J Korea Industr Inf Syst Res Volume 17 Number 6
http://dx.doi.org/10.9723/jksiis.2012.17.6.083

e MRS A% HAAD A
BSCe} ANPE F4Ho=E

(Developing the assessment model for technology
selection: Based on the BSC and ANP)

&3 oM dH

(Jongyi Hong and Kyungchul Shin)

L % JEH e gAEAAIT sEsorE M FR3 ok Fo duoltl. 7]&EA e
F Aol Z7hskel wel, A EAAIE HAZ &S A=A 19 - S #
AAZE B Aotk wEkd B AT A= BSCe ANP 7|vke] 7|&B7rndS AA st 7
S 9% &R 2de Al 79 phase® TAo] Holgith R WA TANAE 7&H
Jholl 8L F= QAEL =EFYT) BSC LR A 20 7uksle] 7]E&AHS ¢35 #Aeky) sl
AT 283 AAXNFEE =&AL F HA A= ANP W28 AFE3le], A
ke 7S FYEEta Ve YES HUEIATE ANP WHELS i EAS 9% §F 9
f9E5®mul olYg 8905 1Y ATIAAES 1EEn Hrl ZEA L dojA] ABRAPIRE
Ve Fth A g dAlel e o Ao AdES AHEeo sbd HEg3 J)ES AdE
ol7l HErtsAe ASS Yd B AFUHES FFAR|2d AAZ HL5gy. B A
ol Al AAlE 71EH7E AR KL 7L VA G oA FehH S Fojof & Hofel o=
7VeA st WS duF )k doprl B AT WEES B Bopoll HEstomn oalAAe
St AAAES FdrE £ dS Aow Jgdy

A FA o  NENAY, FPAYNE, ANP

Abstract Technology assessment is one of the most challenging decision making areas
that companies face nowadays. According to increase the importance of technology
selection, it has been a main issue for the decision makers whether an appropriate
technology selection will be successful or not. Therefore, in this study, a technology
assessment model using BSC and ANP method was proposed. The technology assessment
model consist of three phase. In first phase, various factors, that have an influence on
technology assessment, were taken into consideration. Based on the extracted BSC process,
the strategies and critical success factors and performance measures were extracted for
selecting the technology. And in second phase, the ANP method used to integrate opinions
of experts’ and evaluate technology alternatives controls tangible and intangible criteria,
allows for more complex inter-relationship among decision levels and deals with ambiguity
involved in the assessment process. In the lase phase, according to the result of before
phase, decision makers select the appropriate technology. Furthermore, the proposed model
was applied in the public service for validating the feasibility of the assessment model. The
criteria and proposed performance measures informs the method and focus areas for
developing the technology. Furthermore, the assessment model can be applied to the other
area, and give the objectivity and rationality.
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1. Introduction

Technology selection is one of the most
challenging decision making areas that companies
face nowadays. Technology offers both a great
opportunity and a threat to companies at the same
time. If companies select the appropriate technology
at the right time, they can gain value and
competitive advantages and sustain the organization
competitiveness. It is important for organization to
make the appropriate selections to utilize their
fully. If

companies do not choose the right technology, they

limited capital and human resources

will waste the time and resource. However, it is
becoming more and more difficult to select the
appropriate technology because of the increasing
number of technologies, convergence of technologies
and abundance of technological options(Schmookler,
1966).

Social concerns about technology assessment have
increased rapidly (Park and Park, 2004) and there
has been growing

recognition that technology

valuation is a core task of enhancing firms’
competitiveness (Noori, 1990). Although there are
various technology selection models from intuitive
judgment to complex options model (Black and
Scholes, 1973; Mitchell 1996),

generally, the technology’s value can be expressed

and Hamilton,

in score, index, or monetary value (Park and Park,
2004).

However, there are some limitations of previous
technology assessment models. Therefore, our target
is to analyze the strategies and critical success
factors for the best technology selection and
propose the model for evaluation of technologies
using Balanced ScoreCard(BSC) and Analytic
Network Process(ANP)(Z%2] <], 2007).

The purpose of our research is to analyze the
strategies and Critical Success Factors(CSFs) for
selecting the best technology and to propose the
model for technology selection based on BSC and

ANP. The rest of this study is set out as follows:

the next section considers the available literature
regarding technology selection approaches. In section
3, BSC and ANP method is explained. In section 4,
the research model consists of three phases;
Performance Measures(PMs) development, technology
assessment and technology selection. Section 5
present the results of the empirical study for
selecting the appropriate technology. The conclusions
and future research opportunities are provided in

section 6.

2. Literature Review

2.1 Technology selection model

<Table 1> Technology selection

Authors Purpose Criteria
Choudhur Selection of Strategic/Technologi
Vet advanced technolo cal/Social
al.(2006) | ® 8y
Lubrlcant. Technology/Econom
Hsu et regenerative /Environmental
al.(2009) technology Y .
. protection
Selection
Selection of . .
Luong(199 | computer-integrated ff/:onomlc/Operatlon
8) manufacturing Strategic
technologies &
Mohanty Advanced . Strategic/Tactical/M
et manufacturing oneta
al.(2005) technology selection 24
Plastic injecti . .
Pecas et mijludcs lzfﬁggfz) Economic/Technical
al(2009) . ey /Environmental
selection
Shehabud Sif;“oeré of Technical
deen et D & . /Financial/External
manufacturing
al. (2006) pressures
technology
Technological/
Shen et Emerging Business/
al.(2009) technology selection | Technology
development/Risk

Technology selection is widely recognized for its
increasing importance in the field of technology
management. Previous studies on the private sector
in Table 1. The

are summarized technology
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selection model of most research did not cover all

area to select the best technology.

2.2 Technology assessment model

As we mentioned ahbove, generally, technology’s
value is represented in score, index, or monetary
value (Park and Park, 2004). Scoring model take
into account the various selection factors and let
experts subjectively rate score about each factor
(Park and Park, 2004). Then the technology’s total
score is evaluated based on addition and/or
multiplication of individual scores (Souder, 1972).
Index model which is more flexible and can use
more various measures such as ratio or percent
usually uses a functional form of selection and
ultimately evaluate a composite value of technology
(Park and Park, 2004).

Monetary value model measures technology’s
monetary value and uses capital budgeting methods
that consider Discounted Cash Flow(DCF) for
technology selection of net present value (NPV)
(Park and Park, 2004). Generally, monetary value
models can be divided into three approaches: cost
approach, market approach, and income approach
(Mard, 2000 a; Mard, 2000 b; Pavri, 1999).

There
researches concerning technology assessment. First,
although

different interested groups, most researches focused

were some limitations in  previous

there are various expectations from
on financial perspectives. Second, the factors used
in previous researches were not based on the
organization vision and strategies. The quality and
timely decision-making of technology selection is
essential for the success of any firm. There is a
need for a decision support system to assist
companies in selecting technology, which is most
suitable to their vision and strategy. Third, there
are no scientific methods on extracting factors.
Finally, previous researches did not consider the
possible dependencies among factors. To solve these

limitations, we analyze the strategies and CFSs for

selecting the best technology and propose the

framework for selection of technologies using BSC
and ANP.

3. BSC and ANP

3.1 BSC

Because the technology assessment is not for the
technical aspects but for the managerial aspects, we
need to use BSC. By the following advantages of
BSC, it is suitable to construct assessment model
for technology selection(A-%-% €], 2009).

* Performance measures of the BSC explain the
essence of a strategy and contribute to its
acceptance by the entire organization (Kaplan
and Norton, 1996).

» BSC makes it possible to evaluate managerial
activities with unbiased viewpoints by providing
both tangible financial aspects and intangible,
non—financial aspects (Olve et al., 1999)).

* BSC evaluates the
business and technology (Olve et al., 1999).

integrated domain of

Because of the above list of features, it 1is
possible to analyze specific characteristics and key
success factors in technology and propose a
methodology for assessing technology by applying
the BSC. Therefore, the BSC is applied to identify

the main strategies and CSFs.

3.2 ANP

The ANP which Saaty proposed is a
generalization of the AHP (Chung et al, 2005
Satty, 1996). While the AHP
uni—directional hierarchical relationship, the ANP can
be used for complex interrelationships (Yiiksel and
Dagdeviren, 2007). The ANP uses feedback approach

indicates a
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to replace hierarchies with networks. For example,
the criteria’ importance determines the alternatives’
importance, but the importance of the alternatives
can also influence on the importance of the criteria
(Satty, 1996). So, the
cannot be utilized in complex systems (Chung et al.,
2005). In that,
hierarchy for complex systems. Relationships in a

hierarchical representation

network 1S more suitable than

network are indicated using arcs and the directions
of arcs represent directional dependence (Chung et
al., 2005; Satty, 1996). Interdependency between two
clusters, outer dependence, is indicated using a
two-way arrow and Inner dependencies among the
elements of a cluster are shown using looped arcs
(Chung et al., 2005, Sarkis, 2002). The ANP is
considered for assessing the value of technology

with the following advantages.

= ANP is a comprehensive method considering
all tangible and intangible criteria in decision
making (Chung et al., 2005).

* ANP is an innovative and robust multicriteria
decision-making (MCDM) method, thus it can
evaluate the performance of intangible services
using comprehensive analytic frameworks for
solving societal, governmental, and corporate
decision problems (Chung et al., 2005).

* ANP considers both qualitative and quantitative
characteristics, thus it enables the evaluation of
invisible services (Yiiksel and Dagdeviren, 2007).

= ANP enables the selection of alternatives by

strategic
factors (Yiiksela and Dag”deviren, 2007).
= ANP helps the selection of high-Technology in

view of benefits, opportunities, costs and risks

analyzing dependency among the

so it can be adapted to invisible services
(Sarkis, 2002).

4. Model for technology selection

Figure 1 shows the model for
The

model using BSC and ANP method was proposed.

technology

selection. porposed technology assessment
The assessment model consists of three phase. In
phase 1, the PMs are extracted based on BSC. The
various factors, that have an influence on technology
assessment, were taken into consideration. Based on
the extracted BSC process,

critical success factors and performance measures

the strategies and

were extracted for selecting the technology. In
phase 2, the value of the technology is evaluated
according to ANP. The ANP method is used to

integrate  opinions of experts and evaluate
technology  alternatives  controls tangible and
intangible criteria, allows for more complex

inter-relationship among decision levels and deals
with ambiguity involved in the data evaluation
process. In final phase, the best technology 1is
selected based on the result phase 1 and phase 2.
according to the result of before phase, decision
makers select the appropriate technology.

Phase 1: Extracting PM

| Analyzing strategy |
| cs#s
h 3

| Analyzing cause and effect relation |

J,Eva/uarf'on method

| Developing PMs |

|
Verified PMs
—

| Phase 2: Assessing technology |

iConstructing hierarchical and dependence madel|
: ANP mode! ‘
Pairwise comparison
| matrix

Making the super matrix
Super matrix
Selecting the best technology

<Figure 1> The assessment model for technology
selection
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4.1 Phase 1: Extracting performance measures

It is essential to appropriately identify the vision
of a organization, because the BSC is based on the
shared comprehensive vision (Kaplan and Norton,
1992). Since the BSC will give the organization a
stronger focus than before, the consequences from a
misguided vision must be extremely serious (Kaplan
and Norton, 1996).

Exploitation of new technologies is important for
focused on technology to 1

businesses gain

competitive advantage (McNamara and Baden-
Fuller, 1999). Management of technology such as
technology strategies and planning has been more
difficult

technologies, convergence of technologies, abundance

because of increasing complexity of
of technological options, higher cost of technological
development, and rapid diffusion of technologies
(Shehabuddeen et al, 2006). Additionally, it has
been difficult to access appropriate technologies and
select the most appropriate option. Therefore, we
establish the vision as “To sustain growth and
improve competitiveness by selecting the best
technology”

Based on the defined vision, the corresponding
strategies were extracted. 8 strategies Wwere
extracted based on literature review. Strengths of
the technology itself are superior to the others
(NTTC, 2005; Heslop et al., 2001). The technology
is protected from the others and has proprietary
position (Coster and Butler, 2005, Yun et al, 2000;
Park and Park, 2004, NTTC, 2005). Marketability of
technology  has financial
performance of organization(Heslop et al, 2001,
NTTC, 2005; Sohn et al., 2007; Coster and Butler,
2005; JTTA, 2005, Sohn and Moon, 2003; Lassere,

1982). Technology profitability play important part

influences on the

of the financial performance of organization(JTTAS,
2005, Sohn et al, 2007).
essentially related with organization strategies and
vision (Gregory, 1995, Stacey and Ashton, 1990;

The technology is

Schroder and Sohal, 1999). When the organization
selects the technology, they should consider ethical |,
political, legal and environmental factors(Balachandra
and Friar, 1997, NTTC, 2005; Palm and Hansson,
2006). The technology can be developed and be
commercialized based on organization support and
capability (Balachandra and Friar, 1997, Heslop et
al, 2001). Based on the extracted strategies, the
corresponding critical success factors (CSFs) were
extracted. Table 2 shows the CSFs.

The cause and effect relationship between strategic
initiatives and CSFs for technology selection 1is
represented in Figure 2. First, the environmental
factors and the political and legal factors of
technology have influence on the organization and
technology perspective. Second, the organization
support and capability for the technology have the
positive effect on the marketability of the technology.
Third, the strengths of the technology itself can
increase the marketability of the technology. Finally,
the marketability of the technology has direct effect
on the profitability of the technology.

Financial

Technology Profitability

Market
Iarket Potential LA
Iarket Cendition

Business Technology

Capability of Organization

!

Financial Status

Intellectual Right

Technaology Extension

Risk of Technology
Human Reseurce .

Technology Originalit
Infrastructurs = S

Vision and Strategy External Environment

Strategic Fit Political and Legal Constraints

Organizational Needs Ethical Constraint

<Figure 2> Cause and effect relation diagram
Based on the extracted CSFs, the corresponding

PMs were extracted. Table 2 shows the strategies,
CSFs and PMs.
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<Table 2> Strategies, CSFs and PMs for technology selection

STRATEGIES

CSF

MEASURE

Strengths of the technology itself are
superior to the others (NTTC, 2005; Heslop
et al.,, 2001).

Extension of technology (Lassere,
1982; Coster and Butler,2005)

Extension range of technology

Technological risk/Technical
hurdles (Coster and  Butler,2005;
NTTC, 2005)

Technical obstacle/solution

Plan observance

The level of technology (JTTAS,
2005;  Sohn et al., 2007; Kumar
and Jain, 2003; Coster and
Butler,2005)

The degree of difficulty

Innovation of technology

Completion of technology

The technology is protected from the

others and has proprietary position (Coster
and Butler,2005; Yun et al, 2000; Park and
Park, 2004; NTTC, 2005)

Intellectual property rights

License duration

License possibility

Marketability of technology have
influences on the financial performance of
firms (Heslop et al., 2001; NTTC,  2005;
Sohn et al., 2007; Coster and Butler,2005;
JTTAS, 2005; Sohn and Moon, 2003;
Lassere,1982).

Market characteristics or
market condition (Lassere,1982;
Bar-Zakay, 1977)

Number of competitor

Market size

Growth rate

Market potential (Kumar and Jain,
2003)

Number of competitor

Market size

Growth rate

life of technology

Technology profitability has influences on
the financial performance of firms (JTTAS,
2005; Sohn et al,  2007).

Investment retrieval

Prospective profit

Payback period

Development and

commercialization  cost

The technology is related with firms’
strategies and vision (Gregory, 1995; Stacey

Organizational needs (NTTC, 2005)

Strategic feasibility

and Ashton, 1990; Schroder and  Sohal,
1999).
The technology is appropriate in  terns of Environment Influence on environment

ethical and environmental factors (Palm and
Hansson, 2006).

Ethical factor (Palm and Hansson,
2006)

Influence on morals

The technology is appropriate in  terns of
political and legal factors (NTTC, 2005;
Balachandra and Friar, 1997).

Political/legal acceptance
(Lassere,1982;  Bar-Zakay, 1977,
Yun et al, 2000)

Degree of governance
regulation

Governance support

Fund-supply

Social acceptance

Social acceptability of the
product (Balachandra and Friar,
1997)

The technology is appropriate in  terns of
firms’ support and capability (Balachandra
and Friar, 1997; Heslop et al., 2001).

Managers’ ability (Sohn et al., 2007;
Sohn and Moon, 2003; Lassere,1982;
Kumar and Jain, 2003; Coster and
Butler,2005)

Technological knowledge

Technological experience

Ability of utilization of technology
(NTTC, 2005; Sohn and Moon, 2003;
Lassere,1982)

Ability of management

Manufacturability

Financial status (Kumar and Jain,
2003)

Fund-supply
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4.2 Phase 2: Assessing technology

Generally, the hierarchy structure being measured
by the ANP technique is selected by decision-
makers through brainstorming or expert advice.
However, the BSC has a hierarchy structure with a
vision at the top, perspectives and CSFs at levels
and sub-levels and PMs at the bottom of the
hierarchy. BSC is a tool that translates the vision
of an organization into specific PMs because PMs
of the BSC are extracted based on CSFs which are
derived according to the strategy for accomplishing
the vision. Therefore, the BSC has a hierarchical
structure as shown in Figure 3.

However, the BSC cannot be structured only
effect
interaction and dependence

hierarchically —because the cause and

relationship  involves
between perspectives or CSFs. Therefore, a network
model is derived based on the cause and effect

relationship of BSC.

Financial
Pempective

[ Vision |»

LCustomer

cr. -
Pepective H CSF-C1 H PM-C1 ]

Internal
Process

Pempective

Leaming &
Growt
Perspective

<Figure 3> Hierarchy model of BSC

Figure 4 depicts a network model by considering
cause and effect relationships. A node indicates a
component of the BSC, a straight line represents
the interactions between two components and a loop
indicates the inner dependence of elements within

components.

‘- f__.-‘\\\ '

<Figure 4> Network model of BSC

The loop is drawn in Figure 4, because cause and
effect relationships are related to the interaction
between CSFs and perspectives. Figure 5 shows the
corresponding matrix. A zero value in a matrix
means that there is no interrelationship between the

elements within the components.

Viskbn Persgmectie C5Fr FPM:
Fiion 0 il 0l 7
Fespeane |IW2L W22 0 0
ciFs | 0 W32 W3i3 o
e |0 0 W43 I

<Figure 5> ANP network model of BSC

ANP was applied in the result of BSC model.
The 2-level model with a top-level control network
and 5 sub—networks is used for evaluating the
technologies. The top level network has the five
control criteria (finance, market, business, technology
and external environment) and each control criteria
has a subnetwork. Each sub-network has the
technology alternatives. There exist the relationship
between CSFs in market, technology and external
environment perspectives.

The pairwise comparison is carried out in the
toplevel network and each sub—network and the
local priority vector can be derived by the pairwise
comparison. Based on the local priority vectors, the
supermatrix is formed. The weighted supermatrix

can be extracted by multiplying the relative
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importance of the clusters by the un-weighted
supermatrix. Then, the limit supermatrix can be
extracted by multiplying the weighted supermatrix

by it self until the weighted supermatrix stabilize.
4.3 Phase 3: Selecting the best technology

The purpose of this phase is to support decision
making based on the results of previous phases.
The weights of the technology alternatives are
derived based on the limit supermatrix. Based on
the result of phase 2 the technology is assessed,
and then researcher can select the best technology.

5. Case study

For verification of the proposed model, Electronic
Toll Collection (ETC), an Intelligent Transportation
System (ITS), will be evaluated as a case study.
Electronic toll collection (ETC) technologies in this
research refer to the toll collection technologies that
can reduce the time taken to pay tolls at toll gates
and alleviate traffic congestion. ETC, with the latest
collects the toll while the
vehicle is driving without even a brief stop at the
tollgate. By inserting the card in an OBU (On
Board Unit) the toll
payment is made through a wireless transmission

electronic equipment,

installed in the vehicles,

between the antennas on the road and the OBU in
the vehicle. By
experts,

interviewing five experienced

three technologies were identified as
in a Korean
These  three
technology alternatives, as shown in table 4, were
Radio Frequency (RF), Infrared (IR) and Dual
(RF+IR) technology. The Radio Frequency (RF)

technology transfers information through a radio

alternatives for ETC technologies

Government—-sponsored  company.

frequency between the antenna installed on the toll
lane and the OBU (On Board Unit) on the
dashboard in the vehicle.

<Table 3> Priorities for technology assessment

Name Normalized
by cluster
(A1) Radio Frequency 0.28386
(A2) Infrared 0.28453
(A3) Dual 0.43161
(T1) Extension of technology 0.50372
(T2) Technological risk 0.22927
(T3) Technology originality 0.13605
(T4) Intellectual right 0.13096
(M1) Market potential 0.67346
(M2) Market condition 0.32654
(B1) Capability of organization 0.62957
(B2) Vision and strategy 0.37043
(E1) Ethical constraint 0.58694
(E2) Political and legal constraints 0.41306
(F1) Technology profitability 1

Based on the assessment model for technology
selection, the importance weights between measures
and the impact of alternatives are calculated. The
result of the comparisons is shown in Table 3-4.
The overall priorities of the technology assessment
in Table 3. Factors such as the
Technology Extension(T1), Market Potential(M1),
Capability of Organization(B1), Ethical constraint(E1)
and Technology Profitability(F1) by cluster have a

are shown

greater impact for ETC technology selection.
According to the results of assessment model for
technology  selection, the most  appropriate
technology for ETC is a Dual system with a 0.3338
value. The Infrared system is next. The final
ranking of the alternatives is given in Table 4.

<Table 4> Priorities of alternatives

Name Normal Ranking
(Al) Radio Frequency 0.28386 3
(A2) Infrared 0.28453 2
(A3) Dual 0.43161 1

6. Conclusion

It has been a main issue for the decision makers
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whether an appropriate technology assessment will
be successful or not. In this study, a technology
assessment model using ANP method was proposed.
Various factors, that have an influence on technology
The
proposed approach evaluates the appropriateness of

assessment, were taken into consideration.
alternatives for technology assessment in terms of
Market,

External Environment. The criteria of the proposed

Financial, Business, Technology and

model were extracted to achieve the corporate goals
through a literature review. The ANP method used

to integrate opinions of experts and evaluate

technology  alternatives controls tangible and

intangible criteria, allows for more complex

inter-relationship among decision levels and deals
with ambiguity involved in the data evaluation
Furthermore,

applied in the public service. Based on case study

process. the proposed model was
of public service, applicability of our study was
validated.
This
measures.

study defined criteria and performance

They can cover the criteria for
technology assessment. The criteria and proposed
performance measures informs the method and focus
areas for developing the technology. Moreover, this
study supports decision makers to effectively make
and the

proposed model can be used for other technology

decisions for selecting a technology
assessment issues. The assessment model can be
applied to the other area, and give the objectivity
and rationality. Also, the ANP method can be used
in other fields in addition to technology assessment
as an alternative to decide technology.

Although this
model for technology assessment, it

study provided the systematic
has some
limitations. The criteria and measures considering
various factors were decided but it needs to modify
criteria and measures corresponding to companies’
goal. Also the model needs to be applied to more
technology assessment cases in various industrial

fields for feasibility.
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