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Abstract

Paper aims: This paper aims to analyze how different sources of uncertainty interact and influence decision making across 
the early phases of the Product Development Process, with particular attention to their implications for manufacturing 
readiness and project performance.

Originality: The study advances project management and product development research by integrating a phase based 
perspective of uncertainty with a causal modeling approach, offering a structured understanding of how uncertainty 
dynamics evolve rather than treating uncertainties as isolated or static factors.

Research method: The research adopts the Decision Making Trial and Evaluation Laboratory method, supported by 
expert interviews, to model cause and effect relationships among eight uncertainty dimensions across the informational, 
conceptual, and detailed design phases of product development.

Main findings: The results indicate that technological and competitive uncertainties are the most influential factors in 
the informational phase, exerting strong mutual influence. In the conceptual phase, commercial uncertainty emerges as 
the most affected dimension, reflecting its dependence on strategic, technological, and market related factors. In the 
detailed phase, uncertainty intensifies, with commercial, technological, and resource uncertainties showing the highest 
levels of interdependence and overall importance.

Implications for theory and practice: The study contributes theoretically by demonstrating the value of a dynamic, 
phase sensitive view of uncertainty in product development projects. For practitioners, the findings highlight the need 
for adaptive, phase specific uncertainty management strategies that support better decision making, reduce late stage 
risks, and improve alignment between product development and manufacturing execution. These insights support more 
resilient projects and sustained competitive advantage.
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1. Introduction

The current competitive landscape and accelerated pace of societal change demand that companies enhance 
their efficiency and flexibility to respond to evolving market needs. In this context, organizations are increasingly 
challenged to develop products that align closely with customer expectations, requiring agile and competitive 
manufacturing systems (Saisridhar et al., 2024). A key difficulty lies in integrating the technical and technological 
innovations emerging from product development into existing manufacturing processes in a cost-effective 
manner (Kaufmann & Kock, 2022).

One of the main barriers to achieving this integration is the lack of alignment and communication between 
product development and manufacturing functions, which often results in prolonged development cycles and 
missed market deadlines (Bakhshi et al., 2025; Jugend & Silva, 2014). Reducing this gap and effectively managing 
uncertainty are therefore critical to improving new product development (NPD) outcomes. Projects inherently 
face multiple forms of uncertainty, originating from both internal and external sources such as market volatility, 
technological change, societal trends, and organizational dynamics (Bakhshi et al., 2025; Kaufmann & Kock, 2022; 
Saisridhar et al., 2024). Managing these uncertainties is essential, given their impact on project duration, cost, 
and the ability to meet customer requirements (Stock et al., 2021).

The Decision-Making Trial and Evaluation Laboratory (DEMATEL) method offers a robust approach for 
modelling and understanding complex interrelationships among factors contributing to uncertainty. By quantifying 
the intensity and direction of influence among variables, DEMATEL supports decision-makers in identifying 
critical drivers and dependencies. As highlighted by Kashi and Franek (Dinh Khoa & Mai Anh, 2024), the method 
is particularly useful for mapping causal relationships in multidimensional systems.

Despite its potential, the literature reveals notable gaps. Many studies focus on isolated stages of the product 
development process (Eslami & Melander, 2019; Petronijevic et al., 2022), potentially neglecting the broader 
systemic implications of uncertainty across the entire PDP. Moreover, product development activities are often 
conducted in a fragmented manner, with limited integration among organizational actors and knowledge 
sources (Marin & Kaminski, 2020). Furthermore, research often fails to address sector-specific characteristics 
or to incorporate emerging technological contexts such as digital transformation and Industry 4.0, which are 
transforming manufacturing systems and production environments (Schmidt et al., 2023). This fragmented view 
may lead to suboptimal decisions, increasing project risks and inefficiencies (Shabani et al., 2023).

Addressing these gaps requires a more comprehensive and integrative analytical approach. This study applies 
the DEMATEL method to evaluate how key uncertainty factors interact across three early stages of the product 
development process: informational, conceptual, and detailed design, and their implications for manufacturing 
integration. By examining uncertainty across multiple phases, the study contributes to a more holistic understanding 
of project dynamics and supports the development of targeted strategies for uncertainty management.

The paper is structured as follows: Section 2 presents the literature review, Section 3 describes the methodological 
approach, Section 4 discusses the results, and Section 5 concludes with managerial and theoretical implications 
and avenues for future research. The central research question guiding this study is: How do uncertainty-related 
variables impact the effectiveness of product development and its integration with manufacturing?

2. Theoretical background

2.1. Product development and process integration

The Product Development Process (PDP) encompasses a structured set of activities aimed at defining the 
specifications of a product and its associated manufacturing process, considering market needs, production 
capabilities, and technological constraints (Butturi et al., 2025; Varandas Junior & Miguel, 2012). As noted by 
Patel et al. (2024), PDP involves multiple stakeholders with distinct interests: organizations seek rapid returns on 
investment; customers demand innovative and affordable products; sales teams require differentiation; and production 
engineers aim for manufacturability with minimal waste. Although it is impossible to eliminate all variability 
from PDP, a structured approach enables better control, especially in complex projects (Browning & Koch, 2025). 
Among widely adopted models, Amajuoyi et al. (2024) proposed a framework comprising three macro-processes: 
pre-development, development, and post-development, supported by continuous processes such as engineering 
change management and PDP improvement.

Within the development macro-process, three early phases (i.e., informational, conceptual, and detailed design) 
are particularly relevant due to their high potential for influence and relatively low implementation costs. The 
informational phase involves translating strategic directives into technical specifications (Romeiro et al., 2013). 
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The conceptual phase models product functionality, explores solution alternatives, and defines system architecture. 
It includes technical and economic feasibility analyses (Amajuoyi et al., 2024). The detailed phase consolidates 
the product definition through testing, documentation, and production planning, forming the basis for 
manufacturing scale-up (Abanda et al., 2025).

Reducing uncertainty during these early phases enhances alignment with customer needs and ensures a 
smoother transition to production. According to Amajuoyi et al. (2024), effective PDP depends on information 
quality and continuous requirement reassessment based on changing market conditions.

2.2. Uncertainty in project and product development

Uncertainty is inherent in all projects and varies in source, magnitude, and impact. Broadly defined as the 
inability to predict outcomes or determine the true state of a system (Moerth-Teo et al., 2025; Zio, 2025), 
uncertainty in engineering design and PDP arises from both internal and external factors. These include 
technological changes, market dynamics, regulatory shifts, and organizational transformation (Bakhshi et al., 
2025; Kaufmann & Kock, 2022; Saisridhar et al., 2024). From a classification perspective, uncertainty can be 
epistemic (reducible through improved knowledge) or aleatory (stemming from intrinsic randomness) (Brinkmann 
& Wynn, 2025). In PDP, both types coexist and affect project performance in different ways. Project management 
literature often addresses uncertainty via risk analysis, conceptualizing it in terms of event probability and impact 
on objectives (Liew et al., 2024). Process-wise, uncertainty is reflected in risk elements: external (e.g., supplier 
reliability, natural events) or internal (e.g., estimation errors, capacity limitations) (Hu et al., 2025; Liew et al., 
2024). Some uncertainties are exogenous to PDP, driven by external dynamics such as market volatility or political 
shifts; others are endogenous, linked to process complexity or low maturity in product or process technologies 
(Ali & Rafique, 2024; Ferguson et al., 2024; Zhang & Li, 2025).

Effective uncertainty management is thus a key determinant of project success. Failures typically stem 
from overconfidence in technical knowledge, disregard for human factors, or inadequate risk prioritization 
(Panarotto & Alonso Fernández, 2024). Various studies identify core uncertainty domains including technological, 
resource, competitive, supplier, consumer, political, organizational, and commercial as critical influences in PDP 
(Cowden et al., 2024; Eslami & Melander, 2019). Notably, while uncertainty increases potential risks, it also 
introduces opportunities for competitive advantage. Higher uncertainty environments, when managed strategically, 
may lead to superior outcomes (Zhang & Min, 2024). To support such management, Restrepo et al. (2025) 
defines Uncertainty Management as a structured, quantitative decision-making process aimed at identifying 
optimal outcomes under uncertain conditions. Aligned with ISO 31000 guidelines, the goal is not merely to 
mitigate threats but also to enhance the exploitation of emerging opportunities through informed prioritization, 
control, and monitoring (Kao et al., 2026).

3. Methodological approach

This study employed the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method, originally 
developed by the Battelle Memorial Institute (Thakkar, 2021), in conjunction with expert interviews. DEMATEL 
is particularly effective for structuring and visualizing complex causal relationships within systems, as it 
allows for the aggregation of expert knowledge to construct a comprehensive structural model and produce 
a causal diagram.

Through a matrix-based approach, DEMATEL reveals cause-and-effect relationships among interrelated 
elements by quantifying their direct and indirect influences (Thakkar, 2021). The method is well suited for 
exploring systems characterized by intricate interdependencies, as it enables a deeper understanding of how 
individual factors interact and influence each other (Dalvi-Esfahani et al., 2019; Ortiz-Barrios et al., 2020). 
Similar applications have been reported in industrial decision-making contexts, where DEMATEL has been used 
to identify causal relationships among critical performance factors (Darestani et al., 2020).

By converting relational feedback loops into directed graphs, DEMATEL facilitates the identification of the 
most influential and dependent components within a system, thereby supporting more informed decision-making 
(Dalvi-Esfahani et al., 2019). In addition to mapping interrelations, the method contributes to dimensionality 
reduction by highlighting the most relevant criteria for analysis. According to Huynh-Cam et al. (2024), the 
use of impact-relational digraphs enhances the clarity of subsystem dynamics and supports more targeted 
management actions.
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3.1. Methodological justification

The DEMATEL method was selected because the objective of this study is not merely to rank uncertainty factors, 
but to understand the direction, intensity, and interdependence of causal relationships among them across different 
PDP phases. Unlike purely hierarchical or scoring-based multi-criteria methods, DEMATEL explicitly models feedback 
loops and bidirectional influences, which are central to uncertainty propagation in complex product development 
environments (Huynh-Cam et al., 2024). In the context of this research, relationships among uncertainty factors 
are treated as non-compensatory in structural logic, since the influence of one factor over another is not offset by 
superior performance elsewhere. Instead, uncertainties accumulate and propagate through cause-effect mechanisms. 
However, the aggregation of expert judgments through averaging implies a limited compensatory feature at the 
data consolidation stage, ensuring collective representation rather than dominance by individual perceptions.

Among alternative approaches, the Analytic Hierarchy Process (AHP) is often cited. It was not adopted because 
this study aims to model causal and reciprocal relationships among interdependent uncertainty factors, rather than 
derive hierarchical priority weights. AHP assumes relative independence and focuses on preference intensity, whereas 
DEMATEL better captures systemic interdependencies (Ortiz-Barrios et al., 2020). The 0-4 influence scale follows 
established DEMATEL applications (e.g., Sallum et al., 2018; Campos et al., 2021) and measures degree of influence, not 
strict preference. A narrower scale reduces cognitive burden and improves consistency across multiple comparisons. As 
DEMATEL relies on normalization, expanding to a 1-9 scale would add limited precision while increasing subjectivity.

The use of nine experts constitutes a limitation related to sample size and generalizability. Although this number 
is consistent with prior DEMATEL-based studies, which emphasize expertise over large samples, the findings reflect 
perceptions from a specific professional context and may not capture the full diversity of uncertainty dynamics across 
industries. However, the experts were carefully selected based on experience in product development and manufacturing 
integration, ensuring informed and technically grounded assessments. In causal modelling approaches such as DEMATEL, 
the quality and relevance of expertise are more critical than statistical representativeness (Ortiz-Barrios et al., 2020).

3.2. Uncertainty sources

To identify and systematize the main uncertainties addressed in the literature, a literature review was 
conducted using three academic databases. Web of Science served as the primary source due to its long-standing 
role in monitoring the evolution of global scientific output (Ortega & Delgado-Quirós, 2024). To broaden the 
scope of the review, Scopus was also included, given its extensive coverage and relevance in scientific research. 
Additionally, Google Scholar was consulted to capture influential publications that might not be indexed in 
traditional databases but are widely referenced in the academic community. Table 1 presents the uncertainties 
most frequently cited across the reviewed studies.

3.3. Definition of the study phases

The development macro-phase comprises five distinct phases: informational design, conceptual design, detailed 
design, preparation for production, and product launch. The first three of these phases are delineated in Table 2.

The focus on the informational, conceptual, and detailed design phases is justified by their strategic relevance 
in shaping the overall trajectory of product development projects. These early phases concentrate the most critical 
decisions regarding product architecture, technology selection, market positioning, and resource allocation, 
while maintaining relatively high flexibility and lower cost of change. Similarly, early-stage design decisions 
significantly constrain downstream manufacturing and operational performance. By concentrating on these first 
three phases, this study captures the period in which uncertainty is both most influential and most manageable, 
before decisions become locked-in and reversibility diminishes. Later phases tend to focus more on execution 
and control, where the scope for structurally reshaping uncertainty relationships is substantially reduced.

3.4. Expert consultation process

The interview protocol was carefully developed through collaborative discussions among the authors to 
ensure that the language and terminology used in the questionnaire were aligned with the vocabulary commonly 
employed by professionals in their respective organizational contexts. Particular attention was given to defining 
the respondent profile, with the selection criteria refined to target individuals possessing relevant experience 
and the capacity to provide informed and meaningful insights for the study. Table 3 presents a summary of the 
respondents’ professional backgrounds.
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Table 1. Explanation of contributing factors, adapted from Cowden et al. (2024); Eslami & Melander (2019).

Factors
(Uncertainty sources)

Description of the Critical Factors

Technological Uncertainty (TU) INTERNAL:

Uncertainty arising from the characteristics of new technologies, including cost structures and performance parameters.

Limited organizational understanding or expertise in selecting the most appropriate technological solutions.

EXTERNAL:

Customers’ limited ability to assess and select technologies that best meet their needs.

Resource Uncertainty (RU) INTERNAL:

Concerns related to the availability and sufficiency of internal resources, such as raw materials, human capital, 
and financial assets.

Competitive Uncertainty (CU) EXTERNAL:

Market dynamics, including unpredictable behaviour from current and potential competitors.

Supplier Uncertainty (SU) EXTERNAL:

Supplier-related issues such as variability in quality, pricing, or delivery performance, 
with uncertainty increasing proportionally to the level of supplier dependency.

Challenges in identifying the most appropriate supplier selection criteria.

Consumer Uncertainty (COU) EXTERNAL:

Consumer-side uncertainties involving evolving preferences, demand trends, and market acceptance over time.

Political Uncertainty (PU) EXTERNAL:

Political and regulatory instability stemming from governmental behaviour, legislative shifts, and the unpredictability 
of current or future public policies that may impact business operations.

Organizational Uncertainty (OU) INTERNAL:

Organizational misalignments, including insufficient cross-functional integration, lack of top management support, 
and deficient internal communication and collaboration.

Commercial Uncertainty (COMU) INTERNAL:

Internal investments required for employee development and training initiatives.

EXTERNAL:

Market-related uncertainties linked to product success, pricing strategies, and protection of intellectual property rights.

Table 2. Initial phases of product development, adapted from Amajuoyi et al. (2024).

Development Phase Description

Informational Design A survey and analysis of the requisite project information.

Conceptual Design The required product functionalities have been modelled.

Detailed Design Characterized by the undertaking of essential testing, the planning of manufacturing procedures, the creation of requisite documentation, 
and product authorization, alongside the development of supportive materials and product packaging design.

Table 3. Respondent’s professional backgrounds.

Expert Age Specialization Function Time in current position Business segment

1 36 to 45 years Master’s degree in production 
engineering

Manufacturing Processes 
and Projects Specialist

4 years White Goods

2 26 to 35 years MBA in Project Management Projects Specialist 1 year Industrial Projects

3 45 to 60 years Master’s degree in 
mechanical engineering

Projects Manager 15 years White Goods

4 36 to 45 years MBA in Project Management Engineering Manager 4 months e-commerce

5 36 to 45 years MBA in Project Management 
and MBA in Manufacturing 

Management

Manufacturing Processes 
and Projects Specialist

2 years Plastic for the 
Construction Industry

6 26 to 35 years Processes specialist Manufacturing Processes 
and Projects Specialist

3 years White Goods

7 36 to 45 years PhD student in Mechanical 
Engineering

Manufacturing Processes 
and Projects Specialist

5 years White Goods

8 36 to 45 years MBA in people and business 
management/ MBA in electric 

mobility and renewable 
energy

Innovation Operations 
Manager

2 years Industrial Research

9 45 to 60 years Business logistics specialist Production Planning 
Coordinator

1 year Plastic for the 
Construction Industry
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Respondents were instructed to quantify the degree of interference of factors (uncertainties) using a numerical 
scale from 0 to 4, as delineated in Table 4.

According to Sallum et al. (2018), a scale ranging from 0 to 4 is employed to assess influence. Zero signifies 
no influence, one indicates minimal influence, two denotes moderate influence, three represents substantial 
influence, and four corresponds to very strong influence. Table 5 delineates the correlation between the degree 
of influence one factor exerts upon another and the corresponding numerical representation to be chosen.

3.5. Application of the Decision Making Trial and Evaluation Laboratory (DEMATEL) Method.

Following the data collection process, the DEMATEL method was employed to analyse the interrelationships 
among the identified uncertainty factors in product development. It followed a structured seven-stage procedure, 
based on methodological guidelines proposed by Nalluri et al. (2025), Dalvi-Esfahani et al. (2025), and Ortiz-
Barrios et al. (2020). It is worth noting that the initial stages - (i) defining the factors and research objectives, 
and (ii) collecting data from experts - were previously detailed. The subsequent steps, specific to the DEMATEL 
implementation, are outlined below:

Stage 1: In collaboration with the experts, the questionnaire was designed to capture perceived causal relationships 
among the uncertainty factors. At this stage, the evaluation criteria and scope of analysis were clearly defined, 
aligning the research objectives with the experts’ perspectives.

Stage 2: Meetings were conducted to select experts with relevant experience to ensure reliable and meaningful 
input. The finalized questionnaires were then distributed, and each expert evaluated the degree of influence 
between each pair of factors using a pairwise comparison approach, resulting in an n×nn \ nn×n matrix for 
each respondent.

Stage 3: Once the individual responses were collected, the direct-relation matrices were generated in accordance 
with Equation 1, forming the basis for subsequent analytical steps.

1

1 n k
ijk

A A
n =

= ∑  	 (1)

Table 5. Quantification and level of impact (Campos et al., 2021; Dalvi-Esfahani et al., 2019).

Normal values Influence degree

0 No influence

1 Very low influence

2 Low influence

3 Strong influence

4 Very strong influence

Table 4. DEMATEL Questionnaire Form.

Factors*
INFORMATIONAL PHASE CONCEPTUAL PHASE DETAILED PHASE

TU RU CU SU COU PU OU COMU TU RU CU SU COU PU OU COMU TU RU CU SU COU PU OU COMU

TU 0 0 0

RU 0 0 0

CU 0 0 0

SU 0 0 0

COU 0 0 0

PU 0 0 0

OU 0 0 0

COMU 0 0 0
Note: *Uncertainty sources. TU technological uncertainty factor, RU resource uncertainty factor, CU competitive uncertainty factor, SU supplier uncertainty factor, COU consumer 
uncertainty factor, PU political uncertainty factor, OU organizational uncertainty factor, and COMU commercial uncertainty factor.
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Stage 4: In this stage, the general direct-relation matrix (X) is normalized. Each element in the matrix is divided 
by the maximum of the sums of the rows or columns, ensuring that all values fall within a defined scale and 
are comparable.

  X k A= ⋅  	 (2)

1   1
1 / ,  , 1, 2,...,

n
i n j

k max aij i j n≤ ≤
=

= =∑  	 (3)

Stage 5: The total-relation matrix (T) is then computed. This involves subtracting matrix X from the identity matrix 
(I), calculating the inverse of (I – X), and multiplying the result by X.

( ) 1T X I X −= −  	 (4)

Stage 6: To construct the causal diagram, the sum of the rows (D) and the sum of the columns (R) are calculated 
for matrix T. These values are used to determine the prominence (D+RD + RD+R) and net effect (D−RD - RD−R) 
of each factor, which are essential for identifying cause–effect relationships.

Stage 7: Finally, a causal digraph is constructed. A threshold value is defined - typically based on the mean 
or standard deviation of the elements in matrix T - to filter out negligible relationships. Only the values 
exceeding this threshold are retained and represented in the diagram to highlight the most significant 
causal influences.

4. Results

Following the procedures described in Section 3.5, the analysis was conducted through three rounds of 
DEMATEL, incorporating the perspectives of nine experts on the early stages of product development - namely, 
the informational, conceptual, and detailed design phases. The experts evaluated the influence of eight key 
sources of uncertainty: technological, resource, competitive, supplier, consumer, political, organizational, and 
commercial. Their assessments were structured around the potential impact of each uncertainty type on the 
respective development phases. Individual judgments were recorded in the form of 8×8 pairwise comparison 
matrices, one for each phase, resulting in three matrices per expert. These matrices are provided in Appendix 1. 
Subsequently, for each development phase, an average direct-relation matrix was computed by aggregating the 
responses of all experts. Table 6 presents the resulting average direct-relation matrices for the informational, 
conceptual, and detailed phases, respectively. Table 7 presents the degree of influence between each pair of 
factors using a pairwise comparison approach.

For the construction of the causal diagrams, threshold values were established for the total-relation matrix 
(T) in each phase of the product development process. Specifically, relationships with values exceeding 1.132, 
1.266, and 2.537 were considered significant for the informational, conceptual, and detailed design phases, 
respectively. These values served to filter out weaker influences and retain only the most relevant relationships. 
The significant entries are highlighted in bold in Table 8.

The value of D+R reflects the overall level of interaction a given factor has within the system, representing the 
total amount of influence it both exerts on and receives from other factors. In contrast, the D–R value indicates 
the net influence of a factor, allowing the identification of causal (positive D–R) and effect (negative D–R) 
elements within the system. A positive D–R suggests that the factor acts primarily as a cause, exerting greater 
influence than it receives, whereas a negative D–R denotes an effect, being more influenced by others. Table 9 
presents the prominence (D+R) and the cause–effect orientation (D–R) of each uncertainty factor across the 
phases analysed.

The comparative analysis across the informational, conceptual, and detailed phases reveals a dynamic pattern 
of influence among uncertainty factors. While early stages are dominated by technological and competitive 
uncertainties, later stages show increasing interdependence, particularly involving commercial and resource 
dimensions. These results suggest that uncertainty does not remain static throughout the PDP, but evolves in 
structure and intensity.
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Table 6. Matrix A.

INFORMATIONAL PHASE

Factors TU RU CU SU COU PU OU COMU

TU 0 2.889 2.556 2.778 2.556 1.444 1.778 2.556
RU 2.667 0 2.222 2.222 1.444 1.444 2.000 2.222
CU 2.556 2.000 0 2.111 3.000 1.667 2.111 3.222
SU 2.778 2.222 1.889 0 1.667 1.111 1.444 2.000

COU 2.111 1.444 2.778 1.444 0 1.778 1.778 3.000
PU 1.333 1.889 2.111 1.889 2.556 0 1.667 2.222
OU 2.000 2.778 2.222 2.111 1.667 1.111 0 2.222

COMU 2.333 2.111 2.667 2.222 2.444 1.778 1.333 0
CONCEPTUAL PHASE

Factors TU RU CU SU COU PU OU COMU
TU 0 3.000 1.778 3.222 1.556 1.333 1.778 2.333
RU 3.222 0 1.889 2.222 1.444 1.444 2.333 2.444
CU 2.556 1.667 0 2.333 2.667 1.444 2.333 3.000
SU 3.000 2.556 1.889 0 1.667 1.000 1.333 2.444

COU 1.778 1.667 2.444 1.667 0 1.333 1.778 3.111
PU 1.556 2.000 2.222 2.222 1.889 0 1.778 2.333
OU 2.222 2.444 1.889 1.778 1.444 1.333 0 2.111

COMU 2.333 1.556 2.444 1.778 2.556 1.556 1.444 0
DETAILED PHASE

Factors TU RU CU SU COU PU OU COMU
TU 0 2.556 1.667 2.667 1.778 1.333 1.444 2.444
RU 2.444 0 1.778 2.667 1.333 1.222 2.444 2.111
CU 2.000 1.556 0 2.111 2.333 1.111 2.000 2.667
SU 2.556 2.889 1.667 0 1.556 1.111 1.778 2.111

COU 1.333 1.333 2.333 1.444 0 1.111 1.667 2.889
PU 1.222 1.667 1.667 2.111 1.778 0 1.778 2.000
OU 1.778 2.556 1.444 2.000 1.222 1.333 0 2.333

COMU 2.222 1.333 2.333 1.556 2.889 1.444 1.444 0
Note: TU technological uncertainty factor, RU resource uncertainty factor, CU competitive uncertainty factor, SU supplier uncertainty factor, COU consumer uncertainty factor, 
PU political uncertainty factor, OU organizational uncertainty factor, and COMU commercial uncertainty factor.

Table 7. Matrix X.

INFORMATIONAL PHASE

Factors TU RU CU SU COU PU OU COMU

TU 0 0.170 0.150 0.170 0.150 0.090 0.110 0.150
RU 0.160 0 0.130 0.130 0.090 0.090 0.120 0.130
CU 0.150 0.120 0 0.130 0.180 0.100 0.130 0.190
SU 0.170 0.130 0.110 0 0.100 0.070 0.090 0.120

COU 0.130 0.090 0.170 0.090 0 0.110 0.110 0.180
PU 0.080 0.110 0.130 0.110 0.150 0 0.100 0.130
OU 0.120 0.170 0.130 0.130 0.100 0.070 0 0.130

COMU 0.140 0.130 0.160 0.130 0.150 0.110 0.080 0
CONCEPTUAL PHASE

Factors TU RU CU SU COU PU OU COMU
TU 0 0.190 0.110 0.200 0.100 0.080 0.110 0.150
RU 0.200 0 0.120 0.140 0.090 0.090 0.150 0.150
CU 0.160 0.100 0 0.150 0.170 0.090 0.150 0.190
SU 0.190 0.160 0.120 0 0.100 0.060 0.080 0.150

COU 0.110 0.100 0.150 0.100 0 0.080 0.110 0.190
PU 0.100 0.130 0.140 0.140 0.120 0 0.110 0.150
OU 0.140 0.150 0.120 0.110 0.090 0.080 0 0.130

COMU 0.150 0.100 0.150 0.110 0.160 0.100 0.090 0
DETAILED PHASE

Factors TU RU CU SU COU PU OU COMU
TU 0 0.180 0.120 0.190 0.130 0.100 0.100 0.170
RU 0.170 0 0.130 0.190 0.100 0.090 0.170 0.150
CU 0.140 0.110 0 0.150 0.170 0.080 0.140 0.190
SU 0.180 0.210 0.120 0 0.110 0.080 0.130 0.150

COU 0.100 0.100 0.170 0.100 0 0.080 0.120 0.210
PU 0.090 0.120 0.120 0.150 0.130 0 0.130 0.140
OU 0.130 0.180 0.100 0.140 0.090 0.100 0 0.170

COMU 0.160 0.100 0.170 0.110 0.210 0.100 0.100 0
Note: TU technological uncertainty factor, RU resource uncertainty factor, CU competitive uncertainty factor, SU supplier uncertainty factor, COU consumer uncertainty factor, 
PU political uncertainty factor, OU organizational uncertainty factor, and COMU commercial uncertainty factor.
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Table 8. Matrix T.
INFORMATIONAL PHASE

Factors TU RU CU SU COU PU OU COMU
TU 1.053 1.152 1.211 1.123 1.144 0.792 0.911 1.270
RU 1.062 0.885 1.064 0.980 0.969 0.704 0.822 1.115
CU 1.192 1.119 1.089 1.099 1.176 0.810 0.933 1.312
SU 1.006 0.942 0.985 0.804 0.920 0.646 0.747 1.038

COU 1.044 0.972 1.103 0.950 0.903 0.730 0.819 1.166
PU 0.956 0.942 1.018 0.922 0.984 0.599 0.775 1.073
OU 1.022 1.018 1.054 0.965 0.969 0.682 0.708 1.105

COMU 1.084 1.029 1.125 1.013 1.055 0.748 0.820 1.041
CONCEPTUAL PHASE

Factors TU RU CU SU COU PU OU COMU
TU 1.198 1.227 1.136 1.262 1.048 0.781 1.020 1.366
RU 1.365 1.069 1.141 1.215 1.043 0.787 1.048 1.371
CU 1.394 1.217 1.094 1.276 1.158 0.825 1.097 1.467
SU 1.283 1.140 1.078 1.027 0.996 0.721 0.943 1.296

COU 1.205 1.078 1.096 1.103 0.894 0.731 0.953 1.315
PU 1.210 1.110 1.097 1.145 1.010 0.662 0.965 1.293
OU 1.192 1.088 1.033 1.078 0.943 0.708 0.826 1.226

COMU 1.226 1.071 1.091 1.107 1.028 0.739 0.934 1.147
DETAILED PHASE

Factors TU RU CU SU COU PU OU COMU
TU 2.303 2.457 2.277 2.544 2.293 1.594 2.185 2.830
RU 2.469 2.324 2.296 2.563 2.282 1.599 2.255 2.831
CU 2.393 2.368 2.142 2.477 2.297 1.561 2.185 2.808
SU 2.432 2.451 2.251 2.359 2.254 1.564 2.181 2.782

COU 2.111 2.107 2.056 2.186 1.925 1.401 1.945 2.535
PU 2.116 2.142 2.028 2.238 2.043 1.334 1.963 2.498
OU 2.236 2.279 2.094 2.323 2.091 1.477 1.929 2.614

COMU 2.313 2.264 2.204 2.356 2.244 1.521 2.074 2.546
Note: Informational, conceptual, and detailed phases with thresholds higher than 1.132, 1.266, and 2.537 are shown in bold, respectively. TU technological uncertainty 
factor, RU resource uncertainty factor, CU competitive uncertainty factor, SU supplier uncertainty factor, COU consumer uncertainty factor, PU political uncertainty factor, 
OU organizational uncertainty factor, and COMU commercial uncertainty factor.

Table 9. Ranking of importance and net cause/effect values.
INFORMATIONAL

Factors D R D+R D-R Weight Ranking Impact
TU 8.655 8.418 17.073 0.237 0.137 2 Cause
RU 7.601 8.060 15.661 -0.458 0.125 5 Effect
CU 8.730 8.649 17.380 0.081 0.139 1 Cause
SU 7.087 7.855 14.942 -0.767 0.120 6 Effect

COU 7.687 8.119 15.805 -0.432 0.127 4 Effect
PU 7.269 5.711 12.980 1.558 0.104 8 Cause
OU 7.522 6.535 14.057 0.988 0.113 7 Cause

COMU 7.914 9.121 17.035 -1.207 0.136 3 Effect
Total 124.934 Threshold = 1.132

CONCEPTUAL
Factors D R D+R D-R Weight Ranking Impact

TU 9.038 10.073 19.110 -1.035 0.138 1 Effect
RU 9.039 9.002 18.041 0.036 0.130 4 Cause
CU 9.530 8.767 18.296 0.763 0.132 3 Cause
SU 8.484 9.211 17.695 -0.728 0.127 5 Effect

COU 8.376 8.119 16.495 0.257 0.119 6 Cause
PU 8.490 5.954 14.444 2.536 0.104 8 Cause
OU 8.095 7.787 15.881 0.308 0.114 7 Cause

COMU 8.343 10.481 18.824 -2.137 0.136 2 Effect
Total 138.787 Threshold = 1.266

DETAILED
Factors D R D+R D-R Weight Ranking Impact

TU 18.48 18.37 36.86 0.11 0.131 4 Cause
RU 18.62 18.39 37.01 0.23 0.131 3 Cause
CU 18.23 17.35 35.58 0.88 0.126 5 Cause
SU 18.27 19.04 37.32 -0.77 0.133 2 Effect

COU 16.27 17.43 33.69 -1.16 0.120 7 Effect
PU 16.36 12.05 28.41 4.31 0.101 8 Cause
OU 17.04 16.72 33.76 0.32 0.120 6 Cause

COMU 17.52 21.44 38.97 -3.92 0.138 1 Effect
Total 281.59 Threshold = 2.537

Note: TU technological uncertainty factor, RU resource uncertainty factor, CU competitive uncertainty factor, SU supplier uncertainty factor, COU consumer uncertainty factor, 
PU political uncertainty factor, OU organizational uncertainty factor, and COMU commercial uncertainty factor.
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The findings reinforce the argument that uncertainty management in product development must be approached 
from a systemic and phase-sensitive perspective. Rather than acting independently, uncertainty dimensions form 
evolving causal structures that reshape decision-making conditions across the PDP.

Causal diagrams were constructed for each phase based on the total relationship matrix (T-matrix) presented 
in Table 8 and the prominence and net cause-effect values summarized in Table 9. In these diagrams, the x-axis 
represents the overall importance (D+R) of each factor, while arrows indicate the direction and strength of influence. 
Bilateral influences are represented by solid lines, whereas unilateral influences are depicted with dashed lines. 
A threshold value of 1.132 (calculated as the average value of the T-matrix elements plus one standard deviation 
(i.e., 0.156)) was used to determine which influences were significant enough to be included in the diagrams.

Figures  1  and  2 illustrate the causal structure of uncertainty factors during the informational phase. 
Technological and competitive uncertainties emerged as the most prominent and mutually reinforcing factors, 
exerting bilateral influence not only on each other but also across the broader set of variables. These findings 
align with the literature, particularly Cowden  et  al. (2024), who emphasize the dual internal and external 
nature of technological uncertainty and highlight the critical importance of selecting appropriate technologies 
in early-stage development, as well as its role in amplifying competitive pressures (Eslami & Melander, 2019; 
Zhang & Li, 2025). Similarly, Eslami and Melander (2019) and Cowden et al. (2024) underscore the central 
role of competitive uncertainty in this phase, as early strategic decisions are largely contingent upon accurate 
interpretations of market dynamics and competitor behaviour (Saisridhar et al., 2024).

Figure 1. Causal Diagram - Informational Phase.
Note: TU technological uncertainty factor, RU resource uncertainty factor, CU competitive uncertainty factor, 

SU supplier uncertainty factor, COU consumer uncertainty factor, PU political uncertainty factor, OU organizational uncertainty factor, 
and COMU commercial uncertainty factor.

Figure 2. Influence Diagram: Factors within the Informational Phase.
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Conversely, political, organizational, and supplier uncertainties were perceived as having lower influence 
in the informational phase. Their limited prominence at this stage suggests that external structural or supply-
chain-related disruptions may not yet significantly affect decision-making, although their influence may grow 
in subsequent phases of the development process (Kaufmann & Kock, 2022; Hu et al., 2025).

Figures 3 and 4 illustrate the causal relationships among uncertainty factors during the conceptual phase of 
product development. In this stage, commercial uncertainty is identified as the most influenced factor, receiving 
input from a variety of other uncertainties. In contrast, competitive and supplier uncertainties emerge as the 
most influential drivers of other factors within the system. Notably, political uncertainty exerts the strongest 
influence on commercial uncertainty in this phase, highlighting the growing relevance of external institutional 
and regulatory conditions.

These results are consistent with the observations of Eastwood et al. (2017) and Eslami & Melander (2019), 
who characterize political uncertainty as an external force shaped by governmental regimes and policy directions 
that can significantly affect organizational decision-making. Furthermore, commercial uncertainty at this stage 
is subject to both internal and external influences: internally, it relates to the adequacy of workforce training 
and organizational readiness; externally, it is shaped by the market viability of the product, including pricing 
strategies and customer acceptance.

Figure 3. Causal Diagram - Conceptual Phase.
Note: TU technological uncertainty factor, RU resource uncertainty factor, CU competitive uncertainty factor, SU supplier 

uncertainty factor, COU consumer uncertainty factor, PU political uncertainty factor, OU organizational uncertainty factor, and 
COMU commercial uncertainty factor.

Figure 4. Influence Diagram: Factors within the Conceptual Phase.
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A threshold of 1.266, calculated as the average value of the total relationship matrix plus one standard 
deviation (0.182), was used to determine the minimum strength required for a relationship to be considered 
significant in the causal diagrams for this phase.

Figures 5 and 6 depict the causal relationships among uncertainty factors in the detailed design phase of 
the product development process. Notably, commercial uncertainty emerges as the factor most influenced by 
other uncertainties at this stage, suggesting its centrality in later decision-making. In contrast to earlier phases, 
technological and resource uncertainties exert the most substantial influence on other factors during this phase. 
Technological uncertainty continues to play a dominant role, consistent with the findings of Eslami & Melander 
(2019), who describe this factor as particularly critical from the external perspective of customers, who may lack 
the expertise to assess the suitability of emerging technologies.

Resource uncertainty also stands out as a key influencing factor, aligning with Eastwood et al. (2017), who 
emphasize concerns regarding the availability and adequacy of raw materials, human resources, and financial 
capital in later PDP stages. Political uncertainty, though less prominent in earlier phases, becomes a significant 
antecedent to commercial uncertainty in this phase, illustrating how external regulatory and macroeconomic 
dynamics can cascade into market viability considerations.

Figure 5. Causal Diagram - Detailed Phase.
Note: TU technological uncertainty factor, RU resource uncertainty factor, 

CU competitive uncertainty factor, SU supplier uncertainty factor, COU consumer uncertainty factor, 
PU political uncertainty factor, OU organizational uncertainty factor, and COMU commercial uncertainty factor.

Figure 6. Influence Diagram: Factors within the Detailed Phase.
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The threshold value used to filter significant causal relationships in the detailed design phase was set at 
2.537, derived from the mean of the T-matrix values plus one standard deviation (0.337), ensuring analytical 
consistency across phases.

Analysing expert perspectives on individual factors within each phase of product development provides 
valuable insight into the dynamic behaviour of these factors throughout the entire development lifecycle. This 
approach allows for a granular evaluation of how each factor’s influence shifts as the new product progresses 
from conception to launch.

To visualize the cumulative importance of these factors, a methodology involving the summation of D+R vectors 
(where ‘D’ and ‘R’ likely represent specific metrics related to direction and magnitude of impact, respectively) 
for each phase of development is employed. The resulting aggregate view, illustrated in Figure 7, presents a 
comprehensive overview of the perceived significance of each factor across the entire PDP. This aggregated 
representation enables stakeholders to understand the relative weight and contribution of each factor to the 
overall success of the product development initiative.

Comparative analysis across the three phases reveals that the prominence of uncertainty factors remains 
relatively similar between the informational and conceptual stages. However, in the detailed design phase, a 
substantial increase in both the intensity and complexity of interactions among uncertainty factors is observed. 
This supports the view presented by Zhang and Min (2024), who associate elevated uncertainty with ambiguous 
requirements, novel design processes, technological development, conflicting stakeholder interpretations, and 
interdependent activities that characterize the latter stages of product development (Ferguson et al., 2024; 
Panarotto & Alonso Fernández, 2024).

Ferreira et al. (2024) further reinforces the necessity of integrated problem-solving strategies and early 
stakeholder involvement to address such uncertainties effectively. In line with these perspectives, the findings of 
this study suggest that uncertainty management efforts must intensify during the detailed design phase, with 
greater attention to monitoring, responsiveness, and mitigation mechanisms (Stock et al., 2021; Liew et al., 2024). 
Table 10 presents factor ranking across PD phases.

Figure 7. Analysis and comparison of the relative importance of each factor.
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5. Discussion

5.1. Theoretical implications

The comprehensive analysis of uncertainty factors throughout the different phases of product development 
using the DEMATEL method contributes significantly to the theoretical understanding of complexity management 
within innovation processes. The findings confirm that technological and competitive uncertainties hold 
substantial influence during the informational phase, exerting bilateral effects (meaning they both impact and 
are impacted by other factors). This confirms prior assertions by Cowden et al. (2024) and Eslami and Melander 
(2019), emphasizing the importance of early-stage technological comprehension and market positioning in 
minimizing overall project risks, particularly under conditions of high technological novelty (Zhang & Li, 2025). 
The study also elucidates how these uncertainties do not remain static, but instead, they evolve as the project 
advances, with commercial uncertainty becoming predominant in the conceptual phase and persisting into the 
detailed phase, mainly due to resource-related concerns (Hu et al., 2025; Ferguson et al., 2024).

By illustrating the dynamic influence and interdependence of these variables via the causal diagrams, this 
research underscores that managing uncertainties in product development is a complex, multi-dimensional 
process. The temporal perspective incorporated in this study supports the notion that risk factors must be 
managed proactively and adaptively across different stages of development, aligning with systems theory and 
process management paradigms (Bakhshi et al., 2025). The integration of the DEMATEL approach advances 
existing literature by providing a nuanced, influence-based perspective, highlighting cause-effect relationships 
that are often overlooked in traditional uncertainty assessments. This contributes to a more comprehensive 
framework for future research into uncertainty management, emphasizing the need for dynamic, adaptable 
strategies tailored to each phase.

5.2. Managerial implications

The findings provide practical guidance for managers in product development projects, emphasizing the 
need for proactive and flexible strategies tailored to stage-specific uncertainties.

Table 10. Factor ranking across PD phases.

PD phases Uncertainty factor D R D+R D-R Weight Ranking

Detailed COMU 17.523 21.444 38.967 -3.921 7.15% 1

Detailed SU 18.274 19.045 37.319 -0.770 6.84% 2

Detailed RU 18.618 18.392 37.010 0.227 6.79% 3

Detailed TU 18.483 18.373 36.856 0.110 6.76% 4

Detailed CU 18.230 17.349 35.579 0.882 6.52% 5

Detailed OU 17.041 16.718 33.758 0.323 6.19% 6

Detailed COU 16.265 17.427 33.693 -1.162 6.18% 7

Detailed PU 16.362 12.051 28.412 4.311 5.21% 8

Conceptual TU 9.038 10.073 19.110 -1.035 3.50% 9

Conceptual COMU 8.343 10.481 18.824 -2.137 3.45% 10

Conceptual CU 9.530 8.767 18.296 0.763 3.36% 11

Conceptual RU 9.039 9.002 18.041 0.036 3.31% 12

Conceptual SU 8.484 9.211 17.695 -0.728 3.24% 13

Informational CU 8.730 8.649 17.380 0.081 3.19% 14

Informational TU 8.655 8.418 17.073 0.237 3.13% 15

Informational COMU 7.914 9.121 17.035 -1.207 3.12% 16

Conceptual COU 8.376 8.119 16.495 0.257 3.02% 17

Conceptual OU 8.095 7.787 15.881 0.308 2.91% 18

Informational COU 7.687 8.119 15.805 -0.432 2.90% 19

Informational RU 7.601 8.060 15.661 -0.458 2.87% 20

Informational SU 7.087 7.855 14.942 -0.767 2.74% 21

Conceptual PU 8.490 5.954 14.444 2.536 2.65% 22

Informational OU 7.522 6.535 14.057 0.988 2.58% 23

Informational PU 7.269 5.711 12.980 1.558 2.38% 24
Note: TU technological uncertainty factor, RU resource uncertainty factor, CU competitive uncertainty factor, SU supplier uncertainty factor, COU consumer uncertainty factor, 
PU political uncertainty factor, OU organizational uncertainty factor, and COMU commercial uncertainty factor.
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In the informational phase, priority should be given to reducing technological and competitive uncertainties 
through close R&D collaboration, technological scouting, and industry intelligence. Strong knowledge-sharing 
channels enable early detection of risks, supporting informed decisions and better alignment with external realities.

During the conceptual phase, managers should focus on commercial uncertainty by actively engaging 
customers, suppliers, and stakeholders. Iterative feedback, market testing, and early prototypes ensure concepts 
meet market needs, while clear communication and involvement reduce future misalignment risks.

In the detailed phase, resource uncertainty demands rigorous planning, including cost analysis, supply chain 
assessments, and contingency measures. Diversifying suppliers, maintaining safety stocks, and building flexible 
manufacturing capabilities help mitigate scarcity, overruns, and delays. Monitoring key influence indicators 
facilitates timely interventions.

Overall, an adaptive approach, continuously reevaluating uncertainties, promoting agility, cross-functional 
collaboration, and flexible resource allocation, enhances project success. These strategies improve market alignment, 
shorten time-to-market, and boost manufacturing efficiency. Early uncertainty management investments deliver 
lasting benefits in product quality, customer satisfaction, and competitive advantage.

5.3. Limitations and future directions

This study advances the mapping of influence relationships among uncertainties across product development phases, 
but several limitations must be acknowledged. First, the analysis focuses mainly on internal factors (technological, 
commercial, and resource uncertainties), without explicitly addressing external variables such as regulatory changes, 
geopolitical risks, or macroeconomic fluctuations. Including these could offer a more comprehensive risk landscape, 
particularly in highly dynamic industries. Second, reliance on expert judgment introduces subjectivity and potential 
biases. While expert elicitation is validated, future studies could integrate quantitative data, like project performance 
metrics or real-time external factor tracking, to validate and strengthen the model.

Third, the research is confined to early-stage uncertainties, overlooking their impact on later lifecycle phases 
or inter-phase feedback mechanisms. Longitudinal studies or feedback loop modelling would better reveal how 
uncertainties propagate or dissipate over time. Additionally, hybrid methodologies, such as combining DEMATEL 
with simulation models or machine learning, could dynamically simulate uncertainty scenarios and evaluate 
resilience strategies, allowing virtual testing of mitigation approaches for improved preparedness. Finally, future 
work should examine sector-specific uncertainty characteristics, as factors differ markedly between high-tech 
and traditional manufacturing. Extending to multi-organizational contexts would illuminate inter-organizational 
uncertainty effects on risk management.

6. Conclusion

This study investigates the interrelationships among uncertainty factors during the early phases of the PDP, 
adopting the DEMATEL method to model causal influences among informational, conceptual, and detailed design 
uncertainties. The findings show that technological and competitive uncertainties are the most influential drivers in 
the initial (informational) phase of the PDP. As the process progresses, commercial uncertainty becomes increasingly 
impacted, especially in the conceptual and detailed design stages. The results suggest a propagation of uncertainty 
through the PDP, where early-phase uncertainty significantly shapes downstream complexity and risk.

For theoretical implications, this research contributes to the project management literature by advancing 
a structured understanding of uncertainty in the PDP context. First, by disaggregating uncertainty into three 
distinct but interconnected phases (i.e., informational, conceptual, and detailed design) it offers a phased-
based model for evaluating the cascading effects of uncertainty. Second, it reinforces the systemic nature of 
uncertainty propagation, showing how early-stage factors (e.g., technological and competitive uncertainty) 
influence subsequent decision-making and project dynamics. Third, by applying DEMATEL in the context of 
PDP, the study illustrates the value of systems thinking tools in the analysis of complex project environments.

For practical implications, the study suggests that project managers should prioritize uncertainty mitigation 
strategies at the early stages of product development, particularly focusing on technological and competitive 
factors. Proactively managing these influential sources can help reduce the compounding of risk in later stages, 
where changes are more costly and impactful. Additionally, managers are encouraged to adopt dynamic governance 
structures that support iterative information flow and cross-functional collaboration across the PDP phases. This 
enables more agile and informed decision-making, particularly in environments with high innovation intensity 
or market turbulence. Finally, this work highlights the potential of using multi-criteria decision-making tools, 
such as DEMATEL, as part of a broader project risk and complexity management framework.
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Appendix 1. Table A1 Expert response matrix.

Table A1. Zero signifies no influence, one indicates minimal influence, two denotes moderate influence, 
three represents substantial influence, and four corresponds to very strong influence. 

INFORMATIONAL PHASE CONCEPTUAL PHASE DETAILED PHASE

E1= 0 2 3 2 3 1 1 3 0 2 1 3 1 1 1 2 0 2 1 1 1 1 1 2
1 0 1 1 1 1 1 1 3 0 0 1 1 1 1 1 1 0 0 1 1 1 1 1
1 1 0 1 4 1 1 4 1 0 0 2 2 1 1 3 1 0 0 2 2 1 1 3
3 3 1 0 2 1 1 2 2 3 1 0 2 0 0 2 1 3 1 0 2 0 0 2
2 0 1 0 0 0 0 3 2 1 0 1 0 0 0 3 1 1 0 1 0 0 0 3
2 3 1 1 3 0 0 3 2 3 2 2 1 0 1 3 1 1 2 2 1 0 1 2
1 2 0 1 1 0 0 1 2 2 0 0 1 0 0 1 2 2 0 0 1 0 0 1
0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0

E2= 0 3 4 4 3 2 4 4 0 3 2 4 1 1 3 3 0 2 2 4 2 0 1 3
4 0 1 2 1 1 1 1 4 0 2 2 0 2 3 2 3 0 1 4 0 2 4 3
3 2 0 2 3 2 1 2 4 1 0 2 3 0 3 2 2 3 0 4 1 0 4 1
2 2 3 0 0 0 1 0 4 3 1 0 0 1 2 2 3 4 3 0 0 1 4 1
3 2 3 0 0 0 3 0 3 1 3 0 0 1 3 4 1 2 3 1 0 0 4 2
2 3 3 3 4 0 3 1 1 3 4 3 3 0 4 1 0 4 1 4 2 0 3 1
1 3 1 1 2 0 0 3 3 2 1 1 1 3 0 1 1 4 0 3 1 3 0 3
3 4 3 3 1 1 1 0 2 1 3 1 2 2 3 0 2 2 4 0 4 1 4 0

E3= 0 4 4 3 4 1 3 4 0 4 3 4 3 2 3 2 0 4 3 4 3 2 3 2
4 0 4 3 3 2 3 1 4 0 3 3 3 1 4 2 4 0 3 3 3 1 4 2
4 3 0 3 3 1 3 4 3 3 0 3 3 2 3 3 3 3 0 3 3 2 3 3
3 2 3 0 3 1 1 3 3 3 3 0 3 2 3 3 3 3 3 0 3 2 3 3
2 2 3 3 0 2 3 3 3 1 3 3 0 2 2 3 3 1 3 3 0 2 2 3
1 1 2 1 2 0 2 3 2 2 3 3 3 0 2 4 2 2 3 3 3 0 2 4
3 4 4 3 2 2 0 3 3 3 3 3 2 2 0 3 3 3 3 3 2 2 0 3
3 2 2 3 2 3 2 0 4 2 3 3 3 3 2 0 4 2 3 3 3 3 2 0

E4= 0 4 3 3 2 1 2 1 0 3 2 3 2 1 2 1 0 2 1 2 1 1 1 1
4 0 3 3 2 1 2 3 3 0 2 2 1 1 2 2 2 0 1 2 1 1 2 1
3 2 0 3 2 1 2 3 2 2 0 2 1 1 2 2 1 1 0 2 1 1 1 1
4 3 2 0 2 3 2 2 3 2 2 0 2 2 2 2 2 2 1 0 1 1 2 1
3 3 2 3 0 3 2 3 2 2 2 2 0 3 2 2 1 1 1 1 0 1 1 1
1 1 1 2 2 0 2 1 1 1 1 1 2 0 2 2 1 1 1 1 1 0 2 1
3 3 3 3 2 2 0 3 2 2 2 2 2 1 0 2 2 2 2 1 1 1 0 2
2 3 2 3 3 1 2 0 2 2 1 2 2 1 1 0 1 1 1 1 1 1 1 0

E5= 0 2 3 2 4 2 2 2 0 4 3 3 1 2 2 2 0 4 2 4 2 2 2 3
2 0 3 2 1 3 3 1 4 0 2 3 2 3 3 2 4 0 3 4 2 2 4 2
3 3 0 2 4 4 3 3 3 2 0 3 2 3 2 4 2 3 0 1 3 1 1 3
2 2 2 0 1 1 2 2 3 3 3 0 2 1 1 3 4 4 1 0 2 3 3 2
4 1 4 1 0 4 2 4 1 2 2 2 0 2 1 3 2 2 3 2 0 2 1 4
2 3 4 1 4 0 2 4 2 3 3 1 2 0 2 1 2 2 1 3 2 0 3 1
2 3 3 2 2 2 0 2 2 3 2 1 1 2 0 1 2 4 1 3 1 3 0 2
2 1 3 2 4 4 2 0 2 2 4 3 3 1 1 0 3 2 3 2 4 1 2 0

E6= 0 2 2 3 1 0 0 2 0 3 2 4 1 0 0 2 0 1 2 1 1 0 0 2
1 0 1 2 0 0 0 3 3 0 2 2 2 1 0 4 1 0 2 2 1 0 0 3
2 1 0 0 3 0 3 4 3 2 0 1 3 0 3 4 2 1 0 0 3 0 2 4
1 1 1 0 1 0 1 1 2 2 2 0 0 0 0 3 1 2 1 0 1 0 0 2
0 1 3 0 0 3 0 4 0 3 3 0 0 1 0 4 0 1 3 0 0 1 0 3
1 1 2 2 4 0 2 3 2 1 1 2 2 0 1 3 0 1 1 1 2 0 0 3
1 1 4 2 1 0 0 1 2 2 4 2 1 0 0 1 0 1 1 1 1 0 0 1
2 3 4 2 3 3 1 0 2 2 3 2 4 2 1 0 1 1 2 1 4 1 0 0

E7= 0 4 0 4 1 2 1 4 0 4 0 4 1 2 1 4 0 4 0 4 1 2 1 4
4 0 2 4 1 1 4 4 4 0 2 4 1 1 4 4 4 0 2 4 1 1 4 4
3 0 0 2 4 1 2 4 3 0 0 2 4 1 2 4 3 0 0 2 4 1 2 4
4 4 1 0 1 0 1 3 4 4 1 0 1 0 1 3 4 4 1 0 1 0 1 3
1 1 4 1 0 0 3 4 1 1 4 1 0 0 3 4 1 1 4 1 0 0 3 4
1 1 2 2 1 0 1 1 1 1 2 2 1 0 1 1 1 1 2 2 1 0 1 1
3 3 2 3 1 0 0 4 3 3 2 3 1 0 0 4 3 3 2 3 1 0 0 4
4 1 4 2 4 0 0 0 4 1 4 2 4 0 0 0 4 1 4 2 4 0 0 0

E8= 0 2 1 1 2 1 1 1 0 2 1 1 2 1 2 3 0 2 2 2 3 1 1 2
2 0 2 1 2 1 1 4 2 0 2 1 1 1 2 3 2 0 2 2 1 1 1 1
2 3 0 4 1 4 2 3 2 3 0 4 3 2 3 3 2 1 0 3 1 1 1 3
4 1 1 0 2 2 1 3 4 1 1 0 2 1 1 2 3 1 1 0 2 1 1 3
2 2 3 3 0 2 1 4 2 2 3 3 0 1 2 2 1 1 2 2 0 1 1 3
1 2 2 3 1 0 1 2 1 2 2 3 1 0 1 3 1 1 2 1 2 0 1 4
1 3 1 1 1 1 0 1 1 3 1 2 1 1 0 3 1 2 1 2 1 1 0 2
3 3 3 3 2 2 2 0 3 3 3 2 2 3 3 0 2 1 3 3 3 4 2 0

E9= 0 3 3 3 3 3 2 2 0 2 2 3 2 2 2 2 0 2 2 2 2 3 3 3
2 0 3 2 2 3 3 2 2 0 2 2 2 2 2 2 1 0 2 2 2 2 2 2
2 3 0 2 3 1 2 2 2 2 0 2 3 3 2 2 2 2 0 2 3 3 3 2
2 2 3 0 3 2 3 2 2 2 3 0 3 2 2 2 2 3 3 0 2 2 2 2
2 1 2 2 0 2 2 2 2 2 2 3 0 2 3 3 2 2 2 2 0 3 3 3
1 2 2 2 2 0 2 2 2 2 2 3 2 0 2 3 3 2 2 2 2 0 3 1
3 3 2 3 3 3 0 2 2 2 2 2 3 3 0 3 2 2 3 2 2 2 0 3
2 2 3 2 2 2 2 0 2 1 1 1 2 2 2 0 3 2 1 2 2 2 2 0


