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ABSTRACT

Companies need to deliver innovative new products in order to compete in the global market successfully. Customer preferences as well
technologies are highly dynamic that continuous ideation is required in the fuzzy Front End of product development, where suitable ideas
have to be selected to initiate object innovation. The fuzzy Front End is mainly unorganized in companies, and there is a lack of a consistent
taxonomy in the literature covering all aspects in the fuzzy Front End for successful product innovation. Consequently a model describing
the pillars of the fuzzy Front End with respect to object innovation is synthesized here based on evidence from the industry supported by a
systematic literature review, which shall support practitioners and researchers in the successful evaluation of innovation ideas.

Keywords: Innovation, new product development, front end, fuzzy front end.

1. INTRODUCTION

Companies can reach distant markets in the global business environment; however, this also elaborates the level of
competition. In addition, companies need to update their product portfolios to cope with the changing consumer
preferences. Therefore change and continuous development are fundamental for companies, which is leading to innovation
(lyer et al. 2006), the widely accepted paradigm securing a growing market share (Gronlund et al., 2010; Bear, 2006;
Andrew et al., 2010). Innovation is the introduction of something new; a new idea, method, or device: novelty (Innovation,
2017). The pragmatic as well the academic usage of innovation implies the generation of value to capture surplus
(Jacobides et al., 2006). It delivers a competitive advantage in product/ service offerings (Tidd et al., 2005). Innovation shall
be viewed as an end-to-end process within a value chain in interaction with resources and the environment (Hansen and
Birkinshaw, 2007). Nagji and Tuff (2012) extended this concept by stating that smart firms use “total innovation” instead of
depending on their future to collection of ad hoc efforts and apply a systematic approach. Thus innovative organizations are
different in “strategy and vision, leadership, culture, processes, and physical work environment” (Stamm, 2003). According
to OECD (2005) there are two main typologies, subject and object innovation. While subject innovation is focusing on
business processes, object innovation focuses on new products/services. According the degree of the novelty, it is also
designated incremental and radical innovation for minor, incremental improvements to radical changes (Tidd et al., 2005).

Koen (2004) described innovative product development process as composed of 3 phases; (i) Front End (FE), (i) New
Product Development (NPD) and (iii) Commercialization. Product innovation initiates from FE phase of NPD process, which
covers idea generation and idea selection. FE covers the activities that precede structural New Product and Process
Development (Koen et al., 2001), where project- /product definition is made (Achiche et al., 2013). According to Jou et al.
(2016), FE is very important for the success of innovation projects, since the project is selected and then its quality, costs
and schedule are defined. Sandmeier et al. (2004) implied that almost two thirds of the total cost of new product
development is spent in FE phase of innovation process. Hirunyawipada et al. (2015) indicated further that when the idea is
not understood deeply, lead time and cost are increased as a result of unnecessary iterations between FE and NPD phases.
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The solution of design problems in NDP or commercialization phases cost much more time and money then in the FE
(Thomke and Fujimoto, 2000).

Despite its importance, FE is less researched than other phases of product development. On the top of it, FE is fuzzy (Smith
and Reinertsen, 1991). Fuzziness is simply the uncertainty. FE has fuzziness sources inborn, such as changing customer
requirements or available technology for the time being. Zhang and Doll (2001) also indicated in (2001) the nature of
competition and changing technology in this fuzzy set, and studied the consequences of fuzziness as well: the product is not
perfectly defined. This is referred as the Fuzzy Front End (FFE) in the literature. According to Brem and Voigt (2009)
consequently the FFE includes unknowable and uncontrollable factors. In addition to that, the FFE has generally an
unorganized structure in companies. At this point, Koen et al. (2004) introduced “front end innovation” term instead of
using “fuzzy front end” term, and created a framework for FE and called this framework as New Concept Development
(NCD) model.

However; while only a few researchers are studying F-/FE, even less deal with the structure of it. Although importance of FE
in product innovation is known, research about how to resolve the complexity in FE is limited. There is also a lack of a
consistent taxonomy in the literature covering all aspects of the fuzzy extend in the FE. The selection of ideas is a vitally
important, which needs a structured approach. Consequently FFE, selection criteria and best practices for the selection of
NPD ideas have to be looked at in detail that related dimensions have to be isolated, which constitute the pillars of the FFE
with respect to object innovation as introduced next.

2. REVIEW OF FRONT END METHODOLOGIES FOR INNOVATION

One might think that unstructured FE could avoid loss of innovation project ideas because of the formalization killing the
creativity. However, CEN/TS (2013) explained that structured FE is an enabler of the innovation stream delivering a
continuous basis for innovation projects. In companies, generally, expert knowledge and judgment are used in FE phase for
decision making purpose because of fuzziness of this phase. If FE is not structured, especially idea evaluation capability of
the company will depend on individuals and would not be consistent in long term. Innovation is a process itself and must be
implemented throughout the organization. Morris (2011) described the internal innovation process as a systematic process,
involving strategic thinking, portfolio management and research to internalize explicit and tacit knowledge. Therefore
strategy, portfolio management, R&D, sales and marketing enable continuous growth, driven by the generation and
selection of quality ideas in the FE. Consequently the FE tasks do cover product strategy formulation, opportunity
identification, idea generation, product definition, product planning and reviews (Murphy and Kumar, 1997). Koen et al.
(2001) classified this as opportunity identification/analysis, idea genesis/selection and concept/technology development.
Deppe et al. (2002) divided FE into four stages as preparation for the idea generation, idea generation, idea screening and
evaluation and the first concept, by designating the first concept as the beginning of the NPD. The FE model of Sandmeier
et al. (2004) include market and technology opportunities phase, product and business ideas phase, and draft concept of
product and business plan phase. The management of the project portfolio is important rather than the management of a
single project for competitive advantage, and the ideation portfolio management in FE and project success do impact each
other (Heising, 2012; Kock et al., 2015).

The first step in the FE process is the ideation. It is the generation, gathering, and assessing of ideas within a collaborative
network. Only ideas with a high potential shall be selected for innovation success. According to Stevanovic et al. (2015)
companies generally carry out the decision by using ad hoc or intuitively. However a managed and systematic approach is
needed for game changing new product ideas (Cooper and Edgett, 2008), but the idea management processes are not
generally managed in an organized and systematic way (Stevanovic et al., 2016). Successful ideas for NPD contain three
dimensions which are novelty for customer, usefulness for customer and usefulness for companies (Hirunyawipada et al.,
2015). There are two main approaches to structure the FE: the New Concept Development (NCD) model (Koen et al., 2001;
Koen, 2004) further fuzzified by Achiche et al. (2013) and the Stage-Gate Model (Cooper and Edgett, 2008). The research of
Koen et al. (2001) revealed that organizational attributes including senior management involvement, vision, strategy,
resources and culture are the most important factors for FE performance. In the Stage-Gate model (see Figure 1) ideas are
simply put through a funnel with gates after certain stages letting only successful ideas pass the designated gates. However,
the requirements for the gates are not defined and kept as company specific (Riel et al., 2013). These models both apply
subject innovation to reach object innovation, and consequently innovation management is applied therewith.
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Figure 1: Innovation Management Model (Microsoft, 2013)

To isolate requirements the FE elements have to be understood. Chamakiotis et al. (2016) tried to isolate unique
characteristics of virtual project teams with respect to collaboration in the FFE. Jou and Yuan (2016) proposed a novel
method, combination of Crawford and Di Bendetto’s model and Cooper’s model to support the decision making in FE, and
with this method they divided FE phase into four stages which are; market exploration and technology forecasting, idea
generation and segmentation, portfolio analysis, and technology road mapping. Gronlund et al. (2010) proposed to
combine the open innovation activities and Stage-Gate Model and called it Open Stage-Gate Model, to enable
externalization. Ahmed-Kristensen and Daalhuizen (2015) proposed that the integrated usage of agile and stage-gate
models as well. Sommer et al (2015) created a hybrid model, a combination of Stage-Gate and Agile Models, but only initial
idea development was covered. All in one there is research indicating the importance of ideation and idea selection in the
FE. Some tools and techniques for the selection of these ideas are introduced embedded in methodologies, but there is no
generalized taxonomy classifying/clustering the required aspects, which have to be respected during the idea selection
process. Available literature represents a wide spread around several methodologies, but is not structured. Consequently,
to remedy the complexity a harmonization shall be applied in order to deliver a set of important aspects to be respected in
the FE to achieve a potential innovation outcome. In other words; the pillars of FE in NPD are to be isolated. There is
enough evidence and data in the literature, which has to be synthesized to a model as discussed next.

3. DATA AND METHODOLOGY

This study originated from the need to select correct ideas for the innovation stream. Thus the main objective of this paper
is to quantify associated dimensions affecting on the innovation output. Therefore a systematic literature review has been
accomplished by using key words as [innovation; fuzzy front end; idea selection; new product development] in scientific
databases including but not limited to EBSCO, Scopus and WOS Resources. This literature review ranges from surveys to
papers and dissertations. A total of 58 papers, 1 graduate thesis, 6 books and 1 survey have been considered as relevant
based on the evidence from industrial consulting expertise of the authors. Data gathered thereof is used to synthesize a
model describing the pillars of fuzzy front-end of NPD.

4. FINDINGS AND DISCUSSIONS

Innovation ideas shall be collected frequently, evaluated and then executed (Stamm, 2003). More generally such ideas are
to be bred, evolved and finally selected in FE phase, which consequently shall go through NPD to become an innovation
output via successful commercialization. Consequently FE shall respect during concurrent ideation and evaluation all
aspects of the product life cycle to avoid costly iterations. However; limited research is available for FE, and there is a gap in
the literature for models’ selection criteria. Despite its criticality, the idea selection phase generally depends on the area
experts’ subjective assessments or decisions according to their knowledge (Bear, 2006). While subjective assessment can
lead towards failure; objective assessment can lead to unbiased judgement and create more opportunities. Scholars
proposed to structure innovative NPD by using range from lean, agile models etc. alone to in combination of these models
with the NCD and Stage-Gate models. Furthermore, idea selection is generally investigated under idealization, project
portfolio management, inter-firm collaboration, inter-personnel relationship, open innovation, Agile/ Stage Gate Hybrid
methods; however it is generally mentioned as a word. Barely some researches investigate selection process alone. There is
no generalized taxonomy with respect to the classification of required aspects for idea selection process. Moreover, despite
available methodologies in the literature, the structuration of ideation and idea selection were found to be a weak link in
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the innovation chain. In order to remedy the complexity of FE, mainly because of ideation, pillars of FE are isolated and a
model in which these respected pillars synthesized is applied to secure harmonization in the FE phase. In this study,
Cooper’s Stage-Gate Model was selected as a structure or backbone. Thus subject innovation was applied to reach the
object innovation by ideas driven through gates, when meeting the criteria supported by the pillars. Consequently instead
of the idea funnel approach, which is widely used in the literature, an evaluation tunnel is described (see Figure 2), where
the respected pillars are supporting the idea evaluation model.

Figure 2: Pillars of the Innovative Idea Evaluation Process
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This has a specific meaning. While during the funnel approach the ideas are simply passing through the funnel, or are
eliminated, in this model the ideas have to be driven through the evaluation tunnel, i.e. they have to be further evolved.
Ideas with correct justifications, but wrong development direction are not simply dropped out. They are developed to
achieve successful innovation. This is an extension of the model of Stevanovic et al. (2015), by which idea efficacy of
innovation was evaluated by means of technical, customer, market, financial and social attributes. According to preliminary
research, pillars of the idea evaluation were consolidated to six groups as (i) Readiness, (ii) Innovation Vertices, (iii) Strategy,
(iv) Value, (v) Break Even Time and (vi) Resource Consumption, which will be looked at in detail next. An idea might be the
brightest, but cannot be converted to innovation successfully, when the product realization is not possible due to missing
technology or capabilities, i.e. it shall be determined whether the innovation idea unveils a fit with competencies (Salomo
et al., 2007). Thus maybe the most important pillar is the Readiness, which consequently covers Technology and Company
sub-pillars. These sub-pillars have an interaction with each other. Tidd et al (2005) indicated that when technology interacts
with both the market and the company, technology related innovation projects can be achieved. The competitiveness of
especially high tech companies shall and can be enhanced by successful management of technology (Kropsu et al., 2009).
Therefore peripheral vision, disruptive technologies, patent mapping and idea capture internally are supporting innovation
(Cooper and Edgett, 2008). In order to target and reach innovation, the nature of the idea has to be understood thoroughly.
It might be that there are no breakthrough ideas, but selected ideas shall support innovation in one or another way.
Tsekouras et al. indicated in (2014) four vectors as offering, process, distribution, and customer, which were also
mentioned by Sawhney (2006). In consequence, the Innovation Vertices were selected as Process, Offering, Supply &
Distribution and Customer, wherefore the innovation contribution shall be questioned during the idea evaluation as
explained further below.

On the one hand, innovative organizations differ in their Processes (Stamm, 2003), which describe how companies are
working (Cronemyr and Danielsson, 2013) by defining activities with inputs and outputs for specific goals (Cao et al., 2013).
Koen et al. (2001) indicated that creating more innovation starts with organizational attributes rather than team
performance, opportunity identification or ideation. Problems arising during product realization shall leverage the redesign
of processes (Tenner and DeToro, 1996). Likewise the preventive reengineering of processes by utilizing new approaches or
technologies also leads to subject, i.e. process innovation (Tidd et al., 2005; Eliens, 2015; OECD, 2005). This is tightly related
to knowledge management (Cao et al., 2013). Eliens (2015) indicated that process and distribution innovation as in (OECD,
2005) are not enough researched in literature. Considering that innovation can be achieved by the iteration and circulation
of shared knowledge (Nonaka et al., 2008) and that process innovation involves knowledge management, the importance of
the process pillar of innovation is further underlined. On the other hand, the object innovation is focused on in the Offering
sub-pillar. Here the offering shall be evaluated with respect to its contribution to the object innovation. Both, products and
services are covered in there (CEN/TS, 2013; Tsekouras et al., 2014). The way how the offering is organized, as well the
products/services themselves are the focal point of this sub-pillar. The organization of the offering can be e.g. platform
type, where common architecture of design is done and different types of product are developed on this common
architecture (Koen, 2004). However, when transforming the voice of customer (VOC), the products might become
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standardized and the contribution to innovation might be reduced. Thus market research has to be done continuously
(Stamm, 2003). Therefore the ideation shall be capable to look beyond the market of today and shall bring a strategic
insight as well, by tracking the change today. Nevertheless Kock et al. implied in (2016) that ideation is interdepended from
market environment turbulence. Consequently short time trends shall not sway the evaluation, but riskiness, portfolio size
and interdepended projects have to be examined under this pillar by applying consistent portfolio management (Morris,
2011), to evaluate ideas with respect to their contribution to innovation potential as products.

The product realization is accomplished within integrated supply chains to deliver competitive advantage (Ursino, 2015),
where exchange of tacit knowledge and mutual knowledge generation may not be well-preserved, which are prerequisites
of innovation (Casanueva et al., 2013). However; if object innovation is supported by concrete not only internal but also
external linkages, value created by can be further increased. This dilemma is described in the literature as open innovation
(Chesbrough, 2006) in the collaborative virtual product realization environment (Ucler and Kristensen, 2016). Consequently
this pillar is simply named here as the Supply & Distribution in a generic manner, emphasizing that supply and distribution
do contribute to the Innovation network (Tidd et al., 2005). Fuzziness can be decreased by supplier integrated FE (Wovak et
al., 2016), where iterative learning cycles among integrated product development stakeholders increase the efficiency and
effectiveness of the FE (Sandmeier et al., 2004). Temporary virtual project teams may have unique characteristics over FE
activities (Chamakiotis et al., 2016), thus the model shall be kept as simple as possible in a collaborative and lean manner
(Tuli and Shankar, 2015). Moreover, exporting and importing know-how may be inter-organizational as in open innovation,
but also across various departments. Thus the internal linkages in an organization are also important in innovation (Tidd et
al., 2005; Cornetto et al., 2016), where the balance between inter-firm and intra-firm structure types in FE phase should be
managed properly to succeed in the market (J6rgensen et al., 2011). Innovation can be delivered by how supply and
distribution is made (Tsekouras et al., 2014). Furthermore partners, vendors, external scientific/ technical communities,
external finished product designs and external ideas can contribute to the open innovation (Cooper and Edgett, 2008). Thus
importing external know-how and exporting internal know-how reduce cost and development (Gronlund, 2010) for the
benefit of the company and the customer, which shall be evaluated here.

One aim of innovation is creating differentiated customer experience or a new clientele that Customer is selected as
another sub-pillar. If early involvement of the customer is gained, product type or service needs can be understood in the
early phases in the FE (Khurana and Rosendhal, 1998; Eliens, 2015). Stamm studied in (2003) the confliction between
customer preference and the preference to be offered, furthermore, concluded that misinterpretations can be occurred
while transforming the VOC. Moreover Cooper and Edgett (2008) include the VOC as an important idea source for
innovation. But the customer vertex includes much more than the integration of the customer experience in the FE.
According to Tsekouras et al. (2014) the customer as in the fourth vector of business innovation does represent new value
capture through new revenue streams within new segments as well. So innovation ideas have also to be questioned with
respect to new customers and the revenue stream in short term and long term.

Strategy is a key driver for product innovation (Stevanovic et al., 2016). Morris implied in (2011) that strategy and
innovation form each other. Eliens (2015) and Khurana and Rosendhal (1998) indicated that strategy pillar implies the
coherence between product innovation project and firm’s business strategy, where internal and external environment shall
be respected (Tidd et al., 2005). First the innovation strategy of the organization shall be defined (Cassiman and Veugelers,
2006) and then the ideas shall be selected according to the coverage of their business plans to the corporate strategy
(Salomo et al., 2007). All strategies of the company shall be covered by the selected ideas thus the portfolio management is
vitally important. Kock et al. (2015) studied the effects of ideation portfolio management on FE success, and created a
research framework in which ideation portfolio management is divided into three elements which are ideation strategy,
process formulization and creative encouragement, concluding that there are significant effects between these elements
regarding front end success and eventually project portfolio success.

Today “high-level science and engineering are no more important than the ability to use them in mid- and ground-level
innovations” (Bhide, 2009). Within the Value vertex the innovation idea shall be tested for main value drivers (Salomo et al.,
2007). Therefore the practical application and the value generation shall be focused on, not how good the idea is. Especially
added value can be achieved easily by incremental innovation, while other innovation types might generate totally new
horizons, but imply risks. Value creation can be in different areas such as by product innovation or by business model
innovation (Bhidé, A. 2009; Amit and Zott, 2012). Jacobides et al. (2006) implied that innovation value capture surplus.
Hansen and Birkinshaw, (2007) studies the innovation value chain in interaction, and defined the innovation value chain as
idea generation, conversion and the diffusion. Sometimes the users value of IT innovations cannot be captured with
traditional accounting (Grant et al., 2013) that Porter’s value chain analysis for differentiation can be used for innovation
assessment as well (Ucler and Gok, 2015).

The assessment for the Break Even Time is a very important consideration. Easy to realize innovation with an early return
may be preferred to increase innovation volume. Furthermore the appropriate product introduction time within the
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innovation portfolio and thus the schedule can be determined therewith (Calantone et al., 2014; Palmberg 2006). Park et al.
(2016) studied the break even time analysis in NPD, and concluded that depending on businesses’ cost structure and
innovation speed, there is a difference in break even time of industries. Nevertheless companies shall benchmark in their
segments and evaluate business cases of innovation ideas accordingly. Finally the Resource Consumption is the last
important vertex. NPD projects for innovation might require many resources individually, but collectively they can consume
a large amount of resources, thus a balanced portfolio management is a must (Cooper, 2003). The allocation can be
adjusted (Loch and Kavadias, 2002) to have a spread over certain projects, but shall not jeopardize existing value streams.
The sustainability context may be included there by sustainable innovation as well (Wever and Boks, 2007; Dewulf, 2013),
but shall be better included throughout the whole evaluation process.

All in one these pillars span the solution space of the questioning towards innovation. Instead of using business specific
evaluation pillars, generic idea evaluation pillars are generated to provide a general overview to the problem. These pillars
might have weights associated, depending on the strategic objectives of the organization. Moreover depending on the
business type minor adjustments can be done to increase the effectiveness of the innovation project, but the delivered
taxonomy based on these pillars does deliver a robust evaluation respecting all aspects.

5. CONCLUSION

Although the importance of FE in product innovation is known, research about solving the complexity of FE is in progress.
Moreover the fuzziness of the FE is increasing this complexity via rapidly changing variables in market conditions,
technology and customer requirements. Nevertheless; a product has to successfully address the requirements by
transforming technology under available market constraints. This is not an easy task; especially it is not easy to foresee the
success in the FE phase. On the top of this, companies have to innovate and deliver added value to capture surplus. This
automatically implies that new technologies are adopted and new ideas are transformed into products. This builds up the
unknown further and the question remains open, which ideas are the best candidates for NPD, i.e. which ideas do provide
the best innovation potential, but do streamline with the organizations’ strategy and capabilities. Ideation is the exploratory
part of FE, where NPD ideas are generated and then evaluated. The evaluated ideas, products in spe, play an indispensable
role in the success of the company in the market. When the idea generation relies on persons, there is no collaboration. The
outcome of such an unstructured approach is arbitrary evaluation, not complying with the innovation goals of the company.
Furthermore the lack of a system for ideation, as well for evaluation and tracking does risk the continuity of the innovation.
As a result the consequent selection after ideation in FFE is focused on in this study, in order to harmonize the literature
and provide a model synthesized by the aspects of selection, which have to be respected in the FFE of NPD.

The New Concept Development Model and the Stage-Gate Model are popular for structured ideation and consequent
evaluation throughout NPD, allowing a consistent flow of ideas through a funnel, where innovation contributors can be
selected. These can be converted then into new products. In order to eliminate subjective assessments and especially to
enable a multi-dimensional approach for the evaluation, the pillars of the FE were isolated, which have to be respected
during evaluations. Criteria from the literature were consolidated to six groups of (i) readiness, (ii) innovation vertices, (iii)
strategy, (iv) value, (v) break-even time, and (vi) resource consumption, which are proposed to be used in combination with
a modified Stage-Gate Model, where ideas are driven that their evolvement is supported as well. Thereof the generic idea
evaluation pillars do not depend on the nature of the business case. When after ideation these pillars are respected in the
evaluation, the structured coverage eases innovation outcome by streamlining ideas, strategy and capabilities. The FE is
inborn fuzzy because of the given change, but this objective, structured approach leads the way to manage the fuzziness as
well.

This work contributes to the literature first by reviewing and merging FFE and idea selection related innovation literature
and practices, which were found to be unorganized with a divergent spread. Then taxonomy is delivered within. Thus the
practical implication is that NPD and innovation professionals can use this delivered model to cover all required aspects in
their evaluations. Moreover, to attain continuous innovation, companies need to have a quality idea evaluation process,
which basics are supported herewith, since this work combines many sources for idea evaluation. This work is of course of
general nature and despite guiding the practical implementation it is reflecting a research in progress. Thus a robust model
utilizing these pillars will be constituted within future research, minimizing the intrapersonal interactions by guiding the
evaluators.
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