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An Empirical Study on a Method to Generate Reference Information

for Enhancing the Reliability of Qualitative Technology Evaluation

Eung chan Kim

Interdisciplinary Program of Management of Technology,

The Graduate School, Pukyong National University

Abstract

Technology evaluation plays pivotal role in successful implementation of technology
business financing. Despite its importance, the evaluation practice has largely been up to
the expertise of evaluators performing qualitative analysis which is to large degree
inevitable due to its inherent characteristics of the evaluation which assesses intangible
asset. Therefore, technology evaluation institutions, including the Korea Technology Finance
Corporation(KOTEC), have been attempting to enhance the efficiency of the evaluations by
creating peer groups similar to the target firm to be evaluated in order to provide
reference information to evaluators. However, such current approach has limitations in that
it cannot reflect the specific features of the individual firms, perse.

This study proposes a new methodology to generate more adequate reference
information by factoring in different specificities of target firm and similar firms included
in peer group in order to improve the efficiency of the technology evaluation.

In the methodology, the peer group is, first of all, formed by collecting firms in terms of
relevance, firms that shares similarities in nature to the target firm, and then the degree
of similarity of each firm in the peer group is measured with a criteria that reflects
internal and external characteristics of those firms. Finally, the methodology defines the
averaged degree of similarities in each evaluation rating as density, and then generate the
descriptive statistics and the distribution for the density as reference information.

This study aims to improve the efficiency of qualitative evaluation work by providing
more objective and statistical reference information. Using the suggested methodology, the
reliability of the technology evaluation is expected to be improved with reduced variation
stemming from the individual difference of the evaluators, subjectivity.
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-1>
e Jf

7. TrAEA

A FA B
A7

BN e

10 2240101

1=}
T

ko N,
b2
o
5

712 AEo] ALE7IZE AR VA=
A SR 22 MulAadE 7)EUdA] AR
]

AeleH o] P, SAHTT AR, ARF
A4 =23 53(2004), “537|eH A0 AT

dE 71&F 7 BAEHCTA= 7]

TE3 A 84E VTR 7V
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<E I-11> L2 71eF7H A 9] 377|260 2 A &4

A, ARV, Aol BE o3t
(2000), “E87]€B A EEudA Tl B AT

BATE FENS
A G A NEBAE, ETAH
AR A NENHH, e
A A NATFE, FRARH, N ErE, AR
Zead
A AR AasA, AFA0 AoA 331 v g
2! B AR, AERSA, Al QoA B S
23} C A, A8, Aol 33E
=4 D | A4, 4854, AgH0l BE
E
E

Aol AASHE A% Wb Qndow B4 AE AR 2 A
Pl wet F2 WH ko] s)zstel Ao,

_\]j—
AT AFA Ve H7F SRS MR A g YHES A

S =Asr] Y& =¥s| sk=dl, Van and Spinler(2014)¢} Wang et
al.(2015)> =d FAel 7Wg b mds A 85k, Daim et
al.(2009), Hsu et al.(2010), Kalbar et al.(2012), Lee et al.2014)= 43
AT T2 ZEA 29 2 v 7F YA A E4 S AHgste A &

9 AA 2dS AkeH om, Sohn et al.(2005)2 ZA 2~ 2d-& &3
<~

¢, & dTe Vles T8t Adsetes FAA 1ol i AT

o] A7 Hrto] FLES stuA At

P AAGL T2E BH3e

Aoz F{HI Y A=H dE
=

Mo AUty 93 BFRow

Y

T
D
=
=)
QY
=)
(@)
D
N
9
=)
)
(e}
—
)
rlo
e

1O
ol
o
rr

it

S OSSE FeolA ookt
o], Halicka(2017)= wle] A &2l 7]
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oA 7ol
A

Farseloll gk

=

°

st AeolHa leoH, V<

+ok(Ju and Sohn, 2017; Ruskov et al.,, 2016; Sohn et al.,
o

7 eige) A

%

°

£
A -0l A

==

=z
| 253

0]

B

2y AgdTe Hol 1%
e

aFAA AUAD =
JECIEEELEAEE

g o A
2005).

w2} A
T2 WHAA To] 1F2

KTRS(Kibo Technology Rating System)e]tH(Liu and Liu, 2004). 7]<2] %A

2 wg A
a4, =
A7} Qe

=
=



4. 7194 A 4
7v 7143 723 /A4

719 SAE LS gurd o g y|Ydo] FraluA) st %o fAH SR 71
HtHCsaszar and Siggelkow, 2010). A3 AFEL FF 7|HE 3H9 +

Aol AAoY dEe HEE AASES olllv Ao v
Astti(Cave and Poter, 1977; Chen, 1996; Gimeno and Woo, 1996;
Peteraf, 1993). FAISH 714 S o&EAS HYUs] At HAA9
+AYS 43 BAGsHA S o], FARRE A A=E FHsHA HH
(Cave and Poter, 1977), FAHE Hgs 71X 7|92 71230 B A4
ERF FARSE] wZol o] = stog XAk ZA ol WA KD’ Aveni

2
et al, 2010). B%ol, AEE FAT FEUS FHT bsHol B =

BN AN
»

N

o0, dRbzos A, AR Has 2 AAR)S =7/ A ZF
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of AF=oM= F= 7IAZ BA Aol oM 7] A FF
[e3]

& =AY B9 4% ENE Hbd AP 2Ye Tk
H

<FE I-120 APAFAA 7193 FAES A7) 93 S
23 ATEH A4 &4 AF
Caves and TZ2 fFAAES Ad WH=-R&D, #F11, H-&

Porter(1977) 7147k AR Tz
A HAE B AR BEAE Lo,
2GR F, AF
Chen(1996) = w @ AAA 24 mgqeg e dHER A

QI FF -2, AAAA)

Bz o8| 423 3]
Gimeno and AR Ao 717 AA U} - JH] 2> 43

o Hx

I N B ARFZ-AFHTE, A
Wo00(1996) P Bk A=
Park and =] = )
Ungson(1997) 719 FAE Y A= 7143t T E/’lﬂfi}iij
Saxton(1997) Aol mAE 9F AT e — —onE
Zeng(2003) T

A% YA e e B R E-$U U5, ReDA
Lee(2009) | ¥ st sHo FA4 &3 Ml ARk 8,
24 AF AT
a2 AT 249
oy BAeIA 39 AFFRMENE R FE-p R

=
53 71¢ 3 49 A=

WE FE-AE GE

4540 TR AN 190 a
neEUY el wAe g wa T TEE FERAS

Signori and | Abd frAbgel Wik Hl2E EA
Vismara(2018) | 7]Wgk ZH2]A M 3

N B BHOE AN AR Ade APHOD HEH MY

A= SIRAT, Z1de] wAE AL 9o a5 FE JEE s
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. Peer 15 E4

ol APdA omz IFWAA dolu ARIAH $A], 59 Tol FARE
Abgtolut JHAIE owetH, do] OF 4 AZE Al mE 1]oje o]
HE (B P55 ZUEY st A" th(Weston et al., 2008).

EAYYS BE OE MAES viaE, olelg vl ZAS Y &4

WA FAR AASS WojaFor Addd 18 b Wo1Fe of

HEES F3)7 4 AHERE 2ofH], £4 tde] oHEE:s e
ol 1% Bl A 4 g thBolton & Hand, 2001).
Min and Lee (2008)= A8BHEHS FFst=d JAM &4 15 78

3l7] 98 AFZEH EAHLS ALIE mo]aE BA WS AAsgon,
Trout et al.(1996)2 AMHAIAE < =Fstr] 913 voj1F &£4°l| DEA(Data
Envelopment Analysis)E 24 £3}% 3, Hong and Sohn(2013)2 ©|o]g 9] ¢
AAAE 18]S Fo2F 4S5 ¢ls] Mahalanobis DistanceMD)E ©] &
Skt

Nenzrel A% BANY e BFERAARRY FAAE

2
Jm
Q
Hm
%
[®
=i
—
@]
=
=
]
&
=
2
o
&
D
=
=
®
)
(9]
w
=
Q
]
o}
P.,
ox
o
>
>
N
)
tlo
H
2
.
i

o2 BRI, dolage) F& ARIE ARG FH) T Pu
g HAAEAA ATl &R ] Fx AR BESHAL Yo, V1%
B el So 1ol te HAT ARENT ATAE EAo| UF ao
o7 ARen Atk <29 -8 <2d I-19HE #7138HC07) 7%
o AFATHTOS] FASE el G A& T1ERZI T 7
£/ 2RKTRSO BrhAel A AZE ol 1§ 24 Aol thg oA

.E
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Zt2 Peer Group £44

1. H|AF X|ZEE4

> 22t

* Peer Group2AI2 7|22357|2 B37|Y datas 7|82

A ot ol = == o 5 2+
o|AR0t i
®
- H|m3|AL chH| 258 £F @ AlEsE
- BIRS|AF CHE| 2EFH £Z : MEsHSH
- H|m3|AL cld] H|XE =& : Z|&0iesE
> TAIRES 71| FAE
TS [Edzse ese-| @eF | TERE | ER | gzew | comw
=2 (=
Max
Jgﬂ ..................................................................................................................
w | Lt/H B m
+ HIRCHA §E : (70) olTsHE
P TAPIE 10| SAE
b =
Holes [Exzew 2w az= | FIEES AES | dmein/ | some
o [=Ta |
Max
=t
B | . . |
~ Blmohs 71E : ( Co7 ) woIstel
» Peer Group H|ul
XAz 7| =2l= M= = e
2 HENEH | gmy | awz | TS = | amen | cem
AFZI | Value 1.92 1.92 12.00 7.00 8.00 17.00 5.00
oA 16.46 285 14.00 7.26 6.57 14.22 6.80
FAIHS Max 41.42 5.00 19.00 14.00 9.00 17.00 9.00
Min 1.25 1.00 8.00 3.00 5.00 11.00 4.00
g4z 20.41 317 13.80 7.83 7.03 13.79 7.26
FARZ = Max 39.08 5.00 18.00 15.00 9.00 17.00 9.00
Min 125 1.00 8.00 3.00 5.00 11.00 5.00

<1y 1I-18> I 1F B4 (HAF A& &4 dA])
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F of ol.& =28

02
fob
S|
Sh

A A

- H|3|AlL chd]| 26t £& @ S 8HIS/HEAH
A
~

- vl ms|Ab CfE| HIAEH £ : ZAZIIE, 2H|S

> FAIRE 71O BAE

— e EBITDA/ xtel=y ojoip|ol= EBITDA/ =38/
LlEE == P e Ly Sy - =
RIS =ie | oixiuigen |-EBmDAm | TTEOL T 00 T | opmelon | ohsedeo
Max
xgﬂ ...................................................................................................................................................................
Min . . .
*  H|moHA "B ( 70) L e H|20| X255 2535 @Itss

> FAPIE ZIitiH| SlASEE

- Oj=H EBITDA/ xtl= = ) ez Res o] el =3 EBITDA/ =348/
i S}=2 = = =
BRS =012 | ojxtulgen | EBTDAen | [T ACI=0R | ) ofSUen | oHZ e
Max
o cr | FRERSS D TN Tt W TR Lel|R S P R N B s R (e
Min Sl
~ W@ 7S (CO7 ) SU1siE . BIZ0| H24E 24 HIER

» Peer Group H|ul

= 1I§°;" EBITDA/ Atel= e =T gelojel=E | EBITDA! | =8HIS/

=712 | o|Ald| & | EBITDA( (%) OS5 | OHSUw)

AFIIA Value 0.00 0.00 8.75 128.95 0.00 0.00 0.00
BB 10.81 6.19 2.39 120.47 4.58 6.82 0.87

FAIRS Max 86.70 26.75 11.41 392.80 15.97 21.10 2.48
Min -68.74 -13.56 -3.85 5.85 5.73 717 0.02

= 2 5 724 3.88 4.79 141.31 5.77 7.43 1.70

FAZIE Max 55.47 10.81 18.84 481.69 14.10 18.13 4.71
Min 5150 -2.50 -5.09 3.54 -1.59 -0.62 0.20

<O 1-19 FaF B4 JHF A &4 oA
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. $A B4

dolg kel ¥ {f-AHE(dis-similarity)2 A gl(distance)& 7HAaL F+2 =3
stH, AR (similarity) HI-FARS 2 REElE AA O] ATk A7l Lol

Al <(correlation coefficient) & AR&3dte] Z48t7|= &tn, tiEAQA FAHS

ZAAFE ofeo} 2,

(1) FZ2= Ael(Euclidean distance)
FEYUE Ade A= A F A AolE QAT HA AdE
@i, Ajgho] 0ol 7M7beE AR Aotk
FEYE A4 F A p, g5 p = O P2 oo P B q = @ Qs
@zt & w polA q e qollA p7HAe] REEE Ade vEd 2ol
AbE

R

d(p.q) = dlgp) = /(g —p, )+ (s —py)* + +(q,—p, )

gy ?i

<213 1I-20> Euclidean distance in R?
Z=21:9] 7] 9 vy o}, URL:http://en.wikipedia.org/wiki/Euclidean_distance)
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(2) el n] 2~ 7 g](Mahalanobis distance)

HFE P7F Aty B2 2F #ak wE EolRA JeAE FAHSE ofl

WA oron], elolel Aol 4 BAE mITHE 540 At
BE 1= (itportye iy) b FEA S ZHE MEL Y = (000 )"
of & mEetwrlzs A g 2ol At

(3) W3ler Azl(Manhattan distance)
Mslet Agle 789 "HAZE SRR A EFRE 4 v Y-S
5, A4, 9, B AR nke B2 E AACE I oo AEF, VHE B

+ AR B2 AYgPHE BmA o8¢ B AR “City block

i<
=

Jfu

distance” ,  “Chessboard distance” ,  “Rectilinear distance” , “L1
distance” ailx gt

F A DpqE D= 0L Py P)HR Q=@ Q. @EF T T pollA g
EE qollA p7EA Y] Wt Ade thad Zol ALtE T

d(pg) = lp=dl, = lpi—a A P
i=1
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EEEENY
EEEEZE
HEERZENR
EREZEERR

/|
ZEEEEE

<TH B2D sk Aot fEHe A
<= #]:917]19) ) o}, URL:https://en.wikipedia.org/wiki/Taxicab_geometry)6)

(4) M1s2~7] Ag(Minkowski distance)
U327 Ade 295 Aot Wt Age dutstz f38= A
o Matek Ade W27 Ao 53 Aotk T4 p
F227] A= ot et o] FojHAT

1
d(p,q) = Z|pi—qi|m)m S

O

==
rr

o714, m=1 = M3tk Ag], m=2¢ FEH=Agr Aok

6) WH5IEr 2ol w7, woF metd HeRe Rt 7ro 3o Heg 72le 120|ch v

il Az
928l Azle HMHoR Ak 64/2~ 8.492 sbg A2t .
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(5) ZAFQ] A= (cosine similarity)

FAR FAEE F 9 ke ZARI 4EE Yells W F3E (Rt
72, inner product space)®] AISX2A, =77} obd WE 9] HFgEA Ao
W Bt o ASET B9, 1 544 A9 Ade 24 @] o
o Tk ok EZlol Aol WE 7+ SALE =Ao] 2F AHg"TH 7o)
F0° 9l A%, 1 3] (2= Ao)st= Aagle] 1=

3 EJo g ¢lsle], 2 AKX A (information retrieva)® € 2~E do]
B] vloly (text data mining) S FokolA FLE 1 Yt} FAR] FAE
£ 2o2 YA t53 2

ZAB

Similarity = cos(0) = i A ” T B|| F\/»
D A7\ DB

olZA AAA FAIE= —1oA 17FA 9] &S 7HAH, —1& A

=
3 wEE A4S, 02 A2 SgPdel 49, 1 A2 948 2L HeE
=

, A, BY MEzE dutdom g

(6) B.#o]-#El 2 H]-FAF=Bray-Curtis dissimilarity)
AEeE A ESA T2 AMEEE B ol-AH2 HfAEE ZF HHe
MA 5 7Rz, A2 g8 F JdY 7489 Aolde S48k
AbgdTh TR 4, jo BEo]-AE 2 HFAIEE o) 43 o] AHod
=2
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. 784

o] ZolM= & Aol AREHE HIolElel AR Bl AkE AT o
o HF 4tEE s <ad M- o] AFHoz &gk F oo
A= Aol A ZAIs Argstaxt d

3 A GAR oln FEHIIE st B AFAE BAF 7199 7]
d TTEE dEld= AFUolE e A #AE vEe wE, vl #d
tolHE £33t Fx ARJ 7|EAow 37 Hrt AHRES AL
AEE7] WZel 374 71eH7t 23 doly JA /T Fo= A

ZE HI7F Uil HuMOY 71 target firm)3 F-ARSE 71 S(relevant

.

firms)S ZHH YHE T3 F=3

o

T WA GAZ 3" HeolHE ol&ste HUul 7]A(target firm)z}

A 719 E(relevant firm)7te] FAIEE AT AR =4S fs) B

ATANME | BHEO-AEZE  HFgAE A 76 W

dissimilarity index-based methods)S AF&3tH, B ol-AE X~ HFAIZE
S| %

ME FAE AN TS Agety] el dolHE Me FuE T of

i
~—
SS)
o
o
<
O
[
=
=
=

=)
A
=
o
u
i)
b

(density) /Nd< Ar&ste F=ABE Ao AT 4

BE Az o3 7e5AY, 283 4 =& (box plot) ©
=
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1st Target firm " Relevant firms

& .
R <« - Firm size data
step B 'I;'Irrar::f:laqc?;: data & -. Trade relation data
: -. Previous evaluation results
an Linking target firm to relevant firms
-. Converting size and trade relation data into a vector form
step . S e S
-. Using bray-curtis dissimilarity index
3rd Reference information
-. Plotting density distribution
step

-. Generating descriptive statistics for density data
-. Plotting box plot using density data

<ag [I-1> #F=x AR AAES A d748A =g

SELT-IEY
B AN AASLA S PHE

& <Oy M-2>9F 2o (F1FA4
-7 A7 SAE =2A)-(F2AR QA A AR Qoks 2= 9o
(L7254 B7F td 71t ol Hrk @ 92 719 2] HA4
< 7o yo] IFS AT
@G GAIE =H) ¥
WA g ooR fFARE =

BAZRR AH) FAE @

i

3 WS o §itel Fx 3
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Creating a peer group Measuring similarity between firms Generating reference information

Targe! tlrm G & i
peer g Internal Wﬁ & | Overall .
A S S verage
d‘%,\) i group structure W 2g® F F8 r J Density q% - value of
MJ’II y " 3 4 v
o= AT 2 P . . datibuton A
\ ucture ', i \ ol

: N e
External #‘f_ - ﬂ E al 3
anocrare M9 o @‘*ﬁ s = Descriptive [Win

Amount of  Ameunt of = statisties | . | -
main
purchases.

I:Kl(. rnal

lmhnh\ structure * %5 Q @

‘mai
Sales

Similarity between target firm and KTRS rating information of

relevant firms in peer-group relevant firms in peer-group

Establishing relevant firm portfolio

™Y MM-2> =z AR AL 3 GAE g dY=a
1. Peer 15 A

B2k o A1l UE 2E Ans JEFeR ofn Hriw sIge]
Bk ARE Aol APAT AT ov] BkE J14e) B AmE
UR g7 Rl BE /199 Bk ARE Agstel FEYRES 4
I, RS SR Ze S wagHon,

oA B ATNAE $A Bk BY 1Y /AT 19SS F
F2 7199 A By ARE aokslel RxE AnE AYBT.

B A AE <Y M- 2ol % A BelY BAZ AA oo ¥

Fo] QItHChen, 1996; Chen et al., 2017).
H7F A 7193 fARE B2 7R 719 9o aFd £3HA st
71 98 H7F iy 71dHd Y3 I F4Y B F(KSIC:Korea Standard
Industrial Classification)ol]l 43t 719-& A€ o).
T A EFAYEFE WEFHE TEF, &8
A2 FEHeH Fx ZRE A7 FE3 7

3l FEFEKSIC 2= A5 F AHE 7Eoz2 LT 7de Addt



oA BANAE YR 2 A% A A0 BEHAL FADT PR
o A FAA BHIA 719 FAGIAAAEAAD), FPY

o, ARFS BHIEL oF RN U JT FEH] U= 7]
B dugt gne] TaE FA4 BHIAE uES Yo o Fof

A ANBAE ol&3st7] WZol ol g dAANA B7F thd 7143 FAH

’ . Relevant firms belonging to the same KSIC
a Target firm : "
B ' N T with the target firm Relevant firms

] Lt

Internal structure( o

/

& . ;
N 2 Same firm type W & & :

mal structure

/ Internal -

J:I_ X similarity ‘

External structure

External structutle < Same trade relation

nmcu{ltof ﬁmourto{ I-"‘I
n

-y main y
X purchases sales  / T
External 7 i
\. similarity’ 7 Bray-curtis distance
g Overall Similarity

\\:l> rene

Firm b

Firm c

< -3> 224 LEjdol 7k woj1F A4 A=t
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2. 714 A &3

Fol g &3 fA4 7199 A Woh ASE FHHE Fx PRk
BAE LU, B Aske]l FHA A4 A1 B O A1) e FAE

4 9, AU F MEY 2 4RI
& TP AT HolHE Agstel AT T & Atk @A FA A1
of = dolE el WE fALS Ads U TEE SAHS AF
g 5 Ak

Bk o Aol Ad BE g s} ARHE g¥ FrE E o
MY TP A BAS Agstel A @ & Ak WA W g
WY dolEs wWE 2 i) MEE 42 BASL FA 71 WE 3
FARE AN 9B F2H A4S 4EF 5 U0

T oNE e fARE ANS Sl B AFdME neo-Ayxs

(Bray-Curtis) BHIFALE XS AHgstEH], ols F WEY b 84Ee
el g JHE 84E o] Mgy Hle=E A9 Hoh(Wajeed and
Adilakshmi, 2011)
e staSo] = =

o FAA Aol oA S5 EAS AHHsHI
Aes Az T8 9
Blo] Xpol 5 AlFstet=d 7HE Bol AHgE = Wiolt.

B Ao A T dlE 1] FAREE AsEr] 98 Bol-AE 2

Hed, B o]-AE
2~(Bray-Curtis) | AT

:\o
X
=
o
e}
o)
&
=
o
=)
N—
é
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(Bray-Curtis) Hl-FAIE=E A3 o]+ O3 Zth AA, FE& 279
FALEE7] W&otk &, B o]-AE ~Bray-Curtis) BIFAIEE FFHC

59
F T (community)oll A ¥ F(species) = 2]
T BlfAME S SAHStETE FE AR EHE,

El'-_
2 dTME AR gE F 7IdA 88 724 54 delge 7

A7 7HA 2 e +AHQ! double-zeros paradoxEH-E] A =&

)
o)
o
30
o
>,
fru
v
i

% 9= 7HCentral-Eastern European Countries)?! Poland, Hungary,
Romania, Bulgaria 47}=r2] EU Al&el st AdF+=7F e AAH 5=
Fold o]F of¥A W A=AE F#A (correlation indices)?t A ]
A A & (distance metrics)E AHEStY] I FAMI S HlwstR =, A
Boes Ag AR xS B ol-AE 2=Bray-Curtis) Bl-FALE7F A= T
o] Wsts o & wkgstal e BT AA, 7FEAES A "4
Folt}. H#o]-7E 2Bray-Curtis) HlF-AI=+ 004 171x19] k& 714
7] W&ol (Limberger and Wickham, 2012) o] 7} Axtele] dAA 7}
TAZ AHE3H7] &olsid.

H7F o 7149 18 #AF 719 jell diEl ol e fAtEE o <A
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