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ABSTRACT

This study examines whether companies’ knowledge of the Industry 4.0 concept, geographic 
location, and size influence the digital maturity of Portuguese industrial firms. Data were collected 
through a self-assessment questionnaire based on the IMPULS model and analyzed using ordinal 
logistic regression and chi-square tests to test three hypotheses. The results show that none of these 
factors significantly affects digital maturity, suggesting that isolated variables do not fully explain 
digital progress and that broader contextual elements, such as support programs and internal 
digital strategies, may play a more decisive role. The study meets its objectives and contributes to 
understanding digital readiness in the Portuguese industrial context. Future research should incorporate 
additional variables, employ longitudinal or sector-specific approaches, and utilize qualitative methods 
to enhance the analysis further.
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INTRODUCTION

Modern companies stand out in the new era of digital transformation by using emerging Industry 
4.0 technologies, such as the Internet of Things (IoT), artificial intelligence (AI), and big data analytics 
in production processes (Jagatheesaperumal et al., 2021). These technologies increase production 
efficiency, boost competitiveness, and promote economic sustainability across different business 
models (Ghobakhloo, 2020). Furthermore, they optimize complex systems and improve productivity 
by applying smart sensors, providing companies a competitive advantage (Javaid et al., 2021).
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Digital maturity has become a critical driver of business competitiveness, as the adoption of 
digital solutions enables companies to streamline operations, enhance customer experience, and 
expand their commercial reach (Ghobakhloo, 2020; Verhoef et al., 2021). Opening digital channels 
increases visibility and allows a 24/7 presence, improving sales potential, customer retention, and Net 
Promoter Score performance (Lemon & Verhoef, 2016). Moreover, integrating digital technologies 
into operations enables faster decision-making, process automation, and greater operational flexibility, 
resulting in measurable gains in productivity and long-term value creation (Bharadwaj et al., 2013; 
Vial, 2021; Guimarães et al., 2025a). These benefits underscore the importance of accelerating digital 
transformation efforts and highlight the relevance of assessing digital maturity in the Portuguese 
context.

Some initiatives related to adopting Industry 4.0, namely in digital transformation, have gained 
prominence in Portugal, but many companies still face significant challenges (De Jesus & Lima, 
2021; Guimarães et al., 2023). Portuguese companies face barriers in implementing Industry 4.0, 
namely the need for investment and strategic management focused on effective change (Pereira et 
al., 2023; Guimarães et al., 2024). However, technological challenges persist, and it is necessary to 
face them to obtain new opportunities to improve production processes, leading to a more efficient 
use of resources (Rikalovic et al., 2022).

Portuguese companies’ digital readiness level for Industry 4.0 remains low, presenting notable 
weaknesses in areas such as smart infrastructures and data-based services (Guimarães et al., 2023). 
Portuguese companies' knowledge regarding their preparation level for integrating Industry 4.0 is 
considered moderate. To increase this level, it is necessary to consider some critical success factors, 
such as strategy, leadership, and customer experience (Da Fonseca et al., 2024).

This research explores an existential paradox in the relationship between knowledge of the Industry 
4.0 concept and Portuguese companies' digital maturity level. This paradox is particularly troubling 
given that leaders play a critical role in developing strategies, adopting digital technologies, and making 
company decisions. It is essential to analyze the knowledge of entrepreneurs and leaders about the 
concept of Industry 4.0 with perceptions about the level of digital maturity of their companies for 
different regions of Portugal, various sectors of economic activity, and different sizes of companies.

This research also allows us to identify and analyze existential disparities regarding theoretical 
knowledge of the concept of Industry 4.0, which can influence business practices, causing barriers and 
loss of opportunities in accelerating the digital transition of companies. This research also highlights 
the influence of investments in digital technologies on increasing productivity, flexibility, employee 
well-being, and international competitiveness. Furthermore, this research analyzes the empirical results 
to create strategic directions to improve the level of digital readiness for Industry 4.0 of Portuguese 
companies. It can become a reference for other studies in other European countries in similar contexts.

Although digital transformation challenges in Portugal have been widely discussed, little empirical 
research has examined whether conceptual knowledge of Industry 4.0 is reflected in companies’ 
actual digital maturity. Existing studies identify barriers and readiness gaps (De Jesus & Lima, 2021; 
Guimarães et al., 2023; Pereira et al., 2023; Guimarães et al., 2025b, 2025d) but do not analyze whether 
theoretical awareness translates into adoption. International reviews also note that awareness does 
not guarantee implementation, and empirical evidence linking the two dimensions remains limited 
(Ghobakhloo, 2020; Vial, 2021). This study addresses this gap by empirically testing this paradox 
and providing new evidence on how knowledge aligns with digital readiness.

We first provide an introduction to relevance. Next, we detail our research motivation and 
hypotheses development and review the literature. Then, we describe the research methodology 
before we analyze and discuss the results. Finally, we present conclusions, practical implications, 
and future research directions.
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RESEARCH MOTIVATION AND HYPOTHESES DEVELOPMENT

Building on the literature, this study addresses several gaps that remain insufficiently explored 
in the context of digital transformation. Although Industry 4.0 is widely recognized as a driver of 
competitiveness, empirical evidence linking knowledge of the Industry 4.0 concept to actual digital 
maturity remains limited, particularly in regional contexts such as Portugal. Prior studies suggest that 
conceptual understanding does not always lead to practical implementation, indicating a potential 
paradox between knowing the concept and achieving higher levels of digital maturity.

Research has also shown that factors such as company size and geographic location may influence 
digitalization outcomes, but findings are inconsistent and highly context dependent. Given Portugal’s 
industrial structure, dominated by micro and small firms and characterized by regional disparities, 
these relationships require closer examination.

Considering the gaps identified in this research, the following research question was addressed: 
What is the relationship between the level of knowledge of the Industry 4.0 concept and the level of 
digital maturity?

A conceptual model was developed to answer the research question and validate the formulated 
hypotheses, as illustrated in Figure 1. This model provides a clear and logical structure that facilitates 
understanding the paradox between knowledge of the Industry 4.0 concept and the level of digital 
maturity in Portuguese companies.

Figure 1. Conceptual Model

The research gap focuses on the lack of studies that comprehensively analyze the relationship 
between concept knowledge of Industry 4.0 and the digital maturity level of Portuguese companies 
of different sizes and from various regions. The mismatch between the understanding of the concept 
and the actual digital capabilities of companies, despite the growing dissemination of the Industry 
4.0 framework, presents an opportunity to explore several research hypotheses.

•	 Hypothesis 1 (H1): Knowledge of the Industry 4.0 concept correlates positively with the level 
of digital maturity of Portuguese companies in Industry 4.0.

•	 Hypothesis 2 (H2): Portuguese companies' geographical location positively impacts the digital 
maturity level in Industry 4.0.

•	 Hypothesis 3 (H3): Portuguese companies' size positively impacts the digital maturity level in 
Industry 4.0.
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LITERATURE REVIEW

Industry 4.0 is an innovative concept that redefines business models and production processes. It 
drives innovation through digitalization, network integration, and customer-centric approaches, leading 
to four main paths: process optimization, the creation of new value networks, and the development 
of innovative products (Ibarra et al., 2018). In small and medium-sized enterprises (SMEs) in the 
manufacturing sector, Industry 4.0 impacts the creation, capture, and delivery of value, with innovation 
strategies influenced by various motivations and market pressures (Müller et al., 2018).

Key elements of Industry 4.0, such as automation, digitalization, robotics, and artificial 
intelligence, enable manufacturing companies to remain competitive (Krulický et al., 2024). IoT and 
big data increase production efficiency, process collaboration, and financial performance, promoting 
greater competitiveness and economic sustainability (Nagy et al., 2018). However, despite its vast 
potential, the implementation of Industry 4.0 faces significant challenges, such as insufficient 
technological infrastructure, resistance to organizational change, lack of digital skills in the workforce, 
and limited financial resources (Silva et al., 2019; Herceg et al., 2020; Bajić et al., 2021; Rikalovic 
et al., 2022).

Digital maturity reflects the degree of integration of digital technologies into organizational 
processes and the ability of companies to strategically take advantage of increased competitiveness 
and cost optimization (Machado et al., 2020; Sobolev, 2024). The challenges fuel the drive for 
digital transition and the need for more agile and flexible approaches for companies to remain more 
competitive in a constantly changing and evolving market (Jain & Jain, 2022).

The level of digital maturity measures a company's readiness to integrate advanced technologies, 
identifying gaps between strategic vision and practical implementation (Çınar et al., 2021; Zamlynskyi 
et al., 2023; Guimarães et al., 2025c). According to studies by Melnik et al. (2021), Kilic et al. 
(2023), and Iribarren et al. (2024), digital maturity plays a crucial role in the effective adoption of 
Industry 4.0. However, many companies are still in the early stages of their digital transformation 
process. Furthermore, regional disparities and company size significantly impact digital maturity 
levels (Chirkunova et al., 2019; Zentner et al., 2022; Zou & Ali, 2024). Understanding this dynamic 
is essential to adapt digital transformation strategies to the specificities of each business context.

Leaders and managers play a crucial role in companies' transition to Industry 4.0, driving the 
implementation of new technologies and promoting organizational culture internally (Van Dun 
& Kumar, 2023). According to Ramchander (2019), Colli et al. (2021), and Santos et al. (2021), 
managers' knowledge and understanding of the concept of Industry 4.0 are essential to prioritize 
digital investments and ensure the future success of business strategies. However, managers' lack 
of digital literacy related to Industry 4.0 represents a significant challenge, particularly for SMEs 
(Azevedo & Almeida, 2021; Santos et al., 2021). This problem is even more pronounced in less 
industrialized regions, where limited access to training resources and technological innovation further 
hinder progress.

Portugal has launched several initiatives to promote business digitalization, namely the Action 
Plan for Digital Transition (Guimarães et al., 2023) and the Industry 4.0 program (Porfírio et al., 
2021). Digitalization is crucial for the internationalization of SMEs in Portugal, positively affecting 
their organizational structure and competitive advantages (Pereira & Cardoso, 2023).

In both Portugal and Spain, the digitalization of administrative reforms was driven by networked 
political entrepreneurship, the use of multiple policy instruments, the integration of shared values, 
and efforts to overcome resistance to change (Secchi et al., 2024). Despite efforts, many Portuguese 
companies still face significant challenges in integrating into Industry 4.0, mainly due to limited 
management knowledge and low digital maturity (De Jesus & Lima, 2021). Portuguese SMEs, in 
particular, are currently resisting digital transformation and data-driven management, highlighting 
the need to strengthen the adoption of technology and increase digital literacy among managers to 
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boost competitiveness (Pinto & António, 2023), as well as increase training and knowledge of human 
resources on this topic.

Recent international frameworks for assessing digital maturity provide useful benchmarks to 
contextualize the Portuguese case. Models such as the IMPULS Readiness Index, Deloitte’s Digital 
Maturity Model, and the Digital Economy and Society Index by the European Commission have been 
widely applied in Europe to measure progress (Wagner et al., 2023). These tools evaluate aspects like 
strategy, infrastructure, culture, and skills, offering comparative insights. Studies in Spain, Italy, and 
Germany show that while awareness is generally high, digital implementation varies significantly 
depending on sector, firm size, and regional policies. Integrating such frameworks and comparisons 
can help identify structural barriers and policy gaps hindering Portugal's digital transformation 
(Gherghin, 2025).

Some of the challenges shared by different SMEs vary significantly across regions and sectors 
of economic activity, highlighting the need for a tailored approach to promote digital maturity in 
a balanced way. Understanding the concept of Industry 4.0 aligned with the digital maturity of 
Portuguese companies can drive new technological investments. The practical implementation of 
digital solutions can lead to significant productivity gains, greater operational flexibility, better 
working conditions for employees (Dana et al., 2022; Asriandi et al., 2024), and greater international 
visibility for Portuguese companies.

The relationship between the level of knowledge of the concept of Industry and the level of digital 
maturity remains scarce in the existing literature and current research that considers regional and 
organizational specificities in specific contexts, namely in the Portuguese case. This study addresses 
these gaps by providing relevant data on the paradox between knowledge of the Industry 4.0 concept 
and the level of digital maturity across different regions and company sizes.

Although digital maturity is often linked to knowledge and awareness, studies show that awareness 
alone does not guarantee implementation. This disconnect, referred to as the awareness-action gap, 
has been explored in several theoretical models. The technology acceptance model (Davis, 1989) and 
the theory of planned behavior (Ajzen, 1991) explain how knowledge or positive attitudes toward 
innovation are insufficient for adoption, as contextual and organizational factors intervene. In the 
context of Industry 4.0, Vial (2021) emphasizes that successful digital transformation depends not 
only on awareness but also on strategic alignment, leadership, and organizational capabilities.

AI and Generative AI have become key enablers of Industry 4.0, supporting capabilities such as 
predictive analytics, automated decision-making, anomaly detection, and digital twin optimization. 
Alongside AI, other Industry 4.0 technologies, including IoT monitoring systems, real-time analytics, 
robotics and automation, and machine vision, also play a central role in strengthening digital maturity 
by enhancing operational efficiency and decision-making. However, the effective adoption of these 
technologies requires robust data infrastructures and specialized digital skills, which remain significant 
challenges for many firms, particularly SMEs (Vial, 2021). Recognizing this broader technological 
ecosystem is therefore essential when assessing companies’ digital readiness.

This gap is especially pronounced in SMEs, where knowledge may be present, but implementation 
is limited due to a lack of resources, infrastructure, or digital skills. Understanding this paradox is 
essential to framing the empirical results of this study.

RESEARCH METHODOLOGY

Research Methods
This study applied ordinal logistic regression models and chi-square tests to evaluate the three 

proposed hypotheses. Ordinal logistic regression was used to model the relationship between an ordinal 
dependent variable (maturity level) and a set of independent variables (technology level, company 
size, and geographic location), allowing the estimation of the probability of different response levels 
occurring as a function of the predictors.
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The statistical analysis relies on the null hypothesis that the regression coefficients are equal 
to zero, indicating the absence of an association between the predictors and digital maturity levels. 
This hypothesis is evaluated using the ordinal logistic regression model, which employs standard 
Wald statistics and likelihood-ratio tests to assess coefficient significance and overall model fit. In 
addition, chi-square tests were employed to examine associations between categorical variables, 
complementing the inferential analysis. All statistical analyses were conducted at a 5% significance 
level. The studies used the R package “ordinal” (Christensen, 2023).

Data Collection and Sample
The data were collected through an online questionnaire distributed to companies via email and 

made available on the Google Forms platform. The questionnaire followed the IMPULS model, and 
some variables were supplemented and extracted from the SABI platform. A total of 450 companies 
actively participated in this study, where quantitative data on companies' knowledge of the Industry 
4.0 concept were analyzed, considering different sizes and locations. Descriptive data of the sample 
are presented in Table 1.

The concepts of “Industry 4.0 knowledge” and “digital maturity” were evaluated through 
self-reported responses to a standardized IMPULS-based questionnaire, which was distributed online 
using a Google Forms link. Knowledge of the Industry 4.0 concept was assessed using a 5-point 
ordinal scale, ranging from “(1) No, I have never heard of it” to “(5) We master the concept and 
already apply it across the company”.

Digital maturity was assessed using a model based on IMPULS, which included 25 questions 
covering six key dimensions of digital transformation. Based on the companies' responses, a weighted 
average score was calculated for each organization, resulting in a final digital maturity index on a 
0–5 Likert scale. This score was then mapped to a categorical framework consisting of six maturity 
levels: Outsider, Beginner, Intermediate, Experienced, Expert, and Top Performer (Guimarães et 
al., 2023). This method provides a structured and comprehensive assessment of digital readiness.

A 5-point ordinal scale was selected to assess digital maturity because it offers a precise balance 
between discriminatory power and ease of interpretation for respondents. This format is widely 
used in digital maturity assessments, ensuring comparability with previous studies. Although 7- and 
10-point scales were considered, they were discarded as they tend to increase cognitive load and do 
not necessarily improve reliability or explanatory power, particularly in managerial surveys involving 
SMEs.

Some limitations in the sample should be noted. There is an uneven distribution of companies 
across regions, with more responses from Portugal's central and northern areas. In addition, the 
sample is mainly composed of SMEs, which may affect how well the results apply to larger firms. 
These imbalances can influence the interpretation of trends by region or company size. Future studies 
should aim for a more balanced representation across sectors, regions, and company sizes to improve 
the validity of the results.

Table 1. Sample Characteristics

Characteristic Alentejo 
N=261

Algarve 
N=31

Center 
N=3151

Lisboa 
N=151

North 
N =911

Knowledge concept

  (1) 3 (11.5%) 0 (0.0%) 48 (15.2%) 1 (6.7%) 12 (13.2%)

  (2) 2 (7.7%) 1 (33.3%) 35 (11.1%) 0 (0.0%) 6 (6.6%)

  (3) 17 (65.4%) 0 (0.0%) 141 (48.8%) 9 (60.0%) 46 (50.5%)

continued on following page
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Characteristic Alentejo 
N=261

Algarve 
N=31

Center 
N=3151

Lisboa 
N=151

North 
N =911

  (4) 4 (154%) 2 (66.7%) 75 (23.8%) 5 (33.3%) 24 (26.4%)

  (5) 0 (0.0%) 0 (0.0%) 16 (5.1%) 0 (0.0%) 3 (3.3%)

Digital maturity 
Level

  Outsider 6 (23.1%) 3 (100%) 131 (41.6%) 5 (33.3%) 25 (27.5%)

  Beginner 15 (57.7%) 0 (0.4%) 134 (42.5%) 7 (46.7%) 56 (61.5%)

  Intermediate 4 (15.4%) 0 (0.0%) 44 (14.0%) 2 (13.3%) 8 (8.8%)

  Experienced 1 (3.8%) 0 (0.0%) 6 (1.9%) 0 (0.0%) 2 (2.2%)

  Expert 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (6.7%) 0 (0.0%)

  Top Performer 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Size

  Micro 7 (26.9%) 1 (33.3%) 52 (16.5%) 5 (33.3%) 41 (45.1%)

  Small 9 (34.6%) 0 (0.0%) 128 (40.6%) 5 (33.3%) 25 (27.5%)

  Medium 10 (38.5%) 2 (66.7%) 117 (37.1%) 5 (33.3%) 21 (23.1%)

  Large 0 (0.0%) 0 (0.0%) 18 (5.7%) 0 (0.0%) 4 (4.4%)

Note: 1n (%). (1) No, I have never heard of it. (2) Vaguely, and it is not important for the company. (3) Superficially, but I want to learn more to assess 
its potential for the company. (4) Sufficiently, as we already have some pilot projects underway. (5) We master the concept and already apply it across the 
company.

RESULTS AND DISCUSSION

Level of Knowledge of the Industry 4.0 Concept in Companies of Portugal
In addition to analyzing the motivation to face the challenges in adopting planned Industry 4.0 

activities, this concept's knowledge level among industrial companies in Portugal was assessed. As 
illustrated in Table 2, this assessment clarified the positioning of companies, identifying gaps and 
opportunities for training.

The analysis highlighted differences based on company size and level of implementation, 
highlighting the need to develop strategies that promote awareness, training, and adoption of Industry 
4.0 practices, thus contributing to increased competitiveness and economic development in the region.

Table 2. Level of Knowledge of the Industry 4.0 Concept

Total Micro Small Medium Large

(1) 14.2% 5.6% 7.6% 1.1% 0.0%

(2) 9.8% 2.9% 4.9% 2.0% 0.0%

(3) 47.3% 12.7% 17.8% 16.2% 0.7%

(4) 24.4% 2.2% 5.8% 12.7% 3.8%

(5) 4.2% 0.2% 1.1% 2.4% 0.4%

Note: (1) No, I have never heard of it. (2) Vaguely, and it is not important for the company. (3) Superficially, but I want to learn more to assess its poten-
tial for the company. (4) Sufficiently, as we already have some pilot projects underway. (5) We master the concept and already apply it across the company.

Table 1. Continued
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The analysis shows that 81.4% of companies in Portugal are aware of the Industry 4.0 concept. 
Of these, 27.1% have implemented pilot projects, with medium-sized (36.6%) and large companies 
(85.7%) leading in progress. Additionally, 32.9% of companies have only a superficial understanding 
but are interested in learning more to explore its potential.

These findings highlight the need for tailored tools to raise awareness and support companies, 
considering sectoral needs and organizational size. Adopting Industry 4.0 practices is essential to 
boost business competitiveness and drive economic transformation. While most companies are familiar 
with the concept, more profound knowledge is needed. Full adoption is still limited, with only 7.3% 
of medium-sized and 7.1% of large companies fully applying it. Among small companies, 35.3% 
have only superficial knowledge, and 29.4% are completely unaware.

Relationship Between Knowledge of Industry 4.0 and Digital Maturity
An ordinal logistic regression model was used to test hypothesis H1, which proposes a relationship 

between knowledge of the Industry 4.0 concept and companies’ level of digital maturity. The model 
was fitted using the polr function from the MASS package in R (Venables & Ripley, 2013), with 
maturity (digital maturity) as the dependent variable and concept (knowledge of Industry 4.0) as the 
independent variable. The estimated coefficients are presented in Table 3.

Table 3. Coefficients From the Ordinal Logistic Regression Model Assessing the Link Between Industry 4.0 Knowledge and 
Digital Maturity

Value Std. Error t-value p-value

Coefficients:

Concept (Yes) -0.0047 0.1939 -0.0241 0.9808

Intercepts:

Beginner | Experienced -0.1171 0.1112 -10.529 < 0.0001

Experienced | Expert -0.0370 0.1112 -0.3325 0.7397

Expert | Intermediate -0.0281 0.1112 -0.2526 0.8007

Intermediate | Outsider 0.4976 0.1136 43.796 < 0.0001

The results show that the coefficient for the variable concept (Yes) is -0.0047, with a standard 
error of 0.1939 and a t-value = -0.0241 (p-value of 0.9809). These values indicate that knowledge 
of the Industry 4.0 concept does not have a statistically significant effect on Portuguese companies' 
digital maturity level since the coefficient is close to zero and the Wald test is not important (p > 0.05).

The intercepts reveal the distribution of digital maturity levels, with the highest value observed 
between the “Intermediate” and “Outsider” levels (0.4976), suggesting that the main transition 
occurs in this category. The AIC of the model was 980.40, reflecting a reasonable fit. However, the 
low magnitude of the main coefficient suggests that other variables may play a more relevant role in 
explaining the digital maturity of companies, in addition to knowledge of the concept of Industry 4.0.

The model was also evaluated using the likelihood ratio test, comparing the null model with the 
model, including the concept variable. The statistical result of the test was 0.00058 (df = 1, Pr(Chi) 
= 0.98075), confirming that knowledge of the Industry 4.0 concept does not significantly explain 
the level of digital maturity. Therefore, there is no statistical evidence to support hypothesis H1. In 
other words, knowledge of the concept of Industry 4.0 alone does not appear to influence the digital 
maturity of the companies analyzed significantly.
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Despite efforts to promote Industry 4.0 in Portugal, many industrial companies, especially SMEs, 
still struggle to understand and apply its concepts in practice. The available knowledge is often 
superficial and comes from isolated initiatives without being linked to a structured digital strategy. The 
lack of internal skills, limited resources, and resistance to change hinder implementation. Therefore, 
knowledge of Industry 4.0 alone cannot significantly influence companies’ digital maturity, which 
helps explain the results.

A statistical analysis was conducted using categorical data to assess whether there is an 
association between companies’ digital maturity level and their knowledge of the Industry 4.0 
concept. The variables analyzed were: (i) digital maturity level, classified into categories such as 
Beginner, Experienced, Expert, Intermediate, and Outsider; and (ii) familiarity with the Industry 4.0 
concept, rated on a 5-point scale: (1) No, I have never heard of it; (2) Vaguely, and it is not essential 
for the company; (3) Superficially, but I want to learn more to assess its potential for the company; 
(4) Sufficiently, as we already have some pilot projects underway; (5) We master the concept and 
already apply it across the company. This association is shown in Table 4.

Table 4. Inferential Analysis of the Relationship Between Industry 4.0 Knowledge and Digital Maturity Using Ordinal Logistic 
Regression

Concept1
Maturity level

Total
Beginner Experienced Expert Intermediate Outsider

1 30 3 0 6 25 64

2 17 2 0 5 20 44

3 108 1 0 23 81 213

4 49 3 1 23 34 110

5 8 0 0 1 10 19

Total 212 9 1 58 170 450

Note: (1) No, I have never heard of it. (2) Vaguely, and it is not important for the company. (3) Superficially, but I want to learn more to assess its poten-
tial for the company. (4) Sufficiently, as we already have some pilot projects underway. (5) We master the concept and already apply it across the company. 
χ2 = 22.466 · df = 16 · Cramer's V = 0.112 · Fisher's p = 0.080

The Chi-square test of independence was applied, resulting in χ2 = 22.466 with 16 degrees of 
freedom and a p-value of 0.080 (Fisher's exact test). Although the result does not meet the conventional 
5% significance threshold, it can be considered marginally significant in a more flexible context (at 
the 10% level). The Cramer's V value of 0.112 indicates a weak association between the variables. 
Therefore, this association should not be overlooked in the analysis.

To better understand the association patterns, a standardized adjusted residuals plot was created 
(Figure 2). This chart shows the deviations between observed and expected frequencies under the 
independence assumption. Cells with positive residuals indicate higher-than-expected occurrences, 
while harmful residuals reflect lower-than-expected frequencies, suggesting a possible association 
between the variables.
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Figure 2. Heatmap of Adjusted Standardized Residuals From the Chi-Square Test

Note: For concept: (1) No, I have never heard of it. (2) Vaguely, and it is not important for the company. 
(3) Superficially, but I want to learn more to assess its potential for the company. (4) Sufficiently, 
as we already have some pilot projects underway. (5) We master the concept and already apply it 
across the company.

In Figure 2, each cell represents the combination of a knowledge level (vertical axis) and a 
digital maturity level (horizontal axis). The color intensity reflects the residual value: darker cells 
indicate more substantial positive deviations, while lighter cells indicate more substantial negative 
deviations. For example, cells corresponding to knowledge level 4 combined with the “Intermediate” 
and “Expert” maturity levels show more intense positive residuals. In contrast, combinations involving 
lower knowledge levels display lighter or neutral tones, indicating more minor deviations.

Although many companies claim to be familiar with the Industry 4.0 concept, the results show 
no significant link with their actual digital maturity. This points to a gap between awareness and 
action, where knowledge does not translate into effective implementation.

Companies may overestimate their understanding due to superficial exposure to initiatives 
or training. However, real progress requires internal actions like digitizing processes, investing in 
infrastructure, and training staff.

Policy makers should offer more than awareness campaigns to close this gap, providing practical 
support such as sector-specific roadmaps, workshops, and mentoring. Managers should also assess 
operational readiness and focus on areas like business intelligence and analytics, which are essential 
but still underused.

Relationship Between Geographical Location and Digital Maturity
To analyze the relationship between company location and digital maturity level, the chi-square 

test (χ2) was used to assess associations between categorical variables and test hypothesis H2.
The result was χ2 = 8.141 (df = 4), with a p-value of 0.086, indicating a statistically significant 

relationship. However, the strength of this relationship, measured by Cramer's V (0.163), means a 
weak association. Figure 3 illustrates the distribution of the variables.

In Portugal, although there are regional differences in economic development, these are not always 
reflected in the digital maturity of industrial companies. Regions such as Lisbon and Porto have more 
resources and technological infrastructure. Still, companies located in peripheral or inland areas, such 
as the Centro region, manage to bridge this gap through support networks, partnerships, and public 
programs such as Plano de Recuperação e Resiliência (PRR, 2024), Compete2030 (Compete2030, 
2024), IAPMEI (IAPMEI, 2024) and Portugal 2030 (Portugal, 2024), which enable them to achieve 
higher levels of digital maturity.

Initiatives such as the Operational Programme for Competitiveness Factors (COMPETE-2030) 
and support from the Portuguese Foundation for Science and Technology provide essential funding for 
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digitalization projects (Luu et al., 2019). Although these initiatives are promising, challenges such 
as security risks and digital exclusion remain significant barriers to achieving comprehensive digital 
transformation across all sectors in Portugal (Benga & Elhamma, 2024).

Moreover, many industries are integrated into value chains that promote digitalization regardless 
of location. This context contributes to a certain uniformity in digital maturity levels, which explains 
the lack of a statistically significant relationship with the location variable.

Figure 3. Distribution of Companies’ Digital Maturity Levels by Region in Portugal

Relationship Between Company Size and Digital Maturity
An ordinal logistic regression model was used to test H3, which analyses whether company size 

influences their level of digital maturity. The dependent variable maturity represents the level of 
digital maturity, and the independent variable size classifies companies as Micro, Small, Medium, 
or Large. The results are presented in Table 5.

Table 5. Results of the Ordinal Logistic Regression

Value Std. Error t-value p-value

Coefficients:

sizeMedium -0.2741 0.4180 -0.6558 0.5123

sizeMicro -0.3634 0.4309 0.8432 0.3996

sizeSmall 0.1678 0.4168 0.4027 0.6874

Intercepts:

Beginner | Experienced -0.2405 0.3910 0.5328

Experienced | Expert -0.1598 0.3908 0.6828

Expert | Intermediate -0.1508 0.3908 0.6998

Intermediate | Outsider 0.3820 0.3910 0.3291
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The model presented an AIC of 977.756, indicating a similar fit to the previous model. None of 
the coefficients for the company size categories were statistically significant, as the p-values were 
greater than 0.05, indicating non-significance at the 5% level.

The negative coefficients for sizeMedium (-0.2741) and sizeMicro (-0.3634) suggest that 
medium and small-sized companies may have a slightly lower probability of reaching higher levels 
of digital maturity compared to large companies (reference category). However, these effects are not 
statistically significant (p > 0.05), indicating that company size alone does not consistently explain 
the level of digital maturity.

The model was also tested using the likelihood ratio test, which compares the null model with 
the model, including the size variable. The test statistics were 6.641 (df=3, p = 0.08), showing a 
marginally non-significant difference between the models. Therefore, it is concluded that company 
size has no statistically significant impact on digital maturity, and H3 is rejected.

In Portugal, the industrial sector is mainly made up of micro, small, and medium-sized enterprises, 
which, despite limited resources, have shown great adaptability by adopting simple and accessible 
digital solutions. Larger companies, although better resourced, face greater internal complexity, 
which can hinder or delay digitalization. This diversity tends to balance out the impact of company 
size, explaining the lack of a statistically significant relationship with the level of digital maturity. 
Furthermore, public support programs or digitalization help to reduce the differences between 
companies of different sizes.

CONCLUSION

This study examined whether knowledge of the Industry 4.0 concept, geographic location, and 
company size influence the digital maturity of Portuguese industrial companies. The results show that 
none of these variables has a significant effect, which may reflect the limited operationalization of 
conceptual knowledge, the widespread availability of public support initiatives, and the heterogeneity 
of Portuguese firms.

International studies suggest that digital maturity is primarily driven by internal capabilities, 
including strategy leadership, skills, and investment capacity (Ghobakhloo, 2020; Vial, 2021). The 
absence of significant effects in this study reinforces the idea that deeper organizational capabilities 
are more decisive than structural characteristics, highlighting a gap between awareness and effective 
implementation.

Portugal continues to face barriers in advancing digital transformation, particularly regarding 
organizational readiness and the integration of digital strategies. These challenges stress the importance 
of sustained policy support and continuous investment in digital skills and infrastructure.

The findings also carry political, practical, and social implications. Politically, they highlight 
the need for policies that strengthen internal digital capabilities, especially in SMEs. Practically, 
they show that conceptual knowledge alone is insufficient to drive transformation, underscoring the 
importance of structured strategies, workforce training, and technologies such as business intelligence 
and analytics. Socially, low digital maturity may widen skill gaps, reinforcing the need for digital 
literacy initiatives.

Evidence from digitally advanced regions, such as Northern and Central Europe, shows that 
broader capability-building efforts, namely investment in digital infrastructures, strong innovation 
ecosystems, and coordinated public and private initiatives, are key enablers of successful digital 
adoption (OECD, 2019; Verhoef et al., 2021; European Commission, 2022). These insights help 
contextualize the Portuguese results.

To support organizations in monitoring their digital progression, simple indicators such as 
workforce digital readiness, technology investment intensity, the share of digital sales, and operational 
efficiency gains can serve as early signals of adoption.
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This study has some limitations. It relies on self-reported data; the cross-sectional design prevents 
the assessment of causality, and only three explanatory variables were considered, excluding other 
organizational or technological factors. These limitations suggest caution in generalizing the results.

Future work should expand the set of explanatory variables, explore sectoral and regional 
differences, and use longitudinal or mixed methods approaches. More detailed analyses of technologies 
such as business intelligence and data analytics may also clarify how specific digital capabilities 
influence transformation outcomes in the Portuguese industrial sector.
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