
 

 

Investigating the future of the Fuzzy Front End: towards a change of 

paradigm in the very early design phases? 

Y. Borgiannia, G. Cascinib and F. Rotinic* 

aFaculty of Science and Technology, Free University of Bozen-Bolzano, Piazza 

Universitá, 5, 39100 – Bolzano, Italy; 

bDipartimento di Meccanica, Politecnico di Milano, via La Masa, 1, 20156 - Milano, 

Italy;  

cDipartimento di Ingegneria Industriale, via di S. Marta, 3, 50139 - Firenze, Italy. 

*Dipartimento di Ingegneria Industriale, via di S. Marta, 3, 50139 - Firenze, Italy, 

Email: federico.rotini@unifi.it, Phone: +39 055 2758745, Mobile Phone: +39 329 

17225832, Skype: federico.rotini. 

mailto:federico.rotini@unifi.it


 

 

Investigating the future of the Fuzzy Front End: towards a change of 

paradigm in the very early design phases? 

Many scholars argue that very early design phases are not supported adequately 

in many respects, although they are at the cornerstone of successful new product 

development. Difficulties in developing appropriate methods emerge because of 

the need to account for uncertainties and ambiguities that feature the Fuzzy Front 

End. This is likely the reason behind the limited industrial adoption of existing 

design methods, especially those that are oriented to support Product Planning. In 

this context, the thrust of the paper is the attempt to identify key activities and 

functions featuring Product Planning. The study entrusts figures about the 

foreseeable growth of the intensity of research displayed by classes of methods 

supporting different functions in Product Planning. As the data, emerging from 

the application of S-curves, indicate no preferential direction in the medium term, 

other phenomena are monitored that might overturn the conventional systematic 

course of action to design in the early stages. The “trial-and-error” learning 

approach characterizing agile strategies can be seen as a partial answer to the 

expected demise of research about Product Planning. Beyond these conclusions, 

the paper includes a frame of reference that classifies Product Planning methods 

(adequately reviewed) beyond the classical distinction between responsive and 

proactive approaches. 

Keywords: Early Design Phases; Fuzzy Front End; Product Planning; S-Curves; 

Agile Product Development. 

1. Introduction 

As engineering design can be considered quintessentially multidisciplinary 

because of the interaction with knowledge from multiple domains, some phases of New 

Product Development (NPD) cycles feature this characteristic even more markedly. 

According to the acknowledged distinction of engineering design activities, the Fuzzy 

Front End (FFE) is responsible for the acquisition and preliminary transformation of 

market inputs, usually in terms of human needs or customer requirements, into a 

product development project. Many sources from design, e.g. (Tzortzopoulos et al., 



 

 

2006; Achiche et al., 2013), and management, e.g. (Dewulf, 2013), provide details 

about the scopes of the FFE. FFE’s constituent phases according to Pahl et al.’s (2007) 

model, i.e. Product Planning (PP) or task clarification (Bacciotti et al., 2016a; Duarte et 

al., 2017) and Conceptual Design, are not devoted to define technical structures yet, 

consistently with the definition of the FFE. They still make use of abstract and not well-

defined design objectives – the term “fuzzy” originates from the ambiguity connected 

with early design phases. Recent research supports the thought that the connection of 

these phases with non-engineering disciplines contributes to uncertainty, complexity 

and ambiguity (Ryeong Kim, 2017). 

The proximity to non-technical fields, hence the multidisciplinary nature, is even 

more remarkable for PP due to its objectives (De Lessio et al., 2017). It fundamentally 

consists in the identification of consumers’ needs and the consequent definition of new 

product characteristics capable of fulfilling customers’ and/or users’ expectations. This 

outcome constitutes therefore the product idea the company will concentrate design 

efforts and available resources on, which is responsible for the criticality of PP within 

the whole design cycle. The acceptation of the term is not univocal and shared across 

academicians, as well as the borders between different NPD phases are blurred (Duarte 

et al., 2017). The authors clarify the meaning of “Product Planning” used in the paper as 

the complex of creative design and ideation activities that define, in the very early 

design stages, the main product features in terms of the benefits (practical, technical, 

affective, emotional or hedonistic) that should be delivered. 

In many cases and markedly in Small and Medium Enterprises (SMEs), firms 

entrust PP to the intuition and the experience of few decision makers despite its 

relevance. In larger companies, the task is commonly supported by conjoint activities 

that often involve teams constituted by marketing and technical experts (Bacciotti et al., 



 

 

2016a). Marketing professionals usually perform a preliminary benchmark analysis and 

examine the needs expressed by consumers. Designers investigate the most promising 

and technically feasible product features to fulfil end users’ needs. In this typical 

approach to PP, the predominance of a market mind-set or a technical logic can 

represent a distinguishing trait. If the former plays a major role, PP strategies result 

more customer-oriented and market-pull techniques are likely introduced to perform the 

task accurately. When customer opinions or inputs are employed as the alpha and 

omega of design decisions, product development approaches are commonly catalogued 

as responsive. Conversely, when greater importance is attributed to engineering criteria, 

the innovation process results technology-push and proactive methods tend to replace 

market insights with the vision of designers or multidisciplinary NPD teams.  

However, despite the existence of many methods that fit both responsive and 

proactive strategies (Bacciotti et al., 2013), the adoption of structured PP techniques is 

still limited. Graner and Mißler-Behr (2012) analyse the literature on the adoption of 

design methodologies in industry and, by observing outcomes about the most diffused 

tools, a small number of them support PP. Bacciotti et al. (2016a) reinforce these 

findings by investigating a sample of firms with a specific focus on PP. On the one 

hand, PP methods suffer from typical problems concerning the relationship between 

academia and industry, such as poor interaction (Blessing, 2003), misalignment of 

objectives (Stempfle and Badke-Schaub, 2002) and limited trust (Bruneel et al., 2010). 

On the other hand, the disregard of literature methods for NPD takes place despite 

claimed advantages in using systematic instruments (Pahl et al., 2007) and can be 

attributed to a large number of factors (López-Mesa and Bylund, 2011, Fiorineschi et 

al., 2018); therefore, specific issues to be prioritized have not emerged. 



 

 

As previous literature has not identified a specific reason for the current 

disregard of PP methods, the present paper attempts to identify the key in the capability 

of overcoming the above complexity and uncertainties by identifying critical activities 

and functions in PP. As PP methods have specific foci and do not support the whole 

design phase (see Section 4), it is supposed that these peculiarities will emerge in the 

long term. In other terms, it is expected that methods supporting key functions will 

display greater intensity of research for a longer period than those addressed to less 

relevant activities. The objective of the paper is to identify the existence of this 

condition, which could also represent a compass for scholars interested in the field, by 

means of a bibliographic analysis and the subsequent application of S-curves. The 

approach to the fulfilment of this objective is described in the next section, together 

with the corresponding organization of the paper. 

2. General research approach and structure of the content 

The first step of the followed approach consisted in collecting methods for 

supporting PP activities; thus, a deep analysis was performed of the contributions 

available in literature. Moreover, an original classification framework was defined to 

cluster the identified methods, taking into account their relationships with PP activities 

and functions. Section 3 describes the defined classification criteria and resulting 

classes (hereinafter clusters), while Section 4 presents an overview of PP methods based 

on the categorization criteria. 

Subsequently, the information about each identified cluster was used to perform 

a maturity assessment analysis. The latter aimed to verify the existence of meaningful 

potential margins, in terms of research efforts, for improving the identified 

methodological approaches. Such an investigation was carried out through a specific 

approach, which is described in Section 4 together with the main outcomes achieved.  



 

 

The trends highlighted through the maturity assessment analysis brought no 

evidence about clusters with considerable growth margins in terms of research intensity. 

Therefore, the authors strived to identify causes of this deadlock situation with a closer 

reference to emerging design approaches in industry and the possibility that the classical 

product development paradigm could be overturned. To this respect, the diffusion of 

agile models (as a possible turning point) in the FFE has been investigated with an akin 

maturity assessment analysis. Activities and outcomes concerning this step are 

presented in Section 6. 

Eventually, through a deductive approach, the achieved results have been 

revisited in a comprehensive way to highlight the main findings of the study. Section 7 

reports and discusses these outcomes together with the main limitations and future 

work. 

3. A new classification of Product Planning methods based on functions and 

activities 

The key to achieve organizational goals is to be more effective and efficient than 

competitors in identifying and satisfying the needs of target markets (Narver et al. 2004; 

Kotler 2007), by developing and delivering products and services that are valued by 

customers (e.g. Kim and Mauborgne 2005; Atuahene-Gima et al. 2005). To this 

objective, two main categories of approaches are defined in literature: responsive and 

proactive methodologies (Narver et al. 2004; Atuahene-Gima et al. 2005), as anticipated 

in Section 1. While the former aims to unveil customer preferences and use them as 

fundamental competing factors, the latter focuses on industry exploration to individuate 

differentiation opportunities. 

However, both categories of methodologies seemingly fail to support product 



 

 

development appropriately (Tsai et al., 2008, Soukhoroukova et al. 2012). To this 

respect, further information is provided in a supplemental file. Besides, these classes fail 

to characterize a plethora of FFE approaches, as better motivated in the followings. 

Bacciotti et al. (2016a) identify literature methods specifically developed for PP and 

individuate a large cluster of hybrid tools, in which customers play very diverse roles. 

In some cases, they barely replace R&D teams in ideation activities. Conversely, other 

examples see consumers as passive test subjects whose reactions are recorded and 

subsequently exploited. Otherwise said, an increasing number of approaches overturns 

the original contribution of customers as questionnaire respondents. Customers’ role is 

shaped according to the peculiar objectives designers aim to achieve. In turn, these 

objectives largely depend on PP’s activities, knowledge domains and outcomes 

organizations concentrate on, master, and/or judge as the most crucial for achieving 

successful innovation. According to this vision, companies or designers focus on a 

certain subset of PP dimensions in light of their innovative approach. 

(1) The paper identifies these foci, which follow, and, consistently with the 

objectives declared in previous sections, proposes an original taxonomy 

graphically illustrated in Figure 1. The acquisition of information and data 

(technical, market-related) that are specifically acquired for the product 

development process; 

(2) The elaboration and exploitation of such information to establish design 

priorities; 

(3) The consideration of determinants and external conditions that impact on the 

process regardless of designers’ scopes; 

(4) The involvement of players and competences, beyond technical apparatuses and 

devices, which are however less relevant in such a human-oriented process; 



 

 

(5) The definition of product specifications in terms of new features benefitting 

customers or users or unprecedented product profiles delivering value in an 

original way. 

 

Figure 1: Fundamental flows and activities through which to classify the foci of 

methods supporting very early design phases. 

 

The new classification allows a distinction of PP approaches with respect to functions 

instead of customer roles, which, in the new classification scheme, are not defined a 

priori and can be seen as a “dependent variable”. 

 

4. Foci and functions of Product Planning approaches 

The new classification criteria lead to the determination of five critical PP clusters. The 

subsections that follow describe approaches to PP that belong to said clusters and hence 

emphasize pertaining foci. The clusterization has been determined by the authors after 



 

 

reviewing the literature and collecting relevant information about approaches and 

instruments for PP. The numbering of the subsections makes reference to the above 

numbered list and the circled numbers reported in Figure 1.  

4.1. Focus on market-related information 

This cluster collects design techniques aimed to gather data and information from 

individual users or from a market sector as a whole to feed the PP process. The 

techniques may concern the identification of a meaningful sample of respondents, the 

approaches to elicit latent wishes, the observation of users’ behaviour. 

In this context, traditional schemas based on the “Voice of the Customer” (VoC) are 

cases in point of design methodologies that are swivelled on gathered information, 

hence representative techniques of this cluster. Many scholars (Ramaswamy and Ulrich, 

1993; Kärkkäinen and Elfvengren 2002; Chen et al., 2003; Whyte et al. 2003; 

Agouridas et al. 2008; Liu et al., 2013) claim that bringing the VoC into an organization 

is the key process of the Front End of product development. 

To this respect, practices have replaced the classical way customers are investigated 

without modifying the basic assumption of designing products based on consumers’ 

responses. This includes studies on human experience, emotions and psychological 

aspects (Cantamessa et al., 2016). The reliability of this kind of user feedback is enabled 

by evolving technologies and techniques in human-related studies.  

Traditional forms of investigating customers are leveraged in the Lead user method 

(Von Hippel, 1986; Lilien et al., 2002), which benefits from the accumulated experience 

of pioneer users (lead users), and in Kansei Engineering (Nagamachi 1995, Schütte et 

al. 2004), which collects customers’ inclinations about alternative ideas. Despite 



 

 

methodological drawbacks (Hartono et al. 2012), the latter attracts continuous interest 

because of an increasing number of fields of application (e.g. Yang 2011; Oztekin et al. 

2013) and computer tools implementing its principles (e.g. Zhai et al. 2009; Wang 

2011).  

Conversely, the analysis of users’ emotions is the thrust of many strategies that exploit 

modern technologies, particularly those based on biometric measures, whose 

engineering applications have been reviewed by Lohmeyer and Meboldt (2016). Recent 

applications relevant for product evaluation and exploration of human experience and 

emotions are described in (Khushaba et al., 2013, Mussgnug et al., 2015, Moon et al., 

2017, Mussgnug et al., 2017).  

4.2. Focus on the elaboration of input information 

This cluster comprises methods and techniques that allow the interpretation and the 

processing of market data and a structured analysis of the market for the new product. 

The underlying theory behind Kano model (Kano et al. 1984) constitutes the core of 

several methodologies extensively applied in different industrial contexts (Nilsson-

Witell and Fundin 2005; Wassenar et al., 2005; Yang 2005). It allows the analysis of the 

relationship between the offering level of product attributes and the consequent 

customer satisfaction through the employment of bespoke questionnaires. The 

relevance, continuous diffusion and outreach of this method is documented in the 

review paper authored by Witell et al. (2013).  

Other data elaboration approaches are still mainly based on customer information, but 

other criteria and projections are introduced. In particular, evaluations from industrial 

and technical experts are adequately combined to take product development decisions. 



 

 

The contributions by Liberatore and Stylianou (1995) and Matsatsinis and Siskos (1999) 

support this mechanism in a structured way and keep the focus on specific customer 

requirements. They suggest a set of statistical tools to match the inputs coming from 

customer surveys, market and financial analysis, expertise of internal personnel to 

generate a list of the most beneficial product characteristics.  

Further approaches benefit from customer knowledge and other market-related 

information contextually. For instance, fine-grained studies of market preferences and 

individuals’ traits allow the identification of unexplored niches, as in (Liao et al., 2008).  

4.3. Focus on the boundaries of the design process 

This cluster refers to the external models (regardless of the specific field of application 

where the new product proposition is expected) that can trigger the generation of the 

new product profile. Consistently, this subsection discusses the attempts to identify 

original factors that enable new products to succeed without resorting to customers’ 

information concerning their declared preferences or examined behaviour. Here, the 

attention on the user or customer shifts from explicable satisfaction dimensions to 

systems of needs and values, hence the environment and the trends in which product 

users are immersed. 

A circumscribed branch of engineering and management literature directs its attention 

to well acknowledged structures of human needs and values, including the List of 

Values (Sakao and Shimomura, 2007), Max-Neef’s scheme and Maslow’s pyramid 

(Ericson et al., 2009). The objective is to individuate unprecedented innovation drivers 

capable of addressing product development. Recent contributions, based on the 

needfinding paradigm, have strived to develop strategies and techniques that allow 

individuals to express large numbers of their needs, especially in contexts where direct 



 

 

observations are troublesome (Schaffhausen and Kowalewski, 2015). Identified latent 

needs do not straightforwardly lead to final products and technical solution, so that 

rapid prototypes and virtual environments in user-centred studies attempt to validate 

usability of early stage ideas, e.g. (Bulliger et al., 2010; Wooley et al., 2013). However, 

this rather individualized approach cannot be extended to larger-scale productions. 

Thus, the aforementioned problem can partially motivate the lack of engineering, design 

and industrial practices that exploit terms, definitions, conceptualization and 

assessments of abstract terms, such as human well-being or societal quality-of-life 

(D’Anna and Cascini, 2016). Indeed, even evolved methodologies that explicitly claim 

to focus on needs end up introducing customer requirements and functional 

characteristics in their working procedures (Ericson et al., 2007). 

Besides, eco-design strategies (Glavič and Lukman, 2011; Bovea and Pérez-Belis, 2012; 

Tyl et al. 2014) can be mentioned in the context of operational methods whose objective 

is the improvement of human life irrespective of customer experience. Some of them 

are capable of including a system perspective, beyond providing indications for the 

reduction of the ecological footprint, as in the design of Product-Service Systems (PSS) 

(Tukker and Tischner, 2006), whose aims and applications have been recently reviewed 

(Annarelli et al., 2016; Qu et al., 2016).  

Eventually, determinants of product development concern not only external factors, but 

also inherent technological and structural aspects shaping the evolution of artefacts. On 

the one hand, discontinuities, interactions between stakeholders (Kaplan and Tripsas, 

2008) and incremental/radical cycles of performances growth (Suárez and Utterback, 

1995) affect the adoption of new technologies at specific points in the evolution of 

product generations. On the other hand, the structural evolution of designs is influenced 

by an intertwined network of factors, generally concerning complexity, the number of 



 

 

components and the modular/integral architecture of the product (Frey et al., 2007; 

Borgianni and Matt, 2016). 

4.4. Focus on players and resources that are involved in the design process 

This cluster includes techniques and approaches mostly focused on the organization of 

human resources for performing the PP process, i.e. for information acquisition and 

elaboration, idea generation and new product definition. 

The proliferation of interconnectivity and interactivity through Internet-based 

technologies has fostered the introduction of this kind of methods, which support NPD 

(Klein and Spiegel, 2013) and idea generation particularly (Von Hippel 2005) by 

involving a growing number of industry players (Büyüközkan and Feyzioğlu, 2004; 

Füller and Matzler, 2007). A common characteristic of these approaches is the use of 

distributed knowledge through the interconnection of ideas from a vast number of 

participants (Toubia 2006). As many variables, ranging from the involved experts and 

stakeholders to the forms of collaboration, highly affect the quality of design outcomes, 

many scholars have proposed means to optimize and facilitate the collaborative work 

(Yoshimura 2012; Pavković et al., 2013). The process of exchanging knowledge and 

ideas is the pillar of the “open innovation” paradigm, e.g. (Chesbrough and Schwartz, 

2006), whose focus is the introduction of new business models. According to open 

innovation principles, companies are pervaded by inflows of knowledge and ideas that 

lie outside of organizations. This approach is increasingly embraced by small 

organizations (Aschehoug and Ringen, 2013). The involvement of a vast number of 

stakeholders and people with different needs and perspectives is witnessed also outside 

of the industrial domain, e.g. (de Couvreur and Goossens, 2011). By now, this concept 

is rooted also in the engineering field; a comparison of 11 approaches open innovation 



 

 

underlies is presented in (von Saucken et al., 2015). 

4.5. Focus on new product profiles and features 

This cluster groups methods and techniques whose main thrust is the generation of new 

product features, irrespective of a careful market analysis. Here, the scope of producing 

something novel gains priority over the structuration of information that should lead to 

new concepts according to predefined patterns. This is mirrored by the incessant 

demand for fundamental innovation, which could be limited by classical flows of 

market information and consistent product development decisions. 

The claim for more radical transformations of existing products provides a great 

opportunity to apply creative thinking to engineering design and its initial phases in 

particular. The enhancement of creativity during idea generation is commonly supported 

through brainstorming, a group activity that foresees the postponement of judging 

others’ ideas and encourages participants to build on each other’s ideas (Osborn 1953). 

Despite the concept is quite old, Brainstorming is extensively used in the industrial 

practice (Coates et al. 1997; López-Mesa and Bylund, 2011), because it can be easily 

and intuitively implemented even if it is often introduced in a naïve way, not fully 

aligned to the original Osborn’s recommendations (Matthews 2009).  

The popularity of Brainstorming has attracted both praises and criticism. Two main 

issues have been raised, as described more in detail in the followings: difficulties in 

managing large sets of ideas (Simonton, 2003; Rietzschel et al., 2006) and argued group 

capabilities to outperform individual thinking (Rietzschel et al. 2006, Howard et al. 

2011). 

Also in light of the above limitations, the literature proposes two ways through which to 



 

 

boost the effectiveness of the Brainstorming process. 

On the one hand, some practices and techniques to support brainstorming sessions have 

been experimented in several decades and practiced, such as Brainwriting (Aschehoug 

and Boks, 2011), Mind Maps (Zahedi and Guité, 2013), Bodystorming (Oulasvirta et al. 

2003), tailored software applications (Hüsig and Kohn, 2009), giving rise to the so-

called “electronic brainstorming” (Aiken et al. 1994). 

On the other hand, the stimulation process is supported through different expedients, 

which include the use of creative stimuli (Chakrabarti 2006; Howard et al. 2011) or the 

perturbation of the thinking environment, e.g. through humorous means (Wodehouse et 

al. 2014; Hatcher et al 2016). As more and more stimuli are introduced and imagination 

is fostered according to a predefined path, the creative ideation process increasingly 

differs from classical Brainstorming, which is typically carried out without constraining 

or directing participants’ reasoning. As a result, many studies compare classical 

Brainstorming and the whole family of cognitive ideation methods with analogical 

ideation techniques (Chulvi et al., 2013; Gero et al 2013), among which TRIZ 

(Altshuller, 1984) represents an outstanding example, although originally addressed at 

conceptual design and problem analysis. The literature reveals pros and cons of both 

categories. Recent contributions, abundantly rooted in TRIZ body of knowledge, 

support design ideation by submitting users a set stimuli with the aim to minimize 

overlooked opportunities. A prototype software application (Bacciotti et al., 2016b) 

claims to stimulate designers through the whole set of potential benefits, in an abstract 

format, that a product or service can fulfil. With a specific focus on common design 

patterns, Yilmaz et al. (2016) show a set of 77 combined visual and textual stimuli, 

namely Design Heuristics, which emerge as a combination of distinct studies conducted 

with different approaches to highlight commonalities in seeded and repeated successful 



 

 

design patterns.  

Some approaches to PP based on cognitive abilities show great freedom of thought 

similarly to Brainstorming, but favour particular directions through which to find new 

ideas. Lateral thinking (De Bono 1968; 1994) is a well-known technique with a 

considerable diffusion in industrial contexts (Coates et al. 1997) that, unlike logical 

“vertical” thinking, pushes individuals to think from different perspectives, overcoming 

their psychological inertia and generating as many new ideas as possible. Several 

methods and tools have been tested to support this task, e.g. Mind Maps (e.g. Hüsig and 

Kohn 2009) and Six Thinking Hats (De Bono 2009; Vernon and Hocking 2016). Other 

approaches strive to identify the potential user needs and product requirements through 

a scenario-based analysis. This practice reflects upon most likely product use scenarios 

and alternative future developments. Scenario-based techniques are already diffused in 

industrial environments as a means for identifying new products ideas, giving rise to 

satisfactory results (Suri and Marsh 2000; Flint 2002). 

With a more specific business perspective, the attempt to create new frameworks of 

product features is generally designated as “new value proposition”. In this context, the 

Blue Ocean Strategy (BOS), fine-tuned by Kim and Mauborgne (2005) can be indicated 

as the most popular reference. Its objective is a radical reconfiguration of the value 

aspects that consumers have enjoyed so far, also in consideration of different industries. 

The BOS is capable of supporting innovative NPD initiatives and is observing a 

growing consensus in industry in the last few years (Lindič et al. 2012), despite some 

shortcomings in terms of its systematic use (Aspara et al. 2008; Borgianni et al., 2011). 

5. An outlook for Product Planning approaches based on bibliometric data 

The present section aims to investigate expected trends about the relevance of clusters 



 

 

(and hence their corresponding functions and activities) in shaping NPD processes. The 

investigation is performed by taking into account the current and past intensity of 

research, so that figures about the upcoming years can be extrapolated. 

5.1. Investigation method 

A step-by-step activity has been carried out, as follows. 

 Clusters are characterized by a set of key concepts (here expressed in the form 

of keywords) reflecting their contents. In order to collect these terms, the authors 

have extracted the original keywords of the papers cited in each cluster1, thus 

forming large groups. Sources that are cited in more than one cluster have been 

excluded, as they could represent a bias. Keywords appearing in at least two 

clusters have been highlighted, since they might represent general concepts. 

Hence, the authors have manually selected (Table 1): 

o within each identified group and by removing terms appearing in more 

groups, a sample of specific keywords for each cluster, which should 

reflect peculiar aspects of PP techniques swivelling on the corresponding 

focus. Some measures were taken to make the procedure more rigorous; 

in particular, keywords were eliminated when they concerned broad 

topics that do not deal with the design field (e.g. computer graphics), 

general research approaches or methods (e.g. Markov processes), 

application domains (e.g. automotive supplier industry), distinguishing 

factors of the publications (e.g. review); 

                                                 

1 Actually, the identification of keywords has been based on the articles included in the first 

submission of the present paper, which has been subsequently abridged and modified. The 

authors deem that these changes affect the results to a very limited extent.  



 

 

o a set of general keywords, within the ones present in more groups, that 

supposedly characterize the general topic of the present research. 

 The keywords were used as terms and labels for individuating sets of potentially 

relevant scientific documents. It has been assumed that publications relevant to 

each cluster should make reference to both general and specific keywords. By 

making this choice, the authors are aware of prioritizing precision over recall. It 

was therefore assumed that the noise/signal ratio was acceptably similar across 

the five clusters (a manual selection of the pertinent contributions would have 

been extremely time-consuming). The Scopus database was used; selected 

documents forming cluster document sets included at least one general and one 

specific keyword in the Title, Abstract or Keywords (TAK) list.  

 The number of contributions belonging to each cluster document sets is used to 

estimate the intensity of research and level of interest for each cluster, as a 

common approach employed in the literature (Efimenko and Khoroshevsky, 

2017). 

 Changes in bibliometric data over time (years of publication are here 

considered) are used to observe the evolution of the intensity of research. Based 

on these figures, S-shaped curves of the cumulated numbers of publications have 

been interpolated  to determine growth potential for research in each cluster. The 

approach of associating cumulated numbers of documents as logistic curves for 

forecasting scopes is common in the literature, e.g. (Kumar Patra and Chand, 

2005; Daim et al., 2006; Lu and Liu, 2013). The outcomes arisen from different 

free online applications (Loglet Lab, mycurvefit.com) were consistent. A 

graphical representation of the emerging curves for each cluster is provided in 



 

 

Figure 2, which exploits Loglet Lab. Data about the goodness of fit of the curves 

in terms of the R2 coefficient are all above 0.99. 

Table 1: general (second row) and cluster specific keywords (following rows). 

Reference Relevant Keywords 

General set "conceptual design", "engineering design", "idea generation", "product 

development", "product design", "product planning" 

Cluster 1 “Affective design”, “Augmented reality”, “Biosignals”, “Consumer 

behaviour”, “Customer needs”, “Customer requirements acquisition and 

evaluation”, “EEG”, “Ergonomics”, “Eye tracking”, “fMRI”, “gaze-

tracking”, “House of Quality”, “human behaviour in design”, “Kansei 

Engineering”, “lead users”, “Neuroimaging”, “Reported needs”, 

“Requirements engineering”, “User requirement”, “Voice of the 

customer” 

Cluster 2 “Data analysis”, “Data mining”, “Importance-satisfaction model”, 

“Intelligent decision support systems”, “Kano method”, “Kano's model”, 

“Kano's theory”, “Knowledge extraction” 

Cluster 3 “Cleaner production”, “dominant design”, “eco-ideation”, “eco-

innovation”, “Environmental requirement”, “Ideality”, “needfinding”, 

“Product Service System”, “PSS”, “Quality of life”, “Servitization”, 

“Sustainability”, “Sustainable development”, “Technology life cycle” 

Cluster 4 “Co-design”, “Co-development”, “Collaborative Design”, “Horizontal 

user innovation network”, “Open design”, “Open Innovation”, “Virtual 

customer integration” 

Cluster 5 “Blue Ocean Strategy”, “Bodystorming”, “brainstorming”, 

“Brainwriting”, “concept generation technique”, “Creative design”, 

“Creative thinking”, “Customer value”, “Design creativity”, “Group 

creativity”, “humour”, “Idea stimulation”, “SCAMPER”, “Scenario 

building”, “Six thinking hats”, “Value Creation”, “Value dimensions”, 

“Value proposition” 

 



 

 

 

Figure 2: expected trajectory of the overall cumulated number of Scopus-indexed 

publications concerning each cluster, which is indicated in the illustration through the 

representative number used throughout the paper, as well as agile-oriented methods in 

design. 

5.2 Outcomes of the analysis 

With reference to the extracted curves, akin trajectories stand out for the clusters 1 and 

3, as well as for clusters 2, 4 and 5. This remark applies to both the overall intensity of 

research and the current stages reached by the curves, emphasizing the similitude of 

patterns. It could be hypothesized that such similar trajectories arise due to low mutual 

independence of the clusters, or, otherwise said, because of a large number of 

publications belonging to more clusters. Therefore, the authors have checked the level 

of overlapping among the clusters, as illustrated in Table 2. The control makes it 



 

 

possible to infer that all the cluster document sets share a marginal number of sources 

with the other ones, although some contents are inherently related, e.g. extraction of 

customer information (cluster 1) and market data processing (cluster 2). This applies 

especially to clusters exhibiting similar curves with reference to Figure 2. 

Table 2: overlaps between the clusters expressed in percentage terms. 

  How many publications of the document set below… 

  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 

…belong 

also to the 

document 

set on the 

right? 

Cluster 1 * 10.0% 4.6% 4.6% 7.3% 

Cluster 2 2.8% * 1.1% 2.1% 1.5% 

Cluster 3 3.9% 3.1% * 3.7% 6.5% 

Cluster 4 1.6% 2.7% 1.6% * 3.4% 

Cluster 5 2.4% 1.8% 2.6% 3.3% * 

 

At the same time, the variety can be highlighted of aspects, criteria and 

technologies featuring the clusters, which could follow different and independent 

patterns. Based on this, the same statistical software applications have been used to 

check the potential existence of two or more overlapping S-curves in each cluster. 

However, these results (omitted for the sake of brevity) exhibit a lower goodness of fit 

than employing a single logistic curve.  

Overall, the outcomes and the controls support the correctness of individuating 

each cluster as a separate dimension in the PP process, each one following its own 

pattern in terms of research efforts.  

 

5.3. Considerations about the identified trends 

According to the outcomes presented in the previous section, the following 

considerations can be drawn. 



 

 

 Every cluster is still in its growing phase, as the maturity stage of the curve has 

not been reached yet. However, the current representative point is just beyond 

the curve flex representing the highest intensity of research. 

 Through a closer analysis of extrapolated data, slight differences can be detected 

with respect to the expected termination of the S-curves, hence the saturation of 

the literature production about the corresponding themes. The clusters are 

expected to include 90% of the whole number of contributions, as a 

representative point of obsolescence, between 2018 (cluster 4) and 2024 (cluster 

2). To this respect, the clusters will likely include hot topics for no more than 5-

10 years and, thus, we can hypothesize that new topics (characterized by 

different keywords) are likely to emerge in the meantime. 

6. Potential new trends in early product design phases 

The Introduction Section has already pointed out how design methods introduced in the 

practice have seldom enjoyed success in the industrial world. This can be seen as 

practical motivation behind the diminishing interest in some methodological 

approaches. The tendency towards the expected gradual demise of the contents included 

in all the five clusters can be considered as a complementary confirmation of hurdles 

faced by methods and approaches for the FFE.  

An exhaustive analysis of the causes of the above issues goes beyond the scopes of the 

paper, also because these observations radically put into discussion the so-far agreed 

way of designing. In other terms, some fundamental assumptions, even remarked in the 

paper, are challenged: from the advantages offered by structured methods to the need to 

overcome uncertainties in early design stages, from firms’ benefitting from the fine-

tuning of products prior to the market launch to the key role played by the FFE in 



 

 

determining the future success of designs. For instance, the attempts to manage 

uncertainties, instead of obtaining knowledge to limit fuzziness, as well as to test 

deliberately provisional versions of products, characterize agile development. Agile 

methodologies and approaches based on articulated plans are somehow at the antipodes 

(Kumar and Tandon, 2017).  Agile product development foresees that prototypes are 

tested in the marketplace and this allows for a continuous acquisition of knowledge (a 

sort of learning process) with regard to both technical and customer-related aspects 

(Schuh et al., 2017). This is seen as an advantage over traditional structured and 

deterministic methods, which are claimed to be too complicated, formalized, 

irresponsive to new technologies (Grasshiller et al., 2017) and increase time-to-market 

exceedingly. In addition, the introduction of agile approaches is justified by the 

supposed impossibility to define products in detail a priori (Böhmer et al., 2017), while 

Minimum Viable Products (MVPs) are sufficient for exploring the desirability of 

prospect design outcomes (Keitsch, 2015). At a managerial level, NPD’s structuredness 

and abidance to established procedures are directly challenged by Stage-Gate advocates 

(Cooper, 2015) with a clear option to include elements of agile strategies (Sommer et 

al., 2015), which results in a good balance between stability and flexibility of processes 

(Conforto and Amaral, 2015). 

With respect to the above discussion, the authors have subsequently checked the 

intensity of research concerning agile concepts in design consistently with the previous 

exploration of the clusters of methods supporting PP, by replicating the investigation 

approach described in section 5 to the new task. A preliminary list of characterizing 

terms have been extracted from the keywords of the papers reported in the present 

section. This has given rise to the definition of the following peculiar keywords (in this 

case, one occurrence was considered sufficient, as no comprehensive review has been 



 

 

conducted): “agile product development”, “minimum viable product”, "agile project 

management", "agile development". Still in agreement with the previous bibliographic 

investigation, the characterizing terms (linked with the OR operator) have been 

employed in the TAK field for a Scopus document search; the results have been 

constrained by the presence of one or more terms belonging to the general set in an 

additional TAK field. The evolution of the research intensity in terms of cumulated 

number of papers has been likewise calculated. Figure 2 shows the expected trajectory 

with reference to said evolution (line with yellow dots); data show that R2 is roughly 

0.98 and that 90% of contents will be divulgated within 2039. If the S-curve is 

compared with those underpinning clustered approaches, it is possible to infer that the 

obsolescence of agile-related topics might take place about 15 years after an akin 

demise of topics regarding “traditional” design methods. On the other hand, the overall 

intensity of research is remarkably lower for agile strategies – to this respect, the 

smaller number of employed keywords could justify this phenomenon. It is possible to 

infer that the discussed approaches, which radically challenge established assumptions 

in engineering design, might represent just a partial contribution to the gradual 

substitution of “aging” subjects in the NPD domain. 

7. Discussions and conclusions 

7.1. Summary of findings and outcomes  

The present paper deals with the limited adoption of structured PP methods and 

attempts to analyse this issue in an original perspective. Indeed, by exploring the 

intensity of research in field, the paper tries to figure out whether some specific 

“family” of methods has the potential to become a reference in the future, likely 

thanks to a successful key to overcome uncertainties and ambiguities. As outlined 

in the partial conclusions of Section 5, this outcome has not emerged clearly and 



 

 

this has urged the authors to explore the phenomenon also in different directions 

(Section 6). Indeed, the present paper highlights the inability of PP methods to 

disentangle the complexity of the FFE, at least to such an extent that benefits 

industrial subjects. This could result in giving up with the objective of introducing 

structured methodologies in industry and this is supported, but not fully explained, 

by the current interest in agile approaches. In line with (Ryeong Kim, 2017), a 

different key of reading might suggest major academic work for fine-tuning PP 

methods given the variety of functions and attributes that these methods should 

fulfil; this development should likely foresee crossing the borders of identified 

clusters and enable the possibility to focus on multiple dimensions consistently. 

The paper contributes with additional outcomes (listed below), whose utility is 

discussed in the following subsection together with further comments about the 

relevance and repercussions of the main findings. 

 An original reference framework that classifies the instruments to 

support PP based on their function or focus. 

 An overview of methods capable of supporting PP and distinguished 

according to the original classification (Section 4). 

 A list of keywords (Table 1) that permits to identify methods, 

instruments and remarkable features ascribable to each cluster. 

 

7.2 Discussion about the utility of the results 

The findings of the present paper are expectedly relevant for different subjects 

according to their role in the product development process. 

First, organizations can select the most tailored design approaches to PP according to 

their beliefs about the most meaningful drivers of innovation. This is likely to depend 

not only on the culture and mission of companies, but also on the industrial domain, 



 

 

product maturity, kind of business. The paper claims that the acknowledged distinction 

between responsive and proactive approaches provides limited support in the selection 

of appropriate PP tools in terms of said factors. The identification of a suitable 

methodology based on the responsive vs. proactive distinction might be made in terms 

of the number of customers available to provide feedback and reveal preferences, as 

well as their reliability, level of experience, degree of motivation. Of course, these 

criteria still make sense, although the mechanisms behind NPD are increasingly 

complex. As well, readers can find both responsive and proactive strategies in all the 

clusters characterized by the reference innovation focus.  

Second, still with a focus on industrial practice, companies might individuate inefficient 

design activities. Indeed, it can be hypothesized that all the areas covered by clusters 

(market and customer information, data processing, analysis of external factors and 

other determinants, human resources, boosting idea generation) are not to be 

overlooked. 

Third, as for academia and the perspective development of new methods, the paper 

remarks how (at least) five different dimensions should be ideally leveraged and 

balanced. Still with reference to (projections about) the intensity of research concerning 

each cluster, all these aspects are expected to be relevant in the near future; hence, 

disregarding any of them could result in methodological shortcomings. At the same 

time, despite the value that current design issues still hold, extracted data suggest that 

we are on the verge of a possible paradigm shift within a decade. This can be seen as the 

consequence of the difficulties in implementing “systematic” approaches, which often 

require not negligible efforts for their integration in firms’ product development cycles. 

The present analysis does not individuate which unprecedented foci are expected to play 

a major role in the upcoming years, although some signals emerge about the interest in 



 

 

embracing agile strategies in design.  Indeed, the trend of the interpolated data related to 

the literature contributions focused on the “agile” concept suggests margins of growth 

that result more enduring than the ones related to the clustered topics. As already 

pointed out, the possible large-scale adoption of agile approaches might have a 

tremendous impact on design practices. Here, the product is continuously redesigned 

and updated and the FFE is no longer a real "front end", but it becomes a key element of 

an iterative approach to customer discovery and further product development. Since 

agile and lean approaches seem to be more tailored to industry needs, at least in the 

current time period, future research might consider the chance to support the potential 

transition towards these approaches and the creation of appropriate frameworks that 

allow designers to fully exploit their potential. 

7.3. Limitations and future work 

As discussed in Section 5, the independence of the S-curves associated with clusters 

supports the robustness of the distinction between clusters featured by different foci. 

However, some methodological limitations have to be underlined, as they can bias 

outcomes. 

The selection of design tools (and corresponding scientific material) included in each 

cluster has been performed subjectively. Besides, some instruments and techniques have 

been undoubtedly introduced that swivel on more foci, as well as some peculiar 

objectives can be seen as common traits of more clusters. This can motivate the overlap 

between cluster document sets, although limited. The identification of relevant 

keywords based on the selected literature introduced another element of subjectivity, 

although the criteria to individuate these terms have been already clarified. This course 

of action has resulted in an unbalanced number of keywords referable to the different 



 

 

clusters. A more balanced distribution could not be predetermined, but this is a possible 

reason behind the very different volume of literature ascribable to each cluster. In 

addition, the document sets do not strictly correspond with samples of contributions that 

contribute to enhance design according to the foci of the clusters. Given the large 

number of gathered papers, a manual selection of impacting contributions was 

considered extremely time-consuming, as well as it would have introduced further 

subjectivity. 

In the perspective of individuating trends, insightful information could be obtained by 

analysing patterns of citation and co-citation across clusters. Such an investigation 

might also contribute to a major understanding in the way achievements in certain areas 

affect advances in other clusters. For instance, the creative dimension and the way 

creativity is supported might be critical for approaches focusing on open innovation, but 

this supposed impact should be verified appropriately. 

Said citation analysis represents a planned future activity, together with experiments 

aimed at verifying the effectiveness of the clusters as a means to support the selection of 

design strategies in the practice. 
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