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Abstract
This study is based on a four-level hierarchical evaluation model proposed by 

Kirkpatrick 1996  to construct an e-learning performance evaluation framework for 
enterprises.  A hierarchical fuzzy integral is applied to a multiple attribute decision 
making problem for a real case in order to evaluate the learning performance according to 
different learners and different types of networking curriculums, simultaneously.  The 
case and effects between the three factors of personnel characteristics, backgrounds and 
learning motivations of learners and their learning performance are investigated in this 
study. 
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5 C0
30 31 ~ 35 36 ~ 40 41 ~ 45 46 ~ 50

51 ~ 60 C1 31 ~ 35 36 ~ 40
41 ~ 45 30 51 ~ 60 46 ~ 50 C2

30 41 ~ 45 36 ~ 40 46 ~ 50 51 
~ 60 31 ~3 5 C3 30 31 
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5

30 31 ~ 
35

36 ~ 
40

41 ~ 
45

46 ~ 
50

51 ~ 
60

3 3 ~10 11 ~ 
20

21 ~ 
30

C0 0.8026 0.7916 0.7790 0.7772 0.7675 0.7608 0.7653 0.7737 0.7798 0.7998

C1 0.7734 0.8018 0.7819 0.7741 0.7567 0.7696 0.7681 0.7806 0.7753 0.7915

C11 0.8369 0.8567 0.8343 0.8276 0.7913 0.8111 0.8284 0.8326 0.8279 0.8351

C12 0.6895 0.7710 0.7720 0.7475 0.7542 0.7149 0.7366 0.7386 0.7494 0.7642

C13 0.6995 0.7108 0.6757 0.6652 0.6674 0.7246 0.6517 0.6957 0.6732 0.7204

C14 0.7091 0.7381 0.6725 0.7060 0.7071 0.7263 0.6905 0.7335 0.6985 0.7241

C15 0.7904 0.7596 0.7865 0.7714 0.7568 0.7753 0.7568 0.7573 0.7747 0.7855

C2 0.7891 0.7657 0.7743 0.7789 0.7714 0.7684 0.7662 0.7493 0.7829 0.7948

C21 0.7707 0.7743 0.7862 0.7863 0.7806 0.7899 0.7759 0.7483 0.7999 0.7958
C22 0.8058 0.7581 0.7639 0.7725 0.7633 0.7492 0.7577 0.7504 0.7678 0.7941

C3 0.8214 0.7914 0.7723 0.7676 0.7669 0.7344 0.7575 0.7714 0.7703 0.8024

C31 0.8699 0.8060 0.7755 0.7783 0.7681 0.7694 0.7645 0.7939 0.7824 0.8205

C32 0.8570 0.8228 0.7946 0.7845 0.7806 0.7551 0.7947 0.7985 0.7867 0.8259

C33 0.7423 0.7471 0.7475 0.7413 0.7524 0.6822 0.7146 0.7243 0.7432 0.7630
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21 ~ 30 11 ~ 20 3 ~ 10 3

C1 21 ~ 30 3 ~ 10 11 ~ 20 3
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3 ~ 10 C3 21 ~ 30 3 ~ 10
11 ~ 20 3
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A.1  ( Chiou and Tzeng (2002)) 
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A.2 Choquet ( Tzeng et al. (2005)) 
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( 01 ≤≤− λ )



E-learning  269 

Tzeng et al. (2005)
Algorithm for Identifying λ

(6)

Step 1: if 
=

n

i
ig

1

 = 1, then λ = 0, stop;  

Step 2: if 
1

1
n

i
i

g
=

> , then let p1 = -1, m2 = 0, go to Step 5 to perform a bisection 

search;  

Step 3: if 
1

1
n

i
i

g
=

< , then let p = +1, m = 0, go to Step 4 to find a range of λ ;

Step 4: if F(p)3< 0, let m = p, p = p * 2 and continue Step 4 (repeat double p until F(p)
> 0); 

Step 5: if F((p + m) / 2) = 0, then λ = (p + m) / 2, and stop; 
Step 6: if F(( p + m ) / 2) > 0, then let p = ( p + m ) / 2, else let m = ( p + m ) / 2, and 

continue from Step 5. 

                                                
1 p is Pointer. 
2 m is initial value, ( , )p mλ ∈ .
3 F is a function for Equation (6). 
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)(~ xAµ

A.3

A~ fuzzy subset membership 

function )(~ xAµ (1) R [0 , 1] (2)

(3) )(~ xAµ  (Dubois and Prade, 1978)

TFN A~  = (L M U) (A3.1) A.4

)(~ xAµ = −−
−−

,0
,)/()(
,)/()(

MUxU
LMLx

.
,
,

UxM
MxL

≤≤
≤≤

 (A3.1)

)(~ xAµ

A.4 

(Zadeh, 1965)

(1) 1 1 1 2 2 2 1 2 1 2 1 2( , , ) ( , , ) ( , , )L M U L M U L L M M U U+ = + + + .   (A3.2) 
(2) 1 1 1 2 2 2 1 2 1 2 1 2( , , ) ( , , ) ( , , )L M U L M U L U M M U L− = − − − .   (A3.3) 
(3) 1 1 1 2 2 2 1 2 1 2 1 2( , , ) ( , , ) ( , , )L M U L M U L L M M U U× = .    (A3.4)

L M U x0

1

1

1098432 5 76 11 1
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(4) 1 1 1 2 2 2 1 2 1 2 1 2( , , ) ( , , ) ( / , / , / )L M U L M U L U M M U L÷ = .    (A3.5)
BNP best 

non-fuzzy performance mean of maximal (MOM) center of area 
(COA) -cut  (Zhao and Govind, 1991; Tsaur et al., 1997; Tang et al., 
1999) COA BNP

BNP  ( iii UML ,, ) A3.6
[( ) ( )] / 3 ,i i i i i iBNP U L M L L i= − + − + ∀    . (A3.6) 




