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Abstract: The present paper aims at assessing the effective economic and organizational benefits 
concerning to the adoption of Industry 4.0 technologies by Italian southern firms. The research is 
developed within a project relative to the Industry 4.0 maturity assessment. The objective of the research 
is twofold. First, it is focused on the identification of the determinants of enterprise budget relative to the 
introduction of Industry 4.0 innovations. Secondly, the research aims at finding how these determinants 
may evolve over time in respect to the adoption of Industry 4.0. The above issues are investigated through 
a wide survey of southern Italy big firms have adopted Industry 4.0 technologies for their production 
and/or logistic processes. The main tool of investigation is Structural Equation Modelling (SEM), with 
EQS as software tool for SEM implementation and statistical analyses. Among the main finding, it 
resulted that the variation of number of employees does not relevant in the potential benefits of Industry 
4.0. In contrast, some economic parameters such as the Earning Before Interest Taxes Depreciation and 
Amortization (EBITDA) is among the most relevant determinants in Industry 4.0 Firms. 
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1. Introduction 
 
Since 2008, the financial and economic crisis has 
accelerated an evolution already in progress (Bagnoli 
and Biloslavo, 2012). Therefore, Italian firms front 
the following strategic challenges imposed by the 
identification of the following trends: 
¾ political-economic: in particular the 

globalization of the production and outlet 
markets, which increases the intensity of 
international competition, reduces the life cycle 
of the products and entails their progressive 
transformation into commodities with a 
consequent erosion of margins;  

¾ socio-cultural: in particular the change in the 
behaviour of the average consumer that is 
increasingly attentive to immaterial contents 
such as creativity, design and sustainability, is 
looking for new meanings and experiences; 

¾ technological: in particular the advent of the 
fourth industrial revolution significantly 
reduces the positive effects of economies of 
scale and allows the reconfiguration of 

products, processes and, more generally, of 
value chains. 

Some firm attempted to improve it, but most of 
them were forced to change it radically by 
implementing strategic innovation (Lindgardt et.al, 
2009). 
Hence, the actual industrial revolution opens to 
great opportunities for Italian firms in terms of 
streamlining processes, reducing costs and 
improving productivity by enabling large-scale 
customized production capacity. But it also allows 
the changes in products, the introduction of new 
pre- and post-sales services and the improvement of 
the ability to react quickly to market needs. 
Primarily and significantly, it reduces the positive 
effects of economies of scale, so that the reduced 
size of a company from an element of disadvantage 
can become a source of advantage, because it no 
longer detects the size of the individual 
organization, but rather its ability to set itself to the 
point at it is strategically more suitable than its value 
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(eco) system. The extant body of literature shows a 
lack of research into the potential benefits of 
Industry 4.0. Nowadays it is not clear which 
important determinants of the company budget are 
relevant for the potential benefits of Industry 4.0. 
Therefore, this study aims at providing empirical 
information on the potential benefits of Industry 
4.0 and may help academics and professionals to 
identify and prioritize the economic drivers of 
Industry 4.0. The work has been conducted by 
identifying the determinants of the corporate 
budget relating to the introduction of Industry 4.0 
innovations. 
 
2. Literature Review 

The term Fourth industrial revolution is mainly 
associated to the concept of development and 
application of nanotechnologies (Parthasarathi and 
Thilagavathi, 2011, Hung and 2012). After 2012, 
this term is replaced with Industry 4.0 and derives 
from the development plan of the German 
economy (Kagermann et al., 2013). 
Currently, there is no conceptual or operational 
definition of Industry 4.0 universally recognized. 
This is due to its many enabling technologies. 
Indeed Chiariello et al., (2018) argue that there are 
over 1200 technologies, starting from the different 
macro-categories as shown by Gerbert et al., (2015), 
to the rapid obsolescence of innovations and the 
varieties of application domains, to the various 
fields of analysis such as engineering, IT, 
economics, management and the different needs of 
the involved stakeholders. 
A first definition is given by Kagermann and Helbig 
(2013) who says that Industry 4.0 represents a new 
level of organization and management of the value 
chain throughout the product life cycle, while for 
Kube and Rinn (2014), the concept of Industry 4.0 
is based on the idea of joining machines with the 
Internet, and therefore it can be seen as the 
autonomous communication of parts with machine 
tools. Varghese and Denyer (2014) takes up this 
concept by developing the idea that Industry 4.0 has 
the task of interconnecting and computerizing 
industries in order to improve adaptability, resource 
efficiency and have greater process integration.  
More recently, Gerbert et.al (2015) propound the 
idea that Industry 4.0 is a transformation sustained 
by nine fundamental technological advances such as 

additive manufacturing, augmented reality, big data 
analysis, autonomous robots, simulation, horizontal 
and vertical integration, industrial internet of things, 
computer security, cloud. Vogel-Heuser and Hess 
(2016) use this term as a synonym for cyber-physical 
production systems (CPPS) applied in the 
production sector. Siemens (2017) evaluates 
Industry 4.0 as the digitalization of processes, the 
Internet of things, the installation of sensors in the 
physical environment and the ability to rapidly 
improve production through the analysis of 
performance data in real time.  
Industry 4.0 principles are based on two 
fundamental concepts that are the integration of 
industrial automation systems and interoperability 
to improve production processes, thanks to 
interconnection systems and exchanges of know-
how and skills (Lu, 2017). 
Industry 4.0 uses a series of enabling technologies 
that can be classified into nine dimensions (Gerbert 
et al., 2015): 

- Advanced production solutions; 
- Augmented reality; 
- Internet of things;  
- Big data analysis; 
- Cloud computing;  
- IT security; 
- Additive production (i.e. 3D printing); 
- Simulation, acquisition of materials, 

products and production processes through 
the introduction of devices in able to 
reproduce the physical world in virtual 
models; 

- Horizontal and vertical integration. 

These systems provide firms with independence in 
the collection and analysis of information, the ability 
to identify, diagnose and solve problems but also 
have better links in the supply chain. 
From the economic point of view, for the 
development of Industry 4.0 firms buy new 
technologies and therefore have new costs that can 
vary according to the industrial plans. The purchase 
cost implies that a company can subsequently 
benefit from a reduction in variable costs and 
therefore in average unit costs. The process turns 
out to be difficult and could imply the activation of 
measurable economic factors in terms of lower 
costs and/or an increase in turnover achievable 
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over time. Sojková (2017) states that digitalization 
will pose a serious threat to 10% of jobs over the 
next 20 years and that significant changes in the 
work performed is going to happen occur in 35% of 
jobs. The importance of socio-economic parameters 
are also identified by Bartodziej (2016), who also 
makes a first attempt to appraise the potential 
benefit in the implementation of Industry 4.0. Büchi 
et.al (2018) also highlight the enabling economies of 
Industry 4.0 automation systems in their work.  
This work focuses on the evaluation of the actual 
economic and organizational benefits related to the 
adoption of Industry 4.0 technologies, based on 
Structure Equation Modeling (SEM) to analyze how 
these determinants can evolve over time and can 
affect employment of Industry 4.0 within the set of 
firms under investigation. 
Structural equation models are used to evaluate 
unobservable “latent” constructs. They are often 
based on a measurement model that defines latent 
variables using one or more observed variables and 
a structural model that considers the relationships 
between latent variables (Azevedo and Ferreira, 
2007). SEM can examine different dependency 
relationships simultaneously (Savino and Shafiq, 
2018; Sadia et al., 2018; Srivastava and Dubey, 
2014). 
 
3. Research Design and Methods 

To explore the potential benefit of Industry 4.0, we 
have designed the quantitative research study of 
Figure 1. According to this model, the potential 
benefit of Industry 4.0 can be defined as the 
individual capacity perceived in the implementation 
of Industry 4.0. The design of our study contains six 
hypotheses shown in Fig. 1. As shown in the 
literature review, many studies concern the potential 
benefits of Industry 4.0 relating to the use of new 
technologies (Schimidt et. al., 2015) and few have 
dealt with the economic benefits of Industry 4.0. 
Thus, we considered the main economic financial 
factors and investigated them to assess the potential 
benefits found in the implementation of Industry 
4.0, such as the return on sales (ROS), profits, 
Structural margin, Earnings Before Interest, Taxes, 
Depreciation and Amortization (EBITDA).  
Lukic (2018) sets out the theoretical and practical 
importance recently attributed to the economic 
parameters and in particular to the operating profit 

margin as a measure of the long-term performance 
of the companies. This author carry out a 
comparative analysis of this determinant and its 
impact on the performance of Serbian companies. 
Basl (2017), in this survey on the availability of 
companies in implementing the principles of 
Industry 4.0 concludes that greater implementation 
of the principles of Industry 4.0 in companies is still 
hampered by the high costs associated with the 
application of Industry 4.0 solutions. 
The determinants of enterprise budget are also 
chosen through the expert evaluations conducted 
through a questionnaire. The experts who answered 
the questionnaire deal with the digitalization of 
production processes based, for example, on the use 
of the Internet of Things devices and solutions that 
autonomously communicate with each other along 
the entire value chain. 
According to the findings of the literature, and as 
regards to a preliminary investigation conducted in a 
sample of firms, the model is provided of the 
following hypotheses: 

 
Figure 1: Hypotheses and test model 

H1: Profit variation is relevant for the potential 
benefit for the industry 4.0. 
H2: The change in return on sales is relevant for the 
potential benefit of industry 4.0. 
H3: The change in return on equity is relevant for 
the potential benefit of industry 4.0. 
H4: The variation in the industrial patent rights is 
relevant for the potential benefit of industry 4.0. 
H5: The change in the structure margin is relevant 
for the potential benefit of industry 4.0. 
H6: The change in the number of employees is not 
relevant for the potential benefit of industry 4.0. 
H7: The variation of earnings before interest, taxes, 
depreciation and amortization (EBITDA) is relevant 
for the potential benefit of industry 4.0. 
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3.1 Methods of research and data collection 
 
Our quantitative research study is based on data 
collection involving around 1.000 firms from 
Southern Italy, large firms that have adopted 
Industry 4.0 technologies for their production 
and/or logistic processes. The construct validation 
is carried out by using confirmation factorial 
analysis (CFA) by using the EQS Rev 6.3 software 
package.   
The data for this study were collected through a 
questionnaire to capture the attitude of the 
interviewed companies towards the potential 
benefits of Industry 4.0. In developing the survey 
tool, some critical issues were also included to 
obtain an adequate set of data such as the 
formulation on the sequence of questions and 
answer choices, addressing the importance for them 
to complete all the questions. 
Over 40% of the interviewed experts work for firms 
with over 800 employees. Most of the required 
experts come from the manufacturing sector (65%), 
followed by the information and communication 
sector (20%). Additional industrial sectors are the 
energy and facility management sector. 
In addition, the questionnaire contains a cover letter 
that briefly describes the purpose of the study and 
requests the opinions/experiences of the 
interviewees on the topic of Industry 4.0. 
Each question was related to a single aspect. It was 
formulated clearly, precisely, logically ordered, 
grouping similar questions. The four-point Likert 
scale was used for each question with one as 
strongly disagree and four as strongly agreed, with 
the aim of generating a higher differentiation 
between the opinions of the respondents. The 
validation of the survey tool took place through 10 
interviewees in a two-round process to ensure that 
there was the less possible ambiguity about the 
questions and their interpretation. 
The questionnaire produced a database of 600 
usable responses, of which 133 firms declared to 
have Industry 4.0 technologies. Hence, the analysis 
was limited to these responses. 
 
4. Results  

To verify the validity of the model, our results were 
compared with those of Bagozzi (2010) in which 
the empirical evidences in the CFA is evaluated 

using indices such as the bentler-bonett normed fit 
Index (NFI), the comparative comparison index 
(CFI), the χ2 test, the standardized (RMR) index, 
the non-standardized adaptation index (NNFI) and 
the root approximation mean square error 
(RMSEA). To have an adequate adaptation of the 
model The RMSEA value must be less than 0.06, 
even if  a good level adaptation is also shown for 
values less than 0.08 (Wu et al., 2008). The CFI 
value is accepted if it is greater than 0.9, and a better 
adaptation is obtained for values greater than 0.95 
(Iacobucci, 2010). Table 1 shows the values 
obtained, together with the related threshold values. 
The overall CFA produced an acceptable and fairly 
good level of adaptation. 

Table 1: CFA analysis 

INDICES Fit value Results   

IFI >  0.9 0.934 
GFI >  0.9 0.901 
CFI >  0.9 0.912 
RMR < 0.05 0.047 
RMSEA < 0.08 0.065 
NFI Close to 1 0.957 
NNFI Close to 1 0.965 

 

All the adaptation indices are accepted and 
significant at p <0.01 and χ2 = 1012.667, thus 
providing evidence of convergent validity. Through 
two-factor CFA the discriminant validity was 
evaluated (Wu et al., 2008; Utriainen et al., 2018), 
and sub-models were created composed of all 
possible pair of constructs. Since in our case we 
have 7 hypothetical constructs, 21 models were 
generated and the χ2 of the unconstrained model 
was always lower than that one of the constrained 
models. This result confirmed the discriminant 
validity between all constructs. The Cronbach-a (C-
a) coefficient is also used to measure the reliability 
of a construct. C-α≥ 0.7 can be deemed of good 
scale reliability (Wu et al., 2008, Savino and 
Batbaatar, 2015). In this study the C-α ranged 
between 0.76 and the maximum value of 0.85 for all 
the constructs, thus indicating their reliability. Since 
the constructs have shown good measurement 
properties, they can be used to test the proposed 
hypotheses. 
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The multivariate results of the model are shown in 
Figure 2, with the relative path coefficients. As not 
all coefficient factors are positive, and the 
determinants have not all the same weight, thus that 
they do not affect the hypotheses to the same 
extent.  

 

Figure 2: Multivariate results 

Among the most interesting results obtained from 
the SEM we refer to hypothesis 7 in which the 
Earning Before Interest Taxes Depreciation & 
Amortization shows a positive effect (EBITDA = 
0.289) for the potential benefits of Industry 4.0. 
Therefore this hypothesis can be confirmed. This 
observation highlights the increasingly important 
role of this determinant which offers a more precise 
measure of company performance as it is able to 
show earnings before the influence of accounting 
and financial deductions. 

The impact of the change in industrial patent rights 
on the potential benefits of Industry 4.0 has been 
discussed in the hypothetical construct 4. Based on 
the results of our model, we may reject the 
hypothesis due to the negative value of -0.156. The 
change in the return on sales has a positive effect, 
with a value of 0.120, as well as the return on equity 
(+0.128). 

Furthermore, the variation in the number of 
employees is discussed in hypothesis 6 where we 
consider the impact on Industry 4.0’s benefits to be 
irrelevant. The negative impact is also confirmed by 
the works of Bauer et.al 2015; Qin et.al 2016 and 
Basl 2017. Studies based on this approach indicate 
that only employee qualifications are able to bring 
high benefits in Industry 4.0. The data of this study 
can confirm this hypothesis, as the value returned 
by the model is negative and equal to -0.156. 

The hypotheses #3 and #7 investigate the impact of 
the change in profit and the structure margin on the 
potential benefits of Industry 4.0, respectively. On 
the basis of the results of this study, both 
hypotheses can be confirmed (+0.201 and + 0.190). 
Based on the path coefficients, the evaluation is 
conducted to accept or reject the hypothesis, 
because the fit indices verified that the constructed 
model fits the data well as shown in Table 2. 
 

Table 2: Hypotheses test results 

Hypothesis Path 
Coefficient 

Results 

H1 (Profit → 
Potential benefit of 
Industry 4.0) 

0.201 Support 

H2 (ROS → 
Potential benefit of 
Industry 4.0) 

0.120 Support 

H3 (ROE → 
Potential benefit of 
Industry 4.0) 

0.128 Support 

H4 (Patent Rights 
→ Potential 
benefit of Industry 
4.0) 

-0.156 Reject 

H5 (Structural 
Margin → 
Potential benefit of 
Industry 4.0) 

0.190 Support 

H6 (Number of 
employees → 
Potential benefit of 
Industry 4.0) 

-0.220 Reject 

H7 (EBITDA → 
Potential benefit of 
Industry 4.0) 

0.289 Support 

 
5. Conclusions 

The main purposes of this paper are i) to identify 
the determinants of the corporate budget related to 
the introduction of innovations Industry 4.0 and ii) 
to assess the impact of determinants on the relative 
benefits. Industry 4.0 introduces also smart 
products to store the largest amounts of data thanks 
to a significant increase in processing performance. 
Firms are expected to seriously consider Industry 
4.0 in the development of future initiatives since 
traditional business models do not adapt to 
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emerging technologies in the new Industry 4.0 
environment. 
Our empirical research generates some interesting 
results of the potential benefit of Industry 4.0. The 
change in the structural margin and the return on 
sales results as the most significant economic 
determinants for the potential benefits of Industry 
4.0. Then, the variation of profit and EBITDA are 
the next determinants of influence. In contrast, 
patents and the change in the number of employees 
result to have no influence. Academic research can 
benefit from our results to a deeper understanding 
of the benefits of Industry 4.0 and managers can use 
these results to make better decisions. Therefore, 
since EBITDA has a higher coefficient of path than 
profit, the long-term result is more important than 
the short-term one and the implementation of 
industry 4.0 has a higher impact on this 
determinant. This analysis is also reinforced by the 
value of the two other determinants, ROS and 
ROE, which refer to results obtained in the short 
term. While the number of employees is 
independent of the implementation of Industry 4.0. 
As regards the limitations of the study, the analysis 
carried out in our work is only applied to some 
firms in Southern Italy, therefore future research 
could increase the number of samples to be 
analyzed and modify research approaches - e.g 
qualitative interviews - to obtain a broader view of 
Industry 4.0. Other aspects might be evaluated 
beyond the economic parameters, for example the 
enabling technologies to analyze the influence on 
the use of Industry 4.0. This last aspect can be also 
an opportunity for another and more detailed 
research. 
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