0.8,0.9] [0.5,0.6] [0,0] [O,0]

Total mark =
July 2, 2006
Question Satisfaction levels Degree of
No. EG WG VG G MG F MB B VB VvB EB  safisfaction
0.1 [0.8,0.9] [0.7,0.8] [0.6,0.7] [0.5,0.6] [0,0] [0, 0] [0, 0] [0, 0] [0, 0] [0,0] [O,0]
0.2 [0, 0] [0, 0] [0, 0] [0, 0] [0.7,0.8] [0.8,0.9] [0.6,0.7] [0,0] [0, 0] [0,0] [0,0]
03 [0.8,0.9] [0.7,0.8] [0.6,0.7] [0.5,0.6] [0,0] [0, 0] [0, 0] [0, 0] [0, 0] [0,0] [0,0]
0.4 [0, 0] [0, 0] [0, 0] [0, 0] [0, 0] [0.1,0.2] [0.7,0.8] [0.8,0.9] [0.6,0.7] [0,0] [O,0]

Total mark =
July 3, 2006
Question  Satisfaction levels Degree of
No. EG WG VG G MG F MB B VB vvB EB  Satisfaction
0.1 [1,1] [0.8,0.9] [0.7,0.8] [0.6,0.7] [0,0] [0, 0] [0, 0] [0, 0] [0, 0] [0,0] [0,0]
02 [0, 0] [0, 0] [0, 0] [0, 0] [0.7,0.8] [0.8,0.9] [0.5,0.6] [0,0] [0, 0] [0,0] [0,0]
03 [1,1] [0.8,0.9] [0.7,0.8] [0.6,0.7] [0,0] [0, 0] [0, 0] [0, 0] [0, 0] [0,0] [0,0]
0.4 [0, 0] [0, 0] [0, 0] [0, 0] [0, 0] [0.2,0.3] [0.8,0.9] [1.0,1.0] [0.7,0.8] [0,0] [O,0]

Total mark =
July 4, 2006
Question Satisfaction levels Degree of
No. EG WG VG G MG F MB B VB vvB EB  Satisfaction
0.1 [0.8,0.9] [0.7,0.8] [0.6,0.7] [0.5,0.6] [O,0] [0, 0] [0, 0] [0, 0] [0, 0] [0,0] [0,0]
0.2 [0, 0] [0, 0] [0, 0] [0, 0] [0.7,0.8] [0.8,0.9] [0.6,0.7] [0,0] [0, 0] [0,0] [O,0]
03 [1,1] [0.8,0.9] [0.8,0.9] [0.7,0.8] [0,0] [0, 0] [0, 0] [0, 0] [0, 0] [0,0] [O,0]
04 [0, 0] [0, 0] [0, 0] [0, 0] [0, 0] [0.2,0.3] [0.8,0.9] [1.0,1.0] [0.7,0.8] [0,0] [O,0]

Total mark =

Fig. 3 Evaluating the student’s answerscript on different days using the proposed method
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