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ABSTRACT

Today companies needs generate a strong and sustainable technological innovations processes to improve their coripatitiveness
accelerated technology change scenario. In this environment, technology monitoring toelsirnslbo build the competitive
intelligence to help shape the strategy with which to face the medium antetomgevelopment. However, the generation of ideas
from technological surveillance is limited; there is a structure of strategic analysietigfies the parameters that determine the life
cycle of a technology or product. TRIZ laws allow us to understand the development and evolution of technology. However, the
reporting of prospective technology is still limited. Innovations that are fdouse¢he value proposition for the customer,do not often
coincides with technological evolution. We demonstrate through the TRIZ evolution laws correct settings for differefit types o
innovation from a perspective of technological developments and custequirements and thereby generate new value propositions
that will generate a strategy of technological development and customer needs.

1 Introduction.

A company that decides to innovate but does not introduce new products and/or processes is destined to die, eith@irtbecause th
competitors will take market share from it through innovations in products, less expensive manufacturing and processsng8oyati
even though innovation does increase uncertainty, a firm needs to face it to remain competitive. While they may notibbe innova

offensive, defensive or can be innovative imitators. The changes that occur in the market or technology, plugskeoptbgir own



competitors are forced to participate and stay in the race somehow. (Freeman, 1974). Currently, the first way to prolgicedch
innovation is through patents(We need a citation here).

Patents are legal means for protecting idedsn@n products since theymeet certain requirements, such as minimum level invention
and commercial use, among others. Patents are produced to cope with a problem or specific need, one that is relevestosttyer f
or for a specific industry, genenagj a series of patent information is often not used, one of the pioneers in using proprietary
information was G. Altshuller which analysts thousands of patents and found that there were patterns of invention anadffthe law
evolution of technological systes, the study of these patents was the beginning of the Theory of Inventive Problem Solving (TRIZ).
Taking the analysis of Alsthuller (1979) and applying it to a specific industry can provide valuable information about the
technological changes. Analyzitigis information can help researchers find problems, parameters and specific characteristics of
inventions related to technological development and innovation for the industry.

For the analysis of this patent document being analyzed in the same indastigngl belong to a technological system with the same
primary function (target), in other words you could say that patents are competing against each other all the same goal, this
competition can be represented through models of growth that determmantber of existing species over time to an ecosystem
(Industry) given this hypothesis is used the logistic growth model to determine the maximum number of patents in a ¢athnologi
system that can be in a specific industry.

As mentioned in Freeman (1974) today's highly globalized world where new opportunities arise daily, a company should try to
take its innovations and transform them into an advantage to their competitors. The increasingly rapid pace of markasgrowth
immediate consequences in thanber of competitors, therefore you must respond to this threat and develop-erceasing

capacity for innovation.

In this context the use of thecsirve through patent allows the company to predict the technological staking their inventiorrs to late
determine the reaction time for the new generation of products, solutions and innovation in the industry, so compategesican de
investment and the reaction times of technological change experienced by the market.

This paper is laid out as follows, section two we present the context for innovation and patenting activity in firms. Section three
presents the Chilean context about to the SAG Mill and case of study for this paper.

2 Context.

R&D and Innovation.

Innovation is essential to create andimtain competitive advantage (REFERENCES). The problem, however, is that innovation is not
a simple task and is very difficult to be constantly innovative, entrepreneurial culture must be inrorratited. This is mostly

because of the large numbempobblems that can inhibit the innovation process and firms' innovative capabilities.

Schumpeter (1939) defined innovation as the entire process, starting at the core idea and through all steps until teaghresi tiot
consumer, and eventually untir@presents a major change in society and economy.. He distinguishes between five types of
innovation: new products, new methods of production, new sources of supply, the exploration of a new markets, and new ways to

organize business. This typology hasmavidely accepted Citation needed.



More recently, Cooper (1998)generates a debate in the literature as to whether innovation is a continuous procest @varmtiscre
He argues that authors who see innovation as a process tend to focus on thetagesubat the potential adopter goes through over
the course of an innovation initiative. These stages may include: identifying problems, evaluating alternatives, axrilénigian,

and putting innovation into practice (Rogers, 1983). On the otimel, laalvocates of innovation as a discrete event do not completely
reject the notion of an innovation process; however, they argue that an initiative qualifies as an innovation oncettiadre is a
acceptance of risk and the commitment of resources (Cabp@s).

Many authors agree that the process of innovation is born from an initial idea that grows overtime, matures and fikkdiyelies,
despite all stages identified, there are few adventurous researchers who go as far as to determine tfdiperiattien each of

these stages take place. In addiction according to Smith (2005): "At every $tageconception of a new idea, through
development to commercialization and eventually to marketing and business coimimgnisreds of problems must besolved. The
innovation process is littered with hurdles, both high and low, from new science to creative means of delivery to aetaded pr
architecture, to service concept, to business model. These problems are what innovation is, and liésnglitimitial and the teams

they work within to solve them. o

The first step to understanding innovation is to classify innovations according to the impact of these on the markettahcreme
innovation and radical innovations (Hamel, 2006). An innovatian represents a relatively small change or addition to a product,
process or existing strategy but it serves to establish a certain degree of differentiation, can be considered increemetztall
innovations are characterized by a lower risk trattical innovations, and this is the reason why firms use incremental innovation as a
scale mechanism to generate radical innovations. For instance, Tushman, M. J., Anderson (1986) argue that increméutal innovat
"improve and extend the underlying teclogy and thus reinforce the established technical order" . Radical innovation can cause
considerable changes in established markets and have the potential to seed new ones. Regardless of the context, mew or emergi
markets, generic requirements of tHe tycle of innovation remain similar but it should be noted that the specific activities within
each phase may vary (Williams et al., 1998).

Geoffrey Moore (2005) compares firms and markets with nature in that nature implies constant evolution tobiedapabebut an
occasional revolution can create a competitive advantage. Moore proposes that new product development require firimestéo coord
their product strategy around a strategy to a target market segment to reach the aforementioned balance..

From an empirical standpoint, literature review supports the link between scientific research and technological innavation. Fo
instance, Jaffe and Trajtenberg show a positive relationship between university research expenditure and local patéifey rate

A., Trajtenberg, 1996).

With all this literature in mind, we find that several common aspects upon which authors agree, these are the ideacréatenge,
improve a process, product or technological system. Furthermore, they also coinc&dénndbation is achieved when successfully

introduced in the market, however for an industry or target market the need for establishing an innovation is lessdavftdte a



remains constant in time. It is for this reason that most innovations cofopétie same purpose. From this perspective the need for
innovation specifies a product/service does not change over time, just change the way to solve or address the need.

However, all innovations must be protected, the initial protection of an idgzaieiat, which from the technological point of view the
first launch of an innovation can be seen in the consolidation of the patent. This analogy will help us use patentfdriralgpey

or sector, and as a information source to analyze a potpreiictive model of incremental innovations, investments, industry
dynamics and -8urve generation. This predictive model needs to be able to detect periods of change, since this is critical for a

successful implementation of the innovation.

Patents.

As we mentioned, patents are paramount to the understanding of the innovation process, thus we now turn our atteation to thes
elements.

The patent system is based on a-tmayy deal. In exchange for an exclusive, tilimeited, legal right to prevent othefrom making,

usi ng, of fering for sal e, selling or importing a pyaeguredt e d
to disclose the invention to the public. Disclosure serves the wider public good, by enabling athdesstand the new solutions or
technology underpinning each invention, thus in turn fueling further technological advances. Each patent applicant,itherefore
obliged to provide a detailed description of the claimed invention in the application.

Patentapplications are similarly structured worldwide. They consist of a front page, a specification, claims, drawings (ifyhecessar
and an abstract. A patent application may be anything from a few pages to hundreds of pages long, depending on tttenature of
specific invention and the technical field. (WIPO Magazine, 2005, Issue 1/2005) (ex):United States Patent and Tradegnark Offic
(USPTO) in section 1.71 define detailed description and specification of the invention:

(a)The specification must include a tign description of the invention or discovery and of the manner and process of making and
using the same, and is required to be in such full, clear, concise, and exact terms as to enable any person skitled $citrecarto
which the invention oridcovery appertains, or with which it is most nearly connected, to make and use the same.

(b)The specification must set forth the precise invention for which a patent is solicited, in such manner as to disfroguisther
inventions and from what @ld. It must describe completely a specific embodiment of the process, machine, manufacture,
composition of matter or improvement invented, and must explain the mode of operation or principle whenever applicadse. The b
mode contemplated by the inventdrcarrying out his invention must be set forth.

(c)In the case of an improvement, the specification must particularly point out the part or parts of the process, maafaceyrema

or composition of matter to which the improvement relates, andabeription should be confined to the specific improvement and to

such parts as necessarily cooperate with it or as may be necessary to a complete understanding or description of it.



The structure presented by the patent USPTO and WIPO describes miniquirements that must have patents. A technological
system in a specific industry will have similar parameters primarily associated patents because these patents sed to solve t

problems they arise in the life cycle of the product that presents at birth.

Patent information provides a source of technological information that can be used by researchers and inventors tolfitidmew s
to technical problems.
An important point to determine the technological evolution on the basis to patents is aatassitising recognized tools and

structures in the field of engineering. To perform this classification is used the Theory of the Solution of InventivasProble

TRIZ.

The TRIZ methodology (a Russian acronym for Theory of the Solution of InventiveeRrg)olvas developed specifically on the basis
of patent information introduced by Altshuller (Altshuller, 1984). TRIZ began with the hypothesis that there are unineiskgof
invention, which are the basis for creative innovations that advancestegiinand that if these principles could be identified and
codified, they could be taught to people to create or enhance their inventive capabilities. Thus, TRIZ offers a comyaéte and
developed methodology to study the proposed question. Furtherfiewrattempts have been done to apply this method to the
particular problem we are dealing with.

Most important discoveries made by G. Atlshuller corresponds to 99 percent are use alredy known solution principlel less than
percent are really pioneeringvientions, breakthrough solution emerge from resolving contradictions, inventors and strong thinkers
use patterns, creative problem solving patterns are universal and creative ideas can be produced in a systemic wagctlifeecirch

TRIZ is based on:

1) Postulate of Objective Laws of System Evolution.

2) Postulate of Contradiction.

3) Postulate of Specific Situation.

There are many book on TRIZ e.g. Savransky (Savransky, 2000), Salamatov (Salamatov, 1999).

However, the book by Mann (Mann, 2002). pose the main findings of TRIZ are:

- there exist the trends in the evolution of technologies;

- all innovations start with application of a small number of inventive principles;

- the innovative solution of the problem removes the conflicts existitfpisystem.

Some important concepts you should know about TRIZ used in this paper given below:

System: is a set of orderly interacting subsystems intended for executing specific functions. It possesses behaviadiasdhatop

cannot be reduced todtbehaviors and properties of its separate subsystems (Altshuller, 1986; Salamatov, 1991).



Ideality: There is a tendency in the evolution of systems that they always change towards the state where all benefits of the

functioning are realized at no costh@mrm.

Functionality: Every system has its main useful function and all its elements have to fulfil this function. Otherwiséeitised and
could be a source of conflicts. The notion of functionality allows for the generalization of the variects asphe system
functioning resulting in the possibility of transferring knéwaw between the various fields (technical, medical, biological, etc.).
Resources: according to TRIZ the resources are classified in four families: Space resources (ptacdieezareas, etc.), Substance
resources (every physical element in the environment or inside the studied system), Field resources (every physisehfigidipee
environment, mechanical, thermal, chemical, electrical or magnetic), and finallyydsoérces (instants, time intervals between
actions, etc.)(Cecilia Zarierk , Denis Cavallucci, 2009).
Contradictions: There are two types of contradictions. A technical contradiction takes place when there are two partiraeters of
system in conflictand the improvement in the value of one parameter worsens the value of the other. Technical contradictions are
solved by applying the Contradiction Matrix. A physical contradiction takes place when a parameter should simultanedusly have
different valus. Physical contradictions are removed by applying the principles of separation in time and space or $iblstance
model.
Technical minimum system[9]: In a recognized technical minimum 4 items, a tool, i.e. the work item that provides theofuihgtion
a source, i.e., the element providing the energy needed to produce the desired effect function, a transmission, ire. the powe
transmission element of the source to the tool, Control, ie, a ruling element over at least one of the elements.
Technology Foreasting .
The laws of development of technical systems were firstly published by G. S. Altshuller in his book Creativity as aridexact Sc
the Theory of the Solution of Inventive Problems in 1979:

. The law of the completeness of parts of the system.

The | aw of fienergy conductivityo.

. The law of harmonizing the rhythms of parts of the system.

1
2
3
4. The law of increasing of the degree of idealness of the system.
5. The law of uneven development of parts of a system.

6. The law of the transition @ supefsystem.

7. The law of the transition from a macro to a micro level.

8. The law of increase of thefield involvement.

If to speak about TRIZ as about the system, it is important to mention that it is very harmonious. The tools which edénnitsdud
structure make the system work. They are interconnected, and the basis is formed by the Laws of Development of Teehmscal Syst

Laws are divided into 3 groups: laws of statics3Jllaws of kinematics (8); laws of dynamics ¢B).



An importantpoint of view lies the companies now protect their products through the generation of patents, these patents will grow
and develop, depending on economic conditions of the ecosystem. For this case study collection was generated 55 patents and
classified acording to the laws of evolution of technological systems to identify contradictions and evaluation parameters in commo
with each of these patents.

Logistic-Growth.

One of the major task of mathematical ecology is to investigate the dynamics of popddatsities. In many ecosystems thousands

of different species interact in complex patterns. The logistic growth model assumes that a population N(t) of individs@lase
patents, this patens grows or agipfrfownsds odt aaniexpomentciagplact
producing the familiar symmetricatshaped curve. This model can be expressed mathematically by the following ordinary
differential equation which specifies the growth tditec{dN}{dt} as a nonlirear function of N(t) .

\frac{dN}{dt}=rN(t)(1 -\frac{N(t){K})

For values of N(iJIl K equation closely resembles exponential growth. As\Nftgrightarrow K the feedback term slows the

growth to zero, producing theshaped curve which N(t) satisfiequation is:

N=\frac{K}{1+e"\ -rt-\beta}}+\gamma

Where r is the growth ratéyeta is the location parameter which shifts the curve in time but does not affect the its shape; K the
saturation level antjamma is the location parameter of the curvés Pharameter can be zero depending on the analysis being
performed.

In systems analysis identifies a minimum is the main function which must obey a technological system for subsequeettitata coll
and classification. For this case is discussed inpier were collected patents are among the interaction with thgansition

same main function. These patents are to have the same primary function and associated resources in the same ecosistem and n
the improvement of these patents is associatddthe laws of evolution of TRIZ, assumptions and parameters.

3 Case analysis.

Chilean Mining (SAG Mill)

The SAG mill is one of most critical equipment used in the process of production of copper, representing one of thaentiat infl
operating cas and one of the longer maintenance times which takes about 200 [hours] a year. Copper mining in the SAG mill defin
the productive capacity of the plant, so the size and power have increased significantly since its inception in ther@/s, cur

reachng over 40 [ft] in diameter and process about 2000 [ton/hr].

The mining sector is an industry that is characterized by capital intensive, that is why the focus on the functionifay auachger

with their teams is a priority and can add value to the godgetween 70 and 80% of the cost is performed on the stage of operation
within the team'’s life cycle, with maintenance costs which represent between 20 and 40% of the cost of operation.

Among the most significant operating costs in the SAG mill aredbts @associated with energy, grinding media and coatings,

percentage distribution of these costs is as follows:



In sulfur treatment plant equipment that generates more losses and take it as critical path is the SAG mill and haihdstoyou
perform peiodic maintenance to prevent failure. Besides maintaining this involves using large amount of manpower, resources and
several days of detention, consequently causing loss of production. For example, under normal operating conditionthat a plant

processs 100 [kton/day], the outage cost is approximately US$ 270,000 per day.(Minero, 2006)

Control board

Y

Balls and
Mineral

Electric Energy Plates and Lifter Mineral griding

Patent Classification for TRIZ evolution laws,
postulates parameters(between interaction)

Fig: Minimum System: Milling.

Operational Data.

Energy consumption has been a steady increase since 1997, this is mainly due to the increase in bulk mineral, in ti@ncoihsumpt
balls occupy approximately 250 [gr/ton] in the SAG mill and 315 [gr/ton] secondary mills. Among the factors that inflaence t
performance and energy used by the SAG mill is the size of the thick, checking decrease in tons processed as the tEometry of
mineratgranule increases and increased energy use.

Maintenance Data.

Maintenance of the processes that took more timéisnteém is the change of coatings, which from 1991 to 2004 have presented a
decrease in time, but who nevertheless is a high number of hours approximately 200 hrs. It is important to note thaft the cost
replacing a complete set of investment after lafaican be the order of US$ 1,000,000. Another item that involves several hours is
the change of bolts which use about 25 hrs. for its realization. One of the most important and recurring problems is that the
maintenance or changes occur in the coatimgshe interface (lifter and platelball and mineral) which transmits the function of the
mill for the balls and made mineral grinding, so it shall carry out a prospective analysis technology in this interfsretarfiad

new opportunities for incraental innovation and radical innovation in the milling process.

Information Classification by laws and postulates of TRIZ aiCuBre.



To make the classification of patents using the classification as shown in the paper "Networks of Trends: Sysftenitigicdde

Evolutionary Scenarios" (Cascini, G. Rotini, F. Russo, 2008), also joins a list of parameters for evaluating the FU udirgRles,

system, adding that such attempts to solve the patent problem analyzed in order to find the periotiofliethe technological

system. Conducting an analysis to the 55 patents UF, HF and Resources gave the evaluation parameters:

These patents seek to resolve problems on the plates of the same technological system and ecosystem developmenbisithe same |

patents which are competing with each other.

Evaluation parameters type of invention

Plate Lifetime Resource consumption (Rec)
Productivity [vol / time] Useful function (FU)

Weight (energy expenditure) Resource consumption (Rec)
Wear Harmful Function (FP)
Material Resource consumption (Rec)
Part Volume (Space) Resource consumption (Rec)

Fig : Evaluation parameters and classes.

Contradiccion per Decade.

14
12
10
8
6
4
3 N
° 00-09a |2010al
" N . N N N N . g dla
20°s 30's 40's 50's 60's 70's B0's o90's 2010 fecha
H UF /s UF Q a a 0 Q Q 0 2 1 0
HF /s Res 0 0 0 0 0 1 1 3 1 1
M Resv/s Res 0 0 1 1 0 3 4 & 12 1
M UFv/s Res 1 1 2 1 0 3 6 1 0 0

Table: Evolution of contradictions.

The first analysis is through the number of patents generated from the years 1927 to early 2010 have generatededérpatents r

improving SAG mill plates . If an analysis according to the Law of Ideality in TRIZ (Cascini, G. Rotini, F. Becattini, r20g®)ns

are obtained by UF, HF and Resource. In this way you can determine which period of life are currently SfEemill'pis analysis

provides information valuable to the business strategy and industry in order to anticipate changes in technology. Afftey edtah

these parameters are classified each of the patents with respect to the kind of contraditties thavercome that you are using

9



and associate, different combinations can be obtained as: UF v/s UF, UF v/s HF, UF v/s Res, HF v/s HF, Res v/s HF &ebRes v/s
As shown in Figure X, the contradictions are currently focused on relationship RessvisolRe information curves development,
patents and ideality can assert that the SAG mill plates, is now in its stage maturity and therefore invest moneyrareatainc

innovation would be very attractive to new businesses wishing to enter thigyndust

Recv/sRec | FUv/sRec| FPv/sRec | FUv/sFU
52,83% 28.30% 13,21% 5,66%

Fig X: List of types Contradictions

Depending on the relationship between the parameters can be determined which life cycle stage of the technological system is
analyzed. If relations UF v/s UF are more in technological system is the first stagethédegree of innovation associated with the
product is greater, if the relations are between UF v/s Res the system is in the second stage of growth and if further thewhe
increased number of relationships to the relationship belongs Res wcReslogy system is at the stage of maturation and next to
obsolescence. So to test this hypothesis we used data collected from patents to project through the logistic curvegahdhene be

phase of stagnation.

First Case

The first case correspondstte logistic curve model using data and considering the minimum approximation quadratic error betweer
the curve and data where:

Error_{i}=N(i) -N(i)_{est}

min_{error}=\sum_{i=0}\{n}Error_{i}{2} \longrightarrow0

Patents Numbers

Time
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Below is the rate of patentsac{dN}{d t} function of time so you can determine more precisely where the inflection point time.
(Marcel | found the inflection point time =)) With the inflection point can find the time at which begins the period obtidey

technological system.

2

_3 A ™~

1300 1320 1340 1360 1380 2000 XK 2340 2060 2480

dN/dt
et

'
4

Time

As a result the maximum number of patents that might develop in this area corresponds to 88 patents and its period of stagnation
begins to occur in 2080 forward. However he developed a technological system is quantified not only by number of gatents but
their specific characteristics, in the case of the SAG mill one of the most important relates to the working power, the greater the
of work SAG mill greater their productivity so it will proceed to an analysis of logistic growth based on the historgofrpanthe
beginning .

Second Case

Using the minimum error criterion is a good possibility to determine the time of stagnation in generating incrementahnpatents
innovation associated with a technological system, however there must be parametergditiah the increase, to condition the
increase of patents are analyzed the same criterion of logistic growth curve of power developed by the SAG mill septeoits lihc

the time of stagnation for the power developed by the SAG mill is lower wildoaew conditions of growth for patents.

11
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Use this case the time of stagnation for the maximum power developed by SAG mill will be approximately 35 HP and the time of

stagnation will be the year 2060 forward.

Third Case
As the most important variabige the power for the SAG mill in Chile to develop an analysis with a time of stagnation in the year 2060

conditional on the number of levels to be expected patents in this period of time through the logistic growth curve.
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For the years stagnation of pats for the technological system coincides with the stagnation of the parameter evaluation in the

Chilean market.
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63 A Case Study of the Agency Costs Leading to the fall of New Century Financial Corporation: An Internal Audit
Perspective
Curtis Crocker

Nova Southeastern University

Abstract

After the worst financial crisis since the Great Depresditere is much to be learned about the causes. To address these questions
and many others, the United States government formed the Financial Crisis Inquiry Commission (FCIC) to find answersaryOn Janu
27, 2011, the FCIC issued the Financial CrisisulngReport (FCIR)(FCIC, 2011) that provided details of the cause of the Financial
Crisis of 2008. While the FCIR gave the public a largely macroeconomic view of the financial crisis, the bankruptcyopkayes|
provided a microeconomic view. Theexa ner 6 s report to the bankruptcy court (h
New Century Financial (NCF) was released to the public on March 26, 2008. The court examiner, Michael J. Missal, provided a
damning report on many of businesagiices of NCF. The two documents provide insight regarding the causes of the financial crisis

on the micro and macro levels. This case study focuses on the agency costs related to the internal audit function at NCF.

Introduction
To investigate the caus®f one of the largest financial crises in history, the United States government formed the FCIC to
find answers. On January 27, 2011, the FCIC issued the FCIR (FCIC, 2011) that provided details of the cause of th€iisigncial
of 2008. The followig excerpt from the report sums up the general findings of the FCIC.
AWe conclude this f i Thaarigsiwaslithe cesult af humanwaaicen aral vnactiod, adi ¢f Blother Nature
or computer models gone haywire. The captains of finance and the public stewards of our financial system ignored warning
and failed to question, understand, and manage evoligkg within a system essential to the wmding of the American
public. Theirs was a big miss, not a stumble. While the business cycle cannot be repealed, a crisis of this magnittde need
have occurred. To paraphrase Shakespeare, the fault liestndten st ar s, but ixwvi). us. o (FCI C,
While the FCIR (FCIC, 2011) gave the public a largely macroeconomic view of the financial crisis, the bankruptcy of a
major player provided a microeconomic view. The ERBC (Missal, 2008a) was releasedublihemMarch 26, 2008. The court
examiner provided a damning report (Missal, 2008a) on many of business practices of NCF. This paper focuses on th&sgency co
related to the internal audit function at NCF.
Case Objective
The primary objective of thicase is to expand the research in the area of corporate governance. Although there have been
hundreds of publications in the area of accounting and aud
accounting and aarccdlo, §. V.nHermansan, ©oRm arsl dhor{gXa, Y., 2011, p. 1), there is a need for accounting to

expand governance research in many areas. One of the areas cited by Carcello, J. V., Hermanson, D. R., and Zhongkig, Y. (201
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the fAneed tanagement mto fheoanadysiss as most studies associate governance variables with accounting/auditing
variables, but with |ittle or no attention paid toceovarnagem
many of the accountingnd auditing functions in their research investigating weak corporate governance.

The agency theory framework provides a means of linking management to accounting in this research. The framework wot
not be as useful without the data that allows amdargberspective of the activities at NCF. The release of the FRIR (FCIC, 2011) and
the ERBC (Missal, 2008a) provide great insight with regard to the inner workings of an organization where the agenag costs we
incredibly high. This paper intends to shthat a failure to address the princigaent relationships in the changing role of the
internal auditor lead to continued failures like that of NCF.

About NCF

NCF grew from a small mortgage originator in 1995 to the second largest subprime lender in the country in 2007. The rapi
growth strategy was not equipped to handle the increase in interest rates that threatened the existence of the cooyggintheAlth
external environment changed rapidly, the internal failures impeded the company from making rapid adjustments. Theammpany s
became a major symbol of Economic Crisis of 22070. After numerous internal failures in the areas of accounting, aualitthg
ethics, the company filed for bankruptcy. The company was delisted and later three executive officers were sued fog misleadi
investors. The problems at NCF were numerous, but not unique during the crisis. Many subprime companies failed.théowever,
ERBC (Missal, 2008a) detailed the inner workings of the company that led to and continued during the crisis. Thisngpdgthalo
the FRIR provides insight regarding the causes of the financial crisis on the micro and macro levels.

Organization of Study

This research continues with a review of literature related to agency theory and the IAF. The literature review isbipllowed
IAF changing role since the 1940s. The changing role is followed the ERBC (Missal, 2008) list of IAF failures. stiftethe
failures of the IAF, agency relationships at NCF are defined and modeled. The model is used to address the agentgdbsgts crea
rapid growth and misaligned compensation contracts at NCF that may have contributed to the bankruptcy of N&dearthe
concludes with implications of the study.

Literature Review

The core theory of the paper is agency theory. The key ideas of agency theory are summarized in Table 1 below. The revi

of literature shows the development of the two differentifitex$ of development in agency theory as presented in Neuberger (2005).

Theteam production perspectiveodels firms as either as providing a solution to moral hazard in teams (Alchian and Demsetz,

1972). Thenexus of contracts perspectivedels fimsas fAési mply | egal fictions which se
relationships among individualso (Jensen and Meckling, 197
Key idea Principatagent relationships should reflect efficient

organization of information and ridkearing csts

Unit of analysis Contract between principal and agent
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Human assumptions Selfinterest; Bounded rationality; Risk aversion

Organizational assumptions Partial goal conflict among participants; Efficiency as the effectivene
criterion; Information asymmetry between principal and agent

Informational assumption Information as a purchasable commodity

Contracting problems Agency (moral hazard and adverse selection)

Relationships in which the principal and agkate partly differing goals
Problem domain and risk preferences (e.g., compensation, regulation, leadership,
impression management, whisb®wing, vertical integration, transfer
pricing)
Table 1: Overview of Agency Theory (from Eisenhardt, K.M., 1989, p. 59)

Most ofthe literature attributes the origins of agency theory to Adam Smith. Smith (1776) observed a possible moral hazar
with regard to separation of ownership and control of corporation. Managers employed to operate in the interest of the
owner/shareholder ay be inclined to act in their own economic datkrest.

Ronald Coase (1937) noted that team formation was the result of increasing transactions costs. Given imperfect informatic
loosely formed people would have higher transaction costs thanycloselor med t e a ms . This was the
costs theory. In essence, a company would expand (form a bigger team) as long as the cost of production is loweharternally
externally.

Alchian and Demsetz (1972) extended the work cotagley Coase (1937). They determine that the firm is a result of
excess output generated by team production. The ability to manage the team successfully requires effective monitdiey. Effe
monitoring is induced by providing residual income for nggmaent.

The moral hazard that may exist due to the separation between ownership and control laid the groundwork for Berle and
Means (1932). Their work Athe foundation for subsequent ¢
1998. Intheir thesis, Berle and Means (1932) separated the functions of management in tlweariitgkand control. This
separation allowed them to highlight opportunities for management to act in its ovimtesalét. They argued that increased ogdtsi
was required to judge management performance and protect the shareholders. Many of their recommendations were implementec
the New Your Stock Exchange (NYSE) on the heels of the 1929 crisis that lead to the Great Depression (Bricker and @3@ndler, 1

Jensen and Meckling (1976) attempted to resolve the moral hazard by aligning management and owner interest. To show
alignment, they presented the firm as a fAlegal fi cthatared f o
used to acquire the inputs of labor and capital to produce firm outputs. The owners of the firm are the principalsagémemnin

teams are the agents. Principals contract management labor to make contracts and coordinate inputs. €cnfrsirtected to
17



align principal and agent interests. When the management/agent acts in a manner that reduces value of the prindigaiothis re
an fagency cost. o

There is not much literature regarding agency theory and internal auditing arfibstditerature found was a study by San
Miguel & Govindarajan (1984). In this study, agency theory was used as the basis of a hypothesis that there wasaa need for
complementary system to monitor intermanager relationships in large corporations.

The focus of prior research was clearly skewed toward external auditing. Due to the accounting scandals over the years th
involved major accounting firms, this was not a surprising finding. Ironically, Adams (1994) also makes the observation that
il ittuerrea i s replete with studies that have used agencywt heor
researchers have applied agency theory to the inteytheary aud
contends that internal auditing in common with other intervention mechanisms, like financial reporting and externalpsudit, he
maintaincose f f i ci ent contracting between owners and manager so
Changing Role of Internal Auditing

Thefocuof Adams (1994) was to explore how agency theory c
internal audit functiono (p. 8) . However, that gssioraly has
organizel in the United States as the Institute of Internal Auditors (II1A) in 1941.

According Rezaee (2008), the definitions for internal auditing changed according to the IIA. Table 2 shows the change ov

the decades.

1947 1981 1999

Independenappraisal activity An independenappraisal function  Internal auditing is an independent,
within an organization for the revie\ established within an organization 1 objectiveassurance and consulting
of accounting, financial and other examine and evaluate its activities activity designed to add value and

operations as a basis for protective aservice to the organization improve an organizatits
and constructiveervice to [emphasis added]. operations.It helps an organization
managementemphasis added)]. accomplish its objectives by

bringing a systematic, disciplined
approach to evaluate aimdprove
the effectiveness of risk
management, control, and
governance processdgemphasis
added].

Table 2: Adapted from supplemental material to Rezaee (2008).

The shift from Aservice to managemento to fiservice tecambleor ga
The shift in emphasis has come largely due to corpscatedals and legislation that ensued. The Foreign Corrupt Practices
Act of 1977 required public companies to safeguard assets with internal control mechanisms. Clearly the legislattpn (at leas

influenced the creation of the internal audit departmeiitsn public corporations.
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The Blue Ribbon Committee on Improving the Effectiveness of Corporate Audit Committees (1999) suggested that the
internal audit be included as part of a fithree | egged stoo

fé. cotmme ds job is clearly one of oversight and monitori

financial management and the outside auditors. A proper andumetioning system exists, therefore, when the three main
groups responsiblef financial reporting- the full board including the audit committee, financial management including the
internal auditors, and the outside auditers or m al @igchaedckest ool 6 t hat supports res

active and participatgr over si ght . o (p. 6)

The Sarbane®xley Act of 2002 (SOX) is the latest sweeping legislation to affect the internal audit function. Internal
control is addressed in the three sections of the 66 page document. Section 103 establishes the framewotkd®podrid of
directors (BOD) will establish and evaluate internal controls. Section 302 essentially makes CEOs and CFOs respogsieke for f
in the financials. They are also responsible for internal controls have been established to ensufentratithe are free of material
error. Section 404 states that a report on internal controls must be made available with the annual reports.

The shifting rol el eeggadcestlAdl & oapphreo dicthrteaes conhelAwi t h s
may have duties that conflict with management objectives (Hermanson, 2002). Management may actually view the IAF a$ a mean
achieving cost savings and meeting company goals (Hermanson and Rittenberg, 2003).

Agency Relationships at NCF

Fromtheinexus of contractso perspective, NCF is an entity
investor capital, etc.) to produces outputs (primarily subprime mortgages). Contracts are meant to align the pringgdl and a
interests Monitoring is required to ensure that the agent act s
organization become more significant, the need for such mo

In this cas, the role of the principal is that of the stockholders of NCF. The role of the agent at NCF is played by the CEOs
of NCF. NFC was executively managed by two of the three founders of the company. Edward F. Gotschall was the third of the
founders. Rbert K. Cole was the CEO for about 10 years until June 2006. After June 2006 Brad A. Morrice took the helm of the
company.

According to Eisenhardt (1989), the two primary control mechanisms in agency theory are incentive compensation contraci
and infomation systems. The incentive compensation contracts are used to align economic interests. The information systems are
used to create symmetry of information between par ttsithiss . T
position. When the two primary control mechanisms fail, the prinespateholder absorbs the costs of failure. To avoid potentially

large cost of failure, the principahareholder is willing to make expenditures in order to monitor the actions of tiite age
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Agency costs are Athe sum of the principalds monitorin
resi dual l osso0 (Hill and Jon eagentsdafa @boratign.come id the form of MBQD| BAG ans o
IAC. A successful monitor must have three key elements in place: 1) independence of the agenitp&thg or audit standards,

and 3) reliable practices conducted by the managent (Culpan and Trussel, 2005).

Bondi
CEO
Robert K. Cole ng costs are
Brad A. Morrice efforts by
management
EVP, Corporate Affairs & .
General Counsel to mitigate
Terry Theologides agency costs.
Management
SVP, Internal Audit bears an
Paul Zalle
l expense to
Internal Audit VP, Internal Audit signal efforts
Ron Brown Georgia Arambula to reduce
Figure 1: Internal Audit Direct Reports agency costs
(Jensen and

Meckling, 1976). The AC, independent members of the BOD and the IAF are often considered examples of such bondingcost (W«
1988). At NCF, The IAF was headed by Senior Vice President Paul Zalle. Figure 1 shows the hierarchy of thaipelstorsn
the CEO and the IAF.

The IAF reported to the internal audit committee (IAC). The internal audit committee (IAC) was comprised of only
independent members of the BOD. Those members were Alexander, Lange, Sachs and Zona (see table 3). The IAC and AC are
primary mechanisms ud¢o monitor top management. This is an extremely significant function given that the CEO and/or CFO are

involved in almost 90% of all accounting fraud cases at public companies (Beasley et al., 2010).

Name Start  Independent Credentials  Degree Banking
Marilyn Alexander 2005 Independent Director MBA
Harold Black 2004 Independent Director CPA PhD Yes
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Name Start  Independent Credentials  Degree Banking

Robert K. Cole 1995 Chairman and CEO MBA Yes
David Einhorn 2006 Independent Director MBA

Frederick J. Forster 1997 Independent Director MBA Yes
Edward J. Gotschall 1995 Vice Chairman Yes
Donald E. Lange 2002 Independent Director Yes
Brad E. Morris 1995 Vice Chairman & MBA, JD Yes

6{0]0)

William J. Popejoy 2002 Independent Director Yes
Michael M. Sachs 1995 IndependenbDirector CPA JD Yes
Richard A. Zona 2000 Independent Director CPA Yes

Table 3: Directors at New Century Financial
IAF Failures
The ERBC (Missal, 2008a) noted four areas where the internal audit function failed. The first is with regardwodentity
risk. The | AF was shown to fihave no consistent and docume
identified i n E&Y ERM Proposed Approach were never analyzed and
The second was with regard to key operational risk areas. Although the IAF did focus on several key operational risk area:

fi's o me «aeaad of dperatidnal @sk were neither identified nor addressed. Notably absent from this list of absent projects was th

audit of Secondary Marketing Departmento (Missal, 2008a, p

The third area was the failure to assess financial risk. Thisfai e was i n contradiction to t
Charter that stated dAsignificant financial, manag2008a4@a.l , an
452).
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Audit Charter. Further, no benchmarks were set by which in the IAF could be assessed.

Agency Cost: Rapid Growth

The fourth area of failure was the lack of aniing review by the IAF. This was also in violation of the company Internal

NFC grew at an extremely rapid pace from when the company wagedum 1995 until 2006. In 1996, the company ended

the year with more than 300 employees and loan production volume over $350 million (see Table 4 below). By 2004, NGF employ

5,200 employees and had loan production volume over $42 billion.

Year Full-time Revenue Assets Loan Origination &  Loan Sales
employees Purchases Securitize
1996 300+ $14,505 $4,413 $345,939 $0 $298,713
1997 1140 $98,633 $398,123 $1,964,601 $1,123,618 $617,182
1998 1404 $176,407 $624,727 $3,324,856 $2,265,700 $1,477,225
1999 1760 $233,942 $863,709 $4,080,264 $3,017,658 $1,033,006
2000 1485 $163,916 $837,161 $4,152,357 $1,029,477 $3,133,205
2001 1512 $293,336 $1,451,318 $6,244,971 $898,244 $4,723,350
2002 2468 $606,246 $2,402,398 $14,201,496 $845,477 $12,419,687
2003 3725 $975,966 $8,934,880 $27,382,838 $4,946,781 $20,835,105
2004 5200 $1.732,567 $19,051,944  $42,199,640 $10,111,131  $30,329,278

Table 4: Rapid Growth of New Century Financial
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The aggressive growth strategy and fAassumption of addif
invest ment in staffing and other resourceso (Missalaffed2008b
and theefore unable to handle the task of auditing the rapidly growing entity. A study by Sarens (2007) shows significantafvidence
a positive relationship between the IAF and three variables related to company growth. The variables are compangisizef diffu
ownership and number of reporting levels. The relationship between company size and the IAF is consistent with fmdings fro
Anderson et al. (1993) and Carcello et al. (2005). The evidence suggests that the IAF was unable to properly aadgjrtivetiagi
the company.

Agency Cost: Quality and Compensation

The REBNFC reports that NFC originated or acquired | oal
wholesale division generated the majority of the loan production vollwm&ns originated or acquired through the wholesale division
were about $38.6 billion and accounted for about 85% of all loan originations in 2006. It operated from 33 regionai é&nters
states. This division originated loans through a network ofgagg brokers, lender and solicitations from account executives. The
brokers and lenders entered an agreement to abide by NFC policies and laws. Lenders sold loans that were alreadglosigihated,
and funded by NFC.

The retail division involved the mertraditional method of lending that involved direct contact with borrowers. It operated in
235 sales offices in 36 states. It originated $6.8 billion or 15% of all loans for NCF in 2006.

During 2005, the IAF performed a review of eight wholesalegssing centers and one retail processing center. A review

resulted in the issuance of an internal audit report (IAR). The standard IAR does the following: 1) explains the resssw)roc

presents findings, and 3) expresses an opinion. The opimopms f rom t he highest to | owest a
i mprovements neededo, 3) fineeds i mprovemento and Aunesati sf
remaining two scored fineeds i mprovemento ratings in the 1A

The IAC instructed management to fix the problems and instructed the IAF to-igliavith the process. To fix these
problems would require management to realign the contracts with the loan producers in the company. These instruatians create
conflict between management and the IAF. The IAF, which is funded by management and works often to support management, mt
now oversee that management takes steps that will likely reduce the profitability of the company and possibly manatjement itse

The comgnsation system for the loan department created large hurdles for the IAF. According to Missal (2008a), the

compensation for the | oan department included significantant
problemas managme nt was directed to address the findings in the |
compensation system that would have |Iinked i mproved | oan (

A company in growing so aggressivelygagreat latitude to the loan production department, much to the dismay of the IAF.
On April 7, 2010, Patricia Linsay, a former underwriter at NCF testified before FCIC stating that compensation was bassd on |

closed. Compensation for top producensny of whom had no real estate or mortgage experience, could be in the millions. In
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addition, they often had the power to make exceptions to underwriting guidelines. These exceptions were sometimestineade over
objections of seasoned appraisers, undeg or risk personnel.
Conclusion

The agency costs related to the IAF were substantial with regard to NCF. Although the IAF received criticism from the
examiner, the IAF did observe and report many irregularities in NFC years before the coltiyeseoofipany. Although the
examiner listed several failures of the IAF, the failures may have been rooted in a much more complex problem.

Agency theory helps untangle the complexity that may have been underlying some of the IAF failures. The IAEnwas giv
directives, but no power to enforce them. The power to make rapid change at NCF was in the hands of management. This was
demonstrated in September 2005 when management learned of the poor performance of interest only loans. A rapid chdege was |
inAfunder writing guidelines and compensation structur eswft ( Mi
if necessary even in a tough environment. Contrarily, management did not move on dismal IAF findings until it was too late.

The observations of this case study confirm those of Avianti (2009). In essence, we find that there is a question regarding
Awhet her it is responsible to expect the | AF t o biectpartese t o
having potentially competing roleso (p. 10) . The dakdtheser v
information gathering resource for the audit committee (AC); and 3) it is a support or supplemental infiogatatoing body for the
external audit.

Implications for Management

Although executive management has the responsibility for the internal control, they have separate contractual incentives th
are not available to the individuals carrying out the naoinig functions (Ernst & Young, 2006). To ensure efficiency of monitoring
functions, two key areas should be explored. The éxusroBt ar
contractso per spectauldleecanfigurédisethaftheagant and principal meeds are rseh In this case, quality of
output should have been measured in addition to quantity measures. If quality is a priority for the principal, itynk Ifkelthe
agent. The contractcogfiur ati on at NCF was <clearly a road bump (i f not
changes to adapt to the external changes.

Second, corporate governance is an area of accounting research that requires the breadth and depth eftheagesn
Accounting research must expand governance research beyond associations with accounting or auditing variables. Itenaust includ
diversity of theories, approaches and methods (Carcello, J. V., Hermanson, D. R., and Zhongxia, Y., 20& H)ahfited by
accounting research in this area up to this point. This case used the agency theory to explore how the behavioral affects th
accounting numbers. Cohen et al. (2008) was the only accounting literature that explored the firm govengamedtipde theories.
References
Adams, M. B. (1994). Agency theory and the internal aldinagerial Auditing Journal9(8),

8-12.

Alchian, A. A., and Demsetz, H. (1972). Production information costs and economic
24



organizationAmerican Economics Rewi, 62(5), 777795.

Anderson, D., Francis, J. R., and Stokes, D. J. (1993). Auditing, directorship and the demand for
monitoring,Journal of Accounting Public Poligy12(4), 353375.

Beasely, M. S., Carcello, J. V., Hermanson, D. R., and Neal, TOLOJ2Fraudulent financial
reporting 1998007: an analysis of U.S. public companies. Durham, NC: Committee of
Sponsoring Organizations of the Treadway Commission (COSO). Retrieved from:
http://www.coso.org/documents/COSOFAUDSTUDY2010_001.pdf

Blue Rikbon Committee on Improving the Effectiveness of Corporate Audit Committees (1999).
Report and Recommendations of the Blue Ribbon Committee on Improving the
Effectiveness of the Audit Committdesnted by the New York Stock Exchange and the
National Association of Securities Dealers.

Bricker, R., and Chandlar, N. (1998). On applying agency theory in historical accounting
researchBusiness and Economic Histo&/7(2), 486499.

Carcello, J. V., Hermanson, D. R., and Zhongxia, Y. (201Drp&@ate governance research in
accounting: insights, practice implications, and future reseArdtiting: A Journal of
Practice & Theory30(3), 131.

Carcello, J. V., Hermanson, D. R., and Raghunandan, K. (2005). Factors associated with U.S.
publiccompani esd® i nvest micotnting Horizoms3(2®, A1¥I2T. audi t i

Center of the Study of Ethics in Professions
http://ethics.iit.edu/indexOfCodesphp?key=10_318 937, accessed 4/7/2011.

Coase, R. H. (1937). The Nature of the Fimonom¢a. 4 (16): 386 405.

Cohen, J. R., Krishnamoorthy, G., and Wright, A. M. (2008). Form verses substance:
theimplications for auditing and research for alternative perspectives in corporate
research.Auditing: A Journal of Practice & Theor27(2), 181198.

Cohen, J. R., Krishnamoorthy, G., and Wright, A. M. (2004). The corporate governance mosaic
and financial reporting qualityJournal of Accounting Literature23, 87152,

Culpan, R., and Trussel, J. (2005). Applying agency theory and stakeheldeestto the
Enron debacle: an ethical perspecti®Business and Society RevjeM 0, 5976.

Diamond, D. W. (1996). Financial intermediation as delegated monitoring: a simple example.
Economic Quarterly82(3), 5166.

Eisenhardt, K. (1989). Agency theory: an assessment and redieademy of Management
Review 14(1), 5774.

Ernst & Young. (2006)Board Members on Ridkeveraging Frameworks for the Futuré&lew

nag,

25



York, NY: Ernst & Young LLC.

Financial Crisis Inquiry Commission. (2011). The financial crisis inquiry report: final report of
the National Commission on the Causes of the Financial and Economic Crisis in the
United States. Official government ed. Washington, DC: Financial Crigisrin
Commission. Retrieved from
http://c0182732.cdnl.cloudfiles.rackspacecloud.com/fcic_final_report_full.pdf

Hermanson, D. R. (2002). The growing stature of internal auditing. Internal Auditing, 1746), 43
44.

Hermanson, D. R., and Rittenberg, L. @3). Internal Audit and Organizational Governance.
Research Opportunities in Internal Auditingmonte Springs, FL: Institute of Internal
Auditors Research Foundation.

Hill, C. W., and Jones, T.M. (1992). Stakeholdgency theoryJournal of Manageent Studies
29, 134154,

Jensen, M. C., and Meckling, W. H. (1976). Theory of the firm: managerial behavior, agency
costs and ownership structurdournal of Financial Economic8(4), 305360.

Neuberger, D. What 6s Co naBeationship IRvesting? Reftectisns i p
within the Contractual Theory of the Firm. (February 10, 2005)

Missal, M. J. (2008a). Final report of Michael Missal, bankruptcy court examiner, in re: New
Century Holdings, Inc. chapter 11, case nel10416 (KJC) U.S. Bankruptcy Court of
the District of Delaware, February.

Missal, M. J. (2008b). New Century Financial: Lessons learned. Mortgage Banking, October,
2008.

Menkhoff, L. (2002). Institutional investors: the external costs of a successful iroravati
Journal of Economic Issue$6, 907933.

Rezaee, Z. (2008). Corporate Gvernance and Ethics. John Wiley & Sons, Inc.

San Miguel, J. G. and Govindarajan, V. (1984). The contingent relationship between
the controller and internal audit functions in large corporatidosounting,

Organizations and Societ9(2), 179188.

Schneider, M. (2000). When intermediaries are corporate owners: an agency model of
institutional ownershipJournal of Managemergnd Governance4, 207237.
http://www.fcic.gov/report/conclusions [Accessed 1.2.2011]

Watts, R. . (1988). Discussions of financial reporting standards, agency costs, and shareholder

intervention. Journal of Accounting Literature/, 125132.

Banki

ng

a

26



11 AHybr i d MCDM Model for Weighting National I nnovative Cay
[-Shuo Chen
Trinity College Dublin
Abstract

The importance of innovation for the survival of a country is increasing. With that in mind, developing and imprteira na
innovative capacity and evaluating innovated performance to acquire sustained competitive advantage worldwide, havey&eaicome ur
issues today. Current research has already proposed relative indexes both from various disciplines and methodshésmvever
indexes, explored and confirmed mainly by senior experts in the field of innovative operation and performance evaliion, are
lacking, resulting in the performance improvement with bias and incomprehension. Hence, national capacityitiue)stgdy are
explored based on importance given by a committee of senior experts through a hybrid multiple criteria decision making (MCDM)
approach, aiming to solve the problems clearly and comprehensively. A global case containing 95 natioed i® dtilther exam

the claim. Recommendations for the countries and suggestions for future research are provided at the end of this article.

1. Introduction

In todaydés highly dynamic and competitive global market
competitive advantages, rather than invest capital on cost reduction, delivery time reduction, and quality. Scholatitianerprac
believe these criteria allow nations to develop new technologies, adopt more efficient production techniques, intrododectsw p
and processes; consequently, these nations become more competitive and increase their overall economic performmaaas (Kafou
al., 2008; Rejeb et al., 2008).

Innovation is a strategic determinant for enhancing the performance of a region, making it competitive in global markets (Ami
& Thrift, 1995; Montes et al., 2005). Innovation provides the marketplace with newagureuproducts and services, creates entry
barriers that make learning the necessary resources to develop innovation more difficult, and creates new values thatrudegite
of competitive play (Hitt et al., 1997; Tidd, 2001).

Because of above, numeraugtions continue to improve their innovative capabilities for the growth and economic performance
of the economy (Porter, 1990; Porter & Stern, 19909Ipashdthy pi ¢
an economic and polial entityd to produce a stream of commercially relevant innovations (Furman et al., 2002). Because national
innovative capacity is difficult to measure and because its evaluation is important to ensure the continuous developatiem of a
(Rejebetal2 008), recent studies found that forming the national
innovation performance (Porter, 1998; Furman et al., 2002).

Althoughcurrent studies have proposed relative rdikcipline or multimethod indexes, those indexes, explored and confirmed
mainly by senior experts of the field, are still lacking and result in bias and incomprehensivenesshdeeeof this study is to
explore national innovative capacity indexes baseinportance byanalyzing a committee of senior experts through a hybrid

multiple criteria decision making (MCDM) approach based orddesionmaking trial and evaluation laboratdiyEMATEL) and
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ananalytic network proces®\(\P), proposed by Yang et al. (2008). Applyitihe result, to further counter the claim that most
national innovative capacity indexes explored and confirmed mainly by senior experts are lacking, such indexes make improved
innovative performance bias and incomprehensive argument, a global caseilgi®ainations is utilized to exam the claim. In
short, this study attempts tonquer this problem and provide precise direction for nations to evaluate and improve national
innovative capacity.

The DEMATEL method wassed to develop the interrelatiorstiveen evaluation criteria in order to formianpact relations
map (IRM) An ANP was conductesd that hierarchical structure was not restri¢¥ahg et al., 2008)Current research has proven
the advantages and reliability for the DEMATEL and ANP methiodseir respective fieldgLin & Wu, 2008; Momoh & Zhu,
2003) In this studythe DEMATEL method is adopted to find causal relationships and different impact among national innovative
capacity criteriaHowever, the IRM of service improvement develogf@dugh DEMATEL then becomes a network evaluation
structure for ANP analysis, which is used to calculate the relative weight of national innovative capacity indexes

The remainder of this study is organized as follows: the background of national inneegiagities is discussed in Section 2, a
hybrid MCDM approach is proposed in Section 3, an empirical study is conducted in Section 4, and the conclusion ialin the fin

section.

2. Background for national innovative capacity
2.1 Innovation

Innovation is no longer only suitable for organizations, both the private sector and the public sector alike (Daft, 2684; Kra
2004), but it is also appropriate for nations. Global competitiveness today highly relies on innovation. Traditionalrits/estateas
continuous operational improvement in education and infrastructure or producing standard products using standard nositpeds no |
ensure that a nation obtains sustained competitive advantages (Porter & Stern, 2004).

As previously highlightednany nations began to develop and improve their national innovative capacity in order to upgrade
innovation performance worldwide. Nevertheless, comprehensively and efficiently evaluating and improving innovated performanc
is a hardship for nations todagcause the dynamic nature of tracking innovative performance is very sophisticated, and it is
sometimes intangible (Nonaka, 1994; Caloghirou et al., 2004; Chen & Chen, 2010). In the following section, we introduce and

summarize national innovative captsci

2.2 National Innovation Capacity

National innovative capacity can be best explained by the-idsn endogenous growth theory (Romer, 1990), the cluster
based theory of national industrial competitive advantage (Porter, 1990), and national amsystems (Nelson, 1993) used for
identifying countryspecific factors that determine the flow of innovation (Furman et al., 2002). National innovative capacity has
become popular in recent years and will soon become a critical factor not only in melpons acquire competitive advantages

globally but also in determining its survival. Innovative capacity can typically be defined as the continuous improvémenteséll
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capabilities and resources that firms possess to explore and exploit oppstianiieveloping new products to meet market needs
(Szeto, 2000). Thus, national innovative capacity can be seen as the ability of a country to produce and commercialfderanitow
new technologies over the long term (Furman et al., 2002).

Empirically, national innovative capacity can be manifested in many categories, including the common pool of institutions,
resource commitments, and policies that support innovation across the economy. National innovative capacity also includes the
particularinnovh i on environment in the nationbés industrial cluster
like products, processes, and administration (Damanpour, 1991; Wonglimpiyarat, 2010); and factors that are associated with
innovation, suclas intellectual policy (Merges & Nelson, 1990) and both official and unofficial organizations (McDermott & Stock,
1999; Souitaris, 2002; Sharma & Rai, 2003), such as specific R&D institutions, governments, and university systems (88zery, 1
Nelson & R@enberg, 1993; Kuemmerle, 1997; Mowery & Rosenberg, 1998; Furman et al., 2002). Therefore, there is no universally
accepted definition of the concept (Nelson and Rosenberg, 1994; Wang, 2001). National innovative capacity can be mliverse, fro
being persoibased toindusttp ased, and it is centered on the stren-gutting of |
factors that contribute broadly to innovation t hr ouctustessut t
and the correlative strength between these two (Furman et al., 2002). In Table 1, national innovative capacity indeecdtbypropos
relevant research are summarized with updated and reachsed
section, focuses on a specific national innovative capacity framework for achieving the aim of this study. The methabiogy us

this study is introduced in the following section.
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Table 1 National innovative capacitydexes summary

lational innovative capacity Selected citations

-mployee skill level and diversification Kaufmann & Todtling (2002); Tsai et al. (2003)

-ollowing the technological developments by journals, congress, Calantone et al. (2002)

irs

Vaysof manager participation (management style and leadershij Lemon & Sahota (2004); Hult et al. (2004); Montes et al. (2005)
-mployee encouragement for innovation and idea generation Monge et al. (1992); Tang (1999); Anand & Khanna (2000); Koc (2007)

Resairce provision for innovative ideas
)egree of bureaucracy and hierarchy
)egree of centralization

Skillful employee training and regitment on innovatiomelated

ositions

ob design for teamwork

rossfunctional integration

rossfunctional teams responsible fimnovation
~ompany culture

‘echnology perception

earning or@nization characteristics

-mployee perception of change

-mployee willingness to share and manage information
nstant assessmeot innovative ideas

‘olerance for mistakes

Reward system for innovative ideas

\vailability of communication channels for information
issemination

Systems for database, data transfer and documentation
-inancial and commercial

lewmarket share and customer satisfaction
\umber of patents
(nowledge

-ducation expendituress percentage of GDP, and inward FDI

Bharadwaj & Menon (2000); Crowston (1997)

Slappendel (1996); McDermott & Stock (1999)

Damanpour & Gopalakrishnan (1998)

Hoffman et al. (1998); Lundvall & Nielsen (1999); Tsai et al. (2003)

Barczak & Wilemon (2003)

Slappendel (1996)

Schrader (1991); Katzenbach & Douglas (1993); Crowston (1997);
Davenport et al. (1998); Havens & Knapp (1999) Lemon & Sahota (2004);
(2007)

Zahra & Covin (1993); Randale & Rainnie (1996)

Calantone et al. (2002)

Cohen & Levinthal (1990)

Monge et al. (1992); Macdonald & Williams (1994); Nijssen & Frambach (z
Chesbrough (2003); Lemon & Sahota (2004)

Anand & Khanna (2000)

Galbraith (1982); Tang (1999)

Macdonald &Williams (1994), Cohen & Levinthal (1990)

Tang (1999); Lemon & Sahota (2004)

Griffin and Page (1996); Crepon et al.(2000); Huang et al. (2004); Kangme
(2005)

Rejeb et al. (2008)

Archibugi & Pianta (1996); Abraham & Moitra (2001); Lin et al. (2010)
Davenport et al. (1998); Havens & Knapp (1999); Kafouros et al. (2008)
Lin et al. (2010)

Sources: Updated and revised from Koc (2007).

30



3. Research Methods A Hybrid MCDM Approach
3.1 DEMATEL

TheDecision Making Trial and Evaluation Laboratd JEMATEL) was used to develop the interrelations between evaluation
criteria in order to form ammpact relations mafiRM) (Yang et al., 2008)The calculation steps are as follows (Yu & Tseng, 2006;
Liou et al., 2007Yang et al., 2008
Step 1 Calculde the initial average matrix.

We assumed that a group of sample experts were asked to point out the direct effect in accordance with their pereggtion that
element exerts on every other elemgnas presented by &y using a scale ranging from 0 (no influence) to 4 (high influence).
Based on groups of direct matrices from samples of experts, we can generate an averagamvalich each element is the mean
of the corresponding elements in thex p edirectsydtrices.

Step 2 Calculate the initial influence matrix.

While completing the normalization of the average maiithe initial influence matrip, [l , is calculated so that all
principal diagonal elements equal zero. In accordancelvithe initial effect that an element exerts and/or acquires fotimer
elemens is given. The map illustrates a contextual relationship among the elements within a complex system, and each matrix entr
can be seen as its strength of influence which is depicted in Figaneatrow frond to g meandd influencesg with an influence
score of 1. Therefore, we can translate the relationship between the causes and effects of various measurementecriteria into

comprehensible structural model of the system based on influenaedegr

Fig. 1 An influential map

Step3: Create the full direct/indirect influence matrix.

The indirect effects of problems decrease when the povwRindreasege.g.,D?, D3, ..., D¥), which guarantees convergent
solutions to the matrix inversion.As Figure 1 presents, the effecinalfis greater than that @bn g. Based on this, we can generate
an infinite series of direct and indirect effects. Let ilj¢ ¢lement of matriAbe pesented by, then the direct/indirect matrix can

be acquired after going through Eq. (1) through (4), as follows:
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D =s*A, 50 1)

or
[f'!rr',r'-lnxn = ""I[Hf,r'-lrzxn1 & [-]1 {1; € [ |1 21 L] 1”]’ (2)
where
v = Mlin ! ! 3
T ITIAX | ,gf,gnZ}Ll |t | Maxy=i=n iy il ( )
and
lim D™ =[0],,, where D =[d], .. 0=d;<]I @)
Then, the totainfluence matriXT can be obtained by using Eq. (5). Hérgs the identity matrix.
T=D+ D +-- 4+ D" = DI Dy' when m o0, (5)
If the sum of rows and the sum of columns is represented as veatuds, respectivelyin the total influence matriX, then
T=[tsl, ij=12....n (6)
r=[ril,., = ( ” ff')
l g ' =l (7)

c=[¢iliun = (Z !r':') (8)
= 1 »m

where the superscript apostrophedenotes transposition.

If r; represents the sum of tH&row of matrixT, thenr; represents the sum of both direct and indirect effects of faatoall
other criteria. In addition, i§; represents the sum of tffecolumn of matrixT, theng; represents the sum of both direct and indirect
effects that all other factors have jofrurthermore, note that i (ri+ ¢) illustrates the degree to which fact@ffects or is affected by
j. Also, if (r; + ¢) is positive, then factdraffects other factors, and if it is negative, then factsmaffected by others (Tzeng et al.,

2007; Liou et al., 2007; Yang et al., 2008).
Step4 Confirm the threshold valuer] and generate the impact relations r{i&gm).

Lastly, it is necessary fars to develop a thresholdvaludby t aki ng i nto account the sampl
minor effects presented in matixelements (Yang et al., 2008). It is needed to isolate the relation structure of the most relevant
factors. In accordance with matiTx each factot; provides information about how factoaffectsj. To decrease the complexity of
the impact relations ap, a threshold value determined by the decisiaker for the influence degree of each factor is required. If the
influence level of an element in matfixis higher than the threshold value, then this element is included in the final IRM (Liou et al.,
2007; Yang et al., 2008).

In the following section, the analytic network process (ANP) and its calculation steps are introduced to solve the problem of

interdependence and feedback among each measurement criterion generated by the DEMATEL.

3.2ANP
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The analyic network process (ANP) is used in midtiteria decision making (MCDM) to release the restriction of hierarchical
structure Yang et al., 2008 Its steps for calculation can be illustrated as follows (Huang et al., 28@§;et al., 2008
Step 5Form a supermatrix by using criteria comparison in the system.

This can be accomplished using paise comparisons. The relative importaivedues of paiwise comparisons can be
categorized from 1 (equal importance) to 9 (extreme inequality in importance) (Saaty, 1980). The following is the genefr&idor
supematrix (Figure 2) (Yu & Tseng, 2006; Liou et al., 2007), whekgepresents thei" cluster e, represents the'" element in the
m" cluster, andy is the principal eigenvector of the effect of the elements compared jthdinster to thé™ cluste. If thej" cluster

has no impact to th&' cluster, therwj;= [0] (Huang et al., 2005; Yu & Tseng, 2006).

< « C

Fig. 2 The general form of the supermatrix

Step 6 Acquire the weighted supermatrix by multiplying the normalized matrix based on theofabeltDEMATEL (Yang et al.,
2008.

Traditionally, the way to derive the weighted supermatrix is by transforming each column to make them sum to unity. Elements
in their respective columns are divided by the number of clusters, so the columns will suity. tbhese normalization methods
indicate that clusters have equal weights, which does not suit&addl model because there may be different effects among each
cluster. Thus, the traditional model is irrational. To solve this problem, Yang et @8)@®posed a novel hybrid model to combine
the DEMATEL with ANP, which we illustrate below.

Initially, the IRM is developed. Then, it is used with the total influence matiaxd a threshold valueto develop a new matrix.

In matrix T, values of eachluster are set to zero if the value is less thaand this new matrix is renameaekcut total influence matrix

Taas Eq. (9)).
T, = |75 1y ’e (9)

if < thert{;=0; Otherwiset/j= f. After that, thea-cut total influence matri¥ s ,ormalized by using Eq. (10) below and

renamed a3 (presented in Eq. (11)).
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di = Z?:l tio]l'y

(10)
n 0, L, 2.

T, =|23/4, re /4, re/d, (11)
o 7y » /A, ™/,

Then, we adopt the normaliz€ecut total influence matritsand utilize Eq. (12) below to calculate the weighted supermatrix

Wy

.i‘"__ * LI:?'_ ;.:_:J * Lp;z ‘.:_ XLI::X
Eol R ¥ S g : :
W, = : FoxW, - # <, (12)
a2, LW, T R,
S _ &
wheretii = tij/di

Step 7 Limiting the weighted supermatrix by raising it to a sufficiently large pdawer

This step can be done by using Eq. (13) until the supernimcdames convergent and stable to finally acquire global priority
vectors (weight).

Jim, WS (13)
4. A Numerical Study

The purpose of this research is to provide precise direction for countries to appraise and improve national innovaijve capaci
clearly and comprehensively. To achieve this aim, a hybrid MCDM approach comprising DEMATEL and ANP is used. DEMATEL is
initially adapted to develop the network structure. Next, ANP is used to compute the limited supermatrix to obtain the weights of ea
national innovative capacity indexes within the constructed network structure.

In this study, the national innovative capacitgms ur e ment structure (as Figure 3 sho
national innovative capacity indexd®dter & Stern2004); that is, 4 measurement dimensions, including 11 measurement indexes,
are adapted. Por t ecatesahatdill ntebsaresr{3@ mdexes ariginally)avhre domfimned positive and statistically
significant after an analysis of a single crssstion of 78 countries. On the other hand, nearly all of the measures are highly

correlated with each other. In Talf, definitions fonational imovative capacity dimensions and indexes are provided.
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Nationallnnovative Capacity Index

D*1 D2 D3 D4

11 12 (| 13]] 14 15 || 16 17 18 19 | | mo || m

Fig. 3 The national imovative capacity measurement structure

Note: D: Dimension; I: Indexes

Table 2. e definitions fomational imovative capacity dimensions and indexes

Definition of Dimension Definition of Indexes

The innovation policy
The effectiveness of intellectual property protection.
The size and availability of R&D tax credits and subsidies for the private sector.
Costs of tariff restrictions.
Thecluster innovation environment
The sophistication of domestic customers.
The extent of locally based competition.
The extent of product and process collaboration.
The innovation linkages
The local availability of specialize@search and training institutions.
The availability of venture capital for innovative but risky projects.
The company operations and strategy
The degree to which competitive advantage depends on introducing unique goods and services.
The extent and sophistication of marketing.
The degree to which pay is linked to productivity.

Sources: Porter & Stern (2004).

Before weighting national innovative capacity indexes, the interrelationship among each measurement dimension must be
explored. A committee comprising 60 senior experts (five or more service years), who have both academic and practiczd experie
innovation operation and innovative performance evaluation, are consulted and requested to highlight the crucial level dipslations
among each measurement dimension. Using the scores of 60 senior experts for pairwise comparisofistheatvigrage initla
directrelation 4*4 matrix, can be developed (as Table 3 shows).
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In accordance with the former 3 steps of DEMATHg§. (1)(6)), the total influence 4*4 matriX is computed and provided in
Table 4. Noting that interrelationships need to be obvioughatiimportant relationships must be kept, a threshold value of 0.31 is
adapted after reaching a consensus with more than half of the senior éxpgits TheU-cut total influencet*4 matrix TUs
provided as Table 5.

Table 3. The average initial diretlation 4*4 matrixA

D1 D2 D3 D4
D1 0 2.09 3.30 3.65
D2 3.55 0 3.85 3.32
D3 1.43 1.35 0 3.75
D4 1.20 1.40 1.15 0
Table 4. Total influence 4*4 matrik
D1 D2 D3 D4
D1 0.329 0.449 0.659 0.822
D2 0.651 0.344 0.781 0.911
D3 0.354 0.320 0.296 0.673
D4 0.272 0.260 0.315 0.283
Table 5.U-cut total influencet*4 matrix TU
D1 D2 D3 D4
D1 0.329 0.449 0.659 0.822
D2 0.651 0.344 0.781 0.911
D3 0.354 0.320 0.000 0.673
D4 0.000 0.000 0.315 0.000

Although the calculated result of DEMATEL shows different influential levels, results from the traditional normalized method
will be flawed and biased (Yang et al., 2008), making such results unsuitable. To avoid this praplecifiacombination model of
DEMATEL and ANP is used.

The DEMATEL is to first acquire the-cuttotal influence 4*4 matridUas provided in Table 5. Following with Egs.{QR),
thelRM (i.e., network evaluation structure of ANP) is next constructedftect the complicated causal relationships between each
measurement dimension. In accordance with Table 6, the network evaluation structure for ANP is hence developed in Figure 4.

Table 6. The normalizeld-cut total influencet*4 matrixTU

D1 D2 D3 D4
D1 0.146 0.198 0.292 0.364
D2 0.242 0.128 0.291 0.339
D3 0.263 0.238 0.000 0.499
D4 0.000 0.000 1.000 0.000
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Fig. 4The IRMand network evaluation structuie ANP

According to the interrelationship and influence degrees among measurement dimensions (Figure 4), and using 60 senior exp
and step 5, matriy, the unweighted 11*11 supermatrix for measurement criteria, is therefore computed as shown in Table 7. Then,
calculating with Eq. (12), the weighted 11*11 supermatrix for measurement ciigigaobtained as provided in Table 8. Lastly, to
acquire the global weights for national innovative capacity indexes, Eq. (13) is then adapted to obtain the limitirdrsup&smn
The analysis results are provided in Table 9, along with the global ranking of measurement indexes. Also, based ontbiglai®bal
of measurement indexes, weights of each measurement dimension are thus explored and provided in tbellasthsrnn Table 9.

In accordance with the resulbe innovation linkages (D3y=0.392) are believed to be the most important national innovative
capacity for developing a nationbés innovative abilnnotated The
performance that each nation should first take into @tcdNations should then focus on company operations and strategy (D4;
w=0.303), the innovation policy (D¥=0.161), and the cluster innovation environment (B20.144). Furthermore, although each
national innovative capacity index is important, eaclonas still encouraged to compare against the prior indexes to evaluate
efficiency, performance improvement, and national innovative capabilities development. This is especially true fonvéhe top fi
indexes: 1) the availability of venture capital fordmwative but risky projects (18y=0.251); 2) the extent and sophistication of
marketing (110w=0.146); 3) the local availability of specialized research and training institutions<07141); 4) the effectiveness
of intellectual property protection (I1%=0.100); and 5) the degree to which competitive advantage depends on introducing unique
goods and services (I1%=0.098), in accordance with the Pareto principadafieving more performance with less cost

Table 7. The unweighted 11*11 matrix for me@suent indexesV

11 12 13 14 15 16 17 18 19 110 111
11 1.00 0.00 0.00 0.46 0.65 0.53 0.55 0.7 0.43 0.58 0.65
12 0.00 1.00 0.00 0.21 0.1 0.12 0.16 0.14 0.22 0.18 0.1

13 0.00 0.00 1.00 0.33 0.25 0.35 0.29 0.16 0.35 0.24 0.25
14 0.65 0.49 0.59 1.00 0.00 0.00 0.58 0.46 0.45 0.53 0.55
15 0.29 0.26 0.3 0.00 1.00 0.00 0.33 0.36 0.26 0.22 0.34
16 0.06 0.25 0.11 0.00 0.00 1.00 0.09 0.18 0.29 0.25 0.11
17 0.42 0.29 0.45 0.41 0.18 0.26 1.00 0.00 0.32 0.45 0.2

18 0.58 0.71 0.55 0.59 0.82 0.74 0.00 1.00 0.68 0.55 0.8

19 0.27 0.25 0.36 0.29 0.25 0.32 0.29 0.38 1.00 0.00 0.00
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110 0.55 0.61 0.53 0.48 0.58 0.43 0.55 0.4 0.00 1.00 0.00
11 0.18 0.14 0.11 0.23 0.17 0.25 0.16 0.22 0.00 0.00 1.00

Table 8. The weighted 11*11 matrix for measurement indéxgs

11 12 13 14 15 16 17 18 19 110 111
11 0.146 0.000 0.000 0.111 0.157 0.128 0.145 0.184 0.000 0.000 0.000
12 0.000 0.146 0.000 0.051 0.024 0.029 0.042 0.037 0.000 0.000 0.000
13 0.000 0.000 0.146 0.080 0.061 0.085 0.076 0.042 0.000 0.000 0.000
14 0.129 0.097 0.1127 0.128 0.000 0.000 0.138 0.109 0.000 0.000 0.000
15 0.057 0.051 0.059 0.000 0.128 0.000 0.079 0.086 0.000 0.000 0.000
16 0.012 0.050 0.022 0.000 0.000 0.128 0.021 0.043 0.000 0.000 0.000
17 0.123 0.085 0.131 0.119 0.052 0.076 0.000 0.000 0.320 0.450 0.200
18 0.169 0.207 0.161 0.172 0.239 0.215 0.000 0.000 0.680 0.550 0.800
19 0.098 0.091 0.131 0.098 0.085 0.108 0.145 0.190 0.000 0.000 0.000
110 0.200 0.222 0.193 0.163 0.197 0.146 0.274 0.200 0.000 0.000 0.000
111 0.066 0.051 0.040 0.078 0.058 0.085 0.080 0.110 0.000 0.000 0.000

Table 9. The limiting 11*11 supermatrix for measurement inde¥gg with ranking

11 12 13 14 15 16 17 18 19 110 111  Ranking D Weight  Prior

1  0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 4 D1 0.161 3
12 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 10
I3 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 9

14 0.076 0.076 0.076 0.076 0.076 0.076 0.076 0.076 0.076 0.076 0.076 6 D2 0.144 4
I5 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 8

16 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 11

17 0.141 0.141 0.141 0.141 0.141 0.141 0.141 0.141 0.141 0.141 0.141 D3 0.392 1
I8 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251

19 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 D4 0.303 2

110 0.146 0.146 0.146 0.146 0.146 0.146 0.146 0.146 0.146 0.146 0.146
111 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059

NN O W

It can be argued that most national innovative capacity indexes explored and confirmed mainly by senior experts afréhe field
still lacking, making improved innovative performance bias and incomprehensive. To counter that argument, this research adapts
Porter and Sternds nat iRonead& Starn2004 to aonduat feirther axanairation. Yhisiadaptagion evas  (
done becausdiyst, the results have already confirmed strong statistically significant correlations but they did not come from the
opinions of seior experts of the field. Second, the result is internationiainted, containing 95 countries, which can further verify
the expert reliabiltyoP or t er and St ertnhbiss rreessuel atrsc hadss . WNeAVd. endiisd/gh scoresof ons 0
national innovative capacity dimensions are provided in Table 10, Wheygresents that all original scores were normalized before
further calculationAvg.represents averaged scores; Wit.represents weighted scores.

In accordance with the results, over half of the countNe$9) had an adjusted national innovativpasity. Among them, 36

percent of countriesN=34) need to increase their global ranking for their current national innovative capacity performance, whereas
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another 37 percent of countridd=35) should be decreased. Merely 27 percent of countire®6) dould stay with their current
ranking. In short, the overall adjustment rate is 73 percent, which reveals that some countries need to continue degeloping a
improving their national innovative capacity performance, and some need to be ranked with ticerandsprecision.
To explore the differences ofational innovative capacity performance ranking among 95 countries aalidate the
differences betweeN-Avg. andN-Wgt. scores, the Spearman rank order correlation coefficient is used. The end of Table 10 provides
the analysis results. Based on the result, it reveals that there is a significant relationship ldetwgescores antl-Wgt. scores
(re=0.998,p=0.000).This result, at first glance, seems to counter the comparison analysis above. This research infers that with a larg
number of sample countries, more countries with less ranking adjustments will not significantly reveal short run gieveiediffe
termsof future development. However, the result of this study still provides detailed directions for countries to developcaed impr
their national innovative capacity performance, as well as to evaluate their performance and determine global ranking.
Additionally, the results confirmed thRtor t er and Sterndés ranking for 95 nation
performance, contained expert reliability. Their results verify expert reliability and construction validity of this stigyisvgood

for the use of future evaluation questionnaire development and for the basis of hypothesis evolution of future researches.

Table 10. The comparison between lédvg. andN-Wgt. scores for 95 countries

NIC* dimensions/ scores** N-Avg. . N-Wagt. . _—
Country D1 02 D3 DA scores Rankng scores Ranking dif
us 551 7.59 726 7.80 0.148 1 0.151 1 0
Finland 558 7.55 7.02 7.28 0.145 2 0.146 2 0
UK 536 6.79 6.96 7.63 0.141 3 0.145 3 0
Japan 5.02 7.68 5.97 7.42 0.137 5 0.136 8 3
Germany 534 7.37 6.11 7.41 0.138 4 0.138 4 0
Singapore 596 6.85 591 7.14 0.137 5 0.135 12 (")
Sweden 511 6.72 6.48 7.30 0.135 9 0.137 5 4
Denmark 5.18 6.99 6.27 7.36 0.136 7 0.137 5 2
Switzerland 492 6.89 6.09 765 0.134 10 0.136 8 2
France 535 6.96 6.20 7.22 0.136 7 0.136 8 (1)
Netherlands 529 6.61 6.51 6.87 0.134 10 0.136 8 2
Canada 3.37 6.98 6.39 6.37 0.120 22 0.125 18 4
Taiwan 539 7.19 563 6.74 0.132 13 0.129 13 0
Israel 5.35 6.27 6.62 7.05 0.134 10 0.137 5 5
Australia 548 6.42 6.18 6.14 0.129 14 0.129 13 1
Austria 5.16 6.87 5,53 6.76 0.128 15 0.127 16 1)
Belgium 5.15 6.25 5.87 6.70 0.127 16 0.128 15 1
Iceland 492 6.25 5,57 6.47 0.123 20 0.123 21 1)
Ireland 501 6.39 586 6.29 0.125 18 0.125 18 0
Korea 474  6.67 579 6.19 0.123 20 0.123 21 (2)
Italy 455 7.26 561 6.38 0.125 18 0.124 20 (2)
Norway 482 5.96 564 6.06 0.119 24 0.120 24 0
New Zealand 459 6.43 581 5.97 0.120 22 0.121 23 (2)
Spain 477 6.13 5.46 585 0.117 25 0.117 25 0
Hong Kong 470 6.72 554 7.08 0.126 17 0.126 17 0
Estonia 442 579 5.37 5.17 0.110 29 0.110 29 0
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South Africa
Latvia
Slovenia
Czech Republic
Lithuania
Greece
Portugal
Poland
Malaysia
Slovak Republic
Jordan
Tunisia
Hungary
China
Chile
Brazil
Russian
Federation
India
Croatia
Costa Rica
Thailand
Mauritius
Ukraine
Indonesia
Mexico
Vietham
Bulgaria
Turkey
Egypt
Argentina
Romania
Panama
Sri Lanka
Trinidad and
Tobago
Philippines
Colombia
Dominican
Republic
Uruguay
Peru

El Salvador
Venezuela
Guatemala
Pakistan
Zimbabwe
Ecuador
Honduras
Nicaragua
Paraguay

4.44
4.20
4.56
4.09
4.05
4.50
4.73
3.94
5.04
4.00
4.28
4.89
4.45
3.99
4.29
3.74
3.26

4.13
3.61
3.62
4.37
3.84
3.31
4.03
4.01
3.91
3.42
3.62
2.95
3.17
2.76
3.75
3.56
3.70

3.41
3.53
3.55

3.44
2.96
3.40
2.92
2.99
3.20
3.18
2.97
3.18
3.08
2.70

6.43
5.81
5.40
5.44
5.12
5.45
5.49
5.50
6.47
5.34
511
5.29
4.77
6.20
5.36
6.04
5.13

6.12
5.40
5.10
5.98
5.23
4.99
511
5.15
571
4.61
5.43
4.85
4.89
4.87
4.80
4.97
4.83

5.03
5.03
4.39

3.94
4.16
4.39
4.20
4.33
4.98
4.74
3.75
3.77
3.40
3.45

5.25
5.32
4.77
4.96
5.16
4.65
4.90
4.98
4.78
4.40
4.52
5.10
4.58
4.65
4.98
4.85
4.72

5.32
4.58
4.52
4.53
4.59
4.20
4.18
4.38
4.38
4.18
3.79
4.40
4.03
4.41
4.44
4.26
4.15

3.59
4.13
4.50

3.70
3.69
3.83
3.68
3.85
3.14
3.92
3.52
3.23
3.16
2.90

5.18
5.85
5.74
5.50
5.14
5.18
4.42
5.18
5.48
4.90
4.60
4.94
4.92
4.71
5.20
5.28
4.32

4.89
4.56
5.49
5.56
5.04
4.35
4.83
4.92
4.38
4.24
4.54
4.57
4.53
411
4.86
4.49
4.58

4.76
4.65
5.20

4.23
4.33
5.05
4.27
4.19
4.04
3.70
412
3.76
3.87
3.36

0.112
0.112
0.108
0.105
0.103
0.105
0.104
0.103
0.115
0.098
0.098
0.108
0.100
0.103
0.105
0.104
0.092

0.108
0.096
0.098
0.108
0.099
0.089
0.096
0.098
0.097
0.087
0.091
0.088
0.087
0.085
0.094
0.091
0.091

0.088
0.091
0.093

0.081
0.080
0.088
0.079
0.081
0.081
0.082
0.076
0.074
0.072
0.066

27
27
30
34
39
34
37
39
26
44
44
30
42
39
34
37
56

30
50
44
30
43
63
50
44
48
68
57
64
68
70
53
57
57

64
57
54

74
77
64
78
74
74
72
81
83
84
89

0.111
0.113
0.108
0.106
0.105
0.103
0.102
0.104
0.111
0.097
0.097
0.107
0.099
0.101
0.105
0.104
0.093

0.108
0.095
0.100
0.105
0.099
0.089
0.094
0.097
0.095
0.087
0.089
0.090
0.087
0.086
0.095
0.091
0.091

0.086
0.091
0.095

0.081
0.080
0.088
0.080
0.081
0.077
0.081
0.077
0.073
0.072
0.065

27
26
30
33
34
39
40
37
27
45
45
32
43
41
35
37
56

30
49
42
35
43
63
54
45
49
67
63
60
67
69
49
57
58

69
58
49

73
77
66
77
73
79
73
79
83
84
88

CcomNPR O
g

4
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Bangladesh 281 4.04 262 337 0.068 87 0.065 88 (2)

Bolivia 245 3.12 3.08 345 0.064 90 0.065 88 2
Madagascar 272 3.46 3.26 3.85 0.070 86 0.071 85 1
Senegal 282 3.77 3.67 394 0.075 82 0.076 82 0
Algeria 3.46 3.70 3.00 332 0.072 84 0.069 86 (2)
Angola 255 245 235 3.02 0.055 95 0.055 94 1
Botswana 3.89 442 3.85 4.82 0.090 62 0.089 63 (1)
Chad 262 3.20 206 3.07 0.058 94 0.055 94 0
Ethiopia 273 3.16 282 3.12 0.063 91 0.062 92 (2)
Haiti 240 3.05 3.01 350 0.063 91 0.064 91 0
Jamaica 3.47 454 422 541 0.093 54 0.094 54 0
Kenya 3.15 4.69 420 4.81 0.088 64 0.090 60 4
Malawi 298 4.00 3.34 428 0.077 80 0.077 79 1
Malta 411 4.83 418 5.02 0.096 50 0.095 49 1
Morocco 394 514 444 489 0.097 48 0.097 45 3
Mozambique 278 3.08 278 3.21 0.063 91 0.062 92 (1)
Namibia 3.78 4.66 3.87 492 0.091 57 0.090 60 3)
Nigeria 3.11  4.75 3.94 439 0.085 70 0.085 71 (2)
Serbia 215 4.34 411 434 0.078 79 0.081 73 6
Tanzania 3.35 4.13 3.81 430 0.082 72 0.083 72 0
Zambia 206 3.76 292 435 0.068 87 0.069 86 1
Spearman ran&rder correlation coefficientd) 0.998
Sig. 0.000
Adjustment Rate (%) Advancement 36 (34 countries)
Degeneracy 37 (35 countries)
Maintenance 27 (26 countries)
Total 73

Note. *NIC: National Innovative Capacity
** NIC Dimensions/Scores adapted from Porter & Stern (2004)

**=* dif = N-Avg. Ranking- N-Wgt. Ranking ; The number in () means minus.

5. Conclusion and Remarks

Because of that facttheto d ay 6 s gl obal mar ket place is highly dynamic
sustained competitive advantage but to also maintain survival for each nation. Theefeleping and improving the national
innovative capacity anévaluating its performance to obtain sustained competitive advantage worldwide have become urgent issues
Although related national innovative capacity indexes have been rapidly produced, this study claims that most of theroredre ex
without consultingsenior experts of the field. This has resulted in developing, evaluating, and improving national innovative capacity
and performance with bias and incomprehension.

This study, adapting the opinions of a committee of senior experts through a hybridenwitgyia decision making (MCDM)
approach, attempts to conquer these problems by weighting national innovative capacity indexes. Expert reliability @sttboonstr
validity are also verified. Practically speaking, future nations are advised to effiadentlop and improve their national innovative

capacity, and they should also evaluate innovative performance globally with precision and justice based on this study result
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