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Abstract  

The literature shows that 4.0 technologies have a significant impact on facing the housing 

deficit and sustainability. However, in the construction sector, there are social and technical 

implications that make this transformation difficult, especially for companies located in 

emerging countries. Thus, understanding managers' perceptions can help in formulating 

strategies and public policy. We study the challenges and opportunities of new technologies 

according to the managers’ perception of construction companies located in Pernambuco, 

Brazil. The results demonstrate that the lack of interest of managers, lack of capital, and lack 

of Knowledge are recognized barriers to implementing 4.0 technologies in the construction 
sector. Although managers know that 4.0 technologies can contribute to reducing costs and 

increasing productivity, quality, and competitiveness, most of them have difficulties relating 

the current organizational culture with the challenges of adopting new technologies. 

Keywords: sustainability, innovation, construction 4.0, drivers, barriers, benefits. 

 

Resumo 

A literatura mostra que as tecnologias 4.0 têm um impacto significativo no enfrentamento do 

déficit habitacional e na sustentabilidade. No entanto, no setor da construção civil, existem 

implicações sociais e técnicas que dificultam essa transformação, principalmente para 

empresas localizadas em países emergentes. Assim, compreender as percepções dos gestores 

pode auxiliar na formulação de estratégias e políticas públicas. Estudamos os desafios e 

oportunidades das novas tecnologias segundo a percepção dos gestores de construtoras 
localizadas em Pernambuco, Brasil. Os resultados demonstram que a falta de interesse dos 

gestores, a falta de capital e a falta de conhecimento são barreiras reconhecidas para a 

implementação de tecnologias 4.0 no setor da construção. Embora os gestores saibam que as 

tecnologias 4.0 podem contribuir para a redução de custos, aumento da produtividade, 

qualidade e competitividade, a maioria deles tem dificuldade em relacionar a cultura 

organizacional atual com os desafios da adoção de novas tecnologias. 

Palavras-chave: sustentabilidade, inovação, construção 4.0, motivadores, barreiras, 

benefícios. 
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1 Introduction 

 

Construction industry is strategically important, being a major contributor to job 

creation and economic development in many countries (Qian and Leng, 2021; Yevu et al., 

2021). However, in Brazil, historically, construction is among the sectors that least invests in 

innovation, and is characterized by using very artisanal techniques and by wasting a high level 

of resources and time (Sherratt and Sherratt, 2020). The International Data Corporation (ID) 

consultancy surveyed 835 professionals from large construction companies located in Europe, 

Asia, and the Americas, including Brazil, and this study revealed that 58% of companies are 

still in the initial stage of the innovation journey, and only 13% have the potential to be 

considered mature in adopting new technologies (IDC, 2020). 

According to the report of the World Economic Forum (WEF, 2016), worldwide more 

than 200,000 people migrate to urban areas every day. These people have needs to be met, with 

regard to housing, social infrastructure, transport, public services, health and education. In 

Brazil, although access to housing is a right provided for by Art. 6 of the Federal Constitution 

of Brazil, in 2019 the country had a housing deficit of 5.877.000 households (Fundação João 

Pinheiro – FJP, 2021). In addition to the financial difficulties of both the population and the 

government, the construction sector has been slow to respond to finding ways to achieve the 

productivity gains necessary to meet this demand. Mesa et al. (2016) stated that most 

construction projects do not meet the performance expectations of owners and that studies 

exploring project delivery and supply chain relationships and their potential performance in the 

project are still insufficient. 

In this sense, Industry 4.0 (I4.0), or 4th industrial revolution, can revolutionize the 

construction sector and its supply chain (Dallasega et al., 2018). Innovations related to I4.0 

have transformed the industrial sector drastically (Cabral da Silva and Magalhães Correia, 

2022; De Muylder et al., 2021). Construction 4.0, as it has been called, is a construction method 

that makes it possible to advance the process, from design to construction, by applying 

intelligent manufacturing and automation techniques (Qi et al., 2020; Qi et al., 2021). 

Innovations in the construction sector are advancing faster and faster, aimed at solving problems 

in a simpler, more economical and sustainable way (Aghimien et al., 2021). The technological 

portfolio associated with I4.0 is vast and the combination of the latest technologies such as 

digitization, Building Information Modeling (BIM), Additive Manufacturing (AM), and the 

Internet of Things (IoT) is of great importance in terms of promoting changes in project 

management (Dallasega et al., 2018; Demirkesen and Tezel, 2021; Ern, et al., 2020; Hadzaman, 

et al., 2020; Nguyen et al., 2021; Saieg et al., 2018). 

These new technologies offer new opportunities to support design and manufacturing, 

capable of making construction more efficient by reducing waste, reducing the use of materials 

and electricity consumption, increasing productivity, reducing errors, improving the quality 

and, consequently, the costs (Begić and Galić, 2021; Carneau et al., 2020; He et al., 2021; 

Mannino et al., 2021). In addition, advances in technology leverage the movement to change 

traditional construction sites to help in the sustainable development of cities and mitigate 

housing shortage problems. The transformation of the construction sector has social and 

technical implications (Balasubramanian et al., 2021). Adopting more advanced technologies 

brings challenges to organizations and a significant change in the way of working, which 

requires qualified labor and a change in mindset (Deng et al., 2021). 

Therefore, this study analyzed the development of construction 4.0 in the countryside 

of Pernambuco, Brazil, to understand the challenges and opportunities generated by the 

adoption of 4.0 technologies in the construction sector. For this, several hypotheses were 
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surveyed, considering the literature review, and tested through the empirical analysis of a 

sample of 26 managers of construction companies in the region of the state called Agreste. 

Studies like this are important to support all parties involved in the learning process and 

in planning actions to mitigate the problem in question, providing scientific support for 

decision-making and transparency of information, in which society is the biggest beneficiary 

of the synergy created. In addition, there is a lack of studies aimed at using technologies from 

I4.0 on construction sites in emerging countries, such as Brazil (Leite and Fontana, 2021), and 

how using these technologies may assist in solving the housing deficit. This is still an embryonic 

idea in Brazil. 

 

2 Material and methods 

 

This research has a descriptive character and a mixed approach (quantitative/qualitative) 

was used. The schematic diagram (Figure 1) summarizes the steps followed to prepare the 

study. 
Figura 1 

Research design 

 

Source: adapted from Aragão and Fontana (2022).  

 

2.1 Research problem 

 

Revolutionary changes in society are today often linked to digital technologies and 

affect all areas of social life, not excluding the construction industry (El‑Sayegh et al., 2020; 

Kozlovska et al., 2021). In other words, construction projects are becoming more and more 

complex and require I4.0 to solve their new business model (Lenz et al., 2020; Opoku et al., 

2021). Thus, I4.0 has been challenging construction sector, promoting a glimpse of the potential 

for digitizing construction with the availability of digital data and online digital access that 

automatically gathers and processes electronic data in the value chain (Demirkesen & Tezel, 

2021; Hussein et al., 2021; Rivera et al., 2021). 

These new alternatives on how best to tackle construction include research into form, 

function, structure, and materials, and have a great influence on drawing up the architectonic 

project as well as on its production process, thereby providing faster and smoother interactions 

between customers, developers, and workers (Kuipers et al. al., 2014). As a result, 4.0 

technologies have great potential to significantly reduce general investments, time and 

resources (capital, materials and labor), and to decrease pollution and the use of energy 

(Oesterreich and Teuteberg, 2016), and decrease pollution and energy use, orienting the process 

towards a triple-bottom-line approach in sustainability perspectives (Balasubramanian, 2021). 
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However, the construction industry remains significantly underrepresented in I4.0, as 

the technical aspects of available technologies are still being examined in greater depth (Deng 

et al., 2021). Although the 4th Industrial Revolution is a strategic watershed, it is also a major 

disruptor, and to effectively enter an organization, a change in organizational management is 

necessary, a task for which the industry seems unprepared (Newman et al., 2021). 

The construction model of the future will depend on a view directed at the “systems” of 

digital technologies that already exist, and those under development or that will still be 

developed, how their use can be combined in a holistic connected architecture (Turner et al., 

2021). The challenges and opportunities linked to applying I4.0 in construction will indicate 

areas for further exploration in the next five to ten years (Perrier et al., 2020; Wang et al., 2020). 

 

2.2 Hypothesis research 

 

The recent literature show that the construction sector has not kept pace with the 

technological opportunities that may well contribute to improving production and increasing 

productivity, thus presenting several challenges when implementing I4.0 (Alaloul et al., 2020; 

Delgado et al., 2019; Kedir and Hall, 2021; Maskuriy et al., 2019). Comparing the advance 

between various sectors, the construction sector is resistant to incorporating new technologies 

in its basic processes (Abioye et al., 2021; Sepasgozar, 2021). In several developing countries, 

the construction industry continues to follow traditional practices of this labor-intensive 

industry (Xu and Moreu, 2021). 

The complexity involved in construction is one of the reasons for the slow evolution of 

this industry. Although efficient communication between designers, builders, suppliers and 

customers is essential to ensure the success of the project and the satisfaction of all parties, the 

organizational structure of construction is quite complex, covering several stakeholders 

throughout the production chain (Xu and Moreu, 2021). Researchers point out that conventional 

design methods can segment the production process, and can prompt professionals from 

different areas to become isolated from each other and this can lead to a lack of coordination 

between teams (Nawi et al., 2014). Given this evidence, it can be inferred that: 

H1: Conventional organizational culture is a barrier to joining the digital revolution in 

construction sector. 

 

Faced with a highly technological scenario and the changes that occur daily, 

management activities need to be focused on using digital technologies for the planning and 

execution process of the work and promoting teamwork skills (El‑Sayegh et al., 2020; 

Kozlovska et al., 2021). In addition to a reform of knowledge, this requires a reform of 

employee skills (Leite and Fontana, 2021). Today's professional needs skills to work in a team 

and master digital applications, using computers, cell phones, the internet, machines, and 

devices equipped with digital technology (Akanmu et al., 2021; da Silva and Gil, 2020). 

However, Newman et al. (2021) stated that, in construction, there is enormous difficulty in 

recruiting professionals with skills in digital technology, especially in emerging countries.  

In addition, implementing 4.0 technologies has a higher cost when compared to 

traditional technologies, considering the initial investment required (Mesa-Fernández et al., 

2020). However, in general, there is a lack of capital for investment (Leite and Fontana, 2021). 

The construction industry has one of the lowest capital investments as well as low capital 

intensity with the lowest research and development (R&D) intensity compared to other sectors 

despite being a major contributor to employment and the economy in many countries (Qian and 
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Leng, 2021; Yevu et al., 2021). For the investment to be well applied, the construction must be 

a large company, with several construction projects simultaneously (Tay et al., 2017).  

Finally, while the lack of knowledge about the power of innovation generates 

uncertainty for senior management, the main driving force behind the development of 

construction 4.0 is knowledge, especially from its managers (Nagy et al., 2021). "Knowledge 

has a significant influence on both of the actions an organization takes and the decisions it 

makes" (Alhammadi et al., 2022). Thus, the hypotheses are: 

 

H2: The lack of interest from senior management or owners is a barrier to joining the 

digital revolution in construction sector. 

H3: Lack of capital is a barrier to joining the digital revolution in construction sector. 

H4: The lack of knowledge of new technologies is a barrier to joining the digital 

revolution in construction sector. 

H5: The lack of qualified labor is a barrier to joining the digital revolution in 

construction sector. 

H6: The higher the manager's level of knowledge about I4.0 the closer the company is 

to the digital revolution. 

 

The proper entry of new technologies into the construction sector is desirable. Leite and 

Fontana (2021) highlighted cost reduction, increased quality, and more agile and flexible 

production as the greatest benefits generated by 4.0 technologies in construction, and this is 

seen to have increased the competitive advantage of companies in the sector, which can be 

regarded as “superior performance” or “superior profitability” (Nguyen et al., 2021). As new 

technologies are incorporated, this increases the ability to customize and innovate, making the 

company more competitive. Internal routines become more effective, prototyping and the 

manufacture of parts and tools become faster and more economical, accelerating the 

development of new projects and making it possible to meet the most demanding requirements 

(Carneau et al., 2020; Nguyen-Van et al., 2021; Sallehuddin et al., 2021). 

Furthermore, 4.0 technologies improve working conditions by automating some tasks, 

reducing the manual labor required and the exposure of workers to unhealthy situations (Biswas 

et al., 2017). According to Oesterreich and Teuteberg (2016), I4.0 can help construction 

companies to reduce complexity and uncertainty, to improve the exchange of information and 

communication between project stakeholders and, thus, to increase productivity and quality. 

Hence, construction 4.0 must take into account its project-oriented nature, hence influencing 

the “temporary” proximity of the actors in the production chain, raising product traceability as 

a priority for managers. 

Nagy et al. (2021), in their study of challenges and solutions at the organizational level 

of construction 4.0, observed that organizations that seek to innovate in their processes and take 

technological risks to maximize the efficiency of their business increasingly become an 

attractive workplace for the new generations. 

To sum up, four hypotheses regarding the main benefits generated by joining the digital 

construction revolution were drawn up, namely: ‘In the construction sector, I4.0 emerges as a 

natural way’ … 

H7: to reduce costs. 

H8: to increase productivity. 

H9: to improve quality. 

H10: to increase competitiveness. 
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Figure 2 shows the conceptual model of influence relationships between the hypotheses 

and the 4.0 technologies in construction. 
 

Figura 2 

Conceptual model 

 

Source: The authors (2022) 

 

2.3 Regional context 

 

The civil construction sector has great importance in the Brazilian economy, especially 

due to the generation of jobs. The National Construction Index showed an accumulated 18.65% 

in 2021, representing an increase of 8.49 percentage points compared to 2020 (10.16%) 

(Instituto Brasileiro de Geografia e Estatística - IBGE, 2022). Despite this, in 2021 the 

participation of construction in the Gross Domestic Product (GDP) of Brazil was 2.6%, a very 

timid situation in comparison to other countries such as the United States and Europe countries, 

where the activity represents 7% to 8% of the GDP (Brazilian Chamber of the Construction 

Industry - CBIC, 2022). 

Most Brazilian industry has a production system associated with the 2nd and 3rd 

Industrial Revolutions, which makes partial use of assembly and automation lines (Federação 

das Indústrias do Estado do Rio de Janeiro - FIRJAN, 2019). In the 2021 Global Innovation 

Index, which measures the performance of innovation-driven ecosystems in 132 economies and 

identifies the latest global trends in innovation, Brazil ranks 57th position of economies with 

the greatest innovation capacity and success (World Intellectual Property Organization - WIPO, 

2021). 

There are a small number of studies focused on the use of technologies from I4.0 on 

construction sites in Brazil – which is still at an embryonic level - as a solution to the housing 

deficit. But it should not be long before we see significant changes in this scenario. In particular, 

due to the philosophy of lean thinking, it is expected that a business management system will 

come into use that seeks to deliver more value to the customer, with less waste of resources or 

energy (Leite and Fontana, 2021).  

Even with the face of the growth of investments in the sector, the scenario is still 

pessimistic, which indicates that construction entrepreneurs in Pernambuco are still not willing 
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to invest in innovation as much as entrepreneurs in other sectors (Federação das Indústrias do 

Estado de Pernambuco - FIEPE, 2022). 

 

2.4 Sample and data collection 

 

The main object of the study was housing construction companies and building 

facilities. The choice of construction companies was made taking into account their 

performance in the Agreste region of Pernambuco, Brazil. The self-administered questionnaire 

was sent electronically to the managers of the construction companies selected for convenience. 

Only individuals in management positions could respond to the questionnaire. Therefore, of the 

30 questionnaires sent, 26 were answered, which corresponds to a response rate of 86.66%. 

The questionnaire consisted of 23 questions in total, divided into 2 sections: (1) general 

questions about the respondent; and (2) specific questions about the topic of study. The 

descriptive data extracted bring knowledge about the sample and partially represent the 

population. 

 

2.5 Data analysis 

 

In this study, the alpha coefficient (α), developed by Cronbach (1951) was used as an 

estimator of the internal consistency of the questionnaire (Leontitsis and Pagge, 2007). In the 

literature, some studies have specified ranges of acceptable alpha coefficient values. In general, 

an acceptable value of the alpha coefficient should be in the range of 0.7 to 0.9 (Aragon and 

Fontana, 2022; Cronbach, 1951). Our questionnaire presented an alpha of 0.874. i.e., it is 

acceptable. Table 1 related the questions of the questionnaire with the hypotheses tested. 

 

 

 
Table 1 

Relationship between the questionnaire and the hypotheses tested 

Dimension Question Hypothesis 

Barriers 

What is the level of relevance of the following barriers to the adoption of Industry 

4.0 concepts by construction companies?  
 

(a) Organizational culture closed to changes (traditional) H1 

(b) Lack of interest from senior management or owners H2 

(c) Lack of capital for investment H3 

(d) Lack of knowledge about Industry 4.0 H4 

(e) Lack of qualified labor H5 

Driver 

How do you rate your knowledge about the Fourth Industrial Revolution 

(Industry 4.0)? 
How close is the construction company where you work to the current digital 

revolution? 

H6 

Benefits 

What is the level of agreement regarding the following benefits of Industry 4.0 

for the construction company you work for? 
 

(a) Cost reduction H7 

(b) Increase in productivity; H8 

(c) Minimize the occurrence of errors (Quality); H9 

(d) Find new market opportunities (Competitiveness). H10 

Source: The authors (2022). 
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Due to the small sample size (n < 30), normality conditions were not reached. So, non-

parametric Fisher's exact test was used to test hypothesis H6, while non-parametric Binomial 

test was used in the other hypotheses. Barriers and benefits were assessed using a 5-point Likert 

scale. Thus, the Binomial test requires that the evaluations be grouped into two: barriers – 1 

(Very important and Important) and 0 (Moderately important, Little importance, and Not 

important,); Benefits - 1 (High and Good) and 0 (Medium, Low, None). 

 

3 Results 

 

3.1 Profile of the sample 

 

All 26 construction companies operate in the Agreste region of Pernambuco, i.e., 

meeting the research requirements. Although the headquarters of these companies are mostly 

located in the Agreste region, 69.23% in Caruaru and 3.84% in Garanhuns, many of them are 

in other regions such as 3.84% in Arcoverde (hinterland region), 15.38% in Recife and 3.84% 

in Ipojuca (the coastal region), and 3.84% in another state, Belo Horizonte - MG. 

Regarding the classification of companies by size, 38.5% are micro-small companies 

(up to 49 employees), 50% are medium-sized companies (50 to 99 employees), and 11.5% are 

large companies (100 or more employees). These data demonstrate the great importance that 

micro-small and medium-sized companies play in Brazil. Regarding the profile of the 

respondents, Table 2 summarizes the main information. 
 

 

 

 

Table 2 

Profile of the sample 

Variable Answers (%) 

Gender 
Male 92.30 

Female 7.7 

Formal Education 

Middle/ Technical school 3.8 

Holds graduate degree 57.7 

Specialization (lato sensu) 34.6 

Master’s (stricto sensu) 3.8 

Length of employment in the 

construction company 

1 to 2 years 69.23 

3 to 4 years 7.69 

5 to 6 years 11.53 

7 to 8 years 7.69 

9 to 11 years 3.84 

Source: The authors (2022). 

Among all those who have a degree, 84% have degrees in civil engineering, 8% in 

production engineering, 4% in mechanical engineering, and 4% in real estate business 

management. This fact shows that the sample analyzed consists of respondents who have 

experience in the construction sector and who work in the Agreste region. 

In the self-assessment of their level of knowledge about I4.0, 50% of respondents 

attributed good or high knowledge (Figure 3). 
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Figura 3 

Self-assessment of the level of knowledge in I4.0 

 

Source: The authors (2022). 

Regarding the industrial revolution context in which respondents believe the company 

is, 11.5% classified as the 1st Industrial Revolution, using totally manual production, 11.5% 

classified as the 2nd Industrial Revolution, where there is a division of labor and partial 

mechanization of activities, 53.8% classified as the 3rd Industrial Revolution, where they make 

partial use of technologies and semi-automated equipment; and 23.1% classified as the 4th 

Industrial Revolution, where they make use of management systems (ERP), laser level, infrared 

measuring tape, BIM software, 3D printers, etc. 

 

 

3.2 Hypotheses outcomes 

 

With a confidence level of 95% (significance level of 5%) and p-value of 0.5, the 

hypotheses defined in section 2 were tested using the SPSS software version 28.0.1.1, 14th 

edition, 2022. Table 3 shows that hypotheses H1, H5 and H6 were not confirmed. 

 
Table 3 

Hypotheses 

Hypothesis Variable p-value 

H1 Organizational culture 0.327 
H2 Lack of interest of managers 0.031 

H3 Lack of capital 0.011 

H4 Lack of Knowledge 0.031 

H5 Lack of qualified labor 0.170 

H6 Managers’ Knowledge 0.264 

H7 Cost Reduction 0.001 

H8 Productivity 0.001 

H9 Quality 0.001 

H10 Competitiveness 0.011 

Source: The authors (2022). 
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Although the move to the 4.0 model requires a change in the organizational and cultural 

structure of the company, as pointed out in the literature (Nawi et al., 2014; Newman et al., 

2021; Xu and Moreu, 2021), there is no evidence to say that conventional organizational culture 

is a barrier to the adoption of 4.0 technologies in Agreste region. In part, this is due to the 

modernization movement of the construction companies studied has not started, making it 

difficult for respondents to have a real perception of this barrier. On the other hand, there is 

evidence that some of the reasons why construction companies in the Agreste region of 

Pernambuco, Brazil, do not adhere to I4.0 are: lack of interest from senior management, lack 

of capital for investment, and lack of knowledge about new technologies, as pointed out by 

several authors (El‑Sayegh et al., 2020 Kozlovska et al., 2021; Nagy et al. 2021 Mesa-

Fernández et al., 2020, Qian and Leng, 2021; Yevu et al., 2021). 

There is also evidence that cost reduction, increased productivity, quality improvement, 

through fewer errors, and the opportunity to increase competitiveness are expected benefits on 

adopting technologies arising from I4.0, which is in agreement with statements made in the 

literature (Alaloul et al. 2020; Biswas et al., 2017; Carneau et al., 2020; Delgado et al. 2019; 

Nguyen-Van et al., 2021; Oesterreich and Teuteberg, 2016). 

Although the literature points out that as the manager's knowledge of I4.0 increases the 

company moves closer to the digital revolution (El‑Sayegh et al., 2020; Kozlovska et al., 2021; 

Leite and Fontana, 2021; Nagy et al. 2021), the data from our research were not enough to prove 

this statement. This happened in part, as our sample is aware of the I4.0 technologies, but other 

factors, mainly economic, lead to the non-adoption of these changes. The same analogy is made 

for the qualification of the workforce, because, since the adoption of new technologies is not 

considered for economic reasons, the non-existence or lack of qualifications of the workforce 

cannot yet be considered a challenge. 

However, respondents mentioned the importance of disseminating knowledge 

associated with I4.0 in construction companies, as well as in service providers, in order to 

contemplate the increase in the maturity of individuals not only in relation to the knowledge of 

technologies that enable I4.0, but also taking into account the potentialities in relation to the 

transformation process of each agent involved. 
 

5 Conclusion 

 

Given the above, it is noticeable how the advancement of technology in recent times has 

contributed to increased productivity in different markets and that managers are starting to 

become aware of the importance of investing in technologies to improve their processes. 

Evidence of this is their interest in knowing more about I4.0 and the benefits achieved by it 

within the sector. 

In order to remain competitive, construction companies need to adopt new forms of 

management. For this, technologies that reach all groups of project management process are 

emerging, these being of great importance to help the execution of the tasks of the project life 

cycle, where the I4.0 contributes to the modernization of organizational, operational and control 

of processes applied in the production chain of construction. 

 

5.1 Theoretical contributions 

 

Technological advances in the construction sector help in the sustainable development 

of cities. Hence, innovating in this sector aims to increase the speed of production, to reduce 

costs, and promotes sustainability. Thus, the advancement of technology in the sector 
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contributes to the management of work and increased productivity. With the use of I4.0 

technologies, constructions are now carried out in an agile and economical way, essential 

criteria for social housing. Thus, since the adaptation of the sector to the 4th Industrial 

Revolution, in other countries, has been shown to lead to a considerable increase in the rate at 

which housing units can be built, if the construction sector in Brazil were to do likewise, this 

could have a significant impact on tackling the Brazilian housing deficit and would also 

contribute to sustainability and environmental preservation issues. 

Therefore, it is important to emphasize the relevance of the I4.0 theme acting on 

construction in Pernambuco, in the face of a scenario of constant changes, whether in the social, 

productive, or academic scope. The 4.0 technologies have the ability to provide essential skills 

to the new professionals who are emerging and who aim to work in construction 4.0. 
 

5.2 Managerial implications 

 

The use of new technologies in construction is still embryonic in Brazil. Today, its 

application is oriented to the prototyping of architectural and structural models. Due to the high 

cost of implementation, companies need to be motivated to adhere to technological innovations 

through government initiatives, mandates or financing programs (Boton et al., 2021). Thus, as 

the strengthening of planning and management of cities is a priority area of the government of 

the state of Pernambuco. This study makes an important contribution to the diagnosis of 

companies that operate in the state in the construction sector. The results presented can support 

public policies to improve the urban management of municipalities in Pernambuco. 

Therefore, changes will be necessary in the entire structure of organizations so that I4.0 

can be really inserted in the Brazilian context, especially in construction. In addition, it will be 

a great challenge that can free up not only time, but also resources for research and technology 

acquisitions. However, it is important to understand that it is not a choice, but something that 

is already occurring as a global trend for development and it is a path of no return. 
 

5.3 Limitations and future research 

 

As for the limitations for carrying out the research, it is noteworthy that the sampling 

was not probabilistic, but for convenience, so the results of this study may differ from the 

population. However, the results raise significant evidence that justifies the concern with the 

topic addressed and, consequently, the present study. As a suggestion for future studies, an 

analysis of the need to change the profile of the professional who will work in civil construction 

in the coming years can be done, by the precepts of I4.0, thus causing a break in the training 

paradigms offered by universities today. 
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