Journal of Engineering Research and Applied Science
Available at www.journaleras.com

Volume 9 (2), December 2020, pp 1462-1470

ISSN 2147-3471 © 2020

Evaluation of R&D and innovation projects using analytical network process
Y. Demirt®, A. Yildiz'
! Bursa Technical University, Faculty of Engineering and Natural Sciences, Industrial Engineering, Bursa, Turkey

Accepted 18 August 2020

Abstract

In a fierce competitive environment, companies have turned to R&D and innovation projects in order to survive with higher
profits. However, under rapidly changing economic conditions, it is necessary to make the right decisions about the selection
and investment of the most suitable R&D and innovation projects in a way to maximize / minimize the benefit / cost criteria
with limited financial resources. Because choosing the right project is critical to the success of the organization. In addition, the
mistake to be made in the selection will cause the resources to be spent on unsuitable projects, and therefore, insufficient
resources for projects that will provide more benefits for the organization. Therefore, using multi-criteria decision-making
methods for evaluating R&D and innovation projects, which contain many uncertainties and criteria, and selecting the most
suitable project, will ensure that the right decisions are made. Therefore, using multi-criteria decision-making methods for the
evaluation and selection of R&D and innovation projects, which contain many uncertainties and criteria, will ensure that the
right decisions are made. In this study, first a comprehensive literature review is presented on the selection of R&D and
innovation projects. Then Analytical Network Process (ANP) method, which is one of the multi-criteria decision-making
methods, which takes into account the interaction between criteria in the evaluation phase, is used to evaluate the R&D and
innovation projects in a company's project portfolio and to solve the problem of choosing the most suitable project. As a result
of the evaluations made according to the network model created by the Super Decisions 2.10 program, product differentiation,
benefit to customer, impact on market growth and technical challenge are determined as the most important criteria and the best

R&D and innovation project is chosen.
Keywords: R&D, innovation projects, MCDM, ANP.

1. Introduction

In a fierce competitive environment, companies have
turned to R&D and innovation projects in order to
survive with higher profits [1]. However, long delivery

times, variability in the market and business
environment  (customer  expectations, company
strategies,  environmental  factors, technological

requirements etc.) and the change in the available
information as the project progressed made R&D and
innovation projects extra complex [2, 3]. Under rapidly
changing economic conditions, companies have to make
regular decisions about which R&D and innovation
projects to invest in. Such decisions, which are
evaluated under the title of R&D and innovation project
portfolio management, have a direct effect on the
profitability, sustainability and growth of companies [4].
Jonas [5] defined the portfolio as a group of projects
competing for scarce resources run under a sponsorship
or management. Project portfolio management in its
most general form is all of the management activities
related to the screening, selection and prioritization of
project proposals, allocation of resources to projects
according to priority [6].
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R&D and innovation project portfolio selection, which
aims to allocate limited resources to projects by
considering the balance between risk benefit and
compliance with corporate strategy, has many benefits
such as revealing the weaknesses and strengths of
projects, encouraging systematic analysis, allowing even
non-technical managers to make evaluations, and
making future opportunities and gaps visible [7]. With
these advantages, the project selection contains many
difficulties. Therefore, although a lot of study has been
done so far, there are always future study opportunities

[8]-

The first option that comes to mind about how to carry
out the selection process is to calculate the expected
benefit and the investment to be made for each project
and then to make a choice according to the Return on
Investment ratio (ROI). Although financial projections,
another option, are frequently used by managers, there
may be uncertainties regarding financial information
especially in R&D and innovation projects in the early
period. Cooper et al [9] revealed that financial
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information is the least trusted parameter. Another
common approach is to choose according to intuition.
The intuitive decision can be effective in situations
where many examples are encountered. However, using
intuition for rare situations such as R&D and innovation
projects will not be very effective [2]. In addition,
besides the classical criteria such as profit or customer
satisfaction, qualitative or quantitative criteria such as
social behavior, differences in evaluation, stakeholder
perception, business policies should be evaluated for
selection. This makes it very difficult to make a good
selection manually or intuitively. The mentioned
difficulties and advances in computer technology have
led researchers to computer-aided analytical approaches
(multi-criteria decision making, mathematical modeling,

2. Literature review

The R&D and innovation project management
process, which can be evaluated under two main
headings as collecting and selecting project
proposals, should be meticulously managed from end
to end. In collecting project proposals, companies
have turned to an open innovation strategy in order to
benefit from internal and external resources in an
easier and less costly way. Development in
information technologies, especially in the field of
mobile communication, has made it very easy to
collect new ideas. After collecting the collected
suggestions in the pool called the project portfolio,
the main problem is the selection of the most suitable
projects in a way that maximizes/minimizes the
benefit/cost criteria with limited financial resources.
Choosing the right project is critical to the success of
the organization, and the mistakes to be made in the
selection will cause the resources to be spent on
unsuitable projects, and therefore, the lack of
resources for the projects that will provide more
benefits for the organization [10]. The critical
importance of R&D and innovation projects in the
maintenance of companies, the dynamism and
uncertainty in the structure of the process have led
researchers from both academic and practical life to
work intensively on this issue. In the last 10 years,
many decision models such as economic models,
mathematical programming, meta-heuristic
techniques and hybrid techniques have been
developed for the selection of the most suitable R&D
project [4].

Liberatore and Titus [11] stated that because of the
wide variety of project types, resources and criteria,
mathematical modeling approaches such as integer
and linear programming are not widely used in R&D
and innovation projects. Also, Coldrick et al. [12]
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etc.) [1]. These approaches are effective tools for
optimizing the long-term growth and profitability of
businesses and offers managers the opportunity to
systematically manage R&D and innovation projects

[8].

In this study, it is aimed to evaluate the R&D and
innovation project ideas in a company's project portfolio
and to select the most suitable one. The ongoing parts of
the study are organized as follows: In the second part,
the literature on R&D and innovation project selection is
included, in the third part, the ANP method used for
selection is explained, and in the fourth part, the projects
are evaluated and the best project is selected, and the
results and evaluations are given in the last part.

stated that mathematical modeling is not practical for
R&D and innovation project selection due to reasons
such as the complexity of R&D and innovation
project selection in many aspects, the existence of
interaction between projects, and the change in the
project and the success factor over time. Although
economic models evaluate R&D and innovation
projects according to more concrete monetary
components, they cannot include subjective expert
opinions in the selection process. The same is true for
mathematical models. Therefore, especially multi-
criteria decision-making techniques seem more
suitable for R&D and innovation project selection [2,
11]. In this context, regarding the selection of the
most suitable R&D project in the last 10 years many
multi-criteria decision making techniques such as
Analytical Hierarchy Process (AHP), Analytical
Network Process (ANP), Data Envelopment Analysis
(DEA), Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS) and VlseKriterijumska
Optimizacija | Kompromisno Resenje (VIKOR) have
been proposed [4]. In this section, current literature
is reviewed in the context of multi-criteria models
developed for R&D and innovation project selection
and presented below.

Souza et al. [1] examined the criteria to be used in
portfolio selection for R&D projects in an uncertain
environment, according to their impact and
importance. They proposed a new hybrid approach
for criteria selection, which consists of the
integration of fuzzy DEMATEL and fuzzy AHP. In
addition, the authors presented a case study of an
R&D company operating in Brazil. In most of the
previous studies, it was assumed that the projects
were carried out without interruption. However,
projects can be carried out in pieces due to reasons

1463

Demir et al /Evaluation of R&D and innovation projects using analytical network process



Journal of Engineering Research and Applied Science

such as reducing the waste of resources in real life,
smoothing the use of resources, and being able to
make flexible and effective scheduling. RezaHoseini
et al. [13] selected under budget and resource
constraints in his study, which considered this
situation. They set the sustainable balanced scorecard
as a time-dependent criterion. The authors also
included the advantages and disadvantages of
running projects in pieces: Partial execution reduces
waste in resource use, allowing the project selection
process to become more flexible and to select more
projects. On the other hand, problems such as
fluctuations in exchange rates, changing interest
rates, inability to complete the project due to future
uncertainty or excess cost are also disadvantages.
Wannakul et al. [14] conducted a study on the
selection of proposed R&D projects in order to
receive Thai government support. In the study, three
main factors (entrepreneur, researcher and project
detail) and nine sub-factors were used as criteria.
AHP was used for the solution. Gongalves [15]
reviewed 61 studies on the selection of R&D projects
between 1970-2018 in his/her master's thesis. In the
study, they tried to reveal which criteria were more
effective in selection. They examined 27 sub-criteria
under 8 main criteria. In the study, each criterion and
sub-criteria were evaluated using AHP technique
with two experts, one in energy and the other in
technology. Mitchell et al. [2] used the scoring
technique, one of the multifactorial techniques,
where the selection process is conducted with less
data. In this study, the authors discussed in detail
how to design the scoring tool under subheadings.
These sub-headings are: Factor selection, scoring in a
logical and objective manner, the way to be followed
in the inclusion of uncertainties in the process,
selection of factors, establishing scoring as logically
and objectively as possible, including uncertainties in
the process and ensuring interdependence, trade-off
and synergy balance between projects. Karasakal and
Aker [16] used the data envelopment method to
evaluate R&D projects. In this context, two threshold
estimation models and five assignment models have
been developed. The weights of the criteria were
obtained by interval analytic hierarchy process. The
hybrid approach developed has been compared with
UTADIS, one of the leading sequencing methods.
For comparison, 60 projects were used who want to
benefit from a grant program of the government in
Turkey.

The effectiveness of R&D and innovation time
depends on the success of teamwork. Often
differences in perceptions of team members hinder
consensus and coordination efforts. That is why [4]
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developed a hybrid model, taking into account the
stakeholders from different departments with various
opinions. The authors used the DEMATEL approach
to transform the cause and effect relationships
representing the criteria into a visual network
structure. CFPR-ANP (consistent fuzzy preference
relations based analytic network process) was used to
determine the priority weights of the criteria in the
study. This technique is a specialized version of ANP
to eliminate the inconsistency problem. In addition,
the COPRAS-G (combined complex proportional
assessment with fuzzy gray relations) method has
been used to resolve the conflict arising from the
difference of stakeholders' ideas and information
regarding the selection of the most appropriate R&D
and innovation project. This new hybrid method has
been applied in the selection of R&D projects of a
company that produces computer hardware. In
practice, five candidate projects were evaluated
according to thirteen sub-criteria under four main
criteria. In addition, the authors classified the studies
in literature according to the criteria and solution
techniques in their studies and presented them in
tables. Bhattacharyya [3] mentioned the selection
process of a company operating in India among five
candidate projects according to ten criteria. The
authors stated that weighting with exact numbers
would not be very realistic in the selection of R&D
projects where there are uncertainties, and therefore a
gray theory-based approach was adopted due to the
uncertain environment in which the problem is
located. Ratings and weights are expressed in
linguistic terms with gray numbers.

Most of the studies in the literature focus only on
resources, outputs or technical dependencies,
neglecting the dependency between projects [8]. The
existence of interdependence between projects means
that the parameter related to one project changes
according to another selected project. Therefore, as
Markowitz [17] put it in the portfolio theorem, the
total benefit obtained from the portfolio is not equal
to the sum of each project separately [3]. Abbassi et
al. [8] 0-1 non-linear model has been developed to
balance portfolio values (return) and risk when
research projects are interdependent (interacting). In
addition, in related study, the cross-entropy algorithm
developed by Rubinstein [18] for large-scale samples
and applied for the first time [19] for combinatorial
optimization problems was proposed. The authors
evaluated a total of 34 criteria in two groups, internal
and external (by organization). A Delphi-based
survey was conducted on twenty experts and
managers with technical backgrounds to reveal their
relative importance. In the study conducted by Huang
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and Chu [20] in which the interaction between
projects was taken into account, the fuzzy ANP
model was proposed for the selection of candidate
projects from the private sector who wanted to
benefit from the support program for the R&D
projects managed by the government in Taiwan. The
authors determined 30 criteria under four main
criteria by scanning the literature and interviewing
eight experts. In this study, it was stated that fuzzy
AHP would be insufficient in case of interaction
between criteria, whereas fuzzy ANP is the most
appropriate method.

They also made a comparative assessment of R&D
project selection models and techniques. de Gracia et

3. Analytical network process

Multi-criteria decision making (MCDM) is the process
of evaluating a finite number of options by using a large
number of criteria that are usually weighted for the
purpose of selecting, ranking, classifying, prioritizing or
screening, that do not use the same unit of measure, and
some of them even take qualitative values [23, 24].
MCDM methods, on the other hand, help to determine
the most suitable option by considering many criteria in
decision-making processes [25, 26]. MCDM methods
are analytical methods that provide the opportunity to
evaluate many measurable and unmeasurable strategic
criteria together and at the same time apply to the
judgment of more than one person in the decision-
making process [27, 28]. The problems to be solved
may not always be expressed in a hierarchical structure.
The criteria and alternatives involved in such problems

Goal O

Criteria
Sub-criteria
/ a 2
Alternatives (eoee@ D

Hierarchy Structure (AHP)
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al. [21] used AHP in the selection of ideas collected
with an open innovation strategy in the energy sector.
Criteria were determined according to PMI
methodology. It has been evaluated according to 8
criteria under two main groups: technical and
organizational. Pererva et al. [22], in their study on
supermarkets, developed a methodology on the
selection of innovative projects according to the
integral index created according to economic
efficiency (Net present value, cost benefit rate,
internal rate of return, equivalent annual annuity,
modified internal rate of return). Scoring was made
according to the three-sigma rule and a selection was
made among five alternative projects.

may interact with each other. In this case, analysis of a
more complex process is required to find the weights
(relative importance vectors) of the components [23]. In
this case, the ANP method, which takes into account the
relationships between the criteria, which is an effective
factor in the decision-making process, comes into play.
The ANP method is a generalized form of AHP
developed by Thomas L. Saaty. ANP is also a good
analyzer when numerical factors cannot be expressed
and can be applied to more complex decision-making
problems compared to AHP [27, 29]. In the ANP
method, the problem is modeled using the network
structure, different from AHP (Figure 1). In this method,
dependencies between criteria are taken into account.
[30, 31].

] Outerdependency

- . |
e 00— \

o, |
‘x_) L
. Teece

I — ""Feedback
\_ Interdependency

Network Structure (ANP)

e ¥ A

Figure 1. Hierarchy and network structure [31].

In the ANP method, as in the AHP approach, the
criteria should be compared in pairs in order to
determine the effects of the criteria on the model [32,

33]. The 1-9 scale developed by Saaty [34] is used in

these paired comparisons.
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Table 1. Importance values of pairwise comparison and their definitions [34]

Intensity of Definition Explanation
importance
1 Equal importance Two activities contribute equally to the objective
3 Moderate importance  Experience and judgment slightly favor one over another
5 Strong importance Experience and judgment strongly favor one over another
7 Very strong Activity is strongly favored and its dominance is demonstrated in
9 Absolute importance Importance of one over another affirmed on the highest possible order
2,4,6,8 Intermediate values Used to represent compromise between the priorities listed above
3. Application

In this study, it is aimed to evaluate the R&D and
Innovation projects in the project portfolio of a
company with an R&D center and to choose the best
among them. For this purpose, ANP method, which

takes into account the interaction between criteria,
has been used and the flow chart of this method is
presented in Figure 2.

Definetion the Problem | —| Pairwise Comparisons Between Criteria and Alternatives
k4 i Calculating the Consistency Ratio of Companson Matrices
Determination of Main Critesia | v '
and Sub-Criteria - - Nao
Consistency Ratio . N
CR<01l
¥ ""“--1-““"'
Determination of Alternative R&D | T Yes
and Innovation Projects
l | Creating Supermatrices |
Creating a Network Structure ] . ]
for the Evaluation | Selecting the Best R&D and Innovation Project |
Figure 2. Flow chart for evaluation of R&D and innovation projects.
According to the flow chart created in Figure 2, the company's R&D Center Manager, innovation

main and sub-criteria required for the evaluation of
R&D and Innovation projects were determined by a
literature review and a team consisting of the

specialist and marketing department expert and
shown in Table 2.

Table 2. R&D and innovation projects evaluation criteria

Main Criteria

Sub-Criteria

Company Benefit Criteria

Impact on Competitiveness

Impact on Market Growth

Contribution to Brand Image

Feasibility Criteria

Technical Challenge

Required Technical Capacity

Finance Requirement

Opportunity Criteria

Potential to Lead to Different Technologies

Product differentiation

Benefit to Customer

Industry / Market readiness
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After determining the R&D and innovation projects
evaluation criteria, the interactions between the
criteria were analyzed by a three-person expert and

Volume 9 (2), December 2020, pp 1462-1470

the interactive criteria were determined and given in
Table 3.

Tablo 3. Criteria Interactions

Affected criterion

Affecting criterion

Impact on

Product differentiation

Competitiveness

Benefit to Customer

Industry / Market readiness

Potential to Lead to Different Technologies

Impact on Market

Product differentiation

Growth Benefit to Customer
Contribution to Brand  Potential to Lead to Different Technologies
Image Product differentiation
Benefit to Customer
Product Technical Challenge

differentiation

Required Technical Capacity

Finance Requirement

Benefit to Customer

Product differentiation

Potential to Lead to Different Technologies

Later, 5 projects (P1, P2, P3, P4, P5) in the
company's project portfolio were determined.
Afterwards, the connections between the specified
criteria, internal and external dependencies and

€ Super Decisions Main Window: Exalustion of R&D and Innovation Projects.sdmod

File Design Assess/Compare Computations Networks Help

=82 o) 2] = [m ¢ [e]
0O

Evaluation of R&D and Innovation F‘rn]edsl

feedbacks were made with the help of Super
Decision 2.10 software and the network structure in
Figure 3 was created.

O]

!
g ALTERNATIVES ! @ m /
o o 2 A

J
/ J VS
gCnmpany Benefit Criteria ! @ gFeasmmwcmena ! @ 8 gDpoanCr\lem ! @ 8

~
Impacton Cnmpatmvanessl Techmcalcha\\engel Potential to Lead to D\ﬁeremTe:hnnmg\esI
I [} I Product differentiation
Impact on Market Growth Required Technical Capacity T _I
Contribution to Brand Imagel Finance Requ\remenll MI
s B Industry / Market readmessl v
< > |

Figure 3. R&D and innovation projects assessment network structure

After the network structure was created, the
necessary paired comparisons were made with the
help of the scale specified in Table 1. These binary
comparison evaluations were entered into the Super
Decisions 2.10 program. Then, the priority values of

the criteria in the model, which are in Table 4, and
the unweighted supermatrix, the weighted
supermatrix and the limit matrix, respectively, were
obtained.

Table 4. Priorities of criteria for evaluation of R&D and innovation projects
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@ Super Decisions Main Window: Evaluation of R&D and Innova... - *

Here are the priorities.

Mame |

Contribution to Brand
Image

lcon

Mo lcon

Mo lcon | Impact on Competitiveness

Mo lcon| Impact on Market Growth

HHH

Mo lcon| Finance Requirement

Required Technical

Mo lcon e
Mo lcon| Technical Challenge
Mo lcon| Benefit to Customer
No lcon Indulstr}f." Market
readiness
No lcan Potential to Lead to
Different Technologies

Mo lcon| Product differentiation

;

When the priority values of the criteria in Table 4 are
examined, it is seen that the most important criterion
in evaluating R&D and innovation projects is the
"Product differentiation” criterion with a priority
value of 0.174. Other important criteria are listed as

INcrmaIi:ed by CIusterILirniting

| 0.31962 [0.033308
| 0.12195 [0.012709
| 0.55843 [0.058195
| 0.40542 [0.052493
| 0.17354 [0.022470
| 0.42104 [0.054515
| 0.29608 [0.107426
| 0.07543 [0.027367

0.14771 [0.053595
| 0.48078 [0.174443

follows: “Benefit to customer” (0.107), “Impact on
market growth” (0.058) and “Technical challenge”
(0.054). Based on the calculated criterion weights,
priority values and rankings for alternative R&D and
innovation projects are included in Table 5.

Table 5. R&D and innovation projects priority values and ranking of preferences

| Graphic ||.~‘!|._lte|'nati'.'es|| Total ||.\'urn1:11|| Ideal ||Rankjng|
[ ] | P11 [o01213[ 0301110000 1 |
[ ] [ P2 Joo7isfo1772]jossse]] 4 |
[] | P3 0039300978 |[0.3248] 5 |
[ ] | P4 0080401993 06619 3 |
[ ] | P5  0.0906] 02246 |[0.7459] 2 |
As seen in Table 5, the "P1" project ranks first Considering the priority values, it would be

among alternative R&D and innovation projects with
a priority value of 30.11%. Among other projects,
"P5" is the second with 22.46% priority value and
"P3" is the last with 9.78% priority value.

4, Conclusion

Today, companies' struggle to survive has intensified
due to changing customer expectations and increasing
competition conditions. Under these difficult conditions,
it has become compulsory for companies to carry out
R&D studies and transform these studies into
innovation in order to extend their life. Companies that
are aware of this necessity collect and evaluate ideas
that will turn into innovation with both closed and open
innovation methods, and include the best ones in their
project portfolio. However, the necessity to consider

appropriate to select the “P1” project as the best
project among alternative R&D and innovation
projects according to the criteria included in the
model.

many criteria in the evaluation of these collected ideas
makes the evaluation process difficult. This situation
brings multi-criteria decision-making methods to the
foreground for the solution of the problem.

In this study, a multi-criteria decision-making
application has been made in order to evaluate the R&D
and innovation projects and to select the best project.
ANP was chosen as the method because it takes into
account the internal and external interactions between
the evaluation criteria. In the study, the criteria that are
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effective in the selection of R&D and innovation
projects were determined and the necessary evaluations
were made after the network structure was created in the
Super Decision 2.10 program. At the end of the study,
the project named "P1" was chosen as the most
appropriate R&D and innovation project. When we look
at the features of the selected project, it is seen that it has
the feature of product differentiation, its contribution to
the benefit to customer and market growth is higher than
other projects and the technical difficulty in realization
is less than other projects. Due to these features, it is
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