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1. Introduction

I4.0 implies a manufacturing system that enables digital machines to perform productive routines (Manesh et al., 
2021), using several technologies, including artificial intelligence (Chehbi-Gamoura et al., 2020; Malik et al., 
2021), IoT (Manavalan & Jayakrishna, 2019), additive manufacturing (Pagliosa et al., 2019). It can deliver higher 
quality and customized products/services. It affects the technologies, and also production routines, planning and 
decision-making, and demands new workers’ qualifications (Kolyasnikov & Kelchevskaya, 2020; Ribeiro et al., 
2022). Thus I4.0 should not only be considered as a technological issue to increase productivity, as it impacts 
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work organization and its implementation demands man-machine integration, which requires a human-centric 
perspective since its project phase (Kaasinen et al., 2020).

I4.0 has implications for the labour market, since the adoption of new technologies impacts skills and 
competences demand for both workers and managers (Ribeiro et al., 2022; Silva et al., 2022; Muniz Junior et al., 
2024b). In fact, research related to HR and I4.0 have focused on the role of human capital in the new technological 
context (Song et al., 2021), new competencies and skills for I4.0 and the requirements for workers adaptation 
(Sartori et al., 2021), as well as the new roles of people involved in the HRM (Vrchota et al., 2020).

How I4.0 alters the worker’s role in production systems constitutes an important research area, particularly 
on issues regarding workers as users of new technologies (Lee & Lim, 2021), including concerns related to: 
required qualifications, new tasks and work routines (Ribeiro  et  al., 2022), autonomy for decision-making 
(Kipper et al., 2020), career sustainability (Sony & Naik 2020), individual behaviour (Pham et al., 2020) and 
expectations (Kaasinen et al., 2020).

KM is pointed as a facilitator for I4.0 implementation, as it enables knowledge creation, retention and sharing 
and worker´s competency and skill development (Abubakar et al., 2019). Research on KM and I4.0 have explored 
issues related to learning and worker´s engagement (Ribeiro et al., 2022), and how new technologies such as 
big data (Chehbi-Gamoura et al., 2020), Cyber-Physical Production Systems (Pinzone et al., 2020), and Internet 
of Things (Manavalan & Jayakrishna, 2019) can contribute to KM practices. The impact of I4.0 technologies 
on new learning processes are also analysed, including frameworks for Information Technology (IT) and 
Knowledge Sharing (KS), and organizational learning capabilities (Tortorella et al., 2020; Ngereja & Hussein, 
2021). How KM practices can promote workers’ engagement in the I4.0 context have been discussed, as well 
as how technological resources such as digital social media and knowledge processes integration can promote 
motivation, engagement and empowerment among employees (Kaasinen et al., 2020).

However, despite the importance of the workers’ perspective for I4.0 implementation, previous literature reviews 
have mainly explored either technological aspects or managerial practices (Kamble et al., 2020; Acciarini et al., 
2021). There are only a few reviews that depart from those themes, focusing on issues such as sustainability 
or worker’s role (Mark et al., 2021), HRM (Silva et al., 2022), and KM (Ribeiro et al., 2022). As there is already 
a sizable body of research on HR, KM and I4.0, this paper conducts a systematic literature review that focuses 
on the human role and required competencies for I4.0, focusing on the following research question: What are 
the current approaches relating HR and KM in the context of I4.0 implementation and the related research 
opportunities? The presented research question guides the main purposes of our work, to identify the approaches 
relating HR and KM in the context of I4.0 implementation and the related research agenda to support production 
management. Results are organized along five main axes: Society (encompass the dimensions of Context and 
Sustainability), People (Workers and Managers), Organizations (Production and Service), Management Practices 
(HRM and Lean Process), and KM & Learning.

This paper is structured in five sections. Section 2 presents a brief theoretical background on the themes HR 
and KM in the context of I4.0 implementation. Section 3 details the method approach adopted for the literature 
review and content analysis. Section 4 describes the results and discussion, proposes a framework for research 
opportunities, and Section 5 offers the conclusions and practical implications.

2. Theoretical background

2.1. Industry 4.0 and human-centric perspective

Industrial contexts are sociotechnical systems that entail ongoing interactions between society, people and 
technology, and affect virtually all areas of human life and work. I4.0 has been pushed both by public policies around 
the globe and by multinational corporations (Muniz Junior et al., 2022a). It has individual level and firm level impact, 
on workers, teams and work systems and on management practices, as well as national level impact, on systems of 
innovation and production. In order to account for those different levels, a Human-Centric Operations Management 
based on Social Systems for Future Manufacturing (SSFM) framework has been proposed, which bridges the current 
isolated debates at people, organisation and society perspectives of analysis (Muniz Junior et al., 2022b, 2024b).

The human-centered perspective can be important for leadership, HR and change management (Ribeiro et al., 
2022). Workers in the I4.0 context have to autonomously manage new tasks and routines, find solutions and 
solve problems in a collaborative way with technological resources, which demands engagement for self-learning 
and self-development (Malik et al., 2021).

Individual aspects (e.g., learning capabilities, motivations, social and cultural background) can influence 
the understanding, use of I4.0, and affect the knowledge creation for operational and strategic applications 
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(Kolyasnikov & Kelchevskaya, 2020). Sociocultural issues can also influence the way workers interact with 
I4.0 technologies and impact the organizational objectives (Tortorella et al., 2020). For instance, the organizational 
culture can influence the way that workers socialize, communicate and trust others, impacting on a favourable 
context for KS (Sartori  et al., 2021). Organizational culture can also influence the decision-making during 
I4.0 implementation (Abubakar et al., 2019).

From an organizational perspective, workers are important actors in the socio-technical systems, since 
their engagement can lead to a deeper initiative to manage complexity (Sartori et al., 2021). An early worker’s 
engagement in I4.0 implementation is required to achieve best results, for instance on workspace design and 
technology integration (Malik et al., 2021). A gap between current workers’ technical competences and the 
required ones can constitute an initial barrier, which can be minimized by parallel training and proper infrastructure 
implementation (Manesh et al., 2021).

The workers’ engagement in learning has been analysed, as it influences continuous training practices, and 
adaptive learning solutions development (Zangiacomi et al., 2020). Engagement affects the integration of workers 
and technologies, and it is an enabler to facilitate knowledge creation and sharing, increasing knowledge usage 
in new routines, which increases competitiveness, and product and process innovation (Ribeiro et al., 2022).

Workers’ participation in I4.0 implementation requires training, learning capabilities (Tortorella et al., 2020), 
performance metrics development, access to related technologies and safety-related resources and procedures 
(Núñez-Merino et al., 2020). The transformation of data into organizational knowledge demands a favourable 
context for KS, integration and coordination, which impacts HRM (Kolyasnikov & Kelchevskaya, 2020).

2.2. Industry 4.0 and knowledge management

Knowledge has long been considered as an important asset to increase the organization’s competitive 
advantage and to contribute with operational improvement and innovation performance (Nonaka, 1994). KM aims 
to capture, preserve, share and reuse both tacit and explicit knowledge that are created and used by workers 
during routine tasks to improve production processes, generating measurable results for the organization and 
people (Muniz Junior et al., 2009).

As the challenges of digital transformation imply workers to develop new competencies and knowledge, KM 
is pointed as a way to assist formal and on the job training, as well as continuous qualification. The KM and 
I4.0 implementation are analysed by Kolyasnikov & Kelchevskaya (2020), and Sartori et al. (2021). In addition, 
Manesh et al. (2021) highlight a related negative impact of knowledge loss.

The identification of relevant knowledge for each productive process is considered a critical demand for 
the I4.0 technologies implementation, and KM can support the use of IT, and improve the development of 
new worker’s competences and engagement during new product and process development (Cassia et al., 2020; 
Garrido et al., 2024; Muniz Junior et al., 2024b). Thus, KM can be incorporated in HRM to support effective 
knowledge retention and sharing, assist processes of problem solving, continuous improvement, and decision-
making and facilitate the I4.0 implementation (Núñez-Merino et al., 2020).

KM practices support workers’ cognitive activities and can facilitate the required worker engagement and 
competencies/knowledge development (Muniz Junior et al., 2021b). It can stimulate synergy between work 
team members to achieve production objectives and establish knowledge connections for I4.0 technologies 
implementation (Muniz Junior et al., 2021a). Knowledge creation and its combination with existing one, as 
well as its to all actors of the production system is important during operation changes and new concepts 
implementation (Ribeiro et al., 2022). KS is also important during transition periods (Cassia et al., 2020).

3. Methodology

3.1. Papers selection

A two-step process was adopted to assemble the paper set. First, a preliminary, exploratory search was 
conducted to identify the best strings for the literature search. In this first step, a literature search was conducted 
in the Scopus database, a well-known multidisciplinary database that features relevant journals related to 
manufacturing technologies and management. The search was limited to that 5-year period (2019 to 2023), and 
using I4.0 synonymous terms 26,630 papers were identified and analysed using VOSviewer software (Van Eck & 
Waltman, 2017), to identify the human-centric terms used by them. That analysis indicated the following terms: 
“human*”, “competenc*”, “skill*”, “social*”, “qualific*”, “job*”, “employ*”, “work*”, as illustrated in Figure 1.
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Using the I4.0 search strings, the human-centric strings defined in the first step, and “KM” and “KS”, a 
search in the WoS database was conducted, following the PRISMA protocol (Moher et al., 2009), limited to 
empirical papers and reviews in English, which yielded 76 papers. All titles and abstracts were read, and only 
papers discussing I4.0, KM and human-centric issues in an integrated perspective were selected, which resulted 
in a set of 46 papers. Based on the snowball method (Rea & Parker, 2005), 34 papers referenced in that set 
of articles were also included, resulting in a final set of 80 papers. Table 1 summarizes the search criteria and 
results based on Moher et al. (2009).

Figure 1. Human-centric terms identification. Data extracted from VOSviewer software (Van Eck & Waltman, 2017). 

Table 1. Papers selection protocol.

Item Description Total

Data base Scopus

Period 2019 to 2023

Search criteria By “Article title, abstract, keywords”

Articles (empirical papers) and Reviews

Papers in English

Classified by Relevance

Search string “industr* 4.0” OR “manufactur* of the future” OR “future manufactur*” OR “advanced 
manufactur* technolog*” OR “smart* factor*” OR “digitalizat*” OR “smart* manufactur*”

76

AND

“knowledge management” OR “knowledge sharing”

AND

“human resource*” OR “human*” OR “competenc*” OR “skill*” OR “social*” OR “qualific*” OR 
“job*” OR “employ*” OR “work*”

Title and Abstract analysis  
(exclusion criteria)

Exclusion of 30 papers without adherence to the integrated themes 46

Snowball analysis  
(inclusion criteria / final set)

Inclusion of 34 papers identified in the articles related references, considered as relevant and 
linked on the explored themes

80

3.2. Papers analysis

Gioia et al. (2012) method was adapted and applied to classify future research opportunities and trends. 
Its original application was for interview content analysis, but here it was applied to paper content analysis. First 
order issues are sentences extracted from the texts (from the content analysis) following the research question 
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and purpose orientation. Those first order issues were grouped by similarity, and then summarised and coded 
into more abstract phrases, the second order themes (see the codification example in Muniz Junior et al., 
2024a). Finally, second order themes were further grouped and aggregated into more abstract ideas, the third 
order themes, which represent emergent aspects identified as research opportunities and trends on the studied 
topic. Thus first-order issues are directly connected to texts and second and third order themes are increasingly 
aggregated, abstract and stylized ideas. Table 2 illustrates the interpretation process that led to a research 
agenda and trends related to I4.0 and KM in a human-centric perspective.

Table 2. Example of the coding and aggregation process.

Issues  
(1st Order)

Authors
Themes  

(2nd Order)
Aggregated Themes 

(3rd Order)

Government policies for digital 
technologies development

Mariani and Borghi (2019) Policies for technology Policy Implications

Ethical, social, and environmental aspects 
related to digitalization

Castro et al. (2021), Arias-Pérez, and 
Vélez-Jaramillo (2022)

Implications for policy making

4. Findings

4.1. Content and agenda

The research opportunities were grouped in five agendas: ‘Society’, ‘People’, ‘Organizations’, ‘Management 
Practices’, and ‘KM & Learning’, encompassing 10 dimensions (Table 3).

Table 3. Resume of dimensions content (see detailed references from Table 4 to 13).

Agenda category Dimension Content

Society Context Culture and macroeconomy influence, impact on education, and policy implications

Sustainability worker adaptation, impacts on social life, well-being, and organizational environment

People Workers The future of human labour and the technological reality expected by industries

Managers Changes on decision-making, managerial practices and changing qualification

Organizations Production Ergonomics aspects, the influence of organizational culture, socio-technical design, and power and 
trust

Service Principles and technologies expected adhered in the service sector, and related I4.0 business for 
innovative service industries demands

Management 
Practices

HRM HRM practices, HR professional roles, and training and skill development

Lean process Implementation frameworks integrating I4.0 and lean manufacturing

KM & Learning KM KM and technology, knowledge cycle, and knowledge transfer

Learning Impact on the labour market

4.1.1. Society related agenda (What)

The Society related agenda is identified and can be classified in two main dimensions, ‘Context’ and 
‘Sustainability’.

The ‘Context’ dimension (Table 4) encompasses ‘Culture and Macroeconomy Influence’, ‘Policy Implications’, 
and ‘Jobs and Labour Market’. ‘Culture and Macroeconomy Factors’ indicates opportunities on cultural and 
economic themes related to I4.0 implementation, including individual and organizational culture as an 
influential element for creating knowledge for the adoption and adaptation to new processes and technologies 
(Sartori et al., 2021). Cultural aspects can also impact the development of new competences and KS (Li et al., 
2019). Economic aspects reflect regional or national situations, public policies and markets, impacting on 
human and organizational development (Szász et al., 2021). ‘Policy Implications’ considers the development 
of policy guidelines for I4.0 implementation and technology adoption impacts. It includes actions related to 
the triple helix: university, industry and government (Mariani & Borghi, 2019). It also considers ethical, social, 
and environmental aspects, related to the interaction between workers and technology, and employability 
(Dhanpat et al., 2020), and includes the preparation of the youth for new jobs, including the adaptation of 
educational programs and practices (Scavarda et al., 2019).
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The ‘Sustainability’ dimension (Table 5) includes impacts on workers´ social life, well-being, and corporate 
responsibility and environmental impact. Technology is expected to affect social life and well-being (Ribeiro et al., 
2022; Muniz Junior et al., 2023a; Garrido et al., 2024). Technology is also expected to affect the work practices 
and an adequate organizational environment that allows integration between workers and technologies is also 
a concern (Castro et al., 2021).

Table 4. Context data structured.

Issues  
(1st Order)

Authors
Themes  

(2nd Order)
Aggregated Themes  

(3rd Order)

The interaction between culture and 
competences

Li et al. (2019), Sony and Naik 
(2020), Sartori et al. (2021)

Influence of cultural differences Culture and Macroeconomy 
Influence

The influence of country economic 
situation on I4.0 implementation, on 

training needs and people development

Vrchota et al. (2020), 
Sartori et al. (2021)

Influence of economic 
development

The role of market conditions, 
governmental policies, labour costs, and 

subsidies

Szász et al. (2021) Influence of macroeconomic 
factors

Educational programs to prepare the 
youth for new jobs

Scavarda et al. (2019) Youth Education Policy Implications

Policies for digital technologies 
development

Mariani and Borghi (2019) Policies for technology

Ethical, social, and environmental aspects 
of digitalization

Castro et al. (2021), Arias-Pérez, 
and Vélez-Jaramillo (2022)

Implications for policy making

The interaction between university, 
industry and government

Kipper et al. (2020) Triple helix and I4.0

The replacement of workers by 
technological devices

Dhanpat et al. (2020) Labour displacement by 
technology

Jobs and labour market

Impact on employees and insecurity job 
loss

Kipper et al. (2020), Malik et al. 
(2021)

jobs and employees

Careers and the future qualified worker 
employability

Dhanpat et al. (2020), 
Vrchota et al. (2020)

Employability and sustainable 
careers

The labour market adaptation to 
competency requirements

Chin et al. (2019), Lee and Lim 
(2021)

Labour market adaptation

Table 5. Sustainability data structured.

Issues  
(1st Order)

Authors
Themes  

(2nd Order)
Aggregated Themes  

(3rd Order)

Effects of organizational, technology and 
worker adaptation on social life

Ribeiro et al. (2022), Muniz 
Junior et al. (2023a)

Impact on social life Environmental, social, 
and corporate governance 
(ESG) and SustainabilityImpact of organizational, technology and 

worker adaptation on well-being
Ribeiro et al. (2022), Muniz Junior et al. 

(2023a), Garrido et al. (2024)
Impact on well-being

I4.0 sustainability and organizational 
responsibility influencing society

Scavarda et al. (2019),  
Wibowo et al. (2020)

Impact on corporate 
responsibility and sustainability

The industrial productive process 
environmental impact

Fok-Yew and Hamid (2021), 
Garrido et al. (2024)

Impact on the environment

4.1.2. People related agenda (Who)

The people related agenda is classified in ‘Workers’ and ‘Managers’ dimensions. The first dimension (Table 6) 
expresses the concern about the future of human labour, including the aggregated themes of ‘Workers´ 
expectations and perspective’, ‘Job and role changes’, ‘Autonomy and Empowerment’, and ‘Individual traits and 
culture’. How I4.0 alters the role of humans in the working world constitutes an important research topic, which 
have to consider the impact on workers as users of new technologies, including concerns related to: required 
qualifications (Dobra & Dhir, 2020), new tasks and work routines (Ribeiro et al., 2022), career sustainability 
(Sony & Naik, 2020), worker behaviour (Pham et al., 2020), autonomy for decision-making (Kipper et al., 2020), 
and expectations (Kaasinen et al., 2020). Technological interfaces and the related work environment should 
be analysed from the workers´ perspective (Lee & Lim, 2021). Workers´ tasks are expected to change in range, 
depth and content (Ribeiro et al., 2022), which will impact on the required qualifications of workers and have 
to be explored in future research initiatives (Mark et al., 2021). Competences on the shop floor will include not 
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only technical knowledge and skills, but also worker´s involvement, empowerment and engagement, which can 
impact on how workers will manage the related context complexity (Scavarda et al., 2019). Workers will need to 
be more engage in problem-solving (Li et al., 2019) and decision-making (Kipper et al., 2020). Also, the influence 
of culture and gender during I4.0 implementation needs cross-cultural comparative analysis (Sony & Naik, 2020).

The ‘Managers’ dimension (Table 7) includes the themes: ‘Changes on Decision-making’, ‘Managerial Practices’, 
and ‘Changing Qualifications’. ‘Changes on Decision-making’ indicates opportunities in the decision-making 
process, such as cognition, KM, and technology. Acciarini et al. (2021) indicate that new leaders will be required 
to have specific cognitive capabilities to monitor trends and deal with high information volume provided by 
processes and technologies and are concerned about sustainability issues. How KM practices and technological 
resources will interact and support managers on decision making also constitutes a theme to be explored, as it 
is pointed as an enabler to deal with the complexity, dynamism, and uncertainty for decision-making process 
in I4.0 context (Abubakar et al., 2019; Wang et al., 2021).

Table 6. Workers data structured.

Issues  
(1st Order)

Authors Themes  
(2nd Order)

Aggregated Themes  
(3rd Order)

The workers/operators perspectives as 
users of technology

Lee and Lim (2021), Ribeiro et al. 
(2022)

Worker perspective Workers´ expectations and 
perspective

Worker expectations and concerns 
during technology implementation

Ribeiro et al. (2022), Muniz 
Junior et al. (2023b)

Workers expectations

Change in the role of humans in the 
working world

Pham et al. (2020), Ribeiro et al. 
(2022)

Roles and participation

Changes in task range, task depth and 
task content

Zeshan et al. (2021) Job and task content Job and role changes

Complexity, interaction and 
coordination, problem-solving and 
decision-making on the shop floor

Scavarda et al. (2019), Mathiasen 
and De Haas (2021), Ribeiro et al. 

(2022)

Increasing role complexity

The future operator profile and 
qualifications

Dobra and Dhir (2020), Mark et al. 
(2021), Ribeiro et al. (2022)

Job content and qualifications

Employee involvement, empowerment 
and engagement in voluntary 

behaviours

Kaasinen et al. (2020), Pham et al. 
(2020), Ribeiro et al. (2022)

Empowerment and engagement Autonomy and Empowerment

Workers´ autonomy for decision-making Kipper et al. (2020), Zeshan et al. 
(2021), Ribeiro et al. (2022)

Autonomy and decision making

Individual-level enablers, Human issues 
and personal traits

Schniederjans et al. (2020), 
Jankowska et al. (2021)

Individual traits and enablers Individual traits and culture

The individual culture influence on 
critical information and KS

Li et al. (2019), Ribeiro et al. 
(2022)

Individual culture

Human behaviour, social interaction, 
relationship and interfaces between 
businesses, stakeholders and cyber 

physical systems

Pinzone et al. (2020), Lee and Lim 
(2021)

Behavior and social interaction

The impact of gender and culture on 
career sustainability and competences

Chin et al. (2019), Sony and Naik 
(2020)

Gender and individual culture

Table 7. Managers data structured.

Issues (1st Order) Authors Themes (2nd Order) Aggregated Themes (3rd Order)

Cognitive aspects for decision-
making processes

Acciarini et al. (2021), 
Dumitrache et al. (2021)

Cognition and decision making Changes on decision making

The interaction between KM and 
decision-making styles

Abubakar et al. (2019), 
Ribeiro et al. (2022)

Decision making styles influence

The technology influence on 
critical knowledge creation for 

decision-making

Ahmed et al. (2021), Wang et al. 
(2021), Ribeiro et al. (2022)

Knowledge for decision making

Management approaches for 
decision making, HR, technology 

resources and sustainability

Mathiasen and De Haas (2021), 
Ribeiro et al. (2022)

Management approaches Managerial practices

Emerging managerial practices 
considering the technology reality 

and sustainability

Nedelko (2021), Ruel et al. (2021) Emerging managerial practices

Higher hierarchy employees 
qualification requirements and 

training opportunities

Brahma et al. (2021), Ruel et al. 
(2021), Ribeiro et al. (2022)

Changing qualification 
requirements

Changing qualifications
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Table 8. Production data structured.

Issues (1st Order) Authors Themes (2nd Order) Aggregated Themes (3rd Order)

Physical and cognitive ergonomics 
for human-technology 
collaborative systems

Kerin and Pham (2020), 
Dumitrache et al. (2021)

Ergonomics of human-technology 
systems

Ergonomics

Occupational risks related to 
organizational and human 

performance

Brocal et al. (2019) occupational risks and 
performance

The influence of organizational 
culture on knowledge creation 

and KS

Drašković et al. (2020), 
Kamble et al. (2020), Sartori et al. 

(2021), Sawangwong  and 
Chaopaisarn (2021)

Organizational culture influence 
on implementation

Organizational culture

The applicability of existing socio-
technical design principles

Sony and Naik (2020) Socio-technical design principles Socio-technical design

The balance of power between 
organizational actors

Knudsen (2020) Power in the work environment Power and Trust

Team cohesion and trust issues in 
manufacturing innovation

Jankowska et al. (2021), 
Schniederjans et al. (2020), Arias-
Pérez and Vélez-Jaramillo (2022)

Trust and team cohesion

Table 9. Service data structured.

Issues  
(1st Order)

Authors
Themes  

(2nd Order)
Aggregated

Themes (3rd Order)

Business model for innovative 
service industries

Mariani  and Borghi (2019), 
Jankowska et al. (2021), 

Crupi et al. (2020)

Business model and value creation 
in services

I4.0 and Services

Technology implementation in 
service industries

Arifiani et al. (2019), Mariani and 
Borghi (2019)

Application in services

‘Managerial Practices’ considers the HRM, technology resources and sustainability. ‘Changing Qualifications’ 
indicates that managers´ qualifications and training opportunities are shifting in the I4.0 context.

4.1.3. Organizations related agenda (Where)

‘Organizations’ related agenda includes the dimensions of ‘Process’ and ‘Service organisations’. ‘Process’ 
dimension (Table  8) includes themes: ‘Ergonomics’, ‘Organizational Culture’, ‘Socio-technical Design’, and 
‘Power and Trust’.

Safety in the I4.0 context is considered a critical issue, and ‘Ergonomics’ indicates opportunities to explore 
physical and cognitive ergonomics in human-technology collaborative systems (Kerin & Pham, 2020). ‘Organizational 
Culture’ considers knowledge creation and sharing processes. Creating an organizational culture is a manager’s 
responsibility (Hong & Muniz Junior, 2022) and it is strongly related to communication practices, an important 
factor in knowledge creation and sharing process (Drašković et al., 2020).

‘Socio-technical Design’ considers the applicability of existing socio-technical design principles in I4.0 in 
different industries, both in process design and later evolution (Sony & Naik, 2020).

‘Power and Trust’ considers the balance of power between organizational actors, which can influence 
knowledge creation and the decision-making process (Knudsen, 2020), requiring initiatives related to adequate 
environment, team cohesion and trust issues (Jankowska et al., 2021).

‘Service’ dimension (Table 9) considers how I4.0 principles and technologies are expected to deeply impact service 
operations, and their business models (Crupi et al., 2020; Jankowska et al., 2021). Technology implementation 
practices that consider sustainability is also an issue to be analysed (Arifiani et al., 2019).

4.1.4. Management Practices related agenda (How)

‘Management Practices’ agenda includes the dimensions of ‘HRM’ and ‘Lean process’. The ‘HRM’ dimension 
(Table 10) includes ‘HRM Practices’, ‘HR Professional Roles’, and ‘Training and Skill Development’. ‘HRM Practices’ 
that indicate opportunities on the strategies to develop the required worker skills aligned to technology related 
demands, culture, processes, goals and infrastructure (Liboni et al., 2019). ‘HR Professional Roles’ highlights 



Production, 34, e20240014, 2024 | DOI: 10.1590/0103-6513.20240014 9/17

Table 10. HRM data structured.

Issues (1st Order) Authors Themes (2nd Order) Aggregated Themes (3rd Order)

HRM relation with technology, 
culture, processes, goals and 

infrastructure

Liboni et al. (2019), Scavarda et al. 
(2019), Marnewick and Marnewick 

(2020), Sony and Naik (2020), 
Wibowo et al. (2020), Al-Qaralleh 
and Atan (2021), Del Giudice et al. 

(2021), Song et al. (2021), 
Wasilah et al. (2021), Ribeiro et al. 

(2022)

Change in HRM HRM practices

Worker retention practice to 
mitigate the risk of knowledge 

leakage

Manesh et al. (2021), Sartori et al. 
(2021), Ribeiro et al. (2022)

Worker retention

The role of HR professionals on 
the development and management 

of qualified workers

Dhanpat et al. (2020), Song et al. 
(2021), Szász et al. (2021), 

Ribeiro et al. (2022)

HR professional’s role HR professional roles

Workers knowledge retention and 
continuous training practices

Manesh et al. (2021), Ribeiro et al. 
(2022), Muniz Junior et al. (2023b)

Continuous training and worker 
knowledge retention

Training and skill development

The worker job description 
development

Marnewick and Marnewick (2020), 
Vrchota et al. (2020), Mark et al. 

(2021), Sartori et al. (2021), 
Ribeiro et al. (2022)

Job description

The required worker competencies/
skills

Manavalan and Jayakrishna 
(2019), Sony and Naik (2020), 
Hamer et al. (2021), Silva et al. 

(2022), Ribeiro et al. (2022), Muniz 
Junior et al. (2023b)

Skill and competence

Workforce training and developing 
programs

Pham et al. (2020), Porthin et al. 
(2020), Sony and Naik (2020), 

Ribeiro et al. (2022)

Training programs

Table 11. Lean process data structured.

Issues (1st Order) Authors Themes (2nd Order) Aggregated Themes (3rd Order)

Implementation frameworks 
integrating I4.0 and lean 

manufacturing

Pagliosa et al. (2019), Kipper et al. 
(2020)

Implementation Frameworks Lean manufacturing

Technology implementation in 
organizations with different lean 

manufacturing levels

Kamble et al. (2020), Núñez-
Merino et al. (2020)

Lean maturity levels

The facilitating effects of 
lean manufacturing on I4.0 

implementations

Pagliosa et al. (2019), Fok-Yew 
and Hamid (2021)

Facilitating enablers

Performance implications of an 
I4.0 and lean manufacturing 

integration

Pagliosa et al. (2019), Fok-Yew 
and Hamid (2021)

performance improvement

the role of HR professionals on the development and management of qualified workers for the I4.0 context 
(Szász et al., 2021). HR professionals are expected to be experts on required skills for I4.0 and will in addition 
occupy positions of leadership (Dhanpat et al., 2020).

‘Training and Skill Development’ reflects the opportunities to retain relevant knowledge during I4.0 implementation. 
Worker´s importance also needs to be explored in continuous training practices, new job description, and the 
required competencies and skills (Hamer et al., 2021). Such issues are expected to influence training programs 
(Porthin et al., 2020).

‘Lean Process’ dimension (Table 11) indicates that future research has to explore the development and 
application of frameworks integrating I4.0 and lean manufacturing at different lean manufacturing maturity 
levels (Kamble  et  al., 2020; Núñez-Merino  et  al., 2020). The facilitating effects of lean manufacturing on 
I4.0 implementations, as well impacts on performance (Pagliosa et al., 2019) are also research opportunities.

4.1.5. KM and Learning related agenda (How and Why)

‘KM and Learning’ (Table 12) includes ‘KM and Technology’, ‘Creation, reuse and sharing’, and ‘Knowledge 
transfer and performance’. ‘KM and Technology’ indicates opportunities on the relation between KM and 
I4.0 technologies (Jermsittiparsert & Boonratanakittiphumi, 2019), including the management of large data 
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volumes for decision making, innovation and manufacturing management (Wang & Wan, 2021). Workers retention 
practices have to mitigate the risk of knowledge leakage and loss due to workers relocation (Manesh et al., 
2021). Technology can impact KS and flow, which influence the organizational innovative capability and its 
competitive strategies (Cassia et al., 2020). The conversion of big data into useful knowledge is also pointed 
out as a research opportunity as it can affect management, productivity, workers, and customer relationship 
(Chehbi-Gamoura et al., 2020).

‘Creation, reuse and sharing’ indicates opportunities related to identification, retention, and management 
of critical knowledge, to manage technological resources, to engage in technology-based collaborative 
environments, which can impact productivity (Dornhöfer et al., 2020). Enablers of knowledge creation process 
and its relation to the interaction between workers and technology are an opportunity (Patriarca et al., 2021). 
Also, enablers of KS (Stentoft et al., 2020) considering technology that facilitates information flow between 
workers (Stachová et al., 2020).

‘Knowledge transfer and performance’ considers KS and how knowledge is transferred between technology 
artefacts and between organizations, and its influence on technology adoption. How KM influences organizational 
performance also constitutes an opportunity for future research, as well as workers’ behaviour and how KS can 
generate better performance (Cotrino et al., 2021; Sartori et al., 2021).

‘Learning’ (Table  13) has an integrated perspective with KM and organizational aspects. The effect of 
I4.0 implementation in the learning process has to be analysed on different levels, including individual, group, 
and institutional (Manesh et al., 2021; Sartori et al., 2021). It also can be explored on how learning can influence 
sustainable careers (Ngereja & Hussein, 2021).

Table 12. KM data structured.

Issues (1st Order) Authors Themes (2nd Order)
Aggregated Themes (3rd 

Order)
Required processes and infrastructure 

capability for KM
Jermsittiparsert and Boonratanakittiphumi 

(2019), Feliciano et al. (2021)
Infrastructure requirements KM and technology

KM and technologies relation Kolyasnikov and Kelchevskaya (2020), 
Sawangwong and Chaopaisarn (2021), 
Radanliev et al. (2022), Ribeiro et al. 
(2022), Muniz Junior et al. (2023b)

KM and technology relation

KM approaches for data and 
information management for 

technologies

Meski et al. (2019),  
Wang and Wan (2021),  

Ribeiro et al. (2022)

KM to support data/
information management

The management of critical 
knowledge for technology resources 

usage

Dornhöfer et al. (2020),  
Kipper et al. (2020), Ribeiro et al. (2022)

Critical knowledge for 
technology use

Data security and knowledge loss or 
leakage risks

Malik et al. (2021),  
Manesh et al. (2021)

Technical risks

Enablers factors of the knowledge 
creation process

Schniederjans et al. (2020), Patriarca et al. 
(2021), Ribeiro et al. (2022)

Enablers for Knowledge 
creation

Creation, reuse and sharing

Knowledge reuse in digital 
manufacturing

Ahmed et al. (2020), Bruno et al. (2020), 
Ahmed et al. (2021)

Knowledge reuse

The conversion of big data in useful 
knowledge

Chehbi-Gamoura et al. (2020), 
Manesh et al. (2021)

Enablers for Knowledge 
creation

Technologies and enabling factors for 
KS among workers

Stachová et al. (2020), Stentoft et al. 
(2020), Zangiacomi et al. (2020), 

Yang et al. (2021), Ribeiro et al. (2022), 
Muniz Junior et al. (2023b)

KS among blue collars

The interaction between KS and 
technologies on innovative capability

Cassia et al. (2020),  
Núñez-Merino et al. (2020)

IT infrastructure and KS

Knowledge transfer improvement and 
its influence on technology adoption

Szász et al. (2021), Cotrino et al. (2021) Knowledge transfer Knowledge transfer and 
performance

KM influence on organizational 
performance

Gouda and Tiwari (2021),  
Bettiol et al. (2021)

KM and organizational 
performance

Table 13. Learning data structured.
Issues (1st Order) Authors Themes (2nd Order) Aggregated Themes (3rd Order)

Organizational learning and KM 
perspectives for sustainable careers

Chin et al. (2019), Ngereja and 
Hussein (2021), Ribeiro et al. (2022)

KM and Learning development Learning

The effect of I4.0 on different 
levels of learning (individual, 
group and institutional level)

Tortorella et al. (2020), Manesh et al. 
(2021), Sartori et al. (2021)

Individual learning
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4.2. Human-Centric Operations Management implementation

Organizations are the foundation of I4.0 and digital transformation, which requires reviewing their structures 
and processes to support different work requirements and aspects of training and skills; and industrial policies 
will either enhance or hinder the organization performance in an industrial setting that is fundamentally different 
from the existing ones.

The review also indicated opportunities about implementation practices. They include the following themes 
(Table 14): ‘Implementation planning’, ‘Policies and frameworks’, and ‘Assessment’. It highlights concerns such 
as a possible replacement of workers by technology, technology adaptation, and the impact on current industrial 
processes. Implementation has to consider I4.0 maturity models, and capabilities, knowledge infrastructure and 
implementation barriers (Hsieh et al., 2020). Research on frameworks for I4.0 implementation are required to 
provide robust models integrating management, infrastructure, technology, process, and human qualification 
(Kipper et al., 2020). I4.0 implementation also requires policies, considering organizational and social views 
(Muniz Junior et al., 2023a). The replacement of workers by technological devices reflects the concern about 
job loss, which requires studies on requalification and relocation, and collaborative environments to integrate 
both workers and technologies. Implementation demands existing technology conversion and adaptation 
(Krzywdzinski, 2020; Barbosa et al., 2020), including impact on current industrial processes (Meski et al., 2019). 
It should also risks related to lack of knowledge, technological and managerial capability, human adaptation issues 
(Manavalan & Jayakrishna, 2019), data security, knowledge loss or leakage (Sartori et al., 2021), occupational 
hazards, organizational and human performance (Brocal et al., 2019).

Table 14. Implementation data structured.

Issues (1st Order) Authors Themes (2nd Order) Aggregated Themes (3rd Order)

The I4.0 implementation 
influences the current processes

Meski et al. (2019), Scavarda et al. 
(2019), Wibowo et al. (2020)

Influence on current processes

Implementation planning

Technology conversion, adaptation 
and implementation approaches

Krzywdzinski (2020), Barbosa et al. 
(2020), Radanliev et al. (2022)

Technologies and implementation

knowledge insufficiency, 
managerial, human and 

technology related implementation 
risks

Manavalan and Jayakrishna (2019), 
Castro et al. (2021)

Implementation risks

Development of frameworks for 
implementation

Kipper et al. (2020), Sawangwong 
and Chaopaisarn (2021)

Implementation frameworks

Policies and frameworksImplementation policies 
considering manufacturing 
processes and technology

Muniz Junior et al. (2023a)
Organizational policies for 

implementation

Assessment methodologies and 
maturity models (including 

capabilities, knowledge 
infrastructure and knowledge level, 

barriers)

Hsieh et al. (2020), Szász et al. 
(2021), Nedelko (2021)

Assessment methods Assessment

4.3. A framework for Industry 5.0 Human-Centric Operations Management

The I4.0-Human-KM relation indicates topics to be explored by further research. In the broader context, it 
should focus on aspects such as including culture and macroeconomy influence, education and policy implications, 
sustainability, and concerns of worker adaptation, impacts on social life, well-being, and organizational environment.

The people category reinforces the importance of workers, indicating research opportunities focused 
on the future of human labour and technology both for workers and managers, which have to be explored 
considering possible changes on decision-making, managerial practices and qualification. Organizational research 
opportunities include concerns related to ergonomics, culture, socio-technical design, and power and trust, and 
how technology can be applied in services.

There are opportunities to investigate traditional management theories and technology adoption, considering 
HRM practices, HR professional roles, training and skill development; KM and technology, knowledge cycle 
and knowledge transfer; implementation frameworks integrating I4.0 and lean manufacturing; and aspects 
and factors to turn the I4.0 implementation or operation unfeasible, including, knowledge insufficiency, 
management capability, human adaptation capability, technology capability, data security, knowledge loss or 
leakage, occupational factors, organizational and human performance.
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Finally, Figure 2 depicts the overarching view of interactions among the three dimensions of SSFM framework 
as well as indicating the underlying logic: Society, Organization and People. Three sets of processes around 
learning, innovation and value creation will facilitate the digital transformation of work, firm and policy for 
future manufacturing.

Figure 2. Industry 5.0 Human-Centric Operations Management based on Social Systems for Future Manufacturing Framework 
(adapted from: Muniz Junior et al., 2022b, 2024b).

5. Conclusion

This paper reviewed relevant literature relating HR and KM and I4.0 implementation. The literature analysis 
reveals that individual aspects (e.g., learning capabilities, motivations, social and cultural background) influence 
the use of I4.0 technologies and affect the knowledge creation process at the operational and strategic levels, and 
sociocultural issues influence how workers interact with technologies and impact the organizational objectives. 
Therefore, KM should be incorporated in HRM to support effective knowledge retention and sharing, and assist 
problem solving, continuous improvement, and decision-making, facilitating the technology adoption, workers 
interaction and the I4.0 implementation.

Research opportunities were grouped in five agendas, including Society (Context and Sustainability), People 
(Workers and Managers), Organizations (Production and Service), Management Practices (HRM and Lean Process), 
and KM & Learning:

●	For Society, cultural and economic aspects related to I4.0 implementation can be explored in future research, 
considering the individual and organizational culture as elements to create knowledge for the adoption and 
adaptation to new processes and technologies;

●	In the People agenda, technological impact on workers, required (re)qualification, tasks, career sustainability and 
behaviour, autonomy and expectations constitute important research topics, as well as the interaction of KM 
practices and technological resources to support managers´ decision making;

●	For the Organization agenda, individual and group culture, power and trust, and socio-technical design in industrial 
and service environments could be more explored;

●	In Management practices, future research should explore strategies to develop worker skills for technology demands, 
infrastructure, cultural aspects, new productive processes, lean process and organizational goals;

●	KM and Learning research should focus on knowledge retention to mitigate knowledge loss and leakage risks 
due to workers relocation. The impact of technology on KS, and how to convert big data into useful knowledge, 
and its influence on innovative capability, competitive strategies and performance. The effect of I4.0 on learning 
should be analysed at the individual, group, and organizational levels, and its influence on sustainable careers, 
analysed. Our review also indicated opportunities about implementation practices, considering the planning, 
policies, frameworks and assessment.
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The Human-Centric Operations Management framework (Figure 2) shows the interaction among dimensions 
of Society, Organization and People, considering three sets of processes around learning, innovation and value 
creation that are expected to facilitate the digital transformation of work, firm and policy for future manufacturing.

5.1. Practical and theoretical implications

The I4.0 and its implications on human roles needs further understanding for the managers and policymakers. 
Workers participation in the implementation of I4.0 contributes to the promotion of a favourable context for 
knowledge creation and sharing, continuous improvement, and to broaden the vision of practitioners about 
decision-making. HRM and competitiveness. Also, findings contribute to practitioners´ and academic knowledge 
on the impact of I4.0 on work, production practices, and knowledge creation and sharing, and stimulate reflection 
about the importance of these issues, which can support HR policies.

5.2. Further research

Research opportunities are presented along section 4.1 (Content and Agenda) consider the topics of ‘Society’, 
‘People’, ‘Organizations’, ‘Management Practices’, and ‘KM & Learning’, which can guide further empirical 
studies exploring a human-centric approach on the I4.0/5.0 implementation. The ‘Society’ perspective indicates 
demand for studies discussing context, the technological transformation relationship with culture, education 
and policy, and sustainability, worker’s adaptation, social life and well-being. The triple helix interaction: 
university, industry and government can also be considered. The ‘People’ perspective demands studies about 
the impact on workers and managers, their expectations and perspectives, and the related changes in labour, 
qualification, managerial practices and decision-making. The ‘Organizations’ perspective indicates the need 
to better understand the technological transformation impact on the organizational culture, social-technical 
design, ergonomics, innovation processes, production and service principles. ‘Management practices’ demands 
studies on HRM practices, professional roles, training and skill development, lean process and I4.0 integration. 
The ‘KM & Learning’ perspective indicates opportunities about the relation between human knowledge and 
new technologies, KM and KS practices, and learning. Specifically, additional research related to competence 
development of managers, workers and undergraduate students who are expected to deal with new technologies 
is indicated (Muniz Junior et al., 2024b; Ribeiro et al., 2022; Silva et al., 2022).
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