Journal of Engg. Research Vol. 4 No. (4) December 2016 pp. 151-177
den sl g5 pldealy & leiia ) o LT B YT e 3,3l 52l
SBYIBIFPET <31 jpis 35 daslidl oY lez Y1 B slize)
Z.SL?- 2.«:‘)3‘9

b 3 S S E s GG e ¥ (k] OIS
TS5 e sl coleal) Tzl o 2 S el
£S5 V1 ol LY ¢ eSS cJlas N1 1] 2S5 0515 Caw gt dmalr ¥
LS 5 e 6bla (&g Kl ¢ s I o (el & 5 yaeSial Amalr ¥ 5K
S 5 ool @5 delall budigll o (Olie (556 dnal ¥ HH

Lo

SN e 5, 55l bl Laslall eVl N alal e o] 3,1 oda - 55
g IS aor g Emo Bage JSYI e 8,0l 52l S A Leu ) il B
ol Gt 8 p Sl dall e J el G3u Sle placld jhaze gl dr 1Y &
OAQL;WWCJLA\)LL}\GA.& .@ﬁl\gjwy\&g;@\waﬁéﬂ\
Baladl o gl clom o3 Sl dalacll ol gl 5 o il o)) kL alacll ol gadl 2 p s Lol 5l
Olye of lginas o s A Jolses polaidlsy Condly Baladll ol pall S 201 o) et
OVl Y1 B sl YD Aol o e Adne Bovnd = Al a pddetey (e gl al gall
sk 5,0L clatadd) 52l 3l sadl IS aazedd (BIFPET) (3| s 35 5 Lol
g o SN e 5,080l 5ol aslisenal (S S Y101 ) dl )l eda
SA ol Ol 5T lo Sy Sl gl L5 e asliserinl S LS 5 lazzu]

DY e 8 5u8l (6 s Glazy Led 55 o 5 B B Leiu V1 5L



Predicting the innovation capability of investment projects using the BIFPET algorithm: a framework and case study 152

Predicting the innovation capability of investment projects
using the BIFPET algorithm: a framework and case study

Serkan Altuntas*, Jonathan Davis** and Turkay Dereli***

*Department of Industrial Engineering, Yildiz Technical University, Istanbul, Turkey
**College of Business, University of Houston Downtown, Texas, USA

***Office of the President, Iskenderun, Iskenderun Technical University, Hatay, Turkey
***Department of Industrial Engineering, Gaziantep University, Gaziantep, Turkey

*Corresponding author: serkan@yildiz.edu.tr, saltuntas2@gmail.com

ABSTRACT

This paper proposes a framework based on fuzzy probability for the prediction of
innovation capability of an investment project. The prediction of innovation capability
is a difficult task due to the fact that there exist almost no information source, except for
a project feasibility report reviewed before the investment in the project. The proposed
framework integrates five clusters of factors, namely; human resources related factors,
technology related factors, firm-features related factors, R&D factors and other factors
categorized under the heading of “miscellaneous factors”. It uses an adapted version
of the “belief in fuzzy probability estimations of time” (BIFPET) algorithm for
synthesizing all factors into a cohesive prediction on innovation capability. A case
study is presented to illustrate the applicability and effectiveness of the proposed
framework. The results of this study show that the proposed framework can be used
for the prediction of innovation capability of an investment project. It can be used by
grant-giving institutions, governments or entrepreneurs to sort investment projects in
descending order with respect to their innovation capability level.

Keywords: BIFPET algorithm; carpet industry; fuzzy logic; innovation capability;
investment analysis.

INTRODUCTION

Nations with strong innovation capabilities tend to have high economic power.
Governments in many countries consider innovation an important element of their
progressive policies (Rampersad et al., 2012). Innovation is a prerequisite for survival
in today’s competitive environment, and is quite significant for firms to sustain
market share in the face of rapidly changing consumer tastes (Altuntas & Dereli,
2012). Innovation is defined differently, given different perspectives and disciplines
(Damanpour & Wischevsky, 2006). However, a useful generalized definition is given
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by Kusiak (2009), who declares innovation to be “an iterative process aimed at the
creation of new products, processes, knowledge or services by the use of new or even
existing knowledge”. As with innovation, there are different definitions of innovation
capability in the literature because there is no perfect consensus about either the logic
behind, or a framework for effective innovation. Details on these definitions can be
found in Martinez-Roman ef al. (2011). Importantly, Terziovski (2007) emphasized
that “innovation capability provides the potential for effective innovation”. Herein,
therefore, innovation capability is defined as “the ability to survive and support
innovation by using all resources related to human factors, manufacturing, research
and development (R&D), marketing, and other factors demonstrated to sustain
innovation.”

Technology innovation has become an important economic weapon among companies
and countries (Sun ef al., 2012). Therefore, the evaluation of the innovation capability
of any technology endeavor is increasingly valued. Lixia (2010) emphasizes that there
are three significant ways to evaluate the technology innovation capability: (1) from
the aspect of investment (such as R & D costs and strength of inputs, proportion of
the technical staff, etc.), (2) in terms of output (such as the number of patents, the
number of cited patents, etc.), and (3) from the actual economic results (directing
measurement on economic and social benefits of innovation). In this study, we focus
on the first method, namely the aspect of investment and its capacity for predicting the
innovation capability of investment projects.

The decision to invest in a project involves asking and answering many questions
that are broadly known and understood to be crucial. How long is the payback period?
What is the return on investment? What is the amount of existing and future demand
for the project deliverable? In one of our preliminary studies (Altuntas & Dereli,
2012), we proposed an evaluation index system to answer “What is the technology
commercialization potential of an investment project.” In addition to technology
commercialization potential of investment project, as we discussed in one of our
preliminary studies (Altuntas & Dereli, 2012), we also mentioned that one of the
important factors that should be considered for investment project for future studies is
innovation capability potential. Therefore, this paper focuses on the question: “What
is the innovation capability potential of the investment project?”” Assessing innovation
capability potential gives clues about the future of the investment project and the
results of the investment project, such as whether the value of the technology itself
will be high. Through the proposed framework, a decision maker can provide both
objective and subjective knowledge about the factors that are related to innovation in
the project. A potential application of the proposed framework could be for grant-giving
institutions or governments, which generally desire that their financial incentives result
in the most innovation possible. The proposed framework would allow these entities to
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sort project application in descending order with respect to their innovation capability
level. In addition, companies that develop their innovation potential gain a competitive
power against their competitors (Perez-Cano, 2013). Therefore, innovation capability
of any investment project should be predicted prior to the investment, using the best
information and tools available. This study attempts to address this opportunity.

The BIFPET algorithm estimates the value of activities based on belief functions
and fuzzy logic theory for integrating estimates into a model in the presence of
ambiguity. This method makes it possible to use subjective and objective information
from different sources that have different levels of “belief” in the probability estimates
given. For the purposes of the model proposed herein, the BIFPET algorithm allows
for consulting the investor, decision makers who affect the investor, and experts in
investment sector for opinions about factors that predict innovation capability.

The remainder of this study is organized as follows. Section 2 reviews literature
related to innovation capability and fuzzy logic. The proposed framework is presented
in Section 3. An application for the prediction of innovation capability of an investment
project in the carpet industry is presented in Section 4. Finally, Section 5 gives
conclusions of this study.

LITERATURE REVIEW

Numerous empirical studies have been conducted in the literature to examine innovation
capability with respect to different aspects. Among these studies, Lawson & Samson
(2001) proposed an innovation capability model based on seven elements, namely
vision and strategy, harnessing the competence base, organizational intelligence,
creativity and idea management, organizational structures and systems, culture and
climate, and management of technology for organizations. The aim of the proposed
model is to describe the ability of high-performing innovators to achieve effective
performance. Nassimbeni (2001) conducted an empirical research and used a logistic
regression model to point out the export activity of small manufacturing firms by
analyzing technological and innovation capacity-related factors. Romijn & Albaladejo
(2002) measured innovation capability in small UK electronics and software firms.
Guan & Ma (2003) used seven innovation capability dimensions (learning, R&D,
manufacturing, marketing, organizational, resource allocating and strategy planning)
to explore the relationship between innovation capability and export performance for
Chinese exporting firms. Subramaniam & Youndt (2005) provided a framework to
find the effect of intellectual capital on the types of innovation capabilities, namely
radical and incremental innovative capability. Assink (2006) tried to find the reason of
why disruptive innovation is not done by large firms generally and the factors which
do not support disruptive innovation. Koc & Ceylan (2007) examined the factors
which affect the innovative capacity in large-scale companies. Sun (2009) tested
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the relationship national culture and national innovation capability. Elmquist and
Masson (2009) suggested a framework for evaluation of R&D project with respect to
innovation capability. Wonglimpiyarat (2010) developed an index for the assessment
of innovation capability of nations. Ngo & O’Cass (2012) modeled the roles of both
innovation capability and marketing capability in mediating the relationship between
market orientation and some specific performance outcomes. Laakso et al. (2012)
focused on the SME’s ability to carry out innovation and new value creation in a
network. Ural & Acaravci (2012) explained the role of the firms’ innovative capabilities
and the appropriability regime level (ability to profit from innovations) as potential
antecedents of the firms’ internationalization. Tseng et al. (2015) considered three
criteria, namely degree of innovativeness of R&D products, intensity of collaboration
with others and R&D knowledge sharing ability to measure innovation capability for
service innovation in the hotel industry.

Furthermore, the effect of some factors on firm innovation capability is examined
in the literature, such as tacit knowledge transfer (Cavusgil et al., 2003), different
types of technology sourcing, namely partnership-based, market-based, value-chain-
based and internal sourcing (Zhao et al.,, 2005), knowledge management (Yang et
al., 2006), knowledge sharing (Lin, 2007), innovation strategies, market orientation
and innovation capability (Akman & Yilmaz, 2008). On the other hand, the effect of
innovation capability on some factors is researched as well. For example, the effect of
innovation capability on firm performance (Sher & Yang, 2005), export performance
(Korkmaz et al., 2009), long-term corporate growth in high technology firms in China
(Yang, 2012) is examined.

Several researchers try to find the relationship between innovation capability and
other factors. Tasmin & Woods (2007) analyzed the relationship between corporate
knowledge management and the firm’s innovation capability. Koc (2007) examined
organizational determinants of innovation capacity in software companies. Xu et al.
(2008) conducted a research to find association between the network structure and
participating firms’ innovative capabilities. Numprasertchai ez al. (2009) tried to find
the relationship between the knowledge creation process and innovation capability
and includes two critical factors, namely organizational strategy and incentive.
Calantone et al. (2002) examined the relationships among firm performance, firm
innovativeness, and learning orientation. Poon & MacPherson (2005) analyzed the
relationship between Asian firms’ technological and non-technological strategies and
innovation capability.

In addition to above studies, as with this paper, fuzzy logic based studies are
also conducted in the literature. Among these studies, Lu et al. (2007) applied
fuzzy set theory for evaluating firm technological innovation capability. Wang
et al. (2008) used a fuzzy measure and non-additive fuzzy integral method for
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evaluating firm technological innovation capability under uncertainty in hi-tech
firms. Dereli et al. (2011) proposed a framework and used fuzzy beliefs to enhance
innovation capabilities of firms by considering the collaboration of sellers and
buyers. Alam (2011) investigated how entrepreneurs’ personality traits affect
firm innovation capability. He found that personality traits of an entrepreneur had
significant impact on the firm innovation capability in Malaysia by using multiple
regression analysis. Kittilaksanawong & Ren (2013) discussed the evolution of
organizational forms over time in collaborating with intermediary organizations to
access the necessary external resources and capabilities and to build up their necessary
innovation capability. They presented cases of manufacturing small- and medium
sized enterprises from China’s Zhejiang province. Yang et al. (2015) proposed an
evaluation indicators system of innovation capability using analytic hierarchy process
and the variation coefficient method.

Researchers generally conducted empirical studies to measure innovation capability
with respect to different aspects of organizations. However, as can be seen from
above discussed literature from different aspects, there is no study providing a model
that predicts innovation capability of an investment project. The factors affecting
innovation capability were selected based on the empirical studies conducted in the
literature and used to complete the proposed model. The proposed framework and
algorithm used in this paper is the first known attempt for the prediction of innovation
capability of investment projects. Details and discussions on innovation capability can
also be found in ERIA Research Project Report (2010) and Terziovski (2007).

THE PROPOSED FRAMEWORK

In this section, the proposed framework is introduced in detail. To show how the
proposed framework works, the section is divided into two subsections, namely;
“Criteria” and “Belief in Fuzzy Probability Estimations of Time (BIFPET) algorithm”.
The subsection entitled “Criteria” presents criteria considered for the development
of the framework and introduces the formulation used for the proposed framework.
The subsection entitled: “Belief in fuzzy probability estimations of time (BIFPET)
algorithm” summarizes the basic logic behind the algorithm for the prediction of
‘innovation capability’ of investment projects.

Criteria

There are numerous criteria that must be considered during the evaluation of innovation
capability, and most of them are fuzzy and conflict with one another (Wang et al.,
2008). There are different assets, resources, and capabilities for the success of an
innovation as well (Guan et al., 2006). Therefore, this study uses criteria that are most
highlighted in the literature for innovation capability and uses a fuzzy logic-based
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approach to mitigate the ambiguity of both the data and the criteria. The proposed
innovation capability framework is given in Figure 1. There are 18 factors based on the
innovation capability literature in the proposed framework. These factors are divided
into five main clusters, and each factor cluster consists of a number of sub-factors. The
main factor clusters are: human resource factors (six sub-factors), technology factors
(two sub-factors), firm features factors (two sub-factors), R&D factors (four sub-
factors) and a miscellaneous factors category (four sub-factors). The value obtained
from formula-1 shows us the innovation capability index of the investment project.
Therefore, investment projects can be ranked with respect to their innovation capability
potential, and then the most innovative project among any number of alternatives can
be quantitatively supported through the use of this index value. It is prudent to note
here that the index value derived by formula 1 serves to compare projects’ relative
innovation capabilities against one another, and should not be construed as a rating
against an absolute “innovation capability” scale.

2
Technology

5
Miscellaneous

Fig. 1. Proposed framework for the prediction of innovation capability

To understand the proposed framework clearly, the following formulation is
developed:

IC = \X'IHR>< VHR + WTR>< VTR + WFF x VFF + WRD x VRD + WMS x VMS (1)

where:
IC: Innovation capability

Vur: Value of human resource factors
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Vir: Value of technology factors

Vir: Value of firm features factors

Vrp: Value of R&D factors

Vus: Value of miscellaneous factors
Whr: Weight of human resource factors
Wir: Weight of technology factors
Wiee: Weight of firm features factors
Wrp: Weight of R&D factors

Wus: Weight of miscellaneous factors

It should be noted that the total of all the factors’ weights (Wyr+W gt Wege +Wgp
+Wys) must be 100%. All the above factors composed of some sub factors. Below are
the formulations for each of the given factors.

Vir = Wit X HR; # Wy, X HRy + Wiggs X HR3 + Wigps X HRy+ Wirs X HRs + Wi X HRg (2)

where:
HR,: Trained personnel in the field of information technology
HR,: Knowledge of foreign languages

HR;: Employee which has doctoral, graduate and undergraduate degree (Engineering
Area)

HR,: Expected annual expenditure strength for human resources

HR;: The presence of top management’ experience in an international companies
HRg: The percentage of presence of personnel’ experience

R={iji=1,2,..., 6}

Wors shows the weight of i factor. Vi € R.

The sum of the factors’ weights should be 100%.

Vir = Wy X TRy + W, X TR, 3)

where:
TR;: Range of new products and services

TR,: Improvements in cost or technical attributes of existing processes, services and
products

I={j= 1,2}
W;shows the weight of j" factor. V j € L.
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The sum of the factors’ weights should be 100%.
Vi = Weg X FF| + Weg, X FF, 4)

where:
FF,: Firm Size

FF,: Partnership and cooperation agreements with other firms, universities or
institutions

F={c|c=1,2}
Wee. shows the weight of ¢ factor. V ¢ € F.
The sum of the factors’ weights should be 100%.

Vip = Wrpi X RD; + Wgp, X RDy + Weps X RD3 + Weps X RD; 4)

where:

RD;: Rate of Total R&D expenditure in each year

RD,: The presence of the Technology Watching Department

RD;: Percentage of total full-time and part-time R&D personnel in the company
RD,: Per capita computer

T={tjt=1,2,..., 4}

Whpshows the weight of t* factor. V t € T.

The sum of the factors’ weights should be 100%.

Vs = Wyst X MS; + Wy, X MS, + Wygs X MS; + Wygy X MS, (6)

where:

MS,: The presence of the Internet site to gain expectation and perception from
customers

MS,: Percentage of the number of employees who work in marketing department
MS;: Expected annual expenditure strength for marketing

MS,: Number of universities and research centers in a region which firm will be
established.

H={h/h=1,2,3,4}
Wsh shows the weight of h factor. V h € H.

The sum of the factors’ weights should be 100%.
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Formulas 1 through 6 estimate the innovation capability level of an investment
project. However, the most important and difficult task is to find the values to be used
in formulas 2 through 6 and these values can be obtained from different sources with
high amounts of ambiguity in belief values. Herein, we use the BIFPET algorithm
to obtain expected value for each factor. The input data for the BIFPET algorithm is
collected as follows. Firstly, the investor estimates factor weights that correspond to
his or her current investment criteria. Secondly, the decision makers who affect the
investor predict Optimistic (O), Most Possible (Po) and Pessimistic (Pe) value for
each factor by negotiation. Then, these decision makers define fuzzy probabilities
for each (O), (Po) and (Pe) value. Lastly, the expert in the field of the investment
assigns a value, which estimates the degree of belief for a given probability value.
During this exercise, the expert can consider the success of the investor’s previous
investments or his/her understanding of or intuition about belief in the probability
assigned by investor and the reason of the probability value assigned. The aim of
this belief value is to reflect the expert’s level of confidence in the decision-making
process. To sum up, the BIFPET algorithm incorporates (1) factor weights from the
investor, (2) “O”, “Po” and “Pe” values and related probability values for each of them
from the decision makers, and (3) belief measures obtained from the industry expert to
estimate confidence in the decision-making process.

Details on each factor and their formula are briefly introduced below to understand
calculation process clearly.

Human resources related factors (HR)

Many studies emphasize that human resources related factors affect innovation
capability, such as Martinez-Roman, et al. (2011), Chen & Chen (2006), Atanasiu et al.
(2009), Chen & Xu (2009), and Yilin ef al. (2010). Kaufman et al. (2000) underlined
that innovative firms require well-trained employees to continually improve products
and processes. Baldwin & Johnson (1996) also indicate that innovative firms give more
importance to human resources than less-innovative firms. Herein, we constructed
human resource factors using the six measures given below.

1) Trained personnel in the field of information technology (HR;) is measured on the
basis of the percentage of the existing certificates held that relate to information
technology and are given from universities or other educational institutions. To
calculate this factor, we use the following formula:

HR, = Total number of employees holding certificates in the field of information
technology (HR,;) / Total number of employees in the firm (HR,,)

2) Knowledge of foreign languages (HR,) is measured on the basis of the percentage
of employees who know and can use foreign languages. The following formula is
used for the calculation:
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HR;, = Total number of employee who know and use foreign languages (HR,;) /
HR;;

3) The percentage of employees holding doctoral, graduate and undergraduate
degrees in STEM disciplines (science, technology, engineering and math). HR, is
measured by using following formula:

HR; = (HRpr+ 0.5 x HRez+ 0.25 x HRys) / HR),

where,

HRpg: Total number of employees holding doctoral degrees.
HRgy: Total number of employees holding Master’s degrees.
HRyg: Total number of employees holding baccalaureate degrees.

4) Expected annual expenditure strength for human resources (HR,) is measured on
the basis of the percentage of the total annual expenditure for human resources.
Annual expenditure for human resources includes all of the expenditures related
to human resources, such as expenditures for organizing educational activities for
the development of R&D personnel from STEM disciplines, staff rewards and
promotions, and other mechanisms for development and rewarding of employees.
HR, is measured by:

HR, = Expected annual expenditure for human resources (HR,;) / Total annual
expenditure (HR,,)

5) The presence of top management experience in international companies (HRj) is
measured by using following formula:

HR; = Total number of top management staff with experience in international
companies (HRjs,) / Total number of top management staff (HR )

6) The percentage of presence of personnel external experience (HR;) is measured
by
HR, = Total number of employees with experience in other firms (HRy;) / (HR;;,)

Technology related factors (TR)

Taskin et al. (2004) emphasize that “the ones which have invested in the accurate areas
of technology during the last few decades became the developed countries and the
biggest firms.” Therefore, technology which will be invested in is very important for
innovation. In this study, we use two important technology factors that affect innovation
capability: the range of new products and services (7R;) and improvements in cost or
technical attributes of existing processes, services and products (7R;). The economic
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significance of several generic technologies is shown in Table 1 by the report of New
technologies in the 1990s (OECD, 1988). These technologies are space, nuclear, bio-
tech, materials and information (electronics, computer and telecommunication). As
can be seen from Table 1, the economic significance of information technology has
the highest value among technologies with respect to two factors considered. Herein,
we use following values for TR; and TR, based on Table 1.

1%, if invested in Space Tech.
1%, if invested in Nuclear Tech.
TR, = < %, if invested in Bio — Tech.
%, if invested in Materials Tech.

%, if invested in Information Tech.

( %, if invested in Space Tech.
1—10, if invested in Nuclear Tech.
TR, = < %, if invested in Bio — Tech.

4 .. , .
o’ if invested in Materials Tech.

9 ... ; ;
Lﬁ, if invested in Information Tech.

Table 1. Rating of economic significance of several generic technologies”

Factors Space Nuclear Bio-Tech. Materials Information
Range of new products and services (TR ) 2 2 4 4 9
Improvements in cost or technical attributes

of existing processes, services and products 2 1 3 4 9
(TR))

*A value of 10 represents the highest rating and a value of 1 the lowest.

Some investment projects can be related to more than one technology class. Herein,
the related technology class that has highest score should be used.

Firm features factors (FF)

Firm features factors are measured by two factors, namely firm size (FF);), and
partnership and cooperation agreements with other firms, universities or institutions
(FF,). The measures of these factors are given below:

Marques & Ferreira (2009) highlighted that the size of a firm affects innovation
capability. Firm size (FF)) is measured by the total number of employees, who work
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in firm (HR;,). FF,is divided into four categories. We give following scores for each
class with respect to firm size.

0.2,if labor force <9
0.4,if labor force is between 10 and 99
0.6,if labor force is between 100 and 249
1,if labor force is higher than 250

FF1=

People tend to have more information sharing and interactions when they work
together. This can make them to be more willing to accept new ideas and engage in
innovative activities (Chen & Yang, 2009). Myers (1984) emphasizes the combination
of entrepreneurial, managerial and technological roles for successful technological
innovation. Partnership and cooperation agreements also help knowledge sharing.
The findings of Lin (2007) show that ‘knowledge sharing’ affect a firm’s innovation
capability positively. Therefore, partnership and cooperation agreements among firms
increase their innovation capability and activity. Marques & Ferreira (2009) also
emphasized that partnership and cooperation agreements with other firms, universities
or institutions (FF’) affect the innovation capability positively. We give “0.1” score for
each partnership or cooperation agreement. We give 0 for no partnerships or cooperation
agreements and 1 for 10 or more partnerships or cooperation agreements.

It should be noted that the factor of “exporting firm or not” is related to firm features,
but Marques & Ferreira (2009) concluded that an exporting firm does not have greater
innovation capability. Therefore, this factor is not considered herein.

R&D factors (RD)

Research and development (R&D) activities can be considered the heart of innovation.
R&D helps the firm to expand its existing technologies and to establish novel
technologies or improved R&D function (Lu ez al., 2007). Romijn & Albaladejo (2002)
mentioned that R&D expenditures and the number of scientists, engineers or R&D
staff employed can be considered a positive internal factor for innovation capability.
Wang et al. (2008) considered five R&D-related criteria for measuring innovation
capability under uncertainty. Two of them, which are used in this study as well, are
“percentage of researchers to overall employees” and “ratio of R&D expenditures to
total number of employees”. Sahan & Zhang (2009) used three R&D-related criteria,
namely “The proportion of R&D staff”, “The proportion of R&D expenditures” and
“R&D success rate” for an enterprise’s independent innovation capability.

This study considers four factors to measure R&D activities. All criteria values
are calculated using the BIFPET algorithm except for the “Technology watching
department” criterion. For companies and investors alike, technology watching systems
trace technological developments around the world (Dereli & Durmusoglu, 2010) and
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make it possible to discover current trends in innovation. Dereli & Durmusoglu (2010)
developed a trend-based patent alert system using patent data for setting a technology
watch on industrial technologies. Daim ef al. (2012) used patent alert system to crack
current status of wind energy technology. The selection of research themes or the
decisions related to R&D direction can be also done by using patent information
(WIPO, 2003). Research themes and R&D policy affect a firm’s innovation potential
directly. Therefore, the presence of a technology watching department contributes
positively to the innovation capability potential of the investment.

Past research related to innovation capability has used many factors, but consistently
at least one of them is an R&D related factor. Details on R&D factor for innovation
capability can be found in Guan & Ma (2003), Korkmaz et al. (2009), Martinez-
Roman et al. (2001) and Tang & Li, (2010). The calculation of factors considered is
given in the following formulas:

1) Rate of total R&D expenditure in each year (RD,;) = Annual R&D expenditure
(RDy;) | HR,

2) The presence of a Technology watching department (RD)) is equal to 1 if the firm
has this department and 0 otherwise.

3) Percentage of total full-time or part-time R&D personnel in the company (RD;) =
Total full-time or part-time R&D personnel in the company (RD;,) / HR,;

4) Per capita computers (RD,) = Total number of computers (RD,;) / HR,

Miscellaneous factors (MS)

Factors affecting innovation capability apart from those already mentioned are given
in this section. Formulas of considered factors are given in the following.

1) The presence of a web site, where the firm can gather expectations and perceptions
from customers (MS)), is equal to 1 if firm has such a website and 0 otherwise.

2) Fraction of the employees who work in marketing (MS,) = The number of
employees who work in marketing (MS,;) / HR;;

3) Fraction of spending dedicated to marketing (MS;) = Expected annual expenditure
for marketing (MS3;) / HR,;

4) Number of universities or research centers in the region (MS,):

0,2,if there is one university or research center
0,4,if there are two universities or research centers
MS, = 0,6,if there are three universities or research centers
0,8,if there are four universities or research centers
1,if there are five or more universities or research centers
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It should be noted that some factors, such as the number of new products, the
rate of return on new products in total sales, the maximum output of products per
year, sales revenue of new products, and the fraction of total revenue created by new
products are not considered to predict innovation capability. Because, these factors are
output related factors for innovation capability.

Belief in fuzzy probability estimations of time (BIFPET) algorithm

The BIFPET algorithm was proposed by Shipley at al. (1996). The application of the
BIFPET algorithm in the literature is quite limited. After their introduction of BIFPET
algorithm to literature, Shipley et al. (1997) extended BIFPET algorithm by assigning
an upper and lower approximation of each predicted activity value to address model
uncertainty in the decision-making process. Sanal (2000) modified the BIFPET
algorithm for the application of scheduling problem. Then, Shipley & Stading (2012)
applied a BIFPET-based algorithm to the problem of supplier selection.

Prediction of innovation capability is not easy task due to the fact that there is
no perfect consensus about either the logic behind, or a framework for effective
innovation. The idea of using multi-level input contributors is to obtain the necessary
information correctly in the calculation process. This provides multiple options to
predict the innovation capability of an investment project. Evaluation of investment
projects with respect to innovation capability level needs to consider multi-level input
contributors such as expert, investor and decision-makers. Furthermore, there are
multi criteria affecting innovation capability level of investment projects. Therefore,
it is necessary to use multi-level input contributors to predict innovation capability
correctly in the proposed framework. The major contribution of the BIFPET algorithm
is to take “opinions of experts, investors and decision makers together” into account
in the calculation process for the prediction of innovation capability of investment
projects. Therefore, the BIFPET algorithm provides the prediction of innovation
capability of investment projects through multiple perspectives. It also assures an
opportunity to model innovation under vagueness. To investors and governments, this
paper presents a novel approach for the prediction of innovation capability as well as
a real-life case study on the successful application of the BIFPET algorithm.

Figure 2 presents the main logic behind this study. It shows the flow of information
within the BIFPET algorithm and proposed framework for the prediction of innovation
capability potential of an investment project. The steps of the BIFPET algorithm are
given based on Shipley et al. (1996) as follows:

1) For each factor, A; (i= 1,2,...,m), t;(k=1, 2, 3) is defined as optimistic (t;;), most
possible or (ty), pessimistic () (t;; t; ts; is assigned by a supervisor). Each activity
value, t,;, is given by the equation:
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Ly = kai Mt for all A, where 7.~1.

k
2) Fuzzy probability, Q,;, is then defined for each A;in terms of each t; as follows:

QAjk = ZOLkij /akij for all t; ,
i
where a,; i is assigned by the supervisor and uses the applicable probability value

assigned to t;; ty; t5;. Oy i is assigned by the manager, shows belief in the probability

G

3) Alla i satisfying the Zaki i =1 condition for set H of each k should be

keH
considered. For each a,; =0 for k¢H.

4) Calculate b; value as follows:
Zakijktki if Zakijk =1
= k k

0 otherwise

bil

where p = a distinct number: if Zakijk =1, 1 = a Determine ¢, = min{g,
k

ay; ¢ for all satisfied ay;; # O condition. Herein, c; shows the degree of belief that
expected value is by.

5) Compute E(ty;) to defuzzification as follows:
E(tAj) = zcilbil /zcil
1 1

As can be seen from Figure 2, the input values for the BIFPET algorithm is obtained
from decision makers and an expert. The decision makers assign three important
values, namely; ‘optimistic’, ‘pessimistic’ and ‘most possible’ value for the criteria. In
addition, the decision makers determine probability values for each value as well. The
expert then evaluates the values determined by the decision makers and assign ‘belief
values’ based on his/her perception. Basically, the expert can consider achievement
and growth performance of the factory, if the investment is ‘expansion type’ and the
backgrounds of the decision makers are related to the investment area. The BIFPET
algorithm uses the values obtained from the decision makers and the expert to find the
expected value of the factors in the future. Finally, the investor predicts the importance
of the each factor with respect to his/her investment by assigning a value called
“weight” as shown in the Figure 2. The proposed framework calculates an index value,
which shows ‘innovation capability level’ of the investment project in the future, by
using factor’ weight and the result of the BIFPET algorithm.
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Innovation capability potential of investment projects

o

The proposed framework

ﬁ The BIFPET algorithm

v/ Optimistic value (ty;),
. v Most possible value (ty;)
V' Factor weighting(W) v’ Pessimistic value (t3;)
v Probability values(ay;) V" Belief values(o;)
i &
Investor Decision makers Expert

Fig. 2. Flow of information within the BIFPET algorithm and proposed framework

CASE STUDY FOR CARPET INDUSTRY

In this section, we show the prediction of the innovation capability of a real investment
project by using proposed framework with the BIFBET algorithm. In this case study,
the investor considers investing in a factory in Gaziantep, Turkey that has manufactured
different qualities and types of carpet since 1997. The city of Gaziantep in Turkey is
a center of carpet production. The factory exports all of the produced carpet to other
countries. The investor wants to transfer the factory to a new area in Gaziantep called
the Fifth Gaziantep Industrial Zone, due to factory growth. Therefore, this investment
project can be considered as an expansion investment as well. There are two other
decision makers involved in investment assessment. One is the son of the investor
and the other is the investor’s associate, who has 20 years’ experience in the carpet
industry. These two people directly affect the investor’s decisions related to this
investment opportunity.

The use of innovation surveys has been increased in recent years in the literature
(Maravelakis et al., 2006). Herein, two surveys are conducted for the prediction of
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innovation capability potential of the investment project described in the case study.
The first survey is completed by the investor to determine the weights of the various
innovation factors, while the second survey is completed by the two decision makers
to determine the factor values assigned (O), (Po) and (Pe) and related probability
values. The investor considered the importance of the each factor for the textile sector,
especially for carpet production and discussed them himself during the execution of
the survey. On the other hand, two decision makers who affect the investor try to
determine the values of the factors, using (O), (Po) and (Pe) value, in the future and
assign the probability value of each predicted value based on their experiences and the
current condition of the factory during the execution of the survey. In addition to these
two surveys, we assign a belief value for each of the assigned (O), (Po) and (Pe) value
by considering the achievement and growth performance of the factory so far and in
addition, the backgrounds of the decision makers with respect to questions asked and
the reasons for answers given to questions. Table 2 shows the factor weights assigned
by the investor, while Table 3 reports (O), (Po) and (Pe) values and related probability
values determined by the decision makers, as well as belief values determined by us.
Figure 3 clarifies the meaning of the numbers in Table 3. In addition, Table 4 shows the
results obtained from the BIFPET algorithm for prediction, while Table 5 gives both
the result of the predicated innovation capability potential of the investment project
and the results of the factors and sub-factors included in proposed framework.

It should be noted that RD, and MS, are measured by “yes” or “no” type of survey
questions and the values for these factor are assigned automatically belong to the
answer given by decision makers (see the definition of RD,; and MS;). Herein, the
investor does not want to establish a technology watching department (RD,), while he
does want to establish a website to gain expectations and perceptions from customers
(MS;)). Therefore, the value of RD, and MS;are 0 and 1, respectively. In addition, MS,
is assigned a value of 0.6 based on the number of universities or research centers in
city of Gaziantep (see the definition of MS,). Furthermore, the investor will invest in a
new carpet factory. Therefore, 0.4 is assigned to the value of 7R; and 7R, because the
investment in textile industry can be considered as investment in materials technology
(see the definition of TR, and TR;). Lastly, the values of HR; HR,» HR,» HR,» HRpp
HRgp HRye HRsp HRs» HRsp FFy» RD;p RD,; and MS,,; are rounded up to the nearest
integer due to the non-acceptance of decimal numbers for these factors.



169  Serkan Altuntas, Jonathan Davis and Turkay Dereli

Table 2. Factor weights

SUB-FACTORS SUB-FACTORS

NO FACTORS WEIGHT NO FOR HR WEIGHT NO FOR RD WEIGHT
I W 0.30 1 HR, 0.10 1 RD, 0.15
2 Wn 0.10 2  HR, 0.30 2 RD, 0.15
3 Wg 0.25 3  HR; 0.05 3 RD; 0.15
4  Wpp 0.30 4 HR, 0.02 4 RD, 0.55
5 W 0.05 5 HRs 0.30 TOTAL 1
TOTAL 1 6 HRs 0.23
TOTAL 1
NO IS?I(J)I;-I;:CTORS WEIGHT NO IS?I(J)];-PI;?:CTORS WEIGHT NO IS?I(J)];-I;?S,CTORS WEIGHT
1 TRy 0.90 1 FF, 0.50 1 MS, 0.40
2 TR, 0.10 2 FF, 0.50 2 MS, 0.20
TOTAL 1 TOTAL 1 3 MS; 0.30
4 MS, 0.10
TOTAL 1

Table 4. The results obtained from BIFPET algorithm

Factor Result Factor Result Factor Result
HR, 2 HRy; 8100 RD, 754.78
HR); 58 HR, 3569473 RD;, 1

HR;, 7 HRs, 1 RDy, 16
HRpr 1 HRs, 4 MS:, 6

HRar 4 HRg 16 MS;, 6249.09

HRyg 6 FF, 1
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Table 3. Estimated values

170

Factor (tli, t2i,t3i)  Value Qi Factor (tli, t2i,t3i) Value Q.

HR, Optimistic 1 0.6/0.3 +0.5/0.25 HR;, Optimistic 3 0.8/0.4 +0.6/0.35
Most possible 2 0.9/0.5 + 0.6/0.45 Most possible 4 0.5/0.1 +0.6/0.4
Pessimistic 3 0.6/0.2 +0.4/0.3 Pessimistic 5 0.9/0.5 +0.5/0.25

HR,, Optimistic 50 0.7/0.4 +0.7/0.5 HR,, Optimistic 10 0.9/0.1 +0.8/0.4
Most possible 60 0.8/0.4 +0.3/0.3 Most possible 15 0.5/0.4+0.5/0.2
Pessimistic 70 0.8/0.2 +0.2/0.2 Pessimistic 20 0.3/0.5+0.5/0.4

HR,, Optimistic 4 0.9/0.4 +0.5/0.25 FF, Optimistic 0 0.95/0.1 +0.9/0.4
Most possible 7 0.8/0.3+0.7/0.5 Most possible 1 0.3/0.8 +0.15/0.4
Pessimistic 8 0.8/0.3 +0.4/0.25 Pessimistic 2 0.1/0.1+0.1/0.2

HR,;  Optimistic 0 0.95/0.7 +0.9/0.4 ‘RD,, Optimistic 0 0.9/0.8 +0.8/0.7
Most possible 1 0.2/0.2+0.1/0.4 Most possible  2.800  0.3/0.1 + 0.35/0.2
Pessimistic 2 0.05/0.1 +0.05/0.2 Pessimistic 4.200 0.2/0.1 +0.2/0.1

HR;;  Optimistic 3 0.7/0.3 +0.6/0.5 RD;, Optimistic 0 0.9/0.9 +0.85/0.85
Most possible 4 0.9/0.5+0.2/0.3 Most possible 1 0.5/0.05 +0.2/0.1
Pessimistic 5 0.5/0.2 +0.1/0.2 Pessimistic 2 0.5/0.05 +0.1/0.05

HR,;  Optimistic 5 0.9/0.7 +0.55/0.6 RD,, Optimistic 10 0.5/0.3 +0.5/0.2
Most possible 6 0.8/0.2 +0.4/0.3 Most possible 15 0.5/0.3 + 0.6/0.6
Pessimistic 7 0.4/0.1 + 0.4/0.1 Pessimistic 20 0.5/0.4 +0.4/0.2

‘HR,,  Optimistic 6.000 0.8/0.4 +0.8/0.4 MS,, Optimistic 4 0.8/0.1 +0.7/0.3
Most possible  9.000 0.9/0.5 +0.9/0.5 Most possible 5 0.9/0.3 +0.8/0.4
Pessimistic 12.000 0.8/0.1 +0.9/0.1 Pessimistic 6 0.7/0.6 +0.7/0.3

‘HR,,  Optimistic 2.777.800 0.7/0.4 +0.9/0.5 ‘MS;,  Optimistic 6.000 0.8/0.3 +0.8/0.5
Most possible  4.166.700 0.9/0.5 + 0.8/0.35 Most possible  6.200  0.6/0.4 +0.7/0.3
Pessimistic 5.555.600 0.3/0.1+0.3/0.15 Pessimistic 6.700  0.7/0.3 +0.5/0.2

HR;, Optimistic 0 0.9/0.3 +0.7/0.35
Most possible 1 0.8/0.5+0.7/0.4
Pessimistic 2 0.3/0.2 +0.2/0.25

*The value of the factor is measured by $.
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Values for each factor are assigned by the two
decision makers by negotiation

F
Factor  (tu, tx, ts) Valoe Quaa
HRy; Optimistic 1 0.6/0.3 +0.5/0.25
Most possible 2 0905+ 0.6/0.45
Peszimistic 3 0602 +04/03

AN

We assign  belief First Decision maker We assipn belief  Second Decizion maker
value ”fﬁf gach assigns probability for value for each assigns probability for
probability given  each optimistic,  probability given by each optimistic,
by first dﬂcmfm pessimistic and most Second decizion pessimistic and most
maker Each belisf possible value. Sum maker. Each belief  possible value. Sum of
value should be of the assigned values value should be  the assigmed values
between 0 and 1 should be 1 between 0 and 1 should be 1
(03+05+02) (0.25+045+0.3)

Fig. 3. An overview of Table 2

To show the calculation process of the BIFPET algorithm for prediction of
innovation capability, RD,; is predicted as follows:

Herein, we can continue from step 3 in the BIFPET algorithm because first two steps
include input data collations given in Table 3. There are three possible combinations
that sum to one according to Step 3. These are:

Qa i 18 defined first for RDs;,
aptay+a;=03+03+0.4=1.00
aptay+tap=02+0.6+0.2=1.00
a»+ay; =0.0+0.6+0.4=1.00
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Calculations of b; for each of defined Q,, are required in Step 4. These calculations
are:

by = (0.3) * (10) + (0.3) * (15) + (0.4) * (20) = 15.5
by, = (0.2) * (10) + (0.6) * (15) + (0.2) * (20) = 15
by = (0.0) * (10) + (0.6) * (15) + (0.4) * (20) = 17

According to Step 5, the degree of belief assigned by the expert for RD;; is assessed
as follows.

¢, =min {0.5,1; 0.5, 1; 0.5, 1} =0.5
¢, =min {0.5,1;0.6,1; 0.4, 1} =0.4
¢, =min {0.5, 1; 0.6, 1; 0.5, 1} =0.5

It should be noticed that the last defined Q4 value for RDj; is (0.6, 0.4). However,
according to Shipley at al. (1996), it becomes (0.0, 0.6, 0.4) with the addition of
the zero. Similarly, belief value of this three-tuple becomes (0.5, 0.6, 0.5) with the
addition of the smallest value of belief among the three-tuple (0.5).

Now, we defuzzify the expected value by using formula given in Step 6 such that:
E(RD,;)=[(0.5x 15.5)+ (0.4 x 15) + (0.5 x 17)] / (0.5+ 0.4 + 0.5) = 15.89.

This value shows the total number of computer. Therefore, it is rounded up to the
nearest integer as 16.

The aim of this paper is to propose a new framework for ranking the innovation
capability of investment projects. The proposed framework finds an index value that
shows the relative innovation capability potential of the investment in the future. The
result for the case study makes it appear that innovation capability of that investment
is quite low. However, this must be judged, relative to another investment opportunity
or relative to a personal threshold for innovation, which is subjectively determined.
The method gives the sense that innovation capability for the case study firm is low
is no surprise. The decision makers predict that just one R&D employee (RD;;) will
work in their company in the future. In addition to this, the remaining factors’ value
is also not impressive. The innovation capability potential of a different investment
project can also be easily found and can be prioritized against this investment project
using the proposed framework. Governments, entrepreneurs and institutions can select
a most suitable applicant project among the prioritized alternatives based on each
project’s index value.
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Table 5. The resulting comparative innovation capability potential

SUB SUB

NO FACTORS RESULT NO FACTORS RESULT NO FACTORS RESULT
1 HR 0.1815971 1 HR, 0.0034483 11  RD, 0.0000317
2 TR 0.4000000 2  HR, 0.0362069 12 RD, 0.0000000
3 FF 0.2000000 3  HR; 0.0034483 13 RDs 0.0025862
4 RD 0.0026204 4 HR, 0.0000454 14 RD, 0.0000025
5 MS 0.4812149 5 HRs 0.0750000 15 MS, 0.4000000

6 HRe 0.0634483 16 MS, 0.0206897

7 TR, 0.3600000 17 MS; 0.0005252

8 TR, 0.0400000 18 MS, 0.0600000

9 FF, 0.2000000 1C =0.1693260

10 FF, 0

CONCLUSIONS

In this study, we introduced a framework for the prediction of comparative innovation
capability potentials to rank investment projects. There is no other known study
that proposes a framework for the prediction of innovation capability potential of
investment projects in literature. Therefore, to best of the authors’ knowledge, this
is the first attempt that proposes a framework for such a prediction. Knowing the
innovation capability potential of investment projects provides many benefits and
significant advance clues for governments and entrepreneurs, because this method
makes it possible to know the relative futures of investments projects with respect
to innovation before the investment. Also, many investors apply to a government
to take advantage of incentives. Therefore, the decision of whether to support the
investor for his/her investment can be more prudently made by the funding agency
using this proposed method, as investment projects can be ordered with respect to their
innovation capability potential.

In future work, the extension of BIFPET methodology proposed by Shipley et
al. (1997) might be adapted for this purpose, instead of the simpler original BIFPET
methodology. There may be an opportunity to ask more than one expert to assign belief
values for some investments. Therefore, the proposed solution should be extended
in case of multiple experts. In addition, any one of the weighting methods such as
SAW, AHP and ANP can be used for weighting the factors and sub-factors for future
studies. A larger (and longer) study is needed to test the innovation capability scores
and rankings against empirical innovation outcomes of actual companies, so as to
verify the intended predictive power of this fuzzy methodology. More than one case
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study can also be conducted to sort the investment alternatives in descending order
with respect to innovation capability.
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