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Abstract

The traditional affective instruction evaluation on
engineering education has contained two separate
sections, (1) Section I: Student self-evaluation (include 10
items) and (I1) Section Il: Evaluation of the instructor’s
teaching (include 10 items). These 20 items were usually
determined by some of the experts or researchers on the
affective instructional domain. However, some of items
within two sections introduced above could be out of date
as time goes by. In another words, some of items might be
elimnated, or some of items would become more
significant impact due to its availability on affective
instruction evaluation. The significant items in evaluation
list first were chosen by utilized grey statistics technique
so that the significant items for evaluation could be
retained and the redundant items were eliminated.
Secondly, a fuzzy inference system was applied to
compute the weights for each significant left item so as to
achieve the weighted-sum value on two separate sections
that were mentioned earlier. These methods provide us
not only in qualitative but also in quantitative analysis to
improve and promote the instruction activity on
engineering education for accomplishing the objective of
instructions.

1. Introduction

In general, the cognitive instruction evaluation is
traditionally used to measure the grade of instruction’s
examination at college. However, the instructional
interaction between instructor and students cannot be
shown in this cognitive instruction evaluation. This
instructional interactive could executively reflect in the
domain of affective instruction evaluation
[2][2][3][4][5][6]. The traditional affective instruction
evaluation on engineering education has contained some
certain items for Section I: student self-evaluation as well
as Section Il: evaluation of the instructor’s teaching.
These items were usualy determined by some of the
experts or researchers on the affective instructional
domain [7]. However, some of items within two separate
sections could be out of date as time goes by. In another

words, some of items might be eliminated, or some of
items would become more significant impact due to its
availability on affective instruction evaluation. Therefore,
two major problems occurred, and they have to be
resolved in an appropriate manner. According to an
example verified in this paper sampling the investigated
1200 samples' data of affective instruction evaluation [8],
this paper thus proposed a fast method for filtering the
redundant items within the evaluation list; furthermore,
another technique also presented in this paper to calculate
the weights of the left items. The significant items in
evauation list first were chosen depending on the
appraisal coefficients by utilized grey statistics technique
[9][10] through means of grey whiten function so that the
significant items could be retained and the redundant
items were diminated. Secondly, a fuzzy inference
system [11][12] was applied to compute the weights for
each significant left item so as to achieve the weighted-
sum value on two separate sections that were mentioned
earlier. These methods provide us not only in qualitative
but also in quantitative analysis to improve and promote
the instruction activity on engineering education for
accomplishing the objective of instructions.

2. Clustering Sequence to Certain Grey
Number by Applying Grey Statistics

The grey theory is propmoted in recent years. Two
major topics [9][10] (grey relational anaysis and grey
prediction) have been widely applied in the area of
engineering or socia science. One of assessment method
in grey theory i.e. grey dstatistics is aso discussed in
literatures in several aspects. The grey statistics method,
based on the grey whiten function generating, applied for
clustering data within the sequences to a certain attribute
that is described by a certain grey number [9][10]. This
method can be interpreted to classify a certain attribute
for the statistic index; basicaly, this is the process to
transfer a white number to a grey number for classifying
the attribute as follows.
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Assuming the following indexes: k=123..,p (Index for
the Grey Numbers), j =1% 2% 3% . m* (Statistic Indexes)
yand i=1,1,11,..,1 (Statistic Subjects)

Stepl: Making a matrix below:

1# 2 m

dpp dip . dim |1

dpy dpp .. dom|ll

dy G2 o dim]|l
Step2: Giving the grey whiten functions, and taking an
exampl e as shown below.

fl(o) fa(e) f3(e)
Best Medium Worst
1 1 1

|
|
|
0 a 0O b ¢ 0 d e

Figure 1
An example for three grey numbers, “Best”, “Medium”, and “Worst”, as
shown above

Step3: Finding appraisal coefficients

njk:ilglfk(dij)-Ni (D)
where N; stands for the number of personsin ith statistic
subject who join this appraisal to evaluate the jth

statistic index.
Stepd: Decision-Making for classifying the attribute to
the statistic index according to appraisal coefficients.

3. Fuzzy Inference System for
Deter mination

Weights

Fuzzy logic proposed by Zadeh in 1965 [11] is used to
establish a mathematical model for describing the
linguistic fuzzy information that is belong to the highly
nonlinear system in the real world. A fuzzy system [12]
actualy is relative to fuzzy sets, fuzzy relations, and
fuzzy inferences. Fuzzy systems have been widely
applied on automatic control, pattern recognition,
decision analysis, diagnostic system, forecasting, software
engineering, natural language processing, and signal
processing since mid-1960 [13][14]. Constructing a
model for an unknown system aways encountered the
problem that the system identification doesn't work by
the certain mathematical model of using differential or
difference equations due to its complexity. Therefore, a
system model built through the fuzzy logic instead of
traditional mathematic equations have advantages about
providing better generalization, error tolerance,
application fitting, and expert knowledge [15][16][17].
An approximate reasoning (sometimes called generalized
modus ponens) could be successfully performed through
the means of the fuzzy inference mechanism as shown in
many applications during last 50 years. In effect, the

process of a fuzzy inference mechanism consists of two
stages [14]: (i) cylindrical extension, and (ii) projection;
these tow operations actually are done by a fuzzy logic
operation called composition operation. Two types of this
composition operation are usualy applied to an inference
procedure: Max-min operation, and Max product
operation. The basic structure of a fuzzy system can be
classified into four parts [13]: (A) fuzzifier, (B) fuzzy rule
base, (C) fuzzy inference engine, and (D) defuzzifier as
shownin Fig. 2.

Fuzzy
Inference
Engine

A Crisp
Output

ACrisp _|
Input

Fuzzifier Defuzzifier

Figure 2
The diagram is the basic structure of fuzzy system.

In fuzzifier part, afuzzy singleton is usually used in many
applications due to its simplification orientation as shown
below.

L @

,UA(X):{O Xt xg

where A is a fuzzy set, and ua(x) Stands for a
membership function of that fuzzy set A.
A fuzzy rule base consists of several appropriate fuzzy
rules for certain system. The style of these fuzzy rules
could be (a) linguistic fuzzy rule [15], (b) functional
fuzzy rule [16][17], or (c) Tsukamoto fuzzy rule [18]. For
easy computation, the singleton functional fuzzy rules are
adopted in many cases.

Ri:if X is AL‘ and..and X, is A,j)

©)

A fuzzy rule is a kind of logic implication, and this
implication has two kinds of operations utilized in the
most of applications: (i) Mamdani implication [15], or (ii)
product implication [12] listed as follows.

Then yis cé

HRy (%) = mina(X), g (] 4
or HR, (6 Y) = #A0) - 509 « 5

Moreover, a fuzzy relation is defined as a subset of
Cartesian product X xY , and hence a fuzzy relation is
corresponding to a kind of fuzzy implication. In another
word, afuzzy ruleisredly afuzzy relation. The kernel of
afuzzy system is the fuzzy inference engine [19] that can
simulate the human thinking to reach a decision-making
mechanism so as to solve the problem we encountered in
the real world. The real operation for this inference could
be written or described in the following simple example
for understanding.



premisel: xqis Al and x; is A‘z.“and Xp is A'p
premise 2: If x; is Ay and X is Ag..and xp, is Ay, Then yis B (6)
conclusin:yis B
After this approximate reasoning, we obtain a fuzzy set
output below.
B =(AAAA.AA)eR
=(Ai/\Alz/\.../\Alp)O((Pg_/\A2/\.../\Ap)—>B) ’ (7)
If the max-min operation is used for the composition
computation and Mamdanni implication is applied to this
fuzzy relation in this rule, the effective formulation in the
form of membership function for the above inference can
be expressed as follows.
#B‘(Y):[le(#,_\i(xﬂAﬂAﬁ(Xl)] A[;é(/lA'z(Xz) Adip, (X A .
A[X\;(ﬂA-p(Xp)A/lAp(Xp)]AﬂB(y) (8)
=(ap nap, A...AaAp)AyB(y)
=an ug(y)

ap.ap,-mandap stand for the degree of compatibility
between A and A, A and Ay,..., and A, and A, ; @
represented as the firing strength for the fuzzy rule.
Supposing there are rules R;,j=12..,N, the fina output
of afuzzy inference engine could be formulated below.
pg () =g (V) gy )V v g ()5 ©)
The last part of the fuzzy system is defuzzifier that has six

methods [19] provided in this part to defuzzify a fuzzy
output into a crisp output.
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(1-2)Cnter of gravity (discrete): y -=L°—— (11)
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(5)Modified center average: y" =12
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(6)Weighted average: y =12 (16)

N
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The formula on Equation (16) just mentioned above
provides a easy way for computing a crisp output from a
specific fuzzy system and is usually used in many popular
fuzzy applications. «;, on Equation (16), represents the

firing strength on jth fuzzy rule, and y; stands for a
fuzzy singleton output on the same fuzzy rule as «; . This

study would like to apply this fuzzy system to compute
the weights of each item on affective instruction
evaluation by taking the appraisal coefficients as the crisp
input for the fuzzy system.

4. Verification and Discussion

The adopted currently available questionnaire for
evaluating the affective instruction at most institutes has
contained some certain items for Section |: student self-
evaluation as well as Section Il: evaluation of the
instructor’s teaching utilized for examining a list in a
single sheet providing for students to evaluate it
conveniently [8]. There is an example sampled from a
certain ingtitute in Taiwan concerning the affective
instruction for Section |: student self-evaluation as well as
Section Il: evaluation of the instructor’s teaching, totally
containing 20 items as shown below.

Tablel
(a) Section |: Student self-evaluation

No. Variables Items

1 X1 | am concentrated on lecturing during the class
X2 | review lesson right away after class

3 X3 | do my own homework or refer to peer's work
partialy

4 X4 Interest in the course

5 Xs Teaching hours of this course

6 Xs Comparison with other course, hours | spend in this
course

7 X7 Attendances

8 Xg Textbook used for the course

9 Xg Instructor’'s requirements for students academic
performance

10 X10 Predict your score of this course

(b) Section |1: Evaluation of the instructor’s teaching

No. Variables Items

1 2 Instructor’ s teaching content

2 Y2 Instructor’ s teaching methods

3 Y3 Instructor’ s text preparation

4 Va Instructor’s expression

5 Vs Instructor’ s teaching schedule

6 Ve Instructor’s abilities to enlighten students' creative
thinking and answer tough questions

7 % Instructor's  enthusiasm to counsel  students
academic task after class

8 Vs Instructor’ s evaluation methods

9 Yo Degrees of getting benefit from learning this subject

10 Y10 Instructor’s general teaching effect

The evaluation in this questionnaire contains 20
items (variables) and every item can be graded from 1 to
7 by integer. Every student completed his individual
evaluation with respect to a lecture in a classroom, and
then every individual evaluation done by students in this
classroom was brought to a procedure that is a cumulative
statistic process. This process turned out to be alist in one



sheet in which the average value of each item for each
section was obtained. Every evaluated list represented the
result of affective instruction evaluation in a lecture
(sample). This experimental work was operated in 1200
samples (lectures) for 6 semesters [8] to get the average
value for each item per semester aslisted in Table 2.

Table 2
(a) The evaluated grades for student self-evaluation in average from item
X1 to item Xy for 6 semesters
Variables Semester Semester Semester Semester Semester Semester Average

for 10 #1 #2 #3 #4 #5 #6 for 6

items semesters
X1 501 483 4.42 439 449 4.92 468
Xz 3.72 3.52 3.10 3.29 3.38 334 3.39
X3 4,94 452 4.25 3.90 4.42 4.06 4.35
Xg 4.79 454 4.28 421 4.44 4.30 443
X5 422 4.03 4.21 381 4.25 3.74 4.04
Xe 4.16 3.95 353 3.63 3.94 411 3.89
X7 6.71 6.36 6.15 5.78 6.30 6.53 6.31
Xg 464 481 437 422 4.70 481 459
Xg 452 467 4.19 3.91 447 4.66 440
X10 4.27 439 4.10 407 419 4.29 422

(b) The evaluated grades for evaluation of the instructor’s teaching in
average from itemy; to itemy;, for 6 semesters
Variables Semester Semester Semester Semester Semester Semester  Average

for 10 #1 #2 #3 #4 #5 #6 for 6

items semesters
V1 483 4.75 477 4.88 481 4.78 4.86
Y2 473 473 475 4.83 4.81 477 4.83
Y3 4.88 4.82 4.85 4.93 4.82 4.84 491
Ya 4.76 477 4.78 4.92 4.80 474 484
Ys 4.70 472 4.76 484 471 4.76 481
Yo 491 4.76 483 4.95 477 4.86 4.90
V7 494 4.74 4.89 4.94 4.84 4.92 4.94
Ve 477 4.63 4.90 4.90 477 4.86 4.87
Yo 4.69 4.67 4.79 481 4.68 4.86 477
Y10 484 4.76 4.87 491 4.80 4.82 4.89

For this example cited in this paper, three grey numbers
indicated as “Best Fitting”, “Fitting”, and “Worst Fitting”
are represented as three grey whiten functions for
appraisal displayed in the following Figure 3.

f1(e) fa(e) fa(e

)
Best Fitting Fitting Worst Fitting
1 1 1
|
|
|
0 7 0 5 10 0 3 6

Figure 3
Three grey whiten functions for three grey numbers, “Best Fitting”,
“Fitting”, and “Worst Fitting”, respectively, are shown above as the
appraisal functions.

After computation through the grey statistics method,
a appraisal list with the appraisal coefficients for two
separate sections for 6 semesters was asserted. According
to the appraisal coefficients listed in Table 3, some of
discussion could be made as follows:

Four appraisal coefficients, indicated as nys, Nss, Nes,
and nyzin Table 3- (a) as well as g3, Ny3, Ns3, and Ngzin
Table 3- (b), could be viewed as the redundant items
because their values of the appraisal coefficient for grey
number “Worst Fitting” were great than 3.5 in Table 3-
(@) as well as 2.4 in Table 3- (b) if these two separate
values 3.5 and 2.4 are set by an appropriate manner (rule)
that the number of trimmed items can not exceed over
half of the number of the original items for each section
as mentioned in the precede paragraph. Therefore, the
restriction was defined to view the values of appraisal
coefficients 3.5 in Table 3-(a) as well as 2.4 in Table 3-
(b) as a threshold so that the items with the values of
appraisal coefficients higher than a threshold could
consider these correspond items to be a redundant item.

The group of grey number “Fitting” has the highest
values in their appraisal coefficient among three group
(“Best Fitting”, “Fitting”, and “Worst Fitting”); therefore,
a conclusion was stated that the items for Section I:
student self-evaluation as well as Section |1: evaluation of
the instructor’s teaching were classified to the level of
“Fitting” category.

Three appraisal coefficients, denoted by ny; and no;
in Table 3-(a) as well as n;, Na;, Ngg, and ny; in Table 3-
(b), might be considered as the more significant items due
to the higher values in the appraisal coefficient of grey
number “Best Fitting” if a condition was set that the value
of appraisal coefficient in grey number “Best Fitting”
bigger than 4.0 in Table 3-(a) as well as 4.15 in Table 3-
(b) as a level for classifying these items to be the
significant ones. Two separate threshold values 4.0 and
4.15 are set in a manner to be similar to discussion #1 so
that the number of significant items have to less than half
of the number of the origina items for each section as
mentioned in the precede paragraph.

Table 3
A grey statistics applied for (a) Section I: student self-evaluation and (b)
Section Il: evaluation of the instructor's teaching to discover the
redundant items by checking appraisal coefficients created by 3 grey
whiten functions.
(a) Appraisal coefficients for Section I: student self-evaluation.
Appraisa zfl(.)ANi Appraisal Zfz(.)_Ni Appraisal zfa(.)ANi

Coefficient Coefficient 7 Coefficient 5
My 4.008 N2 5.608 M3 2.647
Ny 2.907 Ny 4.070 N33 5217
N1 3.662 N2 5.218 Ng3 3.303
Na 3.705 Ns 5312 Nz 3.147
Ns; 3.953 Nsp 4.852 Ns3 3.913
Ne1 3.331 Ng» 4.664 Ne3 4.226
Nz 5.406 N7 4.434 Nz 0.073
Ng1 3.953 Ng2 5.510 Ng3 2.816
No1 3.776 No2 5.284 No3 3.193
Nio1 3.616 Nigz 5.062 Nios 3.503




(b) Appraisal coefficientsfor Section |1: evaluation of the instructor’s

teaching.

Comtan. N LS DN i 2O
Ny 4117 Ny 5.764 M3 2.394
Ny 4,089 N2z 5.724 Nas 2.460
Ng 4.163 Nz 5.828 Ng3 2.286
Ny 4.110 Ny 5754 Ny 2410
Ns;. 4.069 Nsp 5.698 Nsg 2.503
Ngy 4.153 Ne2 5.820 Ne3 2.306
Ny 4.182 Nz 5.854 N3 2.243
Ngy. 4117 Ngy 5.766 Ng3 2391
Ngy 4071 No2 5.700 Nog 2.500
Nior 4.143 Moz 5.800 Nios 2.333

Regard to the weights of items for two separate
sections, applying the fuzzy inference mechanism for
those the appraisal coefficients n; and ng, i=12..10

could determine the weights of each items of affective
instruction evaluation. First, the fuzzy rule base has to be
constructed in an appropriate manner based on the idea
that a large value for linguistic variable n; (“Best

Fitting”) gets a higher weighted value, and thus a large
value for linguistic variable n3 (“Worst Fitting”) assigns

alower weighted value. A linguistic variable 2 isdefined
as the relative weight to be a singleton fuzzy output of
this fuzzy inference. Two fuzzy rules hence are set in the
following IF-THEN statements.

IF np=Largeand n3=Small THEN 4 =High (17)
IF np=Small and nz=Large THEN 1 =Zero (18)

Therefore, a fuzzy rule base with effectiveness and
simplification for this study is shown in Table 4.
Furthermore, the mark “x” as shown in Table 4 means
that the rule doesn’'t significantly contributed to the
weight determination in this case; thus, it can be ignored
or undefined.

Table4
The fuzzy rule base contains two rules listed below for finding weights
during the inference phase.

n
e ! S L
s x H
L Z x

S L
1 1
6 Ny
()
1 S . L 1
é Niz
(b)
z H
14{ Il
0 7 ¢
(©)
Figure 4

Three linguistic variables, n;; “Best Fitting”, niz “Worst Fitting”, and
A "Relative Weight” are defined as term sets {Large, Small}, {Large,
Small}, and {High, Zero} respectively, as shown in (a), (b), and (c)
above.

Third, computing the relative weight of each item of
affective instruction evaluation could be done through
means of the fuzzy inference. The weighted average
method is applied in this defuzzification.

iaj/ij

15— (19)

i
Finally, the weights for each item are accomplished in the
way of proportional calculation asfollows.

i (20)

The results, before and after eliminating the
redundant items, for evaluating the weights of items for
two separate sections were listed in the Table 5 and 6,
respectively. Four items were diminated, and an
important concept also was explained that (i) x, was
merged to Xz, Xs was merged to x;, Xg was merged to X,
and x;0 was merged to Xg. as shown in Table 6-(a) and (ii)
Y. was merged to y1, Y4 was merged to ys, Y5 was merged
to y7, and yg was merged to y; as shown in Table 6-(b).
Therefore, the original 10 items were reduced to a concise
set with 6 items. The left items were X4, X3, X, X7, Xg, and
X1 for further examining their weights among 6 items.

Table5
The weights (@;j ) for (a) Section I: student self-evaluation and (b)

Section |I: evaluation of the instructor’s teaching before eliminating the
redundant items.

(a) Weights of items from item x; to item x;ofor Section |: student self-
evaluation.

z
©

Variablesfor 10 items

Note: L: Large, S: Small, H: High, Z: Zero, and X :Undefined

Next, the term set for respective linguistic variable is
determined according to the domain (universal discourse)
of every linguistic variable and an appropriate fuzzy
number assignment as shown in Figure 4.

Weight o

Boo~vouhwnrk

0.130
0.035
0.097
0.103
0.087
0.064
0.172
0.121
0.103
0.088




(b) Weights of items from item y; to item y;ofor Section I1: evaluation of
the instructor’ s teaching.

No. Variablesfor 10 items Weight o
T Vi 0.099
2 ¥z 0.097
3 Y 0.104
4 Ya 0.099
5 Ve 0.095
5 Yo 0.103
7 v 0.106
8 Ve 0.100
9 Vo 0.095

Table 6
The weights ( @; ) for (a) Section I: student self-evaluation as well as (b)
Section Il: evaluation of the instructor’s teaching after eliminating the
redundant items.

(a) Weights of items for Section |: student self-evaluation.

No. Variablesfor 10 items Weight o
1 Xy 0.179
2 X2 X
3 X3 0.133
4 Xa 0.142
5 Xs X
6 Xs X
7 X7 0.237
8 Xg 0.167
9 Xg 0.142
10 X10 X

(b)Weights of items for Section I1: evaluation of the instructor’s
teaching.

No. Variablesfor 10 items Weight o
1 A 0.162
2 Y2 X
3 V3 0.169
4 Ya X
5 Ys X
6 Yo 0.168
7 V7 0.173
8 Ve 0.162
9 Yo X
10 Y10 0.166

5. Conclusions

The main purpose of this study is for acquiring
effective items and determining their weights for affective
instruction evaluation on engineering education, and this
study has the following properties:

1. The introduced method in this study can extract the
redundant items for (@) Section I: student self-
evauation as well as (b) Section Il: evaluation of the
instructor’s teaching by utilized the grey statistics
method.

2. Applying the fuzzy inference mechanism could
determine the weights of items for affective
instruction evaluation on engineering education

3. After eliminating the redundant items and determining
the weights of items on two separate sections, the
affective instruction evaluation becomes a concise set
for items with highly efficiency and reliability.

This is show that the grey statistics method followed by

the fuzzy inference can reach a set of items with various

weights rather than identical weights and the number of

items reduced so as to retain the significant ones with
higher availability for evaluation of instructor’s teaching
in the affective instruction evaluation. This study just
proposed one of methods for acquiring effective items
and determining their weights for affective instruction
evaluation on engineering education, but there is probably
another alternative to resolve the same issue discussed in
this study.
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