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The Significance Test on the AHP-based Altemative Evaluation:
An Application of Non-Parametric Statistical Method
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ABSTRACT

The method of weighted sum of evaluation using AHP is widely used in feasibility
analysis and alternative selection. Final scores are given in forms of weighted sums and
the alternative with largest score is selected. With two alternatives, as in feasibility analysis,
the final score greater than 0.5 gives the selection but there remains a question that how
large is large enough. KDI suggested a concept of ‘grey area’ where scores are between
0.45 and 0.55 in which decisions are to be made with caution, but it lacks theoretical
background. Statistical testing was introduced to answer the question in some studies. It
was assumed some kinds of probability distribution, but did not give the validity on them.
We examine the various cases of weighted sum of evaluation score and show why the
statistical testing has to be introduced. We suggest a non-parametric testing procedure
which does not assume a specific distribution. A case study is conducted to analyze
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the validity of our suggested testing procedure. We conclude our study with remarks on

the implication of analysis and the future way of research development.
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(Table 1) Criteria for the Judgement of ‘Grey Area’ Suggested by KDI's Research
on the General Guidelines of the Preliminary Feasibility Study

Total weighted sum
of evaluation
scores AHP <0.45 045 < AHP <05 | 05 < AHP <055 0.55 < AHP
Proportion of
supportive evaluation
400 feasibility feasibility
validated validated
strongly slightly
. “feedback” requestgd to, requestéd to. feasibility
3:1 required be c.autlous in be gaquus in validated
making making
a decision a decision
if AHP>0.42, if AHP>0.58,
slightly feasibility
requested to moderately moderately validated;
be cautious in requested to requested to if AHP<0.58,
2:2 making a be cautious in be cautious in slightly
decision; making making requested to
if AHP<0.42, a decision a decision be cautious in
feasibility making a
invalidated decision
slightly strongly
. feasibility requestgd to, request(?d to. “feedback”
1:3 invalidated be c.autlous in be gaquus in required
making making
a decision a decision
0:4 feasibility feasibility
invalidated invalidated

Note) The above criteria is supposed to be applied to the situation having four evaluators.

Fol F& ov|E A 4vnw het

o WA 045<AHP<05%] 7S 23

iy

|

o] 058t A7) shARt B7kA; Foll A olA 05 o)<l B7AF &5 H&o] taEol 7
053 o] Fold Hlgo] t(dlE 0], L Rk S5 g 4do] 0.55 oSl E = 05 ©]
Dol ol AT, Lg(elE 5o, 1:3)od el &5 HEol e yEbdthd H7E
R A Adetes Aaudt sd &ol d=¥0e 7ol 71wl old
=8 24 05<AHP<0.558] 7-9-ol= v o] A= ARrE AAskes dadt

7lol Agdn 9, kA 2] Aee olg]gt 4 7]F2> AHP T8 7t Aol
b EEY W S FAe] el wet A 3k 314 goe enls A5HUA A
ARl 7k 2o WAlska vk 045~ i glem Ay ow drolg x| 7 e -
0554 ol W= ‘A5, 042~045, 0.55~ 7F3le Aow Btk st 314 oo A



19

LHRSE A A4 A8

7T
i

o
oF
o)
ﬁo

o)

ol

oo

3

AHPZE o]

zlf

O

X
w5

1174

= el 2t} &

<Table 2> A X

o
=

t}

e]
!
!

j—

g 7}o

3

of Akl FoA] B A

Atz

o}J
o

i

57HAolH, tiedA w4l

-
e

a7t

DE

=
°©

SRR
Ael7k i Aoz e,

-
.

B3 24 At A

ks

Aspol o]
) A

7h At

‘mo

fns!
oo

o] &lel %= AHP 7]®e]

A

=)

3 =131

el

ket

1o°
Ho
Br

=
=

¥ 2t} A4 Kim et al[11]¢]

o

}

o
2]

15H the

Ay

)4

A 1

A6l M=

A

B

ofpy

B|K

Aol % v

S|
S|

7F Aake] S
th Lee et al[16]9] Aol 4= Aohn]a

~
;OO

H

1
.

e A 2] ol b S=AHS] 2ol A

g

AT

HA ol &=k 18]3l Jeong et al.[7] &

ol it}

=
=

e 7}

3

&

]

2 7H

i
.

et Aol A AbElelA

¥

kY

Edof s

hva

Al oigE A 15]9 4

A
o

T

il

1

A, Eo and Kim([5]¢]

FATHTI. &

0]

-

N

o

ALY

N

37}

Dz

MER T

el

Els

571 9)

ESkS

H

el

J

&

TH

o
o

i

ol

5o 4

= ther

ukd 7] 7] A2 A 2]

5

q7

2
g

k)
pl

it

9]

A, o} 2744

L= 1A

1

i

47

Sy

LEbst

bt obeel i BAH

9

T A= vl
AR et =& 24

o]

!
v

O A7 = Z2AE O]

=l oAM=

3

/\ol—

felulg Aol ofelg

FHoRE

Z
=

1of %7} 7149 o

o

AHeEl7E A A= A

7ke] wigk

3

o vehd AHP



20 FFAAANGSA A229 A1

(Table 2) Case Review of Project Evaluation Studies Using the Weighted Sum
of Evaluation Scores

Problem tvoe Project title Weighted sum of evaluation Evaluation
m C
VP 4 score for each alternative method
Non-Market Benefit of Port
822, 0.1
Remodelling[22] (0822, 0.178)
Relative
D i f I Mail
(,onstru_ctlon of Integrated Mai 10788, 0.212) evaluation
Processing System[3]
Feasibilit ) ;
CASDIY Engineering Project Selectionl8] | 10.497, 0.268, 0.235)
Analysis
Validity Analysis on Regional
0.698, 0.238, 0234
Airport Development[13] { ' ’ }
Feasibility of Watershed
0.6114, 0.1747
Management for Dam Chungjul6] { ’ } Absolute
Alt tive Selecti f E evaluation
CIA Ve SEection of BIEEY 1 (0918, 0,903, 0.883, 0.633, 0618)
System[15]
Software Development
0.317, 0.313, 0.311
Methodology Applicability[12] ¢ ’ ’ )
Green Car Technologies for
0.469, 0.333, 0.198
Military Transport Use[14] { ’ ’ }
Alternative
Deploying Automated Gat
Selection |, P oYine Automated e {0,477, 0.206, 0.162, 0.083, 0.073}
System in Container Terminall4]
Relative
E ion Model of In P
valuation Model of Intemet Fortal |\ 1) 973 0194, 0.001) evaluation
Sites[9]
Selecting a Mobile Device[2] {0.254, 0.252, 0.250, 0.244}
IT Project Selection with Budget | {0.115, 0.108, 0.102, 0.098, 0.095, 0.089,
Constraints[17] 0.085, 0.083, 0.081, 0.076, 0.069}
Note) The number in the bracket of project title is indicated by the list of references.
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(Table 4) The Cases Tested in this Research: Judgement Results on the
Significance of Evaluation by Applying Empirical Criteria

List of Frequency distribution of weighted sum of evaluation scores No. of | Judgement
cases for eval's |by empirical
evaluation | 0.1~ | 02~ | 0.3~ | 04~ | 05~ | 06~ | 0.7~ | 08~ | 0.9~ | in total criteria

Al
B1.0 4 2 2 1 7 3 (19) REV
Bl.1 2 4 5 2 3 3 (19) Bl.1
B12 1 5 11 1 1 (19) Al
A2

B2.0 1 2 6 9 2 (20) A2

B2.1 1 1 1 1 7 9 (20) A2
A3

B3.0 1 2 1 1 1 2 10 2 (20) A3
A4

B4.0 1 1 2 14 2 (20) A4

B4.1 1 2 1 9 6 1 (20) A4
A5

B5.0 1 6 12 2 (21) A5

B5.1 2 1 3 1 3 6 3 2 (21) REV
A6

B6.0 1 1 12 3 4 (21) A6

B6.1 4 4 6 1 1 1 3 1 (21) B6.1

B6.2 2 6 7 2 2 1 1 (21) B6.2

B6.3 4 6 4 3 3 1 (21) B6.3

A7
B7.0 1 3 10 4 (18) A7
B7.1 3 1 1 1 6 6 (18) REV
A8

BR.O 1 1 1 10 7 (20) A8

B&.1 1 1 5 9 4 (20) A8

BR2 2 1 5 5 4 3 (20) A8

A9

B9.0 3 3 1 1 3 B 1 6 (23) REV

BI.1 3 4 2 3 4 3 2 2 (23) REV

B9.2 8 3 3 4 2 1 1 1 (23) B9.2

Al10
B10.0 2 1 1 3 4 8 (19) Al10
B10.1 3 1 3 3 2 5 1 1 (19) REV
All

B11.0 2 1 3 2 2 6 2 2 (20) REV

Bll1.1 B 1 4 2 5 3 (20) REV

B11.2 7 4 3 2 3 1 (20) B11.2

B11.3 9 4 4 1 1 1 (20) B11.3

Al2
B12.0 2 1 2 4 7 3 (19) Al2
Bl12.1 6 4 2 3 4 (19) B12.1

Note) BAS. is for ‘Basic plan supported’, ALT. is for ‘Alternative plan supported’, REV. is for ‘Revaluation
needed’, and ‘eval.’ is for ‘evaluators’.
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(Table b) The Cases Tested in this Research: Results of the Significance Tests
by Applying Wilcoxon Signed-Rank Test Compared with using Empirical

Criteria
g No. of | Proportion Total Judgement Wilcoxon signed-rank test
cgslzts (%f)r eval. of weighted by Test Statistics Test result
evaluation for the | supportive sum of empirical
test evaluation | evaluation | criteria W+ Z(W+) | =005 a=01
Al
B1.0 17 52.9% 0.396 REV 66 -0.497 X X
B1.1 17 29.4% 0.397 B1.1 52 -1.159 X x
B12 17 100% 0.723 Al 152 3.574
A2
B2.0 18 100% 0.700 A2 170 3.680
B2.1 18 88.9% 0.651 A2 165 3.462
A3
B3.0 18 77.8% 0.593 A3 137 2.242
A4
B4.0 18 100% 0.732 A4 169 3.636
B4.1 18 83.9% 0.639 A4 160 3.244
A5
B5.0 19 100% 0.730 A5 189 3.182
B5.1 19 68.4% 0.519 REV 132 1.489 X X
A6
B6.0 19 100% 0.700 A6 189 3.782
B6.1 19 26.3% 0.349 B6.1 47 -1.931 X
B6.2 19 15.8% 0.334 B6.2 12 -3.340
B6.3 19 21.1% 0412 B6.3 37 -2.334
A7
B7.0 16 100% 0.741 A7 134 3412
B7.1 16 68.8% 0.531 REV 92 1.241 X X
A8
B80 18 94.4% 0.746 A8 169 3.636
B81 18 100% 0.724 A8 171 3723
B&2 18 88.9% 0.631 A8 162 3.331
A9
B9.0 21 61.9% 0.497 REV 149 1.164 X X
B9.1 21 47.6% 0.407 REV 91 -0.851 X X
B9.2 21 19.0% 0.282 B9.2) 23 -3.215
Al10
B10.0 17 88.2% 0.654 Al10 135 2.769
B10.1 17 64.7% 0.492 REV 95 087 X X
All
B11.0 18 61.1% 0.500 REV 106 0.892 X X
Bl11.1 18 50.0% 0.459 REV 83 -0.108 X X
B11.2 18 16.7% 0.277 B11.2 8 -3.375
B11.3 18 5.6% 0.219 B11.3 1 -3.680
Al2
B12.0 17 76.5% 0.526 Al2 113 1.727 X
Bi2.1 17 35.3% 0.321 Bl2.1 30 -2.201
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Evaluation scores distribution of comparing A1

with (B1.1) with (B6.1)

Evaluation scores distribution of comparing A6 luation scores distribution of comparing A12

with (812.0)

f

o kN W oA 0 oo N o

06 07 08 09 01 02 03 04 05 06 07 08 09

(Figure 2) Histograms of Evaluation Scores Having Different Results for a
Significance Test between using Empirical Criteria and Wilcoxon

Signed-Rank Test
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(Figure 3> Cumulative Plots of
Evaluation Scores Having
Different Results for a
Significance Test between
using Empirical Criteria
and Wilcoxon
Signed-Rank Test
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(Table 6) The Cases Having Different Results for a Significance Test between
using Empirical Criteria and Wilcoxon Signed-Rank Test: Conditions
of Empirical Criteria Fitted to Those Cases

Total weighted sum
of evaluation
scores [0, 0.45) [0.45, 0.5) [0.5, 0.55) [0.55, 1]
Proportion of
supportive evaluation
Basic plan Basic ulan
(75%, 100%] supported Sis COIi:d
(0.526, 76.5%)" bb
0 =0 revaluation revaluation revaluation Basic plan
(60%, 75%] needed needed needed supported
0 2o revaluation revaluation revaluation revaluation
[40%¢, 60%] needed needed needed needed
Alternative plan
o . supported revaluation revaluation revaluation
[25%, 40%) (0.397, 29.4%)* needed needed needed
(0.349, 26.3%)"
Alternative plan | Alternative plan
0, O,
[0%, 25%) supported supported

Note) Three cases marked with ‘+*’ and “**" indicate that null hypothesis H,:pu,=0.5 is not rejected at
the level of significance o with 0.05 and 0.1 respectively.
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