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Abstract: As user-centric innovation has recently emerged as a successful way of developing new
products, services, and concepts, it is worth considering the perspectives of potential technology
users during R&D project selection processes. Nevertheless, little effort has been made to reflect
customer-perceived value in establishing selection criteria, with the focus mainly on technological
potential instead. Therefore, this study aims to develop an R&D project selection model incorporating
not only technological potential but also customer-perceived value. For this purpose, a new R&D
project evaluation model and process is proposed, and its feasibility is tested by potential users in
a real scenario. The automobile industry is suitable for our evaluation model because it is a B2C
and system-based industry where customer needs are critical to market success and a number of
R&D projects are proposed every year. Finally, a supporting tool is developed to help interact with
various evaluators and visualize the evaluation results, as customer involvement is recommended for
accurate project evaluation from the perspective of technology users. This study is one of the earliest
attempts to reflect customer-perceived value in R&D project selection, and practically, the research
outputs are expected to be useful to automobile manufacturers in creating value from R&D projects.

Keywords: supporting system; project selection; customer-perceived value; technology potential;
automobiles

1. Introduction

In an environment of rapidly changing technologies and mega-competition on a global scale,
many industries are undergoing radical transformations, and firms are under pressure to act quickly to
respond to these threats. Central to their survival and growth strategy is the need to innovate, as new
technology may offer companies a leading edge over competitors in the current market and open
new markets [1]. That is, R&D, as a core of innovation, plays a major role in developing competitive
technologies to support core business growth.

The ability to consistently select the best R&D projects to invest is thus essential to increasing the
probability of successful R&D investments, which has long been a major concern for both practices
and academics. According to Cooper et al. (2000) [2], companies that use formal project selection
approaches show greater project launch success as well as better sales and profit performance than
others. As a result, extensive academic research has been conducted to help organizations make better
decisions in R&D project selection, and a number of decision models and methods, such as analytic
hierarchical process (AHP)-based modes [3], fuzzy evaluation processes [4,5], and portfolio-based
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methods [6,7], have been developed in the past four decades. However, current research findings
indicate that many such complex models and methods are not being used, having only limited effects
on decision-making for real-world project selection [8,9]. In a similar vein, Cooper et al. (2001) [10]
found that, among the many project selection models, financial methods have been the most frequently
used at large firms, but companies using a scoring model, which is quite simple to use, together with
financial analysis, generally outperform companies relying merely on the financial aspects of projects.

When a company employs a scoring model, it must adopt a set of R&D project selection criteria,
which may vary across companies or studies. For example, Henriksen et al. [11] suggested four criteria,
relevance, risk, reasonableness, and return, while Lawson et al. [1] proposed six criteria incorporating
technical, corporate, and strategic regulatory, market, financial, and application aspects. Oliveira [12]
further developed a method to analyze such criteria-based decision-making process at the fuzzy front
end of innovation. Despite the variety of criteria, most studies have commonly incorporated the
technological and market potential of R&D projects in their project selection models, where market
potential has been measured mainly by financial value from the perspectives of technology providers.

Though financial value is one of the most important measures, as indicated in previous studies, it is
also worth considering the perspectives of potential technology users during the R&D project selection
processes. In measuring the market potential of R&D projects, it is significant to analyze what potential
utilities a new technology will bring to users, whether the utilities are regarded as valuable to users or
not, and whether the potential users are likely to pay for the value or not. Customer-perceived value is
defined as “the consumer’s overall assessment of the utility of a product based on perceptions of what
is received and what is given” [13] (p. 14). In the marketing literature, it is considered an underlying
source of competitive advantage [14], being one of the most influential forces in a marketplace [15].
Hence, R&D projects must be evaluated from the perspectives of technology users as well as technology
providers to increase the accuracy of evaluation. Nevertheless, little effort has been made to reflect
the customer-perceived value of new technology as outputs of R&D in establishing criteria for R&D
project selection. Particularly in the automobile industry, which is the focus of this study, several R&D
projects are suggested simultaneously. Among them, some new technologies will be incorporated in
a new model as a basic function and others as an optional function, and some options will be preferred
by customers, generating extra revenue for automakers, while others will not. Hence, the value of new
technologies as perceived by potential customers is vital for companies to decide which R&D projects
to invest in.

To meet the aforementioned needs, this study aims to develop a new R&D project selection
model incorporating both technological potential and customer-perceived value and apply them to
an automobile manufacturer in Korea, trying to answer the following research question: how can
we identify potentially valuable R&D projects from the customers’ perspective? For this purpose,
first, a new R&D project evaluation model and process are proposed, and second, its feasibility is
tested by potential users in a real scenario. Finally, a supporting tool is developed to help interact with
various participants and visualize the evaluation results, as customer involvement is recommended
for accurate R&D project evaluation from the perspective of technology users. Theoretically, this
study is one of the earliest attempts to reflect customer-perceived value in R&D project selection, and
practically, the research outputs are expected to be used in automobile manufacturing.

The remainder of this paper is organized as follows. Section 2 briefly reviews the previous studies,
and Section 3 describes the overall processes. In Section 4, a new R&D project selection model is
proposed in the context of automobile manufacturing, and a prototype system to implement the
model is developed. Finally, Section 5 discusses the contributions, limitations, and future directions of
this study.
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2. Background

2.1. R&D Project Evaluation

R&D project selection is an organizational decision-making process commonly employed in such
organizations as technology-intensive companies, public and private funding agencies, universities,
and research institutes [16]. It is complicated and challenging work, firstly because the future success
or impacts of candidate projects are hard to predict and secondly because a multi-stage multi-person
decision-making process is required to obtain a reliable outcome [9,11].

Consequently, over the past 35 years, extensive research has been carried out and produced
a wide range of methods to support R&D project selection [1]. These methods can be grouped into two
categories—financial and non-financial—according to their approaches. First, in a financial approach,
the potential value of R&D projects are is mainly based on financial terms, that is, expected return on
investment (ROI) or net present value (NPV). However, this approach has several limitations. It fails
to consider the strategic importance of R&D projects, as some projects that are low in ROI may be
essential for a company to achieve its long-term strategic goals. Furthermore, this approach is not
applicable to all R&D projects, particularly those at the early stage of development, since forecasting
accurate cash flows associated with the projects is likely to be infeasible for such projects. Indeed, when
large firms in the USA with proven success in R&D activities were surveyed, it was found that those
using a scoring model and risk analysis as well as financial analysis generally had better performance
than those using only financial analysis [2].

In a non-financial approach, experts are used to evaluate potential values of R&D projects [17,18].
What is important here is the selection of projects using appropriate criteria [19]. Recently, with the
growing complexity of technologies, strategic technology management must consider a number of
factors, such as technology paradigm shifts, socioeconomic pressures for change, the management of
diverse knowledge bases, and global standards and intellectual property [20]. Quite naturally, these
factors should also be reflected in developing the criteria for R&D project selection to deal with the
high degree of uncertainty that results from non-technical attributes of R&D projects. Accordingly,
various decision-supporting models with different sets of criteria are developed and applied to R&D
project selection. For example, Pretorius and de Wet [21] suggested a framework to investigate the
impact of manufacturing technology on corporate productivity and competitiveness based on three
dimensions—hierarchy, fundamental functions, and business cycle. Assefa et al. [22] developed
a technology valuation method considering technological and economic aspects. Kalbar et al. [23]
measured the value of technology in terms of the technology life cycle, robustness, sustainability, and so
on. Then, in aggregating the values for several criteria, previous studies have adopted a multi-criteria
decision-making (MCDM) model, which helps a decision-maker to choose the most desirable options
(R&D projects in our case) based on conflicting criteria. The MCDM models frequently applied
include AHP [3], analytic network process (ANP) [24], the technique for order of preference by
similarity to ideal solution (TOPSIS) [22], data envelopment analysis (DEA) [25], fuzzy-set theory [4,5],
and decision-making trial and evaluation laboratory (DEMATEL) [26]. Sometimes, these techniques
are integrated to better support decision-making (e.g., [27,28]).

This study is in line with MCDM-based research but takes a simple approach: a scoring model,
incorporating both financial and risk aspects as criteria for project selection, is adopted as a basic
model, while the AHP technique is applied to assign weights to each criterion.

2.2. Characteristics of R&D Project Evaluation in the Automobile Industry

Since the core technologies underlying the automobile may be considered mature, leading
automobile manufacturers have been investing heavily on R&D not only to enhance their products’
potential to satisfy customer needs but also to achieve the next technological breakthrough in the
industry [20]. Selecting the best R&D projects among a number of candidates is a primary concern for
manufacturers; it has a significant influence on new product development and manufacturing practices,
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and thus some cautious decision-making to allocate resources for new technology developments is
required based on a comparison of a number of available technological options.

Moreover, the automobile industry has been undergoing radical changes recently. As environmental
awareness is growing, the energy paradigm is shifting to replace conventional fuel with other energy
sources, such as hydrogen or electronics [29], and environmental regulations are expected to influence
diffusion patterns of new technology in the industry [30]. Customers are becoming more demanding
about safety and performance improvements in automobiles [20]. In addition, new technologies such as
IT are emerging and embodied in automobiles as core components, exerting a profound impact on both
R&D and manufacturing processes; this is expected to cause a global restructuring of the industry.

Automobile manufacturing is a “system industry” and “B2C industry” sector, so several issues
must be considered in developing an R&D project selection model. First, it is a “system industry” with
growing complexity. Automobiles have numerous parts that are interrelated to each other, which may
be hard to understand fully, and require an understanding of the interaction between the objects and
even with a human being [20,31]. Changes in one part as a result of new technology development will
affect the other parts, and these possible changes, whether they are positive or negative, necessitate
earnest study and examination. In a similar vein, automobile technologies by nature are multi-use
technologies that benefit multiple segments of an industry. That is, a new technology developed for
a particular product line can be used for other lines manufactured by a company. Accordingly, these
spillover effects at the enterprise level must be considered in evaluating the technological potential of
R&D projects.

Second, automobile manufacturing is a “B2C industry” sector, so incorporating customer
requirements is critical for technological innovation. There are growing expectations for safety and
comfort in vehicles and growing awareness of environmental issues, driving automobile makers to
strive to develop environmentally friendly and energy-efficient vehicles. In addition to these major
concerns, customer requirements are becoming more sophisticated, so new technology offerings should
be carefully evaluated to ensure that they are in line with the requirements. In addition, it should
be noted that new technologies are embodied through two-stage R&D investment processes—the
first stage for product technologies and the second for production technologies. Different criteria
are needed for different types of R&D projects, so the characteristics of the R&D stages should be
considered in developing an R&D project selection model. In our scenario, we focus on the first-stage
R&D, which involves more complicated decision-making criteria.

2.3. Customer-Perceived Value

Value is determined based on a trade-off between costs and benefits, representing an exchange
between what is obtained and what is given [32]. Thus, customer value is created when the degree to
which someone judges that what he has gained, that is, the benefits of a product or service perceived
by the customer, is superior to what he has lost in the exchange, that is, all the related costs, such
as price, search, operation, and disposal [33,34]. These benefits and costs can be interpreted in both
monetary and non-monetary terms. Non-monetary benefits include competence, market position, and
social rewards [35], whereas non-monetary costs are related to the time, effort, and energy consumed
to obtain the product or service [36].

The evaluation of value is subjective in nature [37,38], and the concept of customer-perceived
value has been examined extensively by marketing researchers. Perceived value is the global evaluation
of the utility of a product or service based on the customer perception of what is given and what is
received [13]. Because of this subjectivity, perceived value is hard to measure, particularly for products
and services with intangible elements or complexity, for benefits or costs that are not immediate, and
for products or services that are new to the customer.

With all these difficulties, recent studies have tried to measure the degree of perceived value
and conceptualized it as a multidimensional construct [39,40]. For instance, Floh et al. [41] adopted
a multi-dimensional conceptualization of value that includes functional, economic, emotional, and
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social value. Traditionally, valuations have included product or service attributes, pricing, and
elements of the delivery process [42], emphasizing the functional and economic aspects of value, while
the multi-dimensional approach overcomes traditional approaches’ over-concentration on economic
value [43]. Nevertheless, this study is limited in focus to functional and economic value because the
other constructs such as emotional and social values are difficult to measure before a product or service
is widely diffused.

3. Overall Research Framework

3.1. Research Process

The overall research process consists of five steps, as shown in Figure 1. In the first step, the needs
and conditions of R&D project selection environments are examined. Based on the analysis results in
the previous step and a rich literature review, the most appropriate evaluation approach is selected in
the next step. In the third and fourth steps, an evaluation model for R&D project selection is developed,
its feasibility is validated, and an evaluation process is designed. Finally, a prototype system to support
the evaluation process is designed in the fifth step. The detailed procedures are explained in the
following section.

Step 1. Analyzing the context of R&D project evaluation :Igzigf:;l;lﬁ:fysis
Step 2. Selecting an appropriate evaluation approach + Literature review

: S dat : « AHP analysis
Step 3. Developing and vahdatmlg an evaluation model + Experts® panel
Step 4. Developing a evaluation process + Pilot evaluation
Step 5. Designing a supporting system for evaluation

Figure 1. Research process.

3.2. Detailed Procedures

3.2.1. Step 1. Analyzing the Context of R&D Project Evaluation

An essential prerequisite for developing an R&D project selection model is the analysis of the
context in which the R&D project evaluation is made. The characteristics of technologies targeted by
candidate R&D projects must be understood. The resources, including the financial as well as human
resources available for the evaluation, must be estimated. In addition, the data required and their
availability for the evaluation must be analyzed. In this study, we developed a clear understanding of
automobile technologies and the characteristics of R&D projects to be evaluated, targeting product
technologies rather than production technologies. Moreover, time and budgets allowed for evaluation
were analyzed; these factors were very limited because the organization encouraged engineers to
suggest as many creative R&D projects as possible, so the minimum evaluation was the most desirable.

3.2.2. Step 2. Selecting an Appropriate Evaluation Approach

Once the context of R&D project evaluation is analyzed, the evaluation approach that is the most
appropriate for the context is selected. To do this, the research trends regarding technology evaluation
are reviewed, and various alternatives for key elements in the approaches are identified as follows:

e Evaluation model: financial models, scoring models, and so on.

e  Participants: internal expert panels, external expert panels, customers, and so on.
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e Data type for evaluation: quantitative data, qualitative data, and so on.
e  Methods for evaluation: absolute value, relative value, checklist, guided scoring, and so on.

Then, the advantages and disadvantages of alternatives for each key element are compared
to suggest the best approach for the context. In our case, a weighted scoring model was adopted
as a practical model considering the limited time and budgets but a number of R&D projects for
evaluation. Moreover, most of our R&D projects were targeting technologies in the development stage,
and elaborated financial models were difficult to use. Furthermore, it seemed to be easier to reflect
customer-perceived value in a scoring model than in a financial model. Participants as evaluators
included expert panels and customers to reflect customer-perceived value. As for data type and
methods for evaluation, we concluded that different alternatives needed to be adopted for different
evaluation criteria.

3.2.3. Step 3. Developing and Validating an Evaluation Model

When developing and validating an evaluation model, the evaluation perspectives and criteria
should be defined first. To consider both technological potential and customer-perceived value, we
chose technology and market/business aspects as one dimension to define evaluation perspectives.
Furthermore, because good R&D projects are those corresponding to external drivers and based on
internal competencies, we took into account attractiveness and corporate fit as another dimension,
referencing the BMO (Bruce Merrifield-Ohe) approach [39]. By combining the two dimensions,
four perspectives are identified, and two criteria for each perspective are defined: technology
attractiveness—"innovativeness” and “appropriability”; market attractiveness—"customer-perceived
functional value” and “customer-perceived economic values”; technology fit—“R&D capabilities” and
“manufacturing capabilities”; and business fit—"suitability for new products” and “suitability for
R&D investment” (see Figure 2).

Technology

Technology fit Technology attractiveness

- R&D capabilities - technology innovativeness

- Manufacturing capabilities - technology appropriability
Corporate fit (internal conditions) Aftractiveness (external conditions)

>

Business fit Market attractiveness

- suitability for new products - customer-perceived functional value

- suitability for R&D investment - customer-perceived economic value

v

Market/business

Figure 2. Evaluation perspectives and criteria.

Then, the evaluation indexes for criteria are determined and AHP analysis is conducted to assign
weight to the criteria. The evaluation indexes are proxy measures of evaluation criteria, and more than
one index can be used for one criterion. The AHP, introduced by Saaty (1994) [44], is a multi-criteria
decision-making approach that is broadly applied in calculating the weight of different criteria to
change the complex qualitative analysis into simple and transparent quantitative analysis. In the
case study, two or three indexes for each evaluation criteria were adopted from those verified in the
previous studies and the AHP was applied to assess priority weights for different evaluation indexes.
Finally, the feasibility of the suggested R&D project selection model must be tested. In the case study,
an expert panel was employed to verify the appropriateness of evaluation perspectives, criteria, and
indexes. In addition to the use of an expert panel, a pilot evaluation was carried out to check the
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degree of consistency in evaluation of the same R&D projects by different evaluators. If the consistency
is high, the validity is also high.

3.2.4. Step 4. Developing an Evaluation Process

After an evaluation model has been established, it is possible to devise an evaluation process.
In this step, the most suitable evaluators for criteria (or indexes) are suggested, and specific processes
are defined to guide their effective and efficient participation in the evaluation.

3.2.5. Step 5. Designing a Supporting System for Evaluation

A supporting system for evaluation can help increase the efficiency of an evaluation by collecting
data from a number of different evaluators, synthesizing them, and visualizing the evaluation results.
Therefore, in the final step, a supporting system for evaluating R&D projects is designed, and its
Web-based prototype system is developed. The system will be particularly useful when external
experts or customers in different regional areas are involved in the evaluation.

4. R&D Project Evaluation Method
4.1. Developing and Validating an Evaluation Model

4.1.1. Evaluation Perspectives, Criteria, and Indexes

The evaluation model suggested in this study comprises four perspectives, eight criteria, and
20 indexes, as shown in Table 1. From the perspective of technology attractiveness, the “innovativeness”
and “appropriability” of R&D projects were selected as key criteria. Technologies will be attractive, as they
are innovative, and an innovator’s ability to capture profits generated by the technologies is superior to the
other technologies: innovativeness is measured by three indexes concerning patentability requirements,
while appropriability is measured by two indexes commonly used for technology valuation.

From the perspective of technology fit, we adopted two criteria, corporate “R&D capabilities” and
“manufacturing capabilities” by referencing technology fit-related criteria of BMO analysis devised for
evaluating a business item. We claim that the essential conditions for a new technology to be promising
for innovation in a company are two-fold: it should be feasible to develop the technology for new
products or services in the company—R&D capabilities can be measured with respect to the difficulty,
risk, and application domains, the technology could then be developed into (mass) production to
create value for the company, and manufacturing capabilities can be evaluated by additional time and
cost for manufacturing the new products or offering the new services.

Regarding market attractiveness, we focused on two types of customer-perceived
value—"customer-perceived functional value” and “customer-perceived economic value”—and
accordingly designed five indexes to measure them. Two indexes for the functional value measured
whether a new function offered by new technology is recognized by users and whether it is regarded as
important to users. For example, increased airbag functionality through R&D may affect the safety of
automobiles. If a new function is easily recognized by users and, moreover, regarded as significant,
the perceived functional value will be high. Most users may need the function, but its utility may not
be directly recognized by them until they experience an accident. In this case, the value for awareness
becomes high, but that for importance is low. On the other hand, the other three indexes for the economic
value concerned whether a firm can create profit from the new function by directly pricing it where the
user’s intention to pay and the price compared to cost are measured or by indirectly improving brand
image. If potential users are willing to pay a high price for the new function, the economic value will
be high. For example, a firm may improve its brand image by investing in environmentally friendly
technology, but users are unwilling to pay for it. Then, the relevant R&D will have high value for brand
awareness but low value for intention to pay and price to cost indexes.



Sustainability 2017, 9, 1918

Table 1. Evaluation perspectives, criteria, and indexes for R&D project selection.
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Perspectives Criteria Indexes Description References
. . Novelty The novelty of the proposed technology—whether similar technologies exist or not Patentability
Technology nnovativeness Inventive steps The superiority of the proposed technology to the existing competitive technology requirements [45]
attractiveness . The utility, identifiable benefits, that the proposed technology provides and the
Utility . . . .
capability of its use in the industry
Appropriability Exclusivity The possibilities to obtain intellectual property rights for the proposed technology Tjgl;r;ology valuation
Life cycle The technology life cycle remained—the possibilities of obsolescence [46,47]
R&D capabilities R&D difficulties The difficulties in developing the proposed technology BMO—technology
Technology fit R&D risk Techmca.l risk to R&D.pr.o]ect completion (e.g., patent infringement risk, technology capabilities [48]
complexity, resource limits)
o . The range of products or services to which the proposed technology can be
Application domain applied—product range, growth potential, synergy with other products/processes
-, Additional cost required to commercialize the proposed technology in new products or
. Additional cost for . o . . . - .
Manufacturing manufacturin services—ability to implement production or service offering process (e.g., the BMO—manufacturing
capabilities & availability of existing facilities, the size and complexity of new facilities) capabilities [48]
Additional time for Additional time required to commercialize the proposed technology in new products
manufacturing or services
Perceived Functional awareness The degree of recognition for the function offered by the proposed technology—the ease Perceived

Market attractiveness

functional value

of awareness by users

Functional importance

The degree of perceived importance for the function offered by the proposed technology

value—functional [42]

Perceived economic
value

Brand awareness

The possibilities of improving brand awareness through the proposed technology

Intention to pay

The possibilities of directly pricing the function offered by the proposed technology

Price to cost

The ratio of price to cost for the function offered by the proposed technology

Perceived
value—economic [42]

Business fit

The applicability of the proposed technology to new products or services that are

Fit with product Applicability : . Impacts of R&D
plan planning to be introduced [49.50]
Impacts on performance The .negatlve or positive impacts of inserting the proposed technology to products or
services on their core performance
Investment cost Availability of investment costs
Fit with R&D plan Validity of R&D [24]

ROI

The level of expected ROI

Time and human
resources

Suitability of project schedule and human resources planning
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Finally, with respect to business fit, “fit with product plan” and “fit with R&D plan” were
used as evaluation criteria, as good R&D projects are aligned with product plans as well as R&D
plans. To evaluate the fit with the product plan, we designed to indexes to assess the impacts of new
technology on new product or service offerings: one to measure the applicability of the new technology
to new products or services that are scheduled to be introduced and the other to measure the impacts
of the new technology on them. The new technology will be of value only if it can be used for new
products or services in a firm without having any negative impacts—in other words, having only
positive impacts on the overall performance of the products or services. To assess the fit with the R&D
plan, we adopted three indexes that are commonly used to test the validity of R&D projects—total
investment cost required, time and human resources required, and expected return on investment
(ROI). A good R&D project uses appropriate cost and human resources with a feasible schedule and
a high expected RO, other things being equal. The evaluation perspectives, criteria, and indexes for
R&D project selection suggested in this study are summarized in Table 1. Of course, the indexes must
be customized to the context of evaluation.

A five-point Likert scale was used for measurements, with detailed guidelines for assigning
the values provided for each index to ensure the convenience and objectivity of evaluation. Table 2
exemplifies the guidelines for the “novelty” index.

Table 2. Evaluation guidelines—an example of a “novelty” index.

Value Characteristics Detailed description

The proposed technology has never been developed

New-to-the-world product anywhere in the world; no relevant patents are found for

technology the proposed technology.
The proposed technology has been presented in
4 New-to-the-world a conference or an exhibition but has not yet been applied to
production technology production; there are a few relevant patents but still room
for further patent applications on production technologies.
The proposed technology has been applied to production in
other countries but has not yet been applied in the native
New-to-the-country .
3 roduction technolo country; there are a few relevant patents and there is room
p 8y for further patent applications on applied
production technologies.
New-to-the-company The prop(?sed technology has been adopted ‘py competitors
2 roduction technolo in the native country as well as other countries but has not
P &Y been applied to production in the company.
1 Minor change to The proposed technology is simply a minor upgrade to the
existing technology technology the company already has.

4.1.2. Verification of Evaluation Perspectives, Criteria, and Indexes

Then, to ensure the validity of the suggested indexes, we used a panel with four experts—an
automobile engineer, an expert in customer-perceived value, an expert in technology valuation, and
an expert in R&D planning. They assessed the validity of evaluation perspectives, criteria, and indexes,
especially focusing on the significance of indexes, the ease of measurement, and the clarity of guidelines.
The validity test was conducted between 11 and 15 December 2013. The test results indicate that most
indexes showed a value greater than or equal to 2.0, where the maximum value is 3.0, in the ‘significance’
and ‘ease of measurement’, whereas two indexes, life cycle and functional importance showed the value
less than 2.0 in the ‘ease of measurement’. Therefore, we firstly suggested a proxy measure to get a value
for the two indexes; patents data are available to estimate a technological life cycle, while customer data
are needed to evaluate functional importance of the proposed technology. We also designed a system
module to help get a value for the two indexes.
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4.1.3. Weights of Evaluation Perspectives, Criteria, and Indexes

The weight values were assigned to the 20 indexes using AHP analysis. The analysis was carried
out between 11 and 15 December 2013, and seven experts were involved—four were the same as those
who participated in the validity test, and the other three were potential users of this evaluation system,
those who are in charge of R&D planning and execution in an automobile industry. The analysis results
are summarized in Table 3. The overall inconsistency value is 0.00, and the responses are consistent

and valid.
Table 3. AHP results to determine weights of indexes, criteria, and perspectives.
Perspectives (Weighs) Criteria (Weights) Indexes Weights Rankings
Novelty 0.028 14
Innovativeness (0.098) Inventive steps 0.031 13
Technology Utilit 0.039 12
attractiveness (0.274) y :
R Exclusivity 0.079 5
Appropriability (0.176) Life cycle 0.097 3
R&D difficulties 0.007 19
R&D capabilities (0.029) R&D risk 0.004 20
Technology fit (0.100) Application domain 0.018 17
Manufacturing Additional cost for manufacturing 0.026 15
capabilities (0.071) Additional time for manufacturing 0.045 10
Perceived functional Functional awareness 0.064 6
Market attractiveness value (0.207) Functional importance 0.143 1
(0.400) . . Brand awareness 0.048 8
Perceived economic .
value (0.193) Intention to pay 0.063 7
' Price to cost 0.082 4
Fit with product plan Applicability 0.046 9
(0.149) Impacts on performance 0.103 2
Business fit (0.227) Investment cost 0.014 18
Fit with R&D plan (0.078) ROI 0.022 16
Time and human resources 0.042 11

The analysis results revealed that the most significant three indexes include. “functional
importance,” “impacts on performance,” and “life cycle”. As expected, the customer-perceived
functional value is regarded as quite important and thus should be evaluated with great
concern. At the criteria level, all the top-nine indexes are included in four criteria—"technology
appropriability,” “perceived functional value,” “perceived economic value,” and “fit with product
plan.” Customer-perceived value is worth considering. Nevertheless, it should be noted that these
weights are flexible. Different weight values are needed for different technologies, evaluation purposes,
and evaluation contexts. Hence, it is essential to involve potential users of the evaluation system when
the weights are determined. Once the weights of indexes are established, the weights of criteria can be
calculated by adding the weights of relevant indexes. Similarly, the weights of perspectives can be

calculated by adding the weights of relevant criteria.

s 7o

4.1.4. Pilot Test Results

Finally, a pilot test was conducted to verify the robustness of the evaluation system on 20 December
2013. Three potential users of the evaluation system were involved in the test and assessed two
candidate R&D projects, following the guidelines we provided to them. The evaluation results are
summarized in Table 4. The values are generally consistent across different appraisals and thus are
reliable. However, compared to the other evaluation perspectives, the evaluation results for market
attractiveness that measure the customer-perceived value of new technology are relatively unstable.
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Table 4. The pilot evaluation results for two R&D projects.

. Project A Project B
Perspectives
Evaluator1 Evaluator2 Evaluator3 Mean Max-Min Evaluator1 Evaluator2 Evaluator3 Mean Max-Min

Technology 17 17 18 17.34 1 17 16 16 1633 1
attractiveness

Technology fit 15 14 12 13.66 3 18 17 17 17.33 1

Market 14 10 14 12.68 4 11 14 13 12.67 3
attractiveness

Business fit 17 18 20 18.34 3 22 22 22 22.00 0

Total scores 63 59 64 62.02 5 68 69 68 68.33 1

To increase the reliability of evaluation, it is recommended that different evaluators value different
indexes. For example, external experts rather than internal experts may be more appropriate for
assessing technology attractiveness indexes to ensure the objectivity of evaluation results. On the
contrary, internal experts are suitable for assessing technology fit and business fit because an accurate
evaluation requires concrete information about the firm. In assessing market attractiveness indexes,
customers can provide meaningful feedback about R&D projects, particularly the value they expect
from the functional areas improved or provided by the projects. Table 5 suggests types of evaluators
suitable for each index, categorized by four groups—internal experts from engineering departments,
internal experts from other departments, external technological experts, and potential customers.

Table 5. Types of different evaluators for different criteria.

. L. Internal Evaluators External Evaluators
Perspectives Criteria Indexes
Engineering Other Technological  Potential
Departments Departments Experts Customers
Novelty | O
Innovativeness Inventive steps [ | |
Technology —
attractiveness Utility ] 0
Appropriability Exclusivity u
Life cycle ]
R&D difficulties |
R&D capabilities R&D risk n O
Application domain | O
Technology fit
Additional cost for - 0
Manufacturing manufacturing
capabilities Additional time for - O
manufacturing
Perceived Functional awareness [
functional value Functional importance |
Market B
attractiveness ) rand awareness O [ ]
Perceived -
economic value Intention to pay |
Price to cost O |
Fit with product Applicability u U
plan Impacts on performance | | O
Business fit Investment cost |
Fit with R&D ROI | O
plan Time and human -

resources

M Main evaluators [J Supporters (e.g., providing references for evaluation).
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4.2. Designing a Supporting System for Evaluation

When different types of evaluators are involved in R&D project selection to increase the validity
of evaluation, it is advantageous to have a system to support the evaluation. In this study, we designed
a prototype R&D project selection system incorporating both customer-perceived value and technology
potential. The system will help adjust the weights of evaluation indexes, involve various participants
in the evaluation process, and visualize the evaluation results, showing the strong and weak points of
individual projects. Therefore, the suggested system consists of five models, as shown in Figure 3.

- Module 4.
DB for evaluation results Visualization of evaluation
results — individual project

Module 5.
Visualization of evaluation

DB for an evaluation model

Mofﬁ’u!e 1 o ) Module 2. . Module 3. ) results — project portfolio
Weight-of-criteria analysis Customer-perceived value Technology potential
(AHP analysis) evaluation evaluation

Figure 3. Overall system structure.

Module 1 is used to determine the weights of evaluation indexes based on AHP analysis. Thus,
it is possible to adjust the weights according to the users and context. By setting the weight value at 0,
we can remove the relevant index from the initial evaluation model.

Modules 2 and 3 are used to input data about evaluation results into the system. Module 2 is for
data about customer-perceived value (i.e., market attractiveness) indexes. The system enables one
to conduct a customer survey to measure “functional awareness,” “functional importance,” “brand
awareness,” “intention to pay,” and “price to cost.” Potential customers can access this Web-based
system and answer the survey questions that are used to calculate the index values. Figure 4 presents

an example of evaluating the functional importance index value for an R&D project.

R&D project selection system - functional importance 8% R&D project selection system - functional importance 8%
| Praoject name: R&D project A | El Results |
*Function: ) o ) 1. The number of answers
- Improve car door shutting by releasingindoorair
Question 2
1 " Questions 1 2 3 4 5
1 0 2 [ 4 3
1. How do you feelwhen this function is provided? 2 1 0 0 1 I
Question 1| 3 0 2 2 2 11
1 Like 4 2 3 1 2 15
2. Must-be ] 5 4 0 0 0 0
3. Do not care
L QO R 3 A 12113 M 3209
4. Can live without ]
5. Can not accept it [l Q@ Questionable - 2Que5;inn24 E
R Reversal 1o = =5
. o ’ A Aftractive
2 How do you feelwhen this function is not provided? I Indifferent 2R 1 ! L
] M Must-be Question1 | 3| R ! ] M
1. Like (] O One-dimensional Gl A LA I N
s|lolrlR[R|a
2. Must-be (|
3. Do not care ] 2. Functional importance
4. Can live without
5.Can not accept it |:| Must-be: The product must have this techinology

Figure 4. System prototype: evaluating the “functional importance” index value.
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Module 3 is for data about technological potential (i.e., technological attractiveness, technological
fit, and business fit) related indexes. After evaluators provide the value for 20 indexes according to
the evaluation guidelines provided by the system, the weighted index values and the total values are
calculated as shown in Figure 5.

R&D project selection system - technology attractiveness

Choices

B =

Criteria Indexes

Characteristics (value)

Movelty

[ 3 T 2 J 1 [Weights

Scores | Sum of scores

New-to-the-worldproduct technology (5)

New-to-the-worldproduction technology (4)

New-to-the-country production technology (3)

Mew-to-the-company production technology (2)

Minar change to existing technology (1)

Innovativeness
Inventive steps

High distinctionto existing technologies, no alternatives (5)
High distinctionto existingtechnologies, alternatives exist (3)

Low distinction to existing technologies (1)

Utility

‘Attractive (5)
Performance (3)

Basic(1)

Exclusivity

Impossible to imitate (5)

|Possibleto imitate (3)
Easyto imitate (1)

Appropriability
Life cycle

Adore than 10 years (5)

5 years to 10years (4)

3 yearsto Byears (3)

Lessthan3years (1)

0.z

16.0

8.0

0.z

160 72.0

0.2

16.0

0.2

16.0

<Descriptions ofindexes>

= Novelty: The novelty of the proposedtechnology—whether similar technologies exist ornot

= Inventive steps: The superiority of the proposedtechnology to the existing competitive technology
= Utility: The utility, identifiable benefits, thatthe proposedtechnology provides andthe capability ofits use inthe industry
= Exclusivity: The possibilities to obtain intellectual property rights for the proposed technology
= Life cycle: The technologylife cycle remained—the possibilties of obsolescence

Figure 5. System prototype: evaluating technology attractiveness-related index values.

Modules 4 and 5 are output-related modules, synthesizing the input data for evaluation and
showing the evaluation results. Module 4 focuses on the evaluation results for individual project
(see Figure 6). The figure on the left side visualizes the average evaluation results for 20 indexes,
categorized by four perspectives, in radar charts. The table on the right side summarizes the strong and
weak points of the projects and the overall ranking of the R&D project among all the candidate projects.

R&D Project A

1. Technology attractiveness
Movalty

Life oycle ¢

3. Market attractiveness

Functional
swareness
2000

1500

1008
Price i cost ¢

Intention to pay’

" Inventive steps

Exclusiviy——— ity

R&D project selection system

2. Technology fit
R&D difficulties
2000

Additionsl time for
menufacuring

cost for
manufacturing

4. Business fit

Applicatility
2000

1500

Time snd 1000
 Fundtionsl human
> o rescurces
/ oo Sinvestment
/' Brana ROl cost

swareness

B%

| 1. The overall rankings

. RAD risk

' Application domain

Impacts cn

7 performance

- Exsler paert apolicstion and prodation

- ralgn possiilty of sucoess, kow sk of falkure
- E25 10 oreste revenue

- Can b2 utlized n dherse produsts

< Weaknesses=

- nict 25y 10 cmveion
- Can mot be used for product marketing

- Neeo eisshe resources

Project Total scores Rankings
R&D ProjectA 66 2
R&D ProjectB 72 1
R&D Project C 50 3
2. Strengths and Weaknesses
Perspectives Criteria
T Strengihz Novelty
sttrsctivensss Weaknesses inventive sfeps
rechmoloarfit Strengths RED risk
av Weak RED difficulties
Market Strengths Price to cost
sttractivensss Weaknessez Erand awarensss
; Strengths Applicabilly
Business fit Weslnesses Time and human resources |
— Strengths licabili
vers Wesknessez Tim nd human recources
<Sirengths>

- Anemzte t=cmologies or similar teomoiogles ey est

Figure 6. System prototype: visualizing evaluation results for individual projects.

Module 5 shows the evaluation results for multiple R&D projects. Sometimes, it is necessary to
evaluate a portfolio of R&D projects as well as a single project. For example, if all high-ranking projects
require huge time and costs in common, it may not be feasible to select projects on the basis of total
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value; a balance between long-term and short-term projects and high-risk (cost) and low-risk (cost)
projects is needed. Using the system, it is possible to develop various portfolio maps by combining
two indexes, criteria, or perspectives. Figure 7 presents three portfolios—time and cost, technology
attractiveness and technology fit, and market attractiveness and business fit.

R&D project selection system (=13
| 1. The overall rankings |
Project RED risk Required resources Technology attractiveness Technology fit [:] Market attractiveness [:] Business fit

E‘] R&D Project A 16 20 72 T &0 &2

E] R&D PryjecB 14 20 58 T2 e g2
_E R&D Project C 10 10 at 20 82 a6

E R&D Project D 2 12 a0 70 72 T4

| v| R&D ProjectE 20 id a2 a0 24 28
_E R&D Project F 20 g 20 92 a6 68

z R&D Project G 2 10 B4 TE 4] 82

E R&D Project H 12 12 13 0 0 T4

[:l R&D Project | 12 12 70 50 48 64

[:I RE&D Praoject J 12 14 24 22 28 20
| FPorifolic 1—R&D rizk & Required resources | | Fortfolic 2 — Technology atiractiveness & Technology fit |

25 100

RED projectB R&D project F R&D project E
‘. RE&D project A S

g 2
E] ¥ iect

15 R&D project D R&D project E =] 0 9 .
E A 2 . D project A
Tw g R&D project B
g 5 w0 ArEEE RA&D project D
E]
é" 5 RED project F [

0+ 40 4

L1} 3 10 13 Fu] 5 40 &0 &0 100
RE&D risk Technology attractiveness

Figure 7. System prototype: visualizing evaluation results for project portfolios.

4.3. Discussions

To make the evaluation model more valid and reliable, there are several issues to be discussed.
First, the evaluation indexes must be updated continuously. This study employs only an initial set
of indexes for evaluation, and the final goal should be to develop a customized set by collecting
and analyzing actual evaluation data. For example, an ad hoc analysis to compare the evaluation
results and actual R&D performance will help identify the indexes that are highly related with R&D
performance. Assigning greater weight to these indexes will improve the evaluation model. In addition,
it is necessary to reconsider the indexes that show only minor differences in values across different
R&D projects. Using these indexes will increase the time and cost of the evaluation without having
discrimination power.

Second, the evaluation model needs improvement by developing a method to consider “a set
of R&D projects,” that is, an R&D portfolio in the selection process. The current model purposes
to evaluate an individual project, but R&D investment decisions are usually made not on a single
project but on a set of projects. Balancing and optimizing the project portfolio are significant for R&D
project selection. Though the system proposed in this system has a module to analyze an R&D project
portfolio, the ultimate goal of the module is to visualize the characteristics of the portfolio from various
aspects and thus is not used directly for R&D project selection. The system should be elaborated to
help evaluate and further manage a portfolio consisting of various R&D projects.

Finally, the evaluation model can be evolved to include more indexes, enabling to consider other
various factors that may affect the value of R&D projects. For example, sustainability and regulations
can be one of the most significant drivers of technology development in the automotive industries,
which may be conflicting requirements to business efficiency. Recognizing the existence of such
conflicting requirements, previous studies have proposed a framework for automotive sustainability
assessment [51]. According to Sachs, the following four criteria—ecological, economic, social and
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political sustainability—need to be met to make a system sustainable [52]. Though the proposed
system focused mainly on the two criteria—economic and social sustainability, the other criteria are
worth considering in the evaluation. Other evaluation models particularly developed to address the
sustainability issues can be used together with the proposed model.

4.4. Implications

7

Practically, the research findings from the AHP analysis indicate that the “functional importance”
is the most significant factor to be taken into account when evaluating technology from the customer’s
perspective, followed by “price to cost”, “functional awareness”, “intention to pay”, and “brand
awareness”. The managers need to capture the importance of functions that a target technology is
expected to offer, the level of intention-to-pay for the functions, the level of recognition of the functions,
and the contribution of those functions to improve brand awareness during the R&D evaluation, if they
want to choose R&D projects that are attractive to their potential customers.

Theoretically, this study is one of the earliest attempts to conceptualize customer-perceived value
in the context of automobile industry. The AHP analysis results indicate that the two elements that
constitute the customer-perceived value explain 40% of the total importance of criteria that need to
be considered in evaluating technology. Interestingly, the level of importance is almost the same
for the two elements (criteria)—functional value and economic value. Unlike the previous models
focusing mostly on technological potential, we explicitly incorporated the indexes that can measure
customer-perceived value offered by a target technology in the evaluation model. Furthermore, in
our model, we proposed the use of different evaluators to obtain values for diverse indexes, as the
contribution from a diverse group of people enables to take the combined perspectives of different
people, which ensures the credibility and robustness of the process.

5. Conclusions

This study aims to develop a new R&D project selection model incorporating both technological
potential and customer-perceived value and apply it to an automobile manufacturer in Korea. While
the model was developed in cooperation with an automobile manufacturer in Korea and customized
to the automobile industry, it is still a generalizable model that can be applied to other industries
that have similar characteristics, “system industry” and “B2C industry.” This is one of the earliest
attempts to reflect customer-perceived values in the early stage of technology development, which
will help in the pursuit of customer-oriented technology development. As user-driven innovation,
which engages users as active participants in innovation activity, is emerging as a successful way
of developing new products, services, and concepts, the proposed model will be greatly useful for
reflecting potential user needs. Accordingly, theoretically, this study provides a basis for user-centric
R&D project selection, unlike most existing approaches of technology-centric R&D project selection.
Because user-centric R&D project selection enables one to consider market-related factors quite early
in the innovation process, it becomes more feasible to create value in the market through innovation.
The model suggested in this study is simple and thus practical; it is possible for any type of firm to
adopt it to support decision-making on R&D project selection, which will increase R&D efficiency,
although customization is needed. In addition, the system developed in this study will help various
evaluators—internal and external experts and customers—participate in the R&D selection process
more easily.

Despite these values, this study is subject to a few limitations. First, the evaluation model was
developed and tested by potential users in practice but has not yet been applied to a real case. It is
essential to introduce the model and system in an automobile company for their R&D project selection
process to have external validity. Second, the evaluation model in this study is appropriate for R&D
projects in the automobile industry. The identification of sectoral differences in the evaluation models
is worth investigating. Third, we adopted a simple survey method to measure customer-perceived
value, but more elaborated methods to collect data from customers are needed. Furthermore, while
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it is significant to describe the function expected to be offered by new technology as an outcome of
an R&D project to customers to collect data from them accurately, this is difficult in the early stage of
innovation. Moreover, customers may have difficulty understanding the non-existent function, which
may cause bias in the evaluation results. Effective description of an R&D project to customers without
violating confidentiality is an important issue to be addressed in the future. Finally, only a prototype
system was proposed in this study, so a more elaborated system must be developed.
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