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Abstract

Paper aims: This paper aims to develop and validate a Maturity Analysis and Prioritization framework for Innovation
Projects (MAPIP) using a Fuzzy-QFD approach to enhance decision-making and alignment with organizational strategies
in the metal-mechanical industry.

Originality: The study introduces a novel application of the Fuzzy-QFD model, integrating 40 criteria across desirability,
feasibility, viability, and maturity stages to create a tool for prioritizing innovation projects.

Research method: The MAPIP Fuzzy-QFD approach was applied to two innovation projects within a metal-mechanical
company, each differing in novelty and complexity. The methodology involves assessing projects based on maturity stages
while evaluating strategic alignment through fuzzy logic to handle qualitative and uncertain data.

Main findings: Results indicate that Project 01 achieved a higher maturity level than Project 02, suggesting that the model
effectively identifies projects with higher strategic potential and readiness for market entry. This confirms the model’s
robustness in evaluating and prioritizing projects with multiple characteristics.

Implications for theory and practice: This research expands the applicability of Fuzzy-QFD in innovation management,
demonstrating its utility in project prioritization. Additionally, the MAPIP Fuzzy-QFD approach provides organizations with
a tool for optimizing resource allocation and strategic alignment in project selection, supporting competitive advantage
in complex industrial sectors.
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1. Introduction

Manufacturing industries continually face challenges in creating new technological solutions for products,
services, and production processes to remain competitive and meet customers’ needs. However, high product
quality or effectiveness in their production process is not enough to overcome the imposed challenges of the
global market. In this context, innovation projects (IPs) emerge as essential mechanisms for introducing new
ideas, solutions, and production techniques that not only address existing issues but also minimize uncertainty
and control costs (Zheng et al., 2023).

Innovation can generally be divided into two models: closed and open. Closed innovation involves an
internalized approach where all activities are conducted within a company, providing the advantage of strict
confidentiality and competitive edge maintenance (Sener & Hobikoglu, 2013). However, such projects often
incur higher costs and pose difficulties in testing, limiting scalability (Ruffatto et al., 2015). Alternatively, open
innovation fosters external partnerships and a collaborative research and development (R&D) environment,
optimizing resources and fostering creativity (Wu et al., 2022).
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Developing new products or service involves subjectivity and uncertainty, requiring maturity assessment
methods that facilitate an analytical approach to evaluate the project and confirm its adherence to the company’s
strategic plan (Mottin De Andrade et al., 2023). Existing research has explored different enterprise maturity
assessments, such as Saihi et al. (2023), Rigoni et al. (2017), Claire et al. (2014) and Guédria et al. (2011) or
project maturity assessment (Khani et al., 2023; Catto & Maccari, 2021; Johansson et al., 2020); however, no
holistic approach currently combines both maturity and prioritization in alignment with enterprise strategies.

Multi-criteria decision-making (MCDM) methods may support workers in decision-making, especially when
dealing with critical process. MCDM methods offer a structured approach for evaluating projects based on diverse,
often competing, quantitative and qualitative criteria, enabling decision-makers to balance factors such as strategic
fit, technical feasibility, and market desirability. In the context of innovation, where subjective evaluations and
uncertainty are prevalent, MCDM methods, particularly those incorporating fuzzy logic as Fuzzy-QFD, allow for
nuanced handling of imprecise data (Reda & Dvivedi, 2022; Mello, 2020). By employing MCDM in innovation
project selection, organizations gain a more systematic, objective, and flexible framework for decision-making,
making it easier to focus resources on projects most aligned with strategic goals, ultimately enhancing the
potential for innovation success and sustainable growth (Gruenhagen et al., 2021; Makate et al., 2019; Liu,
2011). Based on this context, the main research question of the paper is: How can the Fuzzy-QFD model be
applied to assess and prioritize innovation projects to align with an enterprise’s strategic goals effectively?

This research introduces a maturity analysis and prioritization of innovation projects (MAPIP) using a Fuzzy-QFD
approach. This solution provides a structured maturity assessment framework to prioritize innovation projects
in alignment with the company’s business strategy. Additionally, it contributes to the scientific community by
offering:

® This study presents a approach for evaluating project maturity, designed to support companies in developing
innovative products and enhancing their product development processes.

® The approach offers a comprehensive, customer-focused perspective on product development, grounded in
strategically aligned evaluation criteria.

The remainder of the paper is structured as follows: Section 2 discusses the foundations of innovation
projects in the Metal-Mechanical sector to support the problem definition. Section 3 explores the material and
methods to help the purpose of the MAPIP Fuzzy-QFD method. Section 4 dedicates itself to conceptualizing
the MAIP Fuzzy-QFD Concept. Section 5 presents the MAPIP Fuzzy-QFD Validation in two projects, and finally,
Section 6 discusses the results, prominent advantages, and limitations of the research.

2. Foundations of innovation projects in the metal-mechanical industry

Innovation serves as a critical driver of growth, competitiveness, and adaptability in the rapidly evolving industrial
setting. 1t involves the process of transforming new ideas, products, or processes into tangible improvements
or commercial success (Chibas et al., 2013). Especially in industries experiencing rapid technological shifts or
intense global competition, such as the metal-mechanical industry, innovation becomes a key differentiator
(Strasek et al., 2020). The metal-mechanical sector is characterized by a need for durable, high-performance
products, stringent quality standards, and cost-efficient production methods (Carrillo et al., 2024).

Innovation in this field can take various forms, including product, process, service, and business model
innovation (OECD & Eurostat, 2018). Product innovation may involve the development of new materials or
technologies that enhance strength, durability, or environmental performance. Process innovation often focuses
on optimizing manufacturing processes, such as through automation or digitalization, to increase efficiency and
reduce costs. Service innovation in the metal-mechanical industry might include offering advanced maintenance
or predictive analytics services that add value to the product lifecycle, while business model innovation could
involve adopting more flexible manufacturing setups or exploring new market segments (Snihur & Wiklund, 2019).

For innovation projects in the metal-mechanical industry to be successful, they must align with the overarching
goals and strategies of the organization. Strategic alignment ensures that resources are allocated effectively
and that projects contribute to the company’s long-term vision of growth, efficiency, and compliance with
industry regulations (Ghonim et al., 2022). Portfolio management is a useful tool in this context, allowing
organizations to balance project risks and returns, selecting projects that best support the company’s mission
(Martinsuo, 2013). Innovation projects in this sector can serve as a powerful competitive advantage by allowing
companies to launch disruptive products, reduce production costs, improve product quality, or capture new

Production, 34, €20240083, 2024 | DOI: 10.1590/0103-6513.20240083 2/19



........

markets (Hadjinicolaou et al., 2021). Organizations that consistently leverage innovation often find themselves
at the front of their industries, able to meet standards and respond to changing market demands.

To manage the complexity of innovation projects in the metal-mechanical industry, several frameworks provide
structured approaches, each catering to different project needs. One widely used framework is the stage-gate
process, which divides a project into sequential stages separated by decision points or “gates” (Cooper, 2014).
This process ensures systematic evaluation at each step, allowing for careful planning and risk assessment
before advancing. Agile methodologies are also common in innovation projects, especially those requiring rapid
iteration and user feedback (Ciric et al., 2018; Claire et al., 2014). Another valuable tool is the Fuzzy-QFD (Quality
Function Deployment) model, which is particularly useful in managing projects with complex, qualitative goals
(Reda & Dvivedi, 2022). This model integrates fuzzy logic, allowing it to handle subjective judgments and data
uncertainties that are typical in innovation projects within the metal-mechanical field.

Additionally, evaluation and prioritization are essential for innovation projects in the metal-mechanical
industry to ensure that resources are directed toward initiatives with the highest strategic and operational value.
Key evaluation criteria include feasibility, desirability, and viability, each providing a unique perspective on a
project’s potential (Hunsaker & Thomas, 2017). Feasibility assesses technical capabilities, particularly critical in a
field where precision and durability are essentiall (Saimoto et al., 2018). Desirability focuses on user and market
alignment, ensuring that projects meet the demands of a highly competitive market (Legenvre & Gualandris,
2018). Viability examines the economic potential of the project, an important factor given the substantial
capital investments common in the metal-mechanical industry (Kankaanhuhta et al., 2021; Bahrami et al., 2019;
Dennehy et al., 2019). Multi-Criteria Decision-Making (MCDM) methods like Analytic Hierarchy Process — AHP
(Saaty, 2005), PROMETHEE (Singh et al., 2021), and Fuzzy-QFD help (Juan et al., 2009) organizations prioritize
projects by weighing these criteria (Mottin De Andrade et al., 2023). Each method has its strengths; for example,
AHP is ideal for hierarchical decision-making, PROMETHEE excels in ranking preferences, and Fuzzy-QFD addresses
qualitative judgments through fuzzy logic. Additionally, maturity models, such as Technology Readiness Levels
(TRL) and Manufacturing Readiness Levels (MRL), provide structured ways to assess project readiness for market
entry. Therefore, the maturity analysis and prioritization of innovation projects (MAPIP) approach combines
fuzzy logic with QFD to offer a comprehensive approach to assessing maturity and strategic alignment.

3. Maturity analysis and project prioritisation in innovation projects

Maturity analysis models are tools used to evaluate the degree of progress of an organisation in different
issues and to establish action plans to advance in achieving set objectives, helping objectify the shreds of
evidence of the implementation of the processes (Rigoni et al., 2017). Maturity analysis relies on the proposed
Technology Readiness Level (TRL), Manufacturing Readiness Level (MRL), or Incremental Improvements Level
(L) (Glogovac et al., 2022; Arruda & Silva, 2021; Sjodin et al., 2018). The assessment numerically quantifies
the maturity of an Enterprise Process or Manufacturing Process, making it feasible to design processes using
best practices for constantly developing activities, together with a maturity assessment model that identifies
how project training should evolve (Suliman & Rankin, 2021).

In (Casakin & Wodehouse, 2021), the authors carried out a systematic literature review to study the existing
maturity levels in the literature and evaluate the creative design process in developing innovative product projects.
Additionally, the authors explored the maturity levels in more details in the research of (Wodehouse & Casakin,
2022). Based on the context, it was possible to classify innovation process into four stages:

1. ldeation: Focuses on generating diverse ideas to address identified problems without considering technical
feasibility or economic viability.

2. Preparation: Evaluates product attractiveness, technical feasibility, and strategic fit, while initiating requirements
and risk management and developing preliminary product models.

3. Validation: Tests and refines concepts, developing a proof of concept or prototype to validate the business
model.

4. Incubation: Involves initial product sales to verify business scalability, establishing production, marketing, and
logistics processes to confirm profitability.

Project maturity analysis provides a measure of an organization’s ability to effectively and efficiently manage
various project models to achieve its objectives (Kwak & Park, 2021; Min et al., 2011; Pereira et al., 2021;
Visscher et al., 2021). While a standalone maturity assessment yields valuable insights, it often lacks a prioritization
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component essential for aligning projects with strategic goals. Thus, there is a need for methodologies that not
only assess maturity levels but also evaluate the entire innovation project portfolio. Such methodologies enable
the establishment of a robust ranking system based on multiple criteria to classify projects by priority (Samanlioglu
& Ayag, 2020). This comprehensive approach facilitates the strategic allocation of resources to projects with the
greatest potential to achieve organizational success and fulfill long-term objectives (Michnik, 2018).

3.1. Fuzzy-QFD model

The QFD model is a concept map used for inter-functional planning and communication. Generally, you can
categorize a QFD system into four interconnected phases: product planning, part of implementation phases,
process planning, and production planning (Liu & Wang, 2010; Ozgormus et al., 2019). Customers or product
developers evaluate most input data in QFD. Using linguistic terms instead of numbers to describe individuals’
perceptions allows for a more straightforward expression of the assessed values in linguistic terms. (Wang et al.,
2020; Afsharkazemi et al., 2012). For example, in QFD, customers can evaluate the importance of evaluation criteria
in various terms, such as “extremely important”, “strongly important”, and “very important”. However, these linguistic
terms are often inaccurate or vague. Therefore, they are treated as indistinct rather than more appropriate (Maputi
& Arora, 2020). The fuzzy set theory deals with subjective, unclear, or inaccurate information. Consequently, fuzzy
sets can accurately quantify these imprecise or incomplete linguistic terms. The logic of fuzzy sets, also known
as fuzzy logic, aims to deal with the imprecision and uncertainty present in some data, modelling approximates
rather than distinct modes of reasoning (Lee & Park, 2021; Lima-Junior & Carpinetti, 2016).

The fuzzy-QFD model combines fuzzy algebraic operations with the prioritisation and relationship matrices
(what and how matrix, respectively) from the QFD technique. In this work, a simplified approach from the one
developed by (Juan et al., 2009) combines fuzzy triangular numbers and algebraic operations to calculate the
element weights of the what and how matrices. We chose this approach because of its versatility, unambiguity,
and practical implementation (Dursun & Arslan, 2018; Guédria et al., 2015; Lima-Junior & Carpinetti, 2016).

The fuzzy-QFD model comprises four main components, as illustrated in Figure 1. The identification of
evaluation criteria (Detail 1 and 2 of Figure 1) is derived from the definitions proposed by (Hunsaker & Thomas,
2017) and (Keeney, 1992) that they must be essential, controllable, complete, measurable, operational, isolatable,
non-redundant, clear, understandable. The requirements are weighted using the linguistic judgment of the
criteria presented by experts (Detail 3). Evaluators conduct the maturity assessment within the innovation projects
(Detail 4) using their proposed linguistic decision. Finally, tasks are allocated within the maturity levels (Detail
5) offered by the assessment framework (Juan et al., 2009; Vimal et al., 2019).

(2) Evaluation Criteria
(HOW Matrix)

.

(1) Evaluation Criteria (4) Relation Matrix L )
3) Criteria Weight
(WHAT Matrix) - (WHAT-HOW Matrix) @ | (3)Criteria Weig

L 4

(5) Maturity Analysis
of Innovation Projects

Figure 1. The simplified approach was proposed by (Juan et al., 2009).

4. Maturity analysis and prioritisation of innovation projects through Fuzzy-QFD concept

For this research, we adapted a simplified approach of the fuzzy-QFD model presented in Figure 1 to create the
maturity assessment and prioritization of innovation projects considering the enterprise strategy. The maturity analysis
and prioritisation of innovation projects (MAPIP) through fuzzy-QFD comprises three main steps, as shown in Figure 2.
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Step 1: Mapped Input Step 2: Weighting of (] Step 3: Innovation
Data Evaluation Criteria Projects Assessment

MATRIX WHAT? MATRIX HOW?

% Maturity Evaluation
Structure

+ Evaluation Criteria
= Maturity Level

Evaluate the relevance of o . Report: Maturity
the aiteria Definttion of the projedt to Aesessment of each project
(Expert Analysis) be evaluated

-
Report: Innovation P mject
Prioritization
Analysis ofthe innovation

matunty (by the team of each
project)

Aggregate the evaluations

and defuzify the weights

MATRIXWHAT?

Weighting ofthe evaluation
Aggregate the evaluations criteria carried out by the
and defuzify the values experts

Analysis ofthe results

|

Figure 2. The architecture of the MAPIP Fuzzy-QFD approach.

e Step 1: Input Data - It extracts information about the innovation projects and evaluation criteria.

e Step 2: Fuzzy-QFD What Matrix - 1t deals with the definition of weights for each of the forty criteria proposed.
Four innovation project management experts validated these weights by filling out a form since the fuzzy approach
is appropriate for consensus view aggregation under uncertainty (Guédria et al., 2011).

e Step 3: Fuzzy-QFD How Matrix - 1t is focused on the maturity assessment of the projects. The teams working on
each project complete this task by filling out a form containing the same forty criteria. These two data collections
in the form of answers composed of linguistic variables are transformed into normalised and defuzzified fuzzy
numerical variables, generating real numbers that serve as parameters for the maturity assessment of each project.

The output data suggests two reports: (i) a Maturity Assessment of each project and (ii) Innovation Project
Prioritization. The expert also reports the weighting of the evaluation criteria for use in the projects’ evaluation.
Therefore, MAPIP Fuzzy QFD fills the gap with other approaches that limit themselves to assessing the level
of maturity without prioritising projects or focusing on prioritising projects without a prior assessment in the
light of organisational strategy.

4.1. Maturity evaluation structure

As a starting point for the approach, two main inputs from the literature review were established for Step
1 - Mapped Input Data (Detail “A” of Figure 2): (a) the evaluation criteria and (b) maturity assessment levels.

For the evaluation criteria, we established 40 evaluation criteria, dividing them into four groups according
to (Lu et al., 2019): (i) strategy, risk management, and planning, (ii) desirability, (iii) feasibility, and (iv) viability.
Table 1 presents the 40 evaluation criteria in detail.

The maturity level is the second point of Mapped Input Data (Detail “A” of Figure 2). 1t is composed of four
levels for the evaluation of innovation projects: (i) 1deation, (ii) Preparation, (iii) Validation, and (iv) Incubation.
Next, it is presented in Table 2 details each level and the focus of the activities developed based on the elements
presented in Section 3.

4.2. WHAT Matrix - Weighting of Evaluation Criteria

Once we defined the input data, we used the WHAT Matrix of the approach. In the WHAT Matrix step, the
user assigns weights to each evaluation criterion. For this, the research authors used online Forms as a data
extraction instrument by innovation and project management experts. These experts attributed weight to each
criterion following the linguistic terms from the fuzzy-QFD model, as shown in Table 3.
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Table 1. Evaluation Criteria.

Group 1D.

Criteria

Description

C1: Strategy, risk C1.1
management and

planning C1.2

C1.3

Cl.4

C1.5

C1.6
C1.7

C1.10
Cr.n

Cl.12
C1.13
Cl.14

C1.15
Cl.16
C1.17

C1.18
C1.19

C2: Desirability (UX  C2.1
and customer focus

C2.2

C2.3
C2.4

C2.5
C2.6

C3: Feasibility 3.1

(Technical Focus 3.2
and Solution)

3.3

C3.4

3.5

C3.6

Definition of the search field

The capacity of the company
that had developed the project

Project team competencies

Understanding how the
problem is solved

Competitive landscape

Legal and Regulatory Scenario

Relevant trends in problem
space

Framework in the three pillars of
innovation (desirability, technical
feasibility, economic viability)

The synergy of the business
idea with the company’s
strategy

Hypotheses for business model
Risk management

Sponsoring companies
Business model

Presence of MVP (Minimum
Viable Product)

Purchase requirements
Manufacturing requirements

Customer relationship
management

Brand used

Synergy with the risks that the
company is willing to take

Needs, desires, and context of
the research field

The synergy between the
customer ecosystem and the
value chain

Customer segment
Jobs, analyses, and customer
gains
Value proposition

Validation of the payment
method for each customer

Activities - keys (techniques)
Technical resources

Partnerships
System architecture
Alternative Concepts

Main system functions and
requirements

Communication with partners/
suppliers

Fulfilling customer needs by
solution

Proof of concept

Is it mapping the field of research? And which area of technology to address? 1t
should be in line with the company’s strategy and innovation goals.

Study of the internal and external capabilities of the company; identification of
available resources externally and internally.

Mapping and aligning the capabilities the project team needs to develop the
product effectively.

A field study aimed to establish whether the problem addressed by the project is
already solved.

Research on possible competitions for product development, evaluating which
differentials and innovations the solution may present differently from what is
already used.

Here, it deals with the issues of patent and intellectual property of the project.

Here, we study the political, economic, social, technological, environmental, and
legal trends impacting the project’s development.

Here, we study whether the concept of the idea and the project’s development
are within the three pillars of innovation.

Is the opinion presented within the company’s strategic capabilities and
alignments?

Here, the project milestones are established, and what and how it will be solved.

Study the possible risks that the project entails, considering the three facets of
innovation: the dangers imposed on the client and the technical and economic
feasibility of the project.

Study of possible sponsors for the development of the project.
Establishment of the business model for the project.
Minimal prototyping for the validation of project hypotheses.

Definition of the sternal components of the company and its suppliers to meet
product development needs.

Definition of the structures (machinery, labour, among others) internal to the
company necessary for manufacturing the product.

Study of possible sales processes and future relationships based on customer needs.

Definition of the product brand.
Alignments of the project’s threats to the reality of the company.

Field research on technologies that can be innovative within the company’s area
of activity.

Alignment of the context in which the customer is immersed compared with the
reality that the company can provide.

Establishment of the customer segment approached by the project.
Field research to understand what the customer needs.

What will the product provide to the customer to meet their wishes and solve
their problems?

Establishment of sales channels with the customer.

Establishment of the activities necessary for the development of the project.

Here, we study both the necessary labour resources and the resources of
technical materials.

Mapping of possible partners. The concept of open innovation is employed.
Definition of the project’s schematic.
What are the possible alternatives to the project aimed at the appearance of a

new competitor or any other claim that harms its development?
Establish the tasks and requirements of the product.
Establishment of communication channels between suppliers and partners.

Here, we study how much the project meets the needs demanded of the client

Construction of a prototype, aiming to test the viability of the product and its
value proposition
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Table 1. Continued...

Group 1D. Criteria Description
C4: Viability C4.1 Market Scenario Study the market approach of the project.
(Economic Focus) C4.2  Acquisition cost and customer ~ Calculation of the two variables as a validation tool of the business model
lifetime value
C4.3 Pricing models for each Establishment of product prices for each customer segment addressed by the
customer segment project.
C4.4 Scalability of the business How scalable is the business model, i.e., what is the potential for growth in
model product sales?
C4.5 Sales Process Establishment of project sales processes
C4.6 Marketing Study the marketing strategy for the product.

Table 2. Maturity Assessment Level.
Maturity Level Description

Level 1: 1deation  Ideation is a process of generating several ideas based on understanding the problems to be solved. The predominant focus
is identifying the issues and creating solutions using creative methods and tools.

Level 2: Preparation Assumptions and a validation approach for the next phase are formulated to validate business model assumptions fully.
Initiate requirements and risk management if a solution concept is already available, and elaborate first product models,
such as system architecture.

Level 3: Validation At this level, all formulated concepts are validated. Then, test and refine hypotheses to generate evidence proving the
business model’s validation. The critical point of confirmation is elaborating a proof of concept, a Minimal Viable Product
(MVP) or a prototype.

Level 4: Incubation At this level, the first sales of products occur, aiming at validating the scalability of the business. Then, you can arrange the

initial marketing, launch, production, and logistics functions along with the sales process. Finally, products are sold to end
customers, and the excellent scalability of the business model is proven.

Table 3. Linguistic Scale for WHAT Matrix.

Relevance (I, m, u)
Little Relevant (LR) (1.00, 2.00, 3.00)

Relevant (R) (3.00, 4.00, 5.00)
Very Relevant (VR) (5.00, 6.00, 7.00)

After that, the data are compiled into a spreadsheet for data manipulation to establish actual values that allow
an analysis of the projects. The Equations 1, 2 and 3 are WHAT Matrix equations for MAIP fuzzy QFD approach.
Equation 1 aggregates the opinion of experts about the weight of each requirement. Equation 2 is a defuzzification
of aggregate values. Finally, Equation 3 is a normalisation of values resulting in weights for each criterion.

%= t (z;’)/z (1)
d=1

xi:(li+2*mi+u,~)/4 (2]

n
W =X; / le' (3]
i=1

With these calculations, it is possible to establish the values referring to the relevance weight of each evaluation
criterion. When this step is completed, the actual assessment of the innovation projects starts.

4.3 HOW Matrix — Innovation Project Maturity Assessment

Online forms tools can collect data from the project leaders chosen for the research study. Such leaders evaluate
their projects based on the evaluation criteria already presented above. Each criterion appears as a question
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representing the activity developers must undertake for the criterion. For example, the criterion 22 customer
segment, allocated in the Desirability cluster, was presented to the project leader with the following question:
“Are the customer segments well-validated and defined?". This approach allows removing the fuzzy values of
the status of each criterion using the linguistic scale represented in Table 4. The fuzzy numbers presented in
the second column respect the approach of (Juan et al., 2009), using fuzzy triangular numbers.

Table 4. Linguistic Scale for How Matrix.
Maturity of activity (I, m, u)
Very Underdeveloped (VU) (1.00, 1.00, 2.00)
Undeveloped (V) (1.00, 2.00, 3.00)
Reasonably Developed (RD) (2.00, 3.00, 4.00)
(
(

Well Developed (WD) 3.00, 4.00, 5.00)
Very Well Developed (VWD) 4.00, 5.00, 5.00)

After that, the user compiled the data into a spreadsheet. For data manipulation, in the same way as in the
previous step aiming to establish actual maturity values for each evaluation criterion. The equations (4), (5) and
(6) are How Matrix equations for MAIP fuzzy QFD approach. Equation (4) aggregates the weights assigned to
each criterion to the maturity value established for them. Equation (5) is a defuzzification of aggregate values.
Finally, Equation (6) is a normalisation of values resulting in weights for each criterion.

n
pj= wa *7jj (4)
i=1

7lj+2 m;+u

pj= 2 4 (5)
m

pnj=pj/ij (6)
j=1

With this, it is possible to establish actual values representing each evaluation criteria’s maturity. In addition,
by adding the importance of the requirements belonging to the same cluster, it is possible to analyse the maturity
of the four established groups, thus obtaining an assessment at the macro and micro levels.

5. Experimentation of MAPIP Fuzzy-QFD in a metal-mechanical industry case

5.1. Metal-mechanical industry case description

To experiment with this approach in actual cases, we established two main premises concerning the evaluators
and the projects evaluated. First, four research, development, and innovation specialists weighed the evaluation
criteria. Among them, one is an employee of the same company, allowing an internal point of view of the
company for those who work directly in developing and managing innovation projects. The external experts
bring a new point of view to those with experience in this area but with different ideological backgrounds.

As shown in Table 5, we prioritized professionals with experience in innovation based on the enterprise
strategy, ensuring they have sufficient knowledge of the evaluation space. In addition, one of the experts is a
professional who works at the same company where the case studies addressed in this work are under development.

Regarding the objectives of evaluation of this research, two projects in research and development were chosen, with
a focus on new businesses of a multinational company in the mechanical metal sector, headquartered in Curitiba/Brazil.

® Project 01 - Intelligent Start-Stop System. This project is dedicated to developing a start-stop system for use
in buses and urban cargo vehicles in the retrofit system with an expired warranty (as illustrated in Figure 3). The
company considered this project a new business for proposing a new approach to reduce diesel consumption and
emission of polluting gases.
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Table 5. Experts’ competencies.

1dentification Competencies

Expert 01 (EO1) This expert is an economist with over eight years of experience in the metal-mechanical industry, focusing on research and
development management within the innovation sector.

Expert 02 (E02) This expert serves as the director of research for innovation and development projects at a technology sector company.
Additionally, he has over 20 years of experience and works as a consultant in research and development, bringing extensive
expertise to the field.

Expert 03 (E03) This expert currently works in the innovation sector of a railway and logistics company, bringing extensive experience from
over five years of managing innovation projects in a technology company.

Expert 04 (E04) This expert has extensive experience working in the technology, home appliance development, and commercial automation
sectors, consistently focusing on innovation and research and development project management.

Figure 3. The first experimental case is a bus with a start-stop system.

e Project 02 - Intelligent Spray Valve System. This project deals with applying a PWM (Pulse Width Modulation)
valve to automate a process used in agribusiness. This project uses a controller developed inside the company and
a valve designed to optimise the precision of the agribusiness process. This combination of components makes
the project grow into a new business for the company. Figure 4 illustrates the experimental case.

The results of this work are divided into three stages: (i) an analysis of the weights assigned by the experts;
(i) the maturity assessment of each case detailing a spectrum of the four groups of criteria assessed; and
(iii) ending the third stage presents the comparison of the results of the two cases, defining the prioritisation
between the projects.

5.2. WHAT Matrix - Evaluation criteria ponderation

In this stage, the selected experts answered a form to attribute relevance to the evaluation criteria.
The 40 questions are related to one of the evaluation criteria presented in Table 1. Each expert appears under
the identification shown in Table 5, and each criterion follows the description in Table 1.

Each response elicited a triangular fuzzy number. For instance, when expert EO1 responded “Very Relevant”
to the question about criterion C1.1, the fuzzy number assigned to criterion C1.1 ranged from (5.00, 6.00,
7.00). Table 6 details the linguistic scale values assigned to each criterion. In the table, each fuzzy number is
accompanied by columns denoting its components corresponding to the vertex “I,” “m,” and “u” of the fuzzy
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Table 6. WHAT Matrix with the extracted data.
Experts Answers Fuzzy Numbers
EO1 E02 EO03 E04
EO1 E02 E03 E04
1 m u 1 m u 1 m u 1 m u

C1.1 VR R VR VR 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00 5.00 6.00 7.00
C1.2 R VR VR VR 3.00 4.00 5.00 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00
C1.3 VR VR VR VR 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00
Cl.4 VR VR 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00
C1.5 R VR VR VR 3.00 4.00 5.00 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00
Cl.6 R R VR VR 3.00 4.00 5.00 3.00 4.00 5.00 5.00 6.00 7.00 5.00 6.00 7.00
C1.7 R R VR VR 3.00 4.00 5.00 3.00 4.00 5.00 5.00 6.00 7.00 5.00 6.00 7.00
C1.8 VR R VR VR 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00 5.00 6.00 7.00
C1.9 M VR VR VR 3.00 4.00 5.00 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00
C1.10 M VR R R 3.00 4.00 5.00 5.00 6.00 7.00 3.00 4.00 5.00 3.00 4.00 5.00
cr.n LR VR R VR 1.00 2.00 3.00 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00
C1.12 LR VR R VR 1.00 2.00 3.00 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00
C1.13 R R R R 3.00 4.00 5.00 3.00 4.00 5.00 3.00 4.00 5.00 3.00 4.00 5.00
Cl.14 LR VR VR R 1.00 2.00 3.00 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00
C1.15 LR R VR R 1.00 2.00 3.00 3.00 4.00 5.00 5.00 6.00 7.00 3.00 4.00 5.00
Cl.16 LR R M R 1.00 2.00 3.00 3.00 4.00 5.00 3.00 4.00 5.00 3.00 4.00 5.00
C1.17 R R VR R 3.00 4.00 5.00 3.00 4.00 5.00 5.00 6.00 7.00 3.00 4.00 5.00
C1.18 VR R LR R 5.00 6.00 7.00 3.00 4.00 5.00 1.00 2.00 3.00 3.00 4.00 5.00
C1.19 VR VR LR VR 5.00 6.00 7.00 5.00 6.00 7.00 1.00 2.00 3.00 5.00 6.00 7.00
C2.1 VR R VR VR 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00 5.00 6.00 7.00
C2.2 VR R VR R 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00 3.00 4.00 5.00
C2.3 VR VR VR VR 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00
C2.4 VR VR VR R 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00
C2.5 VR VR VR VR 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00
C2.6 VR R VR VR 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00 5.00 6.00 7.00
C3.1 VR VR R VR 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00
3.2 VR VR R VR 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00
3.3 VR VR R R 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00 3.00 4.00 5.00
C3.4 VR VR R VR 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00
C3.5 VR R R R 5.00 6.00 7.00 3.00 4.00 5.00 3.00 4.00 5.00 3.00 4.00 5.00
C3.6 VR R VR R 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00 3.00 4.00 5.00
C3.7 VR VR R VR 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00
3.8 VR VR VR VR 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00
C3.9 VR VR R VR 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00
C41 VR VR R VR 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00

C4.2 VR R R VR 5.00 6.00 7.00 3.00 4.00 5.00 3.00 4.00 5.00 5.00 6.00 7.00
C4.3 VR VR R VR 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00 5.00 6.00 7.00
C4.4 VR VR VR VR 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00 5.00 6.00 7.00
C4.5 VR R R VR 5.00 6.00 7.00 3.00 4.00 5.00 3.00 4.00 5.00 5.00 6.00 7.00
C4.6 VR VR R R 5.00 6.00 7.00 5.00 6.00 7.00 3.00 4.00 5.00 3.00 4.00 5.00

triangle. Additionally, alongside each expert’s assigned value, the linguistic variable selected in the response and
its corresponding fuzzy values are provided on the right side.

A defuzzification process was applied in the results of Table 6, respecting the steps of aggregation presented
in Equations 1, 2 and 3. Table 7 shows the values of each stage for the respective criterion. Each weight is used
in the maturity assessment of projects, representing the relevance of the criterion within the assessment method.

It is possible to notice in the group of criteria related to strateqy, risk management, and planning that
the criteria considered most relevant are those corresponding to the competence of the project team and the
understanding of how the problem field is solved, with a value of 0.0291. In the desirability group, the most
relevant criteria address the customer segment and the project’s value proposition, with values of 0.0291.
The criterion considered most appropriate for the feasibility cluster is the customer’s needs for the solution,
with a value of 0.0291. Finally, the viability cluster was treated with greater relevance in criterion 38, which
deals with the scalability of the business model with a weight of 0.0291.
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Figure 4. Example of an intelligent spraying system.
Table 7. Results of WHAT Matrix.
Strategy, risks, and planning Desirability Feasibility Viability
Criteria Weight Criteria Weight Criteria Weight Criteria Weight
C1.3 0.0291 C2.3 0.0291 C3.8 0.0291 C4.4 0.0291
Cl.4 0.0291 C2.5 0.0291 C3.1 0.0267 C4.1 0.0267
C1.1 0.0267 C2.1 0.0267 C3.2 0.0267 C4.3 0.0267
C1.2 0.0267 2.3 0.0267 C3.4 0.0267 C4.2 0.0243
C1.5 0.0267 C2.6 0.0267 C3.7 0.0267 C4.5 0.0243
C1.8 0.0267 C2.2 0.0243 C3.9 0.0267 C4.6 0.0243
C1.9 0.0267 C3.3 0.0243
Cl.6 0.0243 C3.6 0.0243
C1.7 0.0243 C3.5 0.0218
C1.19 0.0243
C1.10 0.0218
C1.11 0.0218
C1.12 0.0218
Cl.14 0.0218
C1.17 0.0218
C1.13 0.0194
C1.15 0.0194
C1.18 0.0194
Cl.16 0.0170

5.3. HOW Matrix — Maturity Evaluation

After pondering the evaluation criteria, it is possible to assess the maturity of the projects. Therefore, the
HOW Matrix of the two cases was established based on the data obtained through the forms filled in by the
managers of the two innovation projects, as shown in Table 8. For macro-level analysis, the authors added all
criteria values belonging to the same groups to obtain an evaluation for each group. In addition, the values
obtained for each group were added, resulting in majority quantities for comparing the maturity of the two
projects considering all groups (the three pillars of innovation together with the strategy cluster). The evaluation
follows the linguistic scale of Table 4.

We obtained the HOW Matrix for the two cases from the forms completed by the leaders of the projects
used as case studies in this work. Table 9 shows the results. Consequently, results were obtained from
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Table 8. Data obtained for the HOW Matrix.

R T e T e
Cl.1 WD 3.00 4.00 5.00 WD 3.00 4.00 5.00
C1.2 VWD 4.00 5.00 5.00 VWD 4.00 5.00 5.00
C1.3 VWD 4.00 5.00 5.00 WD 3.00 4.00 5.00
Cl.4 WD 3.00 4.00 5.00 WD 3.00 4.00 5.00
Cl1.5 WD 3.00 4.00 5.00 RD 2.00 3.00 4.00
Cl.6 RD 2.00 3.00 4.00 RD 2.00 3.00 4.00
C1.7 WD 3.00 4.00 5.00 RD 2.00 3.00 4.00
C1.8 WD 3.00 4.00 5.00 WD 3.00 4.00 5.00
C1.9 VWD 4.00 5.00 5.00 WD 3.00 4.00 5.00

C1.10 RD 2.00 3.00 4.00 RD 2.00 3.00 4.00
crn RD 2.00 3.00 4.00 RD 2.00 3.00 4.00
C1.12 RD 2.00 3.00 4.00 RD 2.00 3.00 4.00
C1.13 RD 2.00 3.00 4.00 RD 2.00 3.00 4.00
C1.14 u 1.00 2.00 3.00 RD 2.00 3.00 4.00
C1.15 VWD 4.00 5.00 5.00 RD 1.00 2.00 3.00
Cl.16 VWD 4.00 5.00 5.00 RD 2.00 3.00 4.00
C1.17 WD 3.00 4.00 5.00 RD 2.00 3.00 4.00
C1.18 VWD 4.00 5.00 5.00 VU 1.00 1.00 2.00
C1.19 u 1.00 2.00 3.00 RD 2.00 3.00 4.00
C2.1 WD 3.00 4.00 5.00 RD 2.00 3.00 4.00
C2.2 WD 3.00 4.00 5.00 RD 2.00 3.00 4.00
2.3 VWD 4.00 5.00 5.00 RD 2.00 3.00 4.00
C2.4 VWD 4.00 5.00 5.00 RD 2.00 3.00 4.00
C2.5 VWD 4.00 5.00 5.00 VWD 4.00 5.00 5.00
C2.6 VWD 4,00 5.00 5.00 RD 1.00 2.00 3.00
C3.1 WD 3.00 4.00 5.00 WD 3.00 4.00 5.00
C3.2 VWD 4.00 5.00 5.00 WD 3.00 4.00 5.00
3.3 VWD 4.00 5.00 5.00 RD 2.00 3.00 4.00
3.4 VWD 4.00 5.00 5.00 WD 3.00 4.00 5.00
C3.5 WB 1.00 1.00 2.00 VU 1.00 1.00 2.00
3.6 VWD 4.00 5.00 5.00 VD 3.00 4.00 5.00
C3.7 VWD 4.00 5.00 5.00 RD 1.00 2.00 3.00
3.8 VWD 4.00 5.00 5.00 VWD 4.00 5.00 5.00
C3.9 RD 1.00 2.00 3.00 VD 3.00 4.00 5.00
C4.1 VWD 4.00 5.00 5.00 RD 2.00 3.00 4.00
C4.2 ] 1.00 1.00 2.00 ] 1.00 1.00 2.00
C4.3 u 1.00 2.00 3.00 u 1.00 2.00 3.00
C4.4 VWD 4.00 5.00 5.00 VWD 4.00 5.00 5.00
C4.5 VD 1.00 1.00 2.00 VU 1.00 1.00 2.00
C4.6 VWD 4.00 5.00 5.00 ] 1.00 1.00 2.00

disaggregated values for each criterion evaluated. Each criterion’s description was used to analyse each
project’s maturity spectrum, justifying the maturity level in which each case was located. For analysis at the
macro level, all criteria values belonging to the same groups were added, obtaining an evaluation for each
group. In addition, the values obtained for each group were added, resulting in majority magnitudes when
comparing the maturity of the two projects considering all groups (the three pillars of innovation together
with the strategy cluster).

The authors defined intervals to allocate projects at these levels to establish a relationship between the values
obtained for each criterion and the maturity levels. We demonstrated such breaks by simulating cases where
all answers consisted of the same linguistic variables. For example, an experimental case was simulated in the
HOW matrix, and all responses were with the linguistic variable “Very low”. In this way, the sums of the criteria
values for each group were obtained, as shown in the column “Very Low” of Table 10. The same procedure
was performed for the other linguistic variables, as shown in the columns “Low”, “Medium”, “High”, and “Very
High” in the same table, respectively.
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Table 9. HOW Matrix - Results.

Defuzzification number Defuzzification number
Group Criteria Group Criteria
Project 01 Project 02 Project 01 Project 02
C1.1 0.1068 0.1068 C2.3 0.1383 0.0874
C1.2 0.1268 0.1268 C2.4 0.1268 0.0801
C1.3 0.1383 0.1165 Cc2 C2.5 0.1383 0.1383
Cl.4 0.1165 0.1165 C2.6 0.1268 0.0534
C1.5 0.1068 0.0801 Sum 0.7342 0.5121
Cl.6 0.0728 0.0728 C3.1 0.1068 0.1068
C1.7 0.0971 0.0728 3.2 0.1268 0.1068
C1.8 0.1068 0.1068 C3.3 0.1153 0.0728
C1.9 0.1268 0.1068 C3.4 0.1268 0.1068
1 C1.10 0.0655 0.0655 e C3.5 0.0273 0.0273
cr.n 0.0655 0.0655 3.6 0.1153 0.0971
C1.12 0.0655 0.0655 C3.7 0.1268 0.0534
C1.13 0.0583 0.0583 3.8 0.1383 0.1383
Cl.14 0.0437 0.0655 3.9 0.0534 0.1068
C1.15 0.0922 0.0388 Sum 0.9369 0.8161
Cl.16 0.0807 0.0510 Ca.1 0.1268 0.0801
C1.17 0.0874 0.0655 C4.2 0.0303 0.0303
C1.18 0.0922 0.0243 C4.3 0.0534 0.0534
C1.19 0.0485 0.0728 C4 C4.4 0.1383 0.1383
Sum 1.6984 1.4788 C4.5 0.0303 0.0303
e C2.1 0.1068 0.0801 C4.6 0.1153 0.0303
C2.2 0.0971 0.0728 Sum 0.4945 0.3629
Table 10. Allocation ranges for maturity levels.
Linguistic variables Very Low Low Medium High Very high
Clusters Strategy 0.5613 0.8981 0.8981 1.3471
Desirability 0.2033 0.3252 0.3252 0.4879
Feasibility 0.2913 0.4660 0.4660 0.6990
Viability 0.1942 0.3107 0.3107 0.4660
Sum 1.2500 2.0000 2.0000 3.0000
Maturity level: 1deation Preparation

The five simulated linguistic variables generated four intervals between the values. These intervals correspond
to the four maturity levels: ideation, preparation, validation, and incubation. The line “maturity levels” and the
colour of each column present in Table 10, the extent to which the colour becomes darker, represents that the
maturity level is increasing. In the following two sections, we present the spectra of the two projects used as
cases in this work and allocate the projects in the maturity levels based on the intervals produced.

5.4. Maturity Spectrum of innovation projects

The sum of all values obtained from the defuzzification of fuzzy numbers was considered. Defuzzification
of fuzzy numbers is multiplying the weights of each criterion assigned by experts based on the importance
given by project leaders, as shown on Table 11. Therefore, the sum yielded to Project 01 is 3.8641, and it is
possible to classify at the validation level considering the ranges for the proposed maturity levels. A project is
at the validation level when the hypotheses for the three sides of innovation (desirability, technical feasibility,
and economic feasibility) are tested and refined to generate evidence proving the business model’s validation.
In addition, possible alternatives, threats, and opportunities must be analysed. Furthermore, the main activity
at this level is elaborating on a proof of concept, which can be a Minimal Viable Product (MVP) or a prototype.

Considering the values calculated, it was possible to analyse which project is close to reaching the incubation
level since the minimum value to enter this level is 4.000. At this point, it is relevant to carry out a more detailed
analysis of the importance of each group to justify the project allocation at the validation level. On the other
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Table 11. Project 01 maturity evaluation.

Evaluated clusters Project 01 Value Correspondent level
Strategy 1.6984 Validation
Desirability 0.7342 Incubation
Feasibility 0.9369 Incubation
Viability 0.4945 Validation
Sum 3.8641 Validation

hand, the groups corresponding to strategy and economic feasibility reduce the total sum so that the project
remains at the validation level.

For Project 02, the analysis was performed similarly to that of Project 01. The sum of all clusters yielded
case 02, a value of 3.1699, as show in Table 12. Considering the ranges for allocations of the proposed maturity
levels, it is possible to allocate this project at the validation level.

Table 12. Project 02 maturity evaluation.

Evaluated clusters Project 02 Value Correspondent level
Strategy 1.4788 Validation
Desirability 0.5121 Validation
Feasibility 0.8161 Validation
Viability 0.3629 Preparation
Sum 3.1699 Validation

Considering the sum value obtained, it was possible to analyse which project has a low maturity level within
the validation process since the minimum value to enter this level is 3.000 (see Table 10). The project has a
value that is still close to this input value. At this point, it is relevant to carry out a more detailed analysis of
the importance of each group to justify the project allocation at the validation level. For example, it is possible
to notice in Table12 that the groups that represent the strategy, desirability, and technical feasibility have
intermediate values within the validation level, which underlies the fact that the project is allocated within this
class, as 75% of its groups are included in this context. However, the group representing economic feasibility
has values that qualify the project for a level of preparation.

5.5. Projects prioritisation

This topic compares the two cases to establish a ranking between them. The authors carried out this
comparison in two stages: (i) comparing the overall sum of the maturity numbers of each project and (ii) the
group-to-group comparison.

Table 13 presents a comparison of the maturity values between the two projects. 1t is possible to note that,
despite the two projects being in the validation process, Project 01 has greater maturity than Project 02. This scenario
is justified because Project 01 already has values in two of the four groups that fall under the incubation level.
This classification means that this project is in the process of exiting validation and entering the incubation phase.

Table 13. The sum of Evaluation criteria Maturity.

Project 01 Project 02
The sum of Evaluation criteria Maturity 3.8641 3.1699
Ranking 18 2a

On the other hand, Project 2 still has a group with values from the preparation process, a stage before the
validation process, which means that this project is in transition from the preparation stage to the validation
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stage. Therefore, although graphically (Figure 5), it is possible to notice the difference of 0.6942 between the
two projects, this number can be considered negligible since the two projects are in the same process (validation).

Comparasion between projects

5 0000

3E6d1
4 0000

11699

10000
2 0000
100w

00000
Project 1 Project 02

Figure 5. Comparison between the maturity of projects.

A comparison was also made between the two projects considering the four groups of criteria that cover
the three faces of innovation (desirability, technical feasibility, and economic feasibility) plus the group that
addresses the development strategy. Figure 6 presents a radar chart that makes it easier to visualize the difference
between the two projects in these four segments.

——Project 01 = Project 02

Strubegy
2.0000

1.5000

Viahility 0. Desmrability

Feambulity

Figure 6. Comparison between projects in the four evaluation segments.

It is possible to notice in the graph that the difference is more evident in the economic feasibility and
desirability segments. Additionally, the most significant discrepancy is in desirability. Regarding the values,
obtaining higher values for the strategy and desirability segment is justified by the number of criteria evaluated
in these two segments, which are higher concerning the others.

Using all the information, we can develop a decision-making strategy based on project prioritization. This
strategy may involve either accelerating Project 01 into the incubation process or advancing Project 02 directly
into the validation phase.

6. Discussion

Prior training was carried out with the experts and engineers responsible for the projects who answered the
proposed questionnaires to apply the methodology within the company to apply the methodology within the
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company. In this way, everyone involved in the research could contribute their experiences and information
about the respective projects. With this training, there was a negligible impact on the company’s organisational
culture, so simple training was enough to train those involved. Despite being a multinational company with a
high maturity in developing products and technologies, the low impact on the company’s culture reflects the
flexibility of the methodology. 1t can also be applied to small companies as a gateway tool. For the development
of innovative products.

As impacts of the application within the target company, there was an improvement in assertiveness in
decision-making about the advancement of maturity of the evaluated innovation projects so that it was possible
to establish the maturity of each project, which made it easier for the company to decide on the prioritisation of
advancement in product development. Furthermore, applying the approach reduced the number of alignment
and decision-making meetings for company management by 50% since information about project maturity
was summarised when using the approach.

Another feedback obtained within the company was the easy scalability of the methodology, so two projects
from different areas were used, one for a product for the diesel sector and the other for the agribusiness sector.
This suggests that the methodology can be applied in different areas since the evaluation criteria encompass a
project, taking into account the aspects of an innovative product, not limiting it to specific areas of development.

7. Conclusions

This work aimed to answer how the fuzzy-QFD model can be approached to evaluate innovation projects
using real cases immersed within the metalworking industry. An approach called MAPIP fuzzy QFD (Maturity
Analysis and Prioritisation of Innovation Projects) was introduced, containing a what matrix for weighting the
assessment criteria and a HOW matrix for assessing maturity. The application of the Fuzzy-QFD technique in this
research highlights its effectiveness in prioritizing innovation projects based on a structured maturity assessment.
The approach not only aids in identifying the most strategically aligned projects but also helps in assessing project
readiness, supporting resource allocation, and mitigating risks through a systematic evaluation of various criteria.

Two innovation projects under development were evaluated based on the responses collected from the
project leaders in each case. In addition, four experts in the field of innovation were heard, one of whom works
in the same company as the projects evaluated, to obtain a weight for the relevance of each criterion evaluated,
being used in the maturity assessment. As a result, a ranking of the two projects was obtained, placing Project
01 in the first position, followed by Project 02. In addition, it was possible to allocate the two projects within
the proposed maturity levels, where both were classified at the level of validation. However, Project 01 was
considered in the transition period from the validation to the incubation level. Project 02 was allocated in
the transition between preparation and validation. With the results obtained, they advance understanding by
validating the practical applicability of the Fuzzy-QFD approach in real-world settings. The analysis demonstrates
how subjective assessments can be quantified, providing insights into how maturity models can be adapted to
evaluate and prioritize innovation projects strategically, especially in complex industries like metal-mechanical.

The selected cases represent different types of innovation projects with varying degrees of complexity
and novelty within the metal-mechanical industry. This diversity makes them appropriate for evaluating the
research question, as they test the Fuzzy-QFD model across different project characteristics, helping to verify
the model’s versatility and robustness in handling varied innovation scenarios. By applying the model to these
contrasting cases, the study showcases its relevance for a broader range of projects, supporting its utility in
strategic project prioritization.

As limitations of the research, it is possible to point out the following issues. Firstly, as a new methodology,
the application and validation of the proposed method in this study were restricted to the metal-mechanic
industry. Despite this limitation, the technique shows potential applicability to other sectors, which could be
explored in future studies. Secondly, this study focused primarily on quantitative aspects in evaluating results,
given that the Fuzzy-QFD methodology inherently addresses subjective assessments within its criteria evaluation
process. Additionally, the research only examined the internal environment of the company used as a case
study, without considering external factors. Lastly, the effectiveness of the methodology relied heavily on the
availability of specialists to provide input, which directly impacted the outcomes.

As a continuation of the proposed approach, it is recommended the following steps:

® To carry out the study with more cases to analyse the model’s behavior with projects at different maturity levels.

® To carry out the approach in another industry segment to establish its validation in other branches of industry
or even technology.
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® To develop a software to automate the method to speed up its application and validation of results. By specifying
the assessment requirements and providing questionnaire responses as input, it is possible to implement software
capable of performing fuzzy mathematical modelling and producing results more dynamically.

® To evaluate quantitative aspects with the fuzzy QFD methodology and within the evaluation criteria.
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