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ABSTRACT

This study empirically analyzes the characteristics of the various attributes of technology that influence the economic values of
technologies, based on the cases of technology valuation carried out in Korea. To do so, we collect the cases of technology valuation
carried out by major technology valuation institutions in Korea and extract from these data the information about various
characteristics of the subject technologies of valuation and the primary factors applied to the technology valuation. Based on such
extracted information, we examine the overall trends of technology valuation in Korea and analyze how the main factors of

technology valuation vary with the attributes of technology.
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1. INTRODUCTION

This research investigates the actual cases ohdémyy
valuation in Korea to analyze the characteristind iafluences
of the primary factors that influence the deterriora of
technology values. To do so, we first collect thatad of
technology valuation carried out by major instibnt of
technology valuation and observe the general treadd
characteristics of determinants of technology uétma Then,
we analyze how technology value, life span of tedbgy,
discount rate, and level of contribution of tectogyl vary with
the intellectual property right type, stage of coenamlization,
evaluation purpose, technology field, and indudieyd, and
how these determinants of technology valuatiorugrice the
final technology value.

In this paper, the analysis is carried out basedtlmn
publicized cases of technology valuation conductey
professional institutions and the actual cases frahich
information needed for analysis could be extractddch of
the contents of technology valuation are not funetstaly
open to public since the technologies developedvared by
private corporations are related with the businessrets.
Therefore, it is a reality that the quantitativéiyited cases of
the analysis serve as the obstacles to reliablaltsesind
empirical analysis for extracting objective impticas.
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2. ANALYTICAL FRAMEWORK OF INFLUENTIAL
FACTORSIN TECHNOLOGY VALUATION

2.1 Deter mination of Technology Values

Models or techniques for valuation are diverse fisstisages
of technology valuation are diverse, and it is aitg that even
the same model shows diverse features accordiagatyzers
in applying variables that significantly impact malues of
technology.

In particular, in applying DCF (discounted cash fjJdvased
Income Approach, economic life span of technologystrbe
estimated for calculation of the future income flpmwduced by
commercialization of the subjects of technologyuasibn, and
level of contribution of technology must be judgadorder to
separate the part that the technology has congdbfrom the
flow of total income. In addition, a proper discouate must be
determined in order to convert future cash flowoipresent
values. Besides,
determining variables are required in valuation hogs of
general income approach.

First of all, various methods can be applied faledwaining
economic life span of technology. In case whensihigject of
technology valuation is patent technology, the lléiaspan of
patent can be simply considered or the analysapmfcants or
citations using information of patent applicatioofisrelevant
fields in the past can be utilized. In additionsipe of life span
of products with application of relevant techno&gjican be
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referenced. As methodologies for analyses of li@ns of
utilized or methodologies such as analyses of raykiand
trends using database, citation analysis, co-wamt co-
citation can be also utilized.

{Tecknology)

{Determinanis)

(Economic Value)

Intrinsic attributes
- Commexcikzaionstage
-Typeof IFR
~Technalogy field

Technology

Fig. 1. Determination of Technology Value

In determining the level of contribution of techogy,
various methods are utilized. The most common ntktbb
determining the contribution level of technologieis
technology factor method; technology factor medres scope
that technology itself takes among estimated postiaof
increase of cash flow generated by uses of speeifttnologies
within specific corporations. This technology factoethod is
said to have been suggested by Arthur D. Little f&Jcording
to this, the scope of changes of technology faistdetermined
by the number evaluated in quantity of the contidsu to
corporations made by superior competitiveness dirtelogy.
Before this, Dow Chemical had measured technologjorfac
using utility attributes and competitiveness atttés after
evaluating present values of additional cash fldlke US
National Technology Transfer Center is carrying @luation
regarding possibility of commercial survival of ewlogies by
expanding indices for evaluating utility attributeand
competitiveness attributes with technology factoetimod of
Dow Chemical as a basic model. Inavisis, San Dieaged 1P
management company, is calculating techno-logyofactn
consideration of industrial factors and individuachnology
ratings. On the other hand, UNIDO explains abouhnelogy
pricing in technology transfer through the conceptLSLP
(licensor's share of licensee's prdfitp], which can be also
said to share the same meaning with the concetpiedevel of
contribution of technology. Besides, rules of thuinibwhich a
certain part (25% or 33%) of income flow produceg b
commercialization of technologies is considered
contribution of technologies, are also used [7].

Consequent risks of commercialization of technolegiee
classified largely into systematic risks and nostegnatic risks.
Systematic risks are caused by common factors efetitire
capital market and are difficult to remove or tooiav Non-
systematic risks are caused by unique factors giorations
and are possible to remove. As the methods of méterg
discount rate for converting the future cash flowoi present
value by reflecting these risks, WACC (weightedrage cost of
capital), Risk Premium or Built-up Method are utiiz and
required rate of return applied by venture cagmtaliin the

technologies, information analyses suchitd®ometrics can be
United States when estimating new venture invessnenalso
utilized.

Because the establishment of various assumptionsttend
estimation of various variables besides the aborpoitant
variables are accompanied and change final amoofts
valuation, it can be said that feasibility and dodiy of
valuations are determined by on how much reliabtel a
objective ground estimations or calculations ofstheariable
are carried out.

2.2 Method of Analysis

In order to analyze the influential factors of detmation of
technology values, with the estimated amount ohrietogy
value as a dependent variable and valuation purstage of
commercialization, type of intellectual property ght,
technology field, and industry area as explanatasiables,
categorical regression analysis is carried out. doateal
regression is a method of converting categoricabites into
optimum scale for finding out which variable proesd
important impacts on dependent variables and olvgpwhich
variable among each several categorical variablesportant.

Ordinary regression analysis is the statisticahmégue that
aims at explaining or predicting the relation beiwea
dependent variable and independent variables. Herease
when independent variables are continuous, linegiession is
utilized if a dependent variable is also continuatrde logistic
regression is utilized if a dependent variableinsity.

However, if independent variables are categorichdit
may be difficult to apply the ordinary regressiondal. This is
because the data violate the assumptions of ndymali
homoscedasticity on error terms. In these cases,gtmeral
linear model can be utilized, but categorical regien analysis
can be used to gain more useful results. Ordinagyession
analysis estimates regression coefficients by Isgsares. On
the other hand, categorical regression analysisuigEsy
optimized linear regression equation using vargble
transformed through optimal scaling using altengatieast
squares. The analysis produces an optimal levehéoninal,
ordinal or continuous variables, and do not neetdhaee the
assumptions on the distribution of variables. Iregarical
regression, optimal scaling means a method of aaadysis in
which the measurement characteristics of dataediected but
observed categories are granted numerical valuethatothe
relation between observations and data analysisehwah be
optimized. Alternating least squares means an idhgorwhich
carries out repeatedly the stage of model estimabyp least

the squares and the stage of optimal scaling of datiarin

3. CHARACTERISTICSOF TECHNOLOGY
VALUATION IN KOREA

3.1 Characteristics of Collected Data

This study performed the analysis based on the aofathe
latter half of 2000s, when technology valuatiompngl with
technology transfer and commercialization, and netdgy
investment, got into its stride. The contents athtelogy
valuation are rarely publicized because they inelthe internal
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information of corporations. It was therefore vaetifficult to
obtain the data for analysis.

Specifically, the valuation reports of the orgatimas that
have professionally conducted technology valuatsuch as
Korea Technology Transfer Center, Korea Technoldggrice
Corporation, Korea Invention Promotion Associatidforea
Institute of Science and Technology Informationd aforea
Development Bank, were used for research. Additlgnal
valuation data that were open to public and couldvide
information needed for analysis were collected fr&worea
Valuation Association, some universities and patdiintes.

Among the entire valuation data collected for asialy956
cases include substantial information needed fertmlysis of
the main variables that reflect technology valuee Estimated
amount of technology value varied from 0 to 61,62®#ion
won, and the average was 1,175.8 million won.

32 Genera Characterigicsof Technology Valuation in Korea

We can examine the general characteristics of tdohg
valuation in Korea in terms of the attributes ofbjsat
technologies, such as purpose of valuation, stade
commercialization, type of intellectual propertghi (IPR),
technology field, and industry area.

To begin with, when the cases of technology vatuatire
classified by valuation purposes, among the eSt@ cases of
valuation, there are 165 cases for technology fieanand
transaction, 149 cases for technology investmentca&es for
investment promotion, 466 cases for loan on saegurit
accounting for 48.7%, the highest percentage, &8l dther
cases, as in Tab. 1. The economic value of techiedavas the
highest in investment promotion with the average3@&60.5
million won and in technology transfer with the eage of
2,189.7 million won. On the other hand, lawsuitnbs about
the lowest with the average of 177.3 million wondan
technology investment and loan on security haveré¢haively
low averages.

Table 1. Technology Valuation by Purpose of Valuati
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Table 2. Technology Valuation by Stage of Commiizeiion

T Number of Cases Technology Value (million won)
Commercialization Stage — -
(%) Minimum | Maximum|Average
Idea generation 6 (0.6) 610 832.0| 414.0
Research & development 75 (7.8) 0.0 21,659.0 1,429.0
Completion of R&D | 109 (11.4) 8.0 33,956.00 875.9
Completion of prototype| 217  (22.7] 1.0 61,622.0 1,151.0
Completion of product 132 (13.8) 3.6 20,450.0 1,720.2
Production & Sale 417 (43.6 8.0 16,510.0 1,060.2

(0]

Third, when the cases are classified by the typés o
intellectual property rights, there are 799 caséspatent
registration, accounting for a majority of 83.6%, @ases of
patent application, 33 cases of utility model regtton, and 38
cases of no IPR, summarized in Tab. 3. Technolatjas do
not have IPR were valued the highest and software
technologies were valued the lowest.

Table 3. Technology Valuation by Type of IPR

IPR Type Number of Cases Technology Value (million won)

(%) Minimum | Maximum|Average

Patent registration 799 (83.6) 0.0 | 61,622.01,139.8
Patent application 74 (1.7 8.0 | 33,956.0 1,406.2
Utility Model registration 33 (3.5) 1.0 | 11,273.0 1,227.7
Utility Model applicatio 5 (0.5)| 253.0 1,000.0 665.6
Software registration 5 (0.5) 20.0 634.0| 338.4
Other type of IPR 2 (0.2) 690.0 752.0, 721.0
No IPR 38 (4.0) 55.0 | 12,009.0 1,640.8

Fourth, Tab. 4 shows the cases classified by tdogpdield.
As seen in the table, machinery accounts for 238savith the
highest percentage of 24.4%, the largest numbecasEs,
information & communication 161 cases, electrici
electronics 138 cases and materials 104 casesnsholable 5.
Natural science including physical science, chamiand earth
science has only 13 cases and energy & resourseddheases.
Economic value of technologies was the higheshénfields of
life science, and relatively high in the fields ehergy &

Valuation Purpose | \umber of | Technology Value (million won) resources and environment, while low in the fiebdshatural
Cases (%)| Minimum | Maximum| Average science, chemical engineering, construction & anstion,
Technology Transfer| 165 (17.3 0.0 | 61,622.0 2,189.7 information & communication. etc
Technology investmentl49 (15.6) 10.0 | 21,659.0 856.8 S
Investment promotion 67 (7.0)| 167.0 | 15,241.0 3,360.5 . .
Loan on security | 466 (48.7) 50.0 6683.0 749.9 Table 4. Technology Valuation by Technology Field
Lawsuit 3 (03) 61.0 398.0] 177.3 Technology Field Number of Casgs Technology Value (million won)
Others 106 (11.1) 13.0 | 3,756.0]/ 565.8 (%) Minimum [Maximum| Average
Note: Million Korean won = US$850 Natural science 13 (10.3) 71.0 1,633.0| 628.7
Life science 46 (4.8)] 11.0 | 61,622.9 2,310.8
Next, when the cases are classified by stages of Healthandmedicine 58 (6.1) | 100 | 6,120.0] 1,140.3
commercialization, there are 6 cases at the idegesbf Machinery 233 (24.4) 80 | 18227.0 9727
Materials 104 (10.9) 0.0 | 21,659.0 1,457.0
technology, 75 casgs at the research and develcbpmea Chemical engineering 50 (5.2) 78.0 74550 8473
cases at the completion of R&D, 217 cases at theletion of Electiciy & electionics| 138 (14.4) 36 | 33.956.0 1.399.6
prototype, 132 cases at the completion of prodantd 417 Irformaton & communicalin 161 (16.8) | 13.0 | 12,009.0 924.8
cases at the production and sale, which accountfiéolargest Energy & resources 24 (2.5) 83.0 | 16,510.0 1,740.2
percentage of 43.6%, shown in Tab. 2. At the stafie Environment 37 (3.9) 150.0 | 11,709.0 1,639.5
completion of product and research & development, Const &transportation 92 (9.6) 34.0 7,332.0 853.1

technologies were valued the highest with averadels720.5
and 1,429.0 million won. On the other hand, thgesaof idea
generation and completion of R&D show the lowestages.

Fifth, Tab. 5 displays the cases classified by stiuarea. In
particular, industrial machinery area account2®88 cases, the



56

largest number of cases, electricity & electrodi¢d cases, and
service industry 142 cases, shown in Table 6. Tamation
equipment, furniture & other products, and foodtlting and
lumber areas have the relatively small number skesaThe
economic value of technologies was evaluated tigbdsi in
the areas of petroleum & chemistry, nonmetallic erdh
product and transportation equipment, and the lbweshe
areas of food, clothing & lumber, furniture & othgroducts,
and service industry.

Table 5. Technology Valuation by Industry Area

Industry Area Number of Cases Technology Value (million won)
(%) Minimum | Maximum| Average

Food, clothing & lumber 40 (4.2) 19.0 2,262.0| 676.0
Petroleum & chemistry 96 (10.0) 10.0 | 61,622.0 1,792.8
Nonmetalic mineral product 61 ( 6.4) 40.0 | 20,450.0 1,731.0
Metal product 62 (6.5) 0.0 | 11,681.0 1,143.6
Industrial machinery 263 (27.5) 1.0 | 18,227.0 946.6
Electricity & electronics| 174 (18.2) 12.0 | 33,956.0 1,443.4
Transportation equipment 27 (2.8) | 134.0 | 11,273.0 1,658.9
Fumiture & other produgts 21 ( 2.2) 30.0 2,798.0 759.4
Construction 52 (5.4) 101.0 | 10,034.0 1,044.0
Service industry 142 (14.9) 20.0 5,071.0| 698.4
Other industries 18 (1.9 24.0 | 11,709.0 1,896.3

4. INFLUENTIAL FACTORSIN DETERMINING
TECHNOLOGY VALUES

4.1 Importance of Technology Attributes

We executed a categorical regression analysis with
dependent variable, the economic values of teclgiedoas a
continuous variable and independent variables datu
purpose of valuation, stage of commercializatioypet of
intellectual property, technology field, and indystarea as
categorical variables. The results of analysisaartollows.

The table of coefficients in Tab. 6 shows the catiegl
regression model estimated through betas of comifie as
follows. In the model, each variable indicates andardized
one. According to beta coefficients in the tabla/uation
purpose is the most influential variable and th tigpe is the
least influential variable on the economic valueaotertain
technology in technology valuation.

Table 6. Coefficients

Standardize@oefficients
B Std. Error] d.f. F Sig.
Valuation Purpose -370 .030 5151.481 .000
Stage of Commercializatign .139 .031 5| 20.486 .000
Type of IPR .097 .031 6 10.035 .000
Technology Field Ja21 .031 10 15.358 .000
Industry Area -157 .031 10 25.808 .000
R2 =.190, F = 5.937 (.000)
Table 7. Correlation Coefficients
correlation coefficient Importance
tolerance| Partial part

Valuation Purpose -.372 -.376 -.366 .730

Stage of Commercialization .154 .148 1341 113

Type of IPR .030 104 .094 .016

Technology Field .078 .128 116 .050
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Industry Area | -109] -165] -15]1 .091

Correlation coefficients are shown in Tab. 7, in evhihe
values of importance tell how each variable hamfinence on
technology values. In this table, the importancevaliation
purpose is the greatest with the value of 0.738e&s in beta
coefficients. The values of importance are propogd to the
absolute value of standardized regression codffisieNext to
valuation purpose, technology field, the stage
commercialization, and industry area are relativehpre
important while IPR type and technology field are tleast
important in technology valuation.

From the above, we can see that the applicatioibatits of
a subject technology such as valuation purpose iraahastry
area are more important than the intrinsic attabubf the
technology in technology valuation. This could mehat the
economic value of a certain technology depend®lgrgn how
the technology is utilized.

4.2 Influence of Technology Attributes

Tab. 8 summarizes the optimally scaled values wfgraical
variables. In valuation purpose, investment proarotis the
category that is expected to have the highest saliog
technology, considering that the sign of the stattidaed
regression coefficient of valuation purpose is tiggan Table
7. In the stage of commercialization, completiorpafduct is
the category that is expected to have the highektes of
technologies while idea generation is expected dawehthe
lowest values of technologies. In the type of IPRJPR is the
category that is expected to have high values dinelogies
while utility model registration is expected to kalower
values of technologies.

Table 8. Quantification of Variables

category frequencyquantification
Technology transfer 165 -.655
Technology investment 149 973
Valuation | Investment promotion 67 -3.172
Purpose | Loan on security 466 .232
Lawsuit 3 1.692
Others 106 .586
Idea generation 6 -5.097
Stage of Research & development 75 -.443
Commercial Complet!on of R&D 109 -1.865
sation Completion of prototype 217 -584
Completion of product 132 1.253
Production & sale 417 .548
Patent registration 799 .077
Patent application 74 476
Utility Model registration 33 -4.883
Type of IPR| Utility Model application 5 4.479
Software registration 5 -.019
Other type of IPR 2 -.198
No IPR 38 1.116
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Natural science 13 -2.565

Life science 46 -1.165

Health & medicine 58 494
Machinery 233 -.250
Technology] Materi_als _ . 104 -1.008
Field Chem'lc.al engmeerlng 50 -2.032
Electricity & electronics 138 .031
Information & communication 161 .786

Energy & resources 37 2.599
Environment 92 2.208
Construction & transportation 24 .522

Food, clothing & lumber 40 .745
Petroleum & chemistry 96 -1.549
Nonmetallic mineral product 61 -.870

Metal product 62 -.348

Industrial machinery 263 .368

Industry Area Electricity & electronics 174 -.468
Transportation equipment 27 -1.906

Furniture & other products 21 449
Construction 52 1.226

Service industry 142 1.416

Other industries 18 -2.483

In technology field, technologies in the fields erfergy &
resources and environment are the categories tbaxpected
to have higher values while technologies in thiel§ef natural
science and chemical engineering are expected e lav
values. In industry area, technologies in the aoégmetroleum
& chemistry and transportation equipment are thegraies
that are expected to have the highest values wétlenologies
in the areas of service industry and constructieneapected to
have the lowest values, considering the negatiga sif the
standardized regression coefficient of industryaaneTab. 6.

5. CONCLUSION

We, using the cases of technology valuation in Kpre
reviewed how technology value and the determinavits
valuation by DCF-based income approach including $ipan
of technology, discount rate, and technology cbuotion ratio
are determined, and analyzed how differences adenmathe 3
determinant factors according to the purpose afat&n, stage
of commercialization, type of IPR, techno-logy digland
industry area of subject technologies. In additive,attempted
to analyze how each factor affects the determinatad
technology value.

Based on the collected data, we analyzed the cleaistits
of technology valuation in Korea in various aspeEtsst of all,
we found out that the economic values of technel®ghowed
differences on average according to purposes dfiatiah,
technology field and industry area. Next, we ideedi
differences in determinants applied to valuatioprepch, and
therefore differences of estimated technology \sldepending
upon technological attributes of each subject teldygy.

In addition, we carried out the influential factois
determining technology value, and made certain ttinet
attributes of technology have different impactdioal value of
technology. More interestingly, the applicationriatites of
technologies such as valuation purpose and indas&ég have

more importance and influence that the intrinsicitaite in
technology valuation in Korea.

We need to point out that the analyses in this pare
based on the limited information on technology a#ibn, and
therefore, be cautious when interpreting the resolt the
analyses. We will be able to perform more reasanabl
empirical and theoretical verification of determita of
technology valuation if we collect much broader esaof
technology valuation and secure additional inforamaton
valuation factors in the future. We believe thasteynatic
accumulation of information and continuous reseaah help
establish methodology for more objective technoleajyation,
and implement more efficient technology transferd an
commercialization.
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