
On Job Profiles Enlargement and Enrichment when 
Lean and Industry 4.0 Paradigms Meet   

1. Introduction

The latest innovations brought by the Industry 4.0 
paradigm into manufacturing [1] are affecting the job 
profiles of workers in terms of task variety and required 
skills [2]. Hence, workers are facing increasing “Job 
Enlargement” and “Job Enrichment” requirements to 
perform new and different activities and functions [3] 
on the emerging Digital Lean shop floors [4]. It has 

been observed that the increasing adoption of Industry 
4.0 technologies has led to rethinking the role of the 
operator on the new Digital Lean shop floors [4], who 
is no longer seen as a performer of specialised tasks, 
but rather as a flexible production resource capable of 
managing different activities [5]. Moreover, such flex-
ibility comes with the enlargement and enrichment of 
the skills needed and responsibilities to be accepted 
by a worker to perform a wider variety of activities and 
functions on a Digital Lean shop floor [3], [6].

Integrating Industry 4.0 technologies in Lean Manufacturing shop floors is reshaping job pro-
files, emphasising increased task variety and the demand for diverse skills among workers. 
The conventional perception of operators solely performing specialised tasks is transform-
ing into one where they are viewed as flexible production resources capable of managing a 
spectrum of activities. The accompanying flexibility necessitates the enlargement and enrich-
ment of skills and responsibilities undertaken by workers on “Digital Lean shop floors”. This 
research delves into the evolving definitions of “Job Enrichment” and “Job Enlargement” as 
discerned by Lean Manufacturing and Industry 4.0 experts through a comprehensive Delphi 
study. The investigation of these concepts holds theoretical and practical significance, as they 
serve as pivotal techniques in the (re-)design of job profiles. Understanding their current 
meanings is crucial, given their potential to elevate the motivational levels of workers, en-
hance job satisfaction, and consequently improve work performance and productivity. This 
exploration is essential in pursuing socially sustainable factories in the (near-)future, aligning 
with the transformative goals of Industry 4.0, and emphasising the integral role played by 
Lean Manufacturing practices in shaping the workforce dynamics of tomorrow.
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Indeed, the growing adoption of digital and smart 
support systems suggests that the transformative im-
pacts of the Industry 4.0 paradigm are poised to bring 
about favourable changes for the workforce, also in 
the light of the evolving scenarios towards Industry 
5.0, which claims an increasing development of hu-
man-centric and socially sustainable systems [7]. The 
decline in physically demanding or repetitive tasks 
is expected, replaced by a rise in job roles demand-
ing adaptability, problem-solving, and customisation 
skills [8]. Also, employees throughout the value chain 
will experience a fundamental transformation in how 
they engage with their work environment and job re-
sponsibilities. The heightened connectivity facilitated 
by IoT devices and intelligent workflows will empow-
er individuals with tools that enhance the intelligence 
and agility of their work and its seamless integration 
and interconnectedness within the broader company, 
plant, or value chain. In light of this transformation, 
the discussions about the impacts of Industry 4.0 
technologies on job profiles have started in the litera-
ture and are still running [9], [10].

In a context where the enlargement and enrich-
ment of skills emerge as fundamental elements to 
face the new challenges that the implementation of 
Industry 4.0 technologies requires, Lean Manufac-
turing, understood as a learning system oriented to-
wards a culture of improvement through the continu-
ous transformation of organisational processes and 
skills, assumes a significant role [11]. Simultaneously, 
the innovation brought about by the implementa-
tion of Industry 4.0 technologies modifies how Lean 
Manufacturing is applied (i.e., Digital Lean Manu-
facturing [1]), thus raising the question of whether 
job enrichment and enlargement principles tradition-
ally linked to the “Lean model” are still valid. These 
considerations led to the definition of the main re-
search question of this research: “How have job en-
richment and job enlargement concepts been evolv-
ing, and are they currently defined?”

Consequently, this research work aims to answer 
this question by exploring how “job enrichment” 
and “job enlargement” concepts have evolved and 
are currently being defined by Lean Manufacturing 
and Industry 4.0 experts through a Delphi study. Un-
derstanding their present meaning is of “theoretical” 
and “practical” relevance since both concepts repre-
sent important techniques for job profiles (re-)design 
that can be used to increase the motivational level 
of workers and job satisfaction, and therefore, work 
performance and productivity [12], which is essential 
for achieving Socially Sustainable Factories of the 
Future [13].

2. Background and Motivation

Lean principles have been ingrained in our fac-
tories for several decades, originating with Japan’s 
Toyota Production System development around the 
1980s. This system introduced techniques such as 
SMED, Jidoka, Just-in-Time, and key concepts like 
Muda (waste), Mura (unevenness), and Muri (over-
burden) [14]. The primary goal of Lean Manufactur-
ing is to maximise customer value while minimising 
resource utilisation, encompassing costs and time 
without compromising quality or worker safety [13]. 
This objective is achieved through sub-objectives like 
reducing production times, eliminating waste, and 
lowering total costs [15]. In contrast, Industry 4.0 is a 
relatively new concept centred on digitisation and au-
tomation, incorporating many technologies ranging 
from the Internet of Things (IoT) to Cloud Comput-
ing, Artificial Intelligence (AI), Advanced Robotics, 
Extended Reality (XR), and Cyber-Physical Systems 
(CPSs) [16]. It often refers to the networking of ma-
chines and processes to create smart factories, and its 
key strategic objectives include enhancing productiv-
ity, improving customer experience, reducing uncer-
tainty, and achieving supply chain integration [17].

“Lean Manufacturing” and “Industry 4.0” aim 
to enhance efficiency, quality, and productivity but 
differ in their approaches. Lean Manufacturing re-
lies heavily on employee mindset and involvement, 
viewing them as fundamental resources to promote 
change. In contrast, Industry 4.0 appears more fo-
cused on machines and digitalisation, with concerns 
about the impact on employees and their potential 
“job displacement”. Since the Lean philosophy em-
phasises training, involvement, and continuous em-
ployee feedback, recognising that employee mind-
set is critical for successful implementation, Job 
Enlargement and Job Enrichment techniques have 
been employed to increase flexibility and motivation, 
advocating for multi-skilling abilities in the workforce 
[18].

In Industry 4.0, “Job Enlargement” and “Job En-
richment” take on different roles. They result in the 
necessary consequences of introducing new digital 
and smart technologies and autonomous machines 
because roles diversify, as operators are freed from 
fixed tasks on single machines, enabling them to fo-
cus on addressing issues across different machines. 
Workers take on more cognitive roles as repetitive 
tasks are automated. Higher-level education and skills 
become crucial, with jobs requiring problem-solving 
abilities and transversal skills less susceptible to au-
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tomation [8]. Industry 4.0 encourages “Job Enlarge-
ment” and “Job Enrichment”, but its rationale differs 
significantly from that of Lean Manufacturing [1].

A structured theoretical framework presented in 
[19] provides evidence about the specific features of 
Lean Manufacturing and Industry 4.0 that affect the 
Job Enrichment and Job Enlargement dimensions, 
finally identifying reinforcement loops recognising 
the Lean Philosophy supporting the workers’ in-
volvement and learning attitudes while Industry 4.0 
enhancing tasks variability and flexibility to achieve 
increased productivity.

Given these premises, gaining insights into the de-
velopment of Job Enlargement and Job Enrichment 
concepts through the perspectives of “Lean Manu-
facturing” and “Industry 4.0” becomes crucial, espe-
cially because these two paradigms coexist and are 
intertwined in today’s manufacturing environments. 
This understanding holds significant importance for 
manufacturing stakeholders tasked with redesigning 
job profiles. Moreover, it is instrumental for higher 
education and vocational training entities that estab-
lish and consistently update learning paths and train-
ing courses. Therefore, a reshaped definition of the 
two concepts could be helpful to point out the main 
characteristics that must be accounted for when em-
ploying work design strategies in a digitalised and 
lean manufacturing context to maximise their impact 
in terms of business outcomes as well as workforce 
satisfaction and well-being. 

3. Research Methodology

To answer the previously defined Research Ques-
tion (RQ), the Delphi method has been selected. This 
approach is commonly employed to explore and un-
derstand the factors that impact decision-making on a 

specific issue, topic, or problem area [20]. It is partic-
ularly useful when a single opinion may be incorrect, 
misinformed, or biased towards a narrow perspective 
[21]. A Delphi study is a systematic and iterative pro-
cess used to obtain a consensus view from a panel of 
experts [22]. The Delphi approach involves a repre-
sentative group of experts to generate a more accurate 
and informed response than an individual’s input. 
Unlike brainstorming or other group approaches, the 
Delphi method avoids direct interactions among indi-
viduals to prevent biased responses [23].

Additionally, the Delphi method helps minimise 
the influence of dominant individuals and aims to 
develop a consensus among experts on subjective 
matters [21]. It is worth noting that the Delphi ap-
proach also acknowledges and reports divergent 
opinions when complete consensus is not achieved 
[23]. Furthermore, it is essential to note that the Del-
phi method should not be mistaken for conventional 
questionnaire-based statistical sampling techniques 
[24]. In the Delphi method, panellists are selected 
based on their experience and knowledge of the top-
ic under investigation rather than following statistical 
representativeness sampling rules [21].

The research guidelines provided by [21] have 
been used and are summarised in Fig. 1.

In the first step of the methodology, a literature 
review was conducted on the concepts of “Job En-
richment” and “Job Enlargement” and how they have 
evolved. The detailed literature review method and 
results are reported in a previously published re-
search work [3]. This step had the objective of iden-
tifying the main dimensions of “Job Enrichment” 
and “Job Enlargement” to be further evaluated and 
mapping the evolution of the concepts’ definitions 
through the last decades. This analysis showed that 
the two main production paradigms that have pro-
foundly transformed the manufacturing context (i.e., 

Figure 1. The Delphi Methodology
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“Lean Manufacturing” & “Industry 4.0”) have also 
influenced the nature of Job Enrichment and Job 
Enlargement. Therefore, the main research question 
presented in this work is: How have the Lean Manu-
facturing and Industry 4.0 production paradigms 
modified the definitions of Job Enrichment and Job 
Enlargement? 

In the second step, the execution process of the 
Delphi methodology was defined, specifically by 
choosing how to collect data (i.e., through a ques-
tionnaire administered via e-mail) and what rules to 
establish for consensus. Generally, several rules can 
be applied to determine when consensus is reached 
(and, therefore, when further process rounds are no 
longer necessary) based on the convergence of expert 
responses or the decrease in responses received in 
each round [23]. In our case, we opted to achieve 
80% convergence in responses. Furthermore, in this 
methodology phase, the expert panel was selected. 
This selection is a delicate phase because the reli-
ability and validity of the results depend on it. The 
Delphi method utilises experts with relevant experi-
ence and knowledge in the studied subject. There-
fore, selecting the panel of experts requires careful 
consideration. Specifically, the panel should include 
individuals familiar with and knowledgeable about 
the specific problem domain being addressed while 
maintaining anonymity. Since this is not a survey 
methodology and there is no need to achieve statisti-
cal representativeness, having a large panel of experts 
is unnecessary to obtain reliable results [21]. Even if 
the majority of Delphi studies include at least 10 par-
ticipants, in the literature it is possible to find studies 
in which consensus was reached involving small sam-
ples of 5 or 6 experts [25], [26]. Using small samples 
is considered suitable for ranking-type Delphi stud-
ies, which compared to other kinds of Delphi (such 
as Policy or Decision Delphi) involves only a limited 
number of selected experts to identify and rank tar-
geted issues. As it occurs in this research, ranking-
type Delphi is mainly used in business to guide future 

management actions or research agendas [27]. The 
data on the consulted experts are reported in Table 
1. Finally, based on the expert panel, possible issues 
concerning the research’s ethics, reliability, and va-
lidity were identified. In particular, to guarantee the 
validity of the research, we ensured the presence of 
a couple of experts for each of the three main do-
mains of the study, i.e. Lean Manufacturing, Industry 
4.0 and Work organization, with at least 10 years of 
experience in academia, grounding on the widely rec-
ognized effect of the “wisdom of crowds” to achieve 
good judgements when it is not possible to provide 
direct experimentations [28]. 

In the third phase of the methodology, the ques-
tions for the first round of questionnaire submissions 
were defined. The questions are simple, partly open-
ended and partly multiple-choice. To understand 
how much time is required to complete the question-
naire and if the questions are understandable and do 
not generate bias, the questionnaire was tested with a 
pilot example by two colleagues of the authors who 
did not participate in the panel. Then, the first ques-
tionnaire was sent to the experts.

In the fourth phase, the responses to the first 
questionnaire are analysed, and accordingly, going 
back to the third phase, new questions for the second 
questionnaire were derived. Then, the second ques-
tionnaire and the report from the previous round 
were tested again before being sent to the experts.

After the second round of questionnaire submis-
sions, consensus was reached. Therefore, the final 
phase of reporting and interpreting the results was 
carried out, including a discussion regarding the re-
sults obtained from the Delphi method compared to 
the results from the scientific literature.

3.1 Delphi Survey Process and Results

This section reports the results of the two Delphi 
study rounds.

Expert Working Area Experience (years)

Expert 1 Lean Manufacturing 19

Expert 2 Automation and Industry 4.0 18

Expert 3 Lean Manufacturing 13

Expert 4 Business Organisation 17

Expert 5 Automation and Industry 4.0 12

Expert 6 Business Organisation 21

Table 1. Background Details of Experts 
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3.1.1 First Round of Delphi Study

The first survey was divided into two sections, 
one concerning Job Enlargement and the other 
regarding Job Enrichment. The answers were pre-
sented in parallel since the two sections are made of 
the same questions, referring to one definition or the 
other. The first question was in open form and asked 
to define the terms “Job Enlargement” and “Job En-
richment”.

Concerning Job Enlargement definitions, experts 
responded:

•	 “Can be defined in two different ways: (i) as 
an increase in the number of tasks related to a 
job, and (ii) as an expansion in the scope of a 
job in terms of diversity of tasks”.

•	 “Increased job task variety and responsibil-
ity”.

•	 “Increased scope of work through extending 
the range of duties and responsibilities within 
the same role or position”.

•	 “Refers to the reduction of the level of spe-
cialisation of the role”.

•	 “Expansion of the facets that a job entails 
(a.k.a. the number of different things expected 
of the employee)”.

•	 “The increase of the scope of a job by the 
number and variety of tasks assigned to an or-
ganisational position”.

What can be noticed from these definitions is 
the recurrence of the use of some words. “Scope” – 
about job scope – meaning the number of different 
tasks expected to be covered by a job profile, together 
with words such as “expansion” or “increase”; then, 
“variety” complemented by the word “task”, indicat-
ing an increase in the diversity of tasks expected to be 
performed by a job profile; and “responsibilities”, in 
the context of the increased importance of job tasks. 
What is clear from these definitions is that Job En-
largement impacts the role of a worker, expanding 
his/her job scope and increasing his/her responsibili-
ties by increasing the number of tasks associated with 
his/her job profile.

Concerning Job Enrichment definitions, experts 
responded:

•	 “To add tasks of different nature to the em-
ployee”.

•	 “Being able to do your work more satisfacto-
rily from the perspective of the worker and the 
company”.

•	 “Job enrichment is a process characterised 

by adding dimensions to existing jobs to make 
them more motivating”.

•	 “Job enrichment refers to how designing a 
role to increase satisfaction at work”.

•	 “Similar to job enlargement but the main driv-
er is motivation”.

•	 “Is the level of autonomy and responsibility in 
the execution of a job”.

Again, it can be found that there is some everyday 
use of words across most definitions. The first one 
is “motivation”, described as the final aim or driver 
of Job Enrichment, and the second one, similarly, 
is “satisfaction”, which seems to be a driver of Job 
Enlargement. Both words refer to a state-of-mind of 
workers. The experts agree that Job Enrichment is 
more about creating more stimulating and challeng-
ing job profiles.

Aiming at leveraging the “job profile” of a worker, 
the following section of the survey allowed the par-
ticipants to assign a score (from 1 to 4) to 13 different 
job dimensions extracted from the literature [3], eval-
uating their relevance in the definition of “Job En-
largement” and “Job Enrichment”. The dimensions 
were divided into three sections: (i) organisational, (ii) 
human, and (iii) technological. 

As depicted in Fig. 2, all the job dimensions ob-
tained similar average scores when comparing “Job 
Enlargement” and “Job Enrichment”, except for 
the first four dimensions: (i) task variety, (ii) task sig-
nificance, (iii) degree of autonomy, and (iv) hierar-
chy. This result was expected since Job Enrichment 
is better described by an increase in a job profile’s 
significance and autonomy, while Job Enlargement 
is more about an increase in the variety of tasks to 
be performed by a job profile. Regarding the fourth 
dimension – “hierarchy” – it should be noticed that 
according to the experts, it is the less relevant dimen-
sion but still relevant when associated with the Job 
Enrichment definitions.

Another observation that might be important to 
make is the fact that, on average, human dimensions 
(including satisfaction, motivation, educational level, 
problem-solving, and skills and competencies) are 
considered more relevant than technological dimen-
sions (addressing technologies employed, and effi-
ciency and quality obtained from their usage) (See 
Table 2).

Entering into the discussion of “Job Enrichment” 
and “Job Enlargement” in the contexts of Lean Man-
ufacturing and Industry 4.0 paradigms, four experts 
think that the concept of Job Enlargement can have 
a different meaning when introduced in the Industry 
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4.0 context. Experts said that Industry 4.0 will rein-
force and increase “Job Enlargement” by enhancing 
the importance of all the technological dimensions, 
the level of integration of business processes, and 
changes in the job functions and roles introduced by 
the Fourth Industrial Revolution. Only one expert 
thinks that “Job Enlargement” has a different mean-
ing when introduced in a Lean Manufacturing con-
text since it can be considered “a change in scope of 
functions and roles”, affected by implementing Lean 
practices.

Furthermore, two out of six experts agree on 
identifying differences in the definition of “Job En-

largement” between the Lean Manufacturing and 
Industry 4.0 contexts. When asked why, one re-
sponded that Lean Manufacturing is more “human-
centric”, while Industry 4.0 is “technology-centric”; 
the other expert responded that Job Enlargement is 
more “horizontal” in a Lean Manufacturing context, 
while in the Industry 4.0 context, it is more “vertical” 
growth.

Among the experts, two out of six think the “Job 
Enrichment” concept can have a different meaning 
when introduced in the Industry 4.0 context; when 
explaining why, both experts cited the presence of 
new technologies and tools that might create new 

Dimensions Job Enlargement Average Score Job Enrichment Average Score

Organisational 3,0 3,3

Task Variety 3,8 3,2

Task Significance 3,2 3,7

Degree of Autonomy 3,0 3,8

Hierarchy 1,8 2,3

Human 3,4 3,4

Worker Satisfaction 3,7 3,7

Worker Motivation 3,5 3,7

Problem-Solving Capabilities 3,2 2,8

Skills and Competences 3,7 3,8

Educational Level 3,3 3,3

Teamwork 2,8 3,2

Technological 2,5 2,6

Technologies 2,7 2,8

Efficiency 2,2 2,3

Quality 2,7 2,5

Table 2. Average Scores of the Dimension’s Relevance in Defining “Job Enlargement” and “Job Enrichment” Terms 

Figure 2. Average Scores that were given to the Dimension’s Relevance in defining “Job Enlargement” and “Job Enrichment” Terms
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types of tasks for specific job profiles. Only one ex-
pert thinks the “Job Enrichment” concept can have 
a different meaning when introduced in the Lean 
Manufacturing context. When asked why, the ex-
pert stated that “Different workload balance may 
be found with standardisation of activities”. Finally, 
when experts were asked if there are differences in 
the “Job Enrichment” definition in its Lean Manu-
facturing and Industry 4.0 contexts, all the experts 
stated that there are none.

3.1.2 Second Round of Delphi Study

After completing the analysis of the first-round 
survey, a second-round survey was designed and 
submitted to the same experts. The second round 
survey objectives were three: (OBJ1) Understanding 
which features of Industry 4.0 would most likely af-
fect Job Enlargement and Job Enrichment concepts; 
(OBJ2) Understanding if Job Enlargement and Job 
Enrichment concepts are relevant in an Industry 4.0 
context; and (OBJ3) Designing and validating a new 
definition for Job Enlargement and Job Enrichment, 
which also accounts for their new conceptualisations 
taking into account the Industry 4.0 context.

To reach the first objective, the question was: 
How much will some features of Industry 4.0 modify 
the present Job Enlargement and Job Enrichment 
definitions? The features taken under consider-
ation, derived from the first round experts’ answers, 
were: (i) new equipment like robots and autonomous 
machines, which will change how some jobs are 
performed and will presumably require new types 
of skills from the workers; (ii) business process(es) 
integration denoting “vertical” and “horizontal” in-
tegrations, inside and outside of the company; (iii) 

digitalisation referring to the internet of things, cloud 
computing, big data, and digital twins, and (iv) emer-
gence of new roles which in a way is connected to the 
previous features, since new roles may emerge as a 
consequence of them. 

Fig. 3 presents the average scores assigned by the 
experts to each Industry 4.0 feature. As can be de-
picted, “Job Enlargement” vs. “Job Enrichment” pres-
ents a significant difference in the scores assigned to 
“new equipment” and “business process integration”, 
which the experts believe to have a more significant 
impact on Job Enlargement than on Job Enrichment.

Moreover, referring to the OBJ2, the results 
showcased in Fig. 3 do not reveal a clear winner be-
tween “Job Enlargement” vs. “Job Enrichment”; the 
implementation of the Industry 4.0 paradigm in a 
company might lead to a vertical (i.e., more autono-
my and responsibility) or a horizontal (i.e., increased 
job-tasks variety) job profile evolution.

The last part of the survey concerned OBJ3, 
which addresses the development of new definitions 
for “Job Enlargement” and “Job Enrichment”. First, 
all experts agreed that “general literature definitions 
of Job Enlargement and Job Enrichment are feasible 
in a Lean Manufacturing context”, given that litera-
ture describes Job Enlargement as – an increase in 
job-tasks variety in a job profile, resulting in a “hori-
zontal” job expansion, and Job Enrichment as – add-
ing dimensions to existing roles in a job profile to 
increase motivation.

This result is in line with Lean theory, particularly 
with the concept of polyvalence (cf., a multi-task and 
multi-skilled worker) [29], where “horizontal” and 
“vertical” job evolution are considered an essential 
part of Lean Manufacturing, fully integrated into its 
context.

Figure 3. Average Scores assigned by the Experts when asked: How much would these Industry 4.0 features modify Job Enlargement 
and Job Enrichment definitions?
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Second, the experts agreed on a – new definition 
– of Job Enlargement proposed in light of the Indus-
try 4.0 paradigm: “is the expansion of the scope of 
a job profile, through an increase in the variety of 
tasks assigned to it, also resulting in a limited in-
crease of responsibility. In the context of Industry 
4.0, it is usually a response to introduce new tech-
nologies that require mainly supervision and deci-
sion-making activities”.

The new definition expands the traditional con-
cept of Job Enlargement with the new Industry 4.0 
perspective. One expert suggested adding “new tech-
nologies and processes” to the definition instead of 
only “new technologies”.

Finally, Job Enrichment was defined as “a pro-
cess that aims to increase worker satisfaction and 
motivation, not only through an enlargement in job 
scope but also by increasing the level of autonomy 
and responsibility in the execution of such job. In 
the context of Industry 4.0, Job Enrichment will be 
significant considering the shift of tasks assigned to 
the workers, from manual tasks with the responsibil-
ity to a higher level and more autonomous tasks”.

All experts but one agreed with the first part of 
the definition, which accounts for the traditional 
concept of Job Enrichment. The expert in disagree-
ment deemed that Job Enrichment’s main aim is to 
increase workers’ satisfaction and motivation and 
reduce coordination efforts from an organisational 
perspective. Nevertheless, all experts agreed with 
the second part of the definition, which accounts for 
the new Industry 4.0 context, suggesting in one case 
adding examples of low-responsibility tasks (e.g., re-
stocking a CNC centre) and higher-level tasks (e.g., 
troubleshooting a CNC centre).

4. Discussion 

The evolving definition of Job Enlargement 
brings forth a multifaceted landscape with implica-
tions across education, research, industrial practices, 
and an inherent paradox. In education, the emphasis 
lies on cultivating supervisory and decision-making 
skills within the workforce. This shift demands oper-
ators to not only execute tasks but also to oversee and 
make informed decisions, marking a departure from 
traditional roles. These are aspects that are particu-
larly stressed also by the main Lean techniques [14] 
and consequently, this result seems to confirm the 
importance of the relation between one of the princi-
pal characteristics of Job Enlargement, i.e., “flexibil-
ity”, and the Lean techniques that acting on people 

and processes dimensions could help in improve it 
[19]. The research dimension of Job Enlargement 
involves the dynamic allocation of tasks between 
humans and machines. This aspect necessitates the 
development of decision-support tools, systems that 
enhance operator learning (such as explainable-
based AI), and the creation of assistance/guidance 
systems, such as chatbots. The idea of the technology 
that could assist the workforce to support it in achiev-
ing the main productivity and efficiency goals is also 
one of the main topics faced by Industry 4.0 studies 
[14], [15]. On an industrial scale, there is a need to 
re-evaluate job descriptions and effectively manage 
mixed human-robot/machine teams. However, the 
inherent paradox emerges when considering the risk 
of overly guided systems. While increased efficiency 
may result from highly structured tasks, there is a 
danger of losing the capacity for innovative problem-
solving and falling into a cognitive “repetitive move-
ment” akin to Chaplin’s assembly line effect. The 
challenge lies in finding a balance that leverages au-
tomation for efficiency while preserving the human 
touch necessary for creativity and problem-solving, 
preventing the potential pitfalls of a mechanised and 
monotonous work environment.

Also, the contemporary definition of Job Enrich-
ment brings about a paradigm shift with significant 
implications in education, research, and industrial 
practices, all while introducing a nuanced paradox. 
In the educational sphere, a compelling need arises 
to structure training programs that foster autonomy 
and proactivity in students. Approaches such as proj-
ect-based, theme-based, and problem-based learn-
ing become essential to cultivate the skills required 
for enriched roles, as advocated by [30]. In the re-
search domain, integrating new technologies into 
Job Enrichment prompts a critical question: Can this 
approach enhance autonomy and responsibility for 
individuals with disabilities? In this context, Job En-
richment can contribute to increased inclusivity, af-
fecting team dynamics, relationships with superiors, 
and broader societal integration. In fact, the devel-
opment of multiskilling abilities also related to the 
so-called “soft skills” could help in the development 
of a more inclusive work environment [18]. On an 
industrial scale, the implications include flattening 
organisational structures and hierarchies, emphasis-
ing a shift towards goal-oriented work. However, a 
nuanced paradox emerges when contemplating the 
responsibility matrix in enriched roles. If a person 
is accountable for a process, but certain decisions 
within that process are made by machines, who bears 
the ultimate responsibility for the final choices? This 
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aspect raises questions about the impact on worker 
motivation and satisfaction. The risk of an unintend-
ed consequence, where increased responsibility may 
lead to decreased motivation if autonomy is compro-
mised or to a higher level of stress, underscores the 
delicate balance that must be struck in the pursuit of 
Job Enrichment, and it is precisely in such a situation 
that the development of Digital Lean techniques ap-
plied to processes involving the interaction between 
humans and different technologies could prove to be 
a winning solution.

5. Conclusions

The adoption of Industry 4.0 technologies and 
modern Digital Lean Manufacturing practices on 
the shop floors have led to changes in how factory 
work is organised and performed [18] and, therefore, 
in the job profiles of workers. “Job Enlargement” 
and “Job Enrichment” as job profile (re-)design 
techniques offer the opportunity to create new jobs 
and renew existing ones in such ways that these are 
challenging, interesting, and meaningful for the work-
ers and ultimately boost work performance and pro-
ductivity [10], [31], [32]. In particular, Job Enlarge-
ment allows designing jobs where workers’ needs for 
diverse job tasks meet the interests of the factory of a 
multi-skilled “polyvalent” workforce and allows oper-
ators to feel less meaningful and less challenged with 
the introduction of new smart and digital technolo-
gies [12]. Therefore, this study outlined that its cur-
rent definition needs to evolve further to not simply 
add extra related tasks to a job but new, non-related 
tasks that avoid the current work-related stress and 
promote the acquisition of new knowledge and the 
development of new skills.

Meanwhile, Job Enrichment lets workers gain a 
high degree of autonomy and responsibility in their 
job tasks, allowing them to experience feelings of 
achievement, growth, and recognition, contributing 
to the efficiency of organisational operations [10]. 
Therefore, in the case of Job Enrichment, its cur-
rent definition should mention that with increased 
autonomy and responsibility at the job, new oppor-
tunities may open for the worker to get involved in 
higher rank tasks and responsibilities. However, this 
research acknowledges several limitations, including 
potential biases stemming from the composition of 
the expert panel and the lack of universal applica-
bility of findings across diverse manufacturing con-
texts that may have affected the depth of exploration. 
These limitations could be overcome with future 

research studies such as the performance of longitu-
dinal studies to track the sustainability of job design 
strategies, cross-cultural analyses to understand cul-
tural variations, quantitative validation of qualitative 
findings, exploration of technological integration into 
job design practices, investigation of the impact of 
job design on worker well-being, and development 
of training programs to prepare the workforce for 
Industry 4.0 environments. Addressing these limita-
tions and pursuing these research directions can fur-
ther our understanding of job design in the context 
of Industry 4.0 and contribute to developing effective 
workforce strategies.
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