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Purpose: This study examines the impact of industry 4.0 readiness on innovation 
performance in the mechanical industry by analyzing the mediating role of digital 
transformation and the moderating role of process change management. The 
research addresses persistent inconsistencies in prior studies regarding why 
industry 4.0-ready firms achieve different innovation outcomes. Method: A 
quantitative, cross-sectional design was employed, with data collected from 266 
engineers and sub-engineers working in mechanical industry organizations. 
Measurement scales were adopted from prior research. The proposed model was 
tested using partial least squares structural equation modeling (PLS-SEM) to 
assess direct, mediating, and moderating relationships among the variables. 
Findings: The results indicate that Industry 4.0 readiness significantly influences 
digital transformation and innovation performance. Process change management 
significantly moderates the relationship between industry 4.0 readiness and 
digital transformation, strengthening transformation outcomes. Additionally, 
digital transformation significantly mediates the relationship between industry 4.0 
readiness and innovation performance, confirming its role as a key mechanism 
through which readiness translates into innovation outcomes. 
Originality/Implications: This study advances Industry 4.0 literature by 
empirically integrating readiness, transformation, and change management into a 
unified framework, offering theoretical clarity and actionable insights for 
innovation management in mechanical systems. 
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1. Introduction 
The growing pace of spread of industry 4.0 technologies has fundamentally altered the logics of innovation in 

mechanical systems, making industry 4.0 readiness the top agenda of scholars and practitioners who want to improve 
innovation performance. Previous studies are becoming more concentrated when it comes to defining the advantages 
of smart manufacturing, cyber-physical systems, and data-driven production as not to do with the application of the 
technologies but rather the willingness of an organization to incorporate the technologies into its operational and 
innovation frameworks (Brodeur et al., 2023; Vo et al., 2025). Stated in relation to the mechanical systems, with 
production processes being capital-intensive, historically rigid, and interdependent, industry 4.0 readiness has been 
postulated to give digital investments worth the results of meaningful innovation (Kumar & Sharma, 2025). 

Although more and more companies invest in industry 4.0 projects, empirical findings suggest that not every 
manufacturing company has a positive effect on innovation performance(Ansari et al., 2025). According to scholars, 
the paradox of industry 4.0 readiness is often due to the fact that the state of technological readiness is often considered 
as a fixed state, whereas mechanical systems must be radically rejuvenated by transforming the whole 
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organization(Kee et al., 2025). This dislinking has changed the interest of scholars toward digital transformation, 
which reflects the permeation of digital technologies into organizational processes, organizational structures, and 
innovation practices, as opposed to using them as separate instruments(Ansari et al., 2023; Bhatti & Absamatov, 
2025). As a result, digital transformation is also emerging as a possible explanatory construct in the field where 
industry 4.0 readiness has the effect on innovation performance(Zamora Iribarren et al., 2024). 

The initial empirical studies prove that the higher the industry 4.0 readiness, the higher the firms are equipped to 
embark on digital transformation through the use of data integration, automation, and digital skills(Maganga & Taifa, 
2023). Nonetheless, other researchers indicate contradictory results, indicating that equal degrees of industry 4.0 
readiness may lead to dramatically different levels of digital transformation(Ribeiro et al., 2024). Such discrepancy 
indicates that preparedness might be inadequate to guarantee the success of transformation. Researchers state that the 
results of transformations require management of organizational changes in the processes of work, duties, and habits 
caused by digital projects (Pozzi et al., 2023). Such issues related to change are especially acute in mechanical systems, 
where the stability of the process is commonly valued more than experimentation. 

In an attempt to counter these issues, process change management has gained more popularity in literature as a 
very important organizational ability that aids in digital initiatives(Kliestik et al., 2023). In accordance with previous 
research, such drivers as structured change planning, employee engagement, and process redesign contribute to the 
improved efficacy of digital transformation initiatives(Akbari et al., 2024). However, the majority of existing studies 
define process change management as a direct precursor to digital transformation or performance instead of exploring 
how it preconditions the effects of the industry 4.0 readiness(Antony, Sony, & McDermott, 2023). Consequently, a 
lack of empirical data underlies the reasons why industry 4.0 readiness results in successful digital transformation in 
certain companies and not others, especially in mechanical systems with a long-established process 
architecture(Dohale et al., 2023). 

On the same note, the connection between industry 4.0 readiness and innovation performance is also debatable 
both theoretically and empirically(Wankhede & Vinodh, 2023). Whilst some research findings indicate that industry 
4.0 readiness has a positive impact on product and process innovation(Mansour et al., 2023), some also suggest that 
the concept readiness does not necessarily lead to improved innovation performance unless organizations radically 
change the way in which innovation activities are carried out(Antony, Sony, & McDermott, 2023). According to this 
debate, the digital transformation can be viewed as a mediating factor that can transform industry 4.0 readiness to 
innovation outcomes(Mittal et al., 2024). Nevertheless, there are few empirical studies that are explicit in testing on 
this mediating role, particularly in manufacturing and mechanical systems. 

Altogether, there are three essential gaps that are identified by preceding studies. To begin with, industry 4.0 
readiness is mostly studied as a direct indicator of digital transformation or innovation performance, and ignores how 
readiness is converted into innovation value(Jankowska et al., 2023). Second, the mediating effect of digital 
transformation in the digestion of the industry 4.0 readiness-innovation performance relationship is yet to be studied 
(Khan & Emon, 2025). Third, less empirical research exists that focuses on the role of process change management 
to act as a boundary condition in developing the effectiveness of industry 4.0 readiness(Wu et al., 2024), even though 
it has been shown to be theoretically relevant in the context of process-intensive mechanical systems. 

To fill these gaps, the current research paper explores how industry 4.0 readiness influences innovation 
performance using digital transformation as a mediating factor and process change management as a moderating 
variable. This study conceptualizes industry 4.0 readiness as a sensing capability, digital transformation as a 
reconfiguring capability, and process change management as a governance mechanism, which facilitates or limits the 
deployment of capabilities, based on the dynamic capabilities approach(Tortorella et al., 2024). Combining these 
constructs into one moderated mediation framework, the current study contributes to the existing knowledge in the 
field of how industry 4.0 initiatives produce the outcomes of innovation in mechanical systems. In such a way, the 
paper makes a contribution to industry 4.0 and innovation literature by going beyond technology-based explanations 
and disaggregating the organizational mechanisms through which the readiness transforms to innovation performance, 
empirically. 

2. Literature Review 
2.1 Industry 4.0 Readiness 

The industry 4.0 readiness has become an important antecedent of the organizational change in the manufacturing 
and mechanical systems that indicates the degree to which companies are technologically, structurally, and 
strategically prepared to the advanced digital technologies(Amin et al., 2024). Previous researchers define industry 
4.0 readiness as a multidimensional variable and include smart technologies, data integration, workforce capability, 
and organizational alignment(Galanti et al., 2023). It has been shown with empirical data that the more industry 4.0 
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ready firms show high flexibility of operations and strategic responsiveness(Farrukh Shahzad et al., 2025). 
Nevertheless, the available literature addresses industry 4.0 readiness as the immediate predictor of the performance 
results to a large extent and does not consider the internal transformation processes by which the readiness carries into 
value (Hansen et al., 2025). Furthermore, there has been a lack of focus on the effects of organizational change 
processes as preconditions of the viability of industry 4.0 readiness especially in mechanical systems where the 
structures of production are complicated and inflexible legacies(Ghobakhloo et al., 2025). 

2.2 Industry 4.0 Readiness Impact on Digital Transformation  

According to previous studies, industry 4.0 readiness is always linked to the capacity to launch and develop digital 
transformation programs in firms(Ali & Johl, 2023). Research holds that technological infrastructure, maturity of data, 
and digital capabilities which are the building blocks of industry 4.0 readiness, are precursors of digital 
transformation(Das et al., 2023). In line with the findings of the empirical research, it is found that organizations with 
low industry 4.0 readiness show disjointed digitalization initiatives, thus leading to dislodged automation instead of 
comprehensive change(Marrucci et al., 2025). On the other hand, a high industry 4.0 readiness can be used to enable 
the inclusion of cyber-physical systems, sophisticated analytics, and digital platforms in main processes(Brodeur et 
al., 2023). Although this is the consensus, most of the studies conducted on digital transformation focus on it as a 
strategic intention and not an operational performance, especially in manufacturing and mechanical systems 
sectors(Kumar & Sharma, 2025). Moreover, causal processes by which industry 4.0 readiness contributes to digital 
transformation are not well studied, most studies are based on descriptive or maturity-model methods(Kee et al., 2025). 
The given gap implies that industry 4.0 readiness should be empirically validated as a considerable factor contributing 
to the actual digital transformation but not digital ambition. 

H1: Industry 4.0 readiness significantly influences the digital transformation. 

2.3 Moderating Role of Process Change Management 

Indeed, whereas industry 4.0 readiness offers the technical and organizational basis of digital transformation, more 
scholars tend to consider the consequences of transformation to be determined by efficient process change 
management(Zamora Iribarren et al., 2024). As noted before, the concept of digital transformation often fails because 
of resistance to change, process misalignment, and poor change governance(Ribeiro et al., 2024). Research on 
manufacturing environments indicates that even companies with high industry 4.0 potentials fail to transform 
readiness into digital transformation in situations where the change in processes is not effectively handled(Kliestik et 
al., 2023). Process change management is consequently placed as a pivotal contextual element that would define how 
the industry 4.0 readiness is implemented(Antony, Sony, & McDermott, 2023). Empirical data indicate that digital 
initiatives are enhanced in terms of effectiveness by structured change communication, employee involvement, and 
process redesign(Wankhede & Vinodh, 2023). Nevertheless, previous studies have been majorly exploring process 
change management as a direct antecedent of the success of the transformation itself, but not as a condition(Antony, 
Sony, McDermott, et al., 2023). It has not been adequately tested how process change management moderates the 
strength or the weakness of industry 4.0 readiness-digital transformation relationship, especially in the context of 
mechanical systems with high levels of process rigidity. 

H2: Process change management significantly moderates the relationship of industry 4.0 readiness and the digital 
transformation. 

2.4 Industry 4.0 Readiness impact on Innovation Performance 

Industry 4.0 readiness and innovation performance relationship has been a debatable issue across innovation and 
manufacturing literature(Jankowska et al., 2023). Multiple authors state that industry 4.0 readiness increases the 
innovation performance through the ability to use data in real time, perform quick prototyping, and collaborate with 
other functions(Wu et al., 2024). These competencies assist in incremental and radical innovation achievements. 
Nonetheless, there are conflicting results that industry 4.0 readiness does not necessarily result in increased innovation 
performance, especially when companies do not have complementary organizational benefits(Amin et al., 2024). 
Other scholars say that industry 4.0 readiness can even generate innovation inertia where companies invest heavily in 
technology without re-arranging innovation processes(Farrukh Shahzad et al., 2025). This inconsistency shows that 
there is a gap in theory when it comes to the circumstances that make industry 4.0 readiness translate to innovation 
performance(Ghobakhloo et al., 2025). Avoiding the consideration of intermediate mechanisms that relate readiness 
to innovation outcomes, previous studies tend to use linear models(Das et al., 2023). Therefore, additional research is 
necessary to define the role of industry 4.0 readiness as an independent driver of innovation performance or the impact 
of the notion takes effect through more profound processes of organizational change. 
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H3: Industry 4.0 readiness significantly influences the innovation performance. 

2.5 Mediating Role of Digital Transformation 

Recent literature is placing digital transformation as one of the most important mechanisms in the connection of 
the technological readiness with the performance results(Vo et al., 2025). Research indicates that industry 4.0 
readiness augments the innovation performance in the event in which it generates a significant digital transformation, 
including digitally enabled business models, integrated innovation platforms, and data-driven decision-making(Ansari 
et al., 2025). Empirical data shows that companies striving to undergo digital transformation can more quickly and 
easily excel in innovation and newness than companies that simply implement industry 4.0 technologies in a 
vacuum(Ansari et al., 2023). In spite of these reflections, previous studies tend to focus on digital transformation as a 
consequence and not as a mediator(Maganga & Taifa, 2023). There are no empirical studies directly testing digital 
transformation as a mediating factor between industry 4.0 readiness and innovation performance, and in the 
mechanical systems industry in particular(Pozzi et al., 2023). This oversight limits the knowledge of the process of 
turning readiness into an innovation value(Akbari et al., 2024). This gap can be filled to explain better why innovation 
is not as effective among other industry 4.0-ready firms, but it is the depth of transformation that can be seen as an 
additional factor to consider. 

H4: Digital transformation significantly mediates the relationship of industry 4.0 readiness and innovation 
performance. 

 
Figure 1: Conceptual Model 

3. Method 
The current research used a cross-sectional research design that is quantitative to investigate the effect of Industry 

4.0 Readiness on Innovation Performance using Digital Transformation as a mediating variable and Process Change 
Management as a moderating variable. The empirical background of the study was the mechanical industry as it was 
chosen because it is gradually becoming dependent on Industry 4.0 technologies and sophisticated production systems. 
The information was gathered among engineers and sub-engineers that are in direct contact with operations, digital, 
and innovation operations. Out of 266 valid responses, a structured questionnaire was used to retrieve the required 
minimum sample size of a partial least squares structural equation modeling (PLS-SEM) due to the complexity of the 
research model. 

Table 1: Profile of Variables Questionnaire 

Variable Items Source 
Industry 4.0 Readiness 12 (Ul Zia et al., 2023) 
Digital Transformation 8 (Zhang et al., 2023) 
Innovation Performance 12 (Alegre et al., 2009) 

Process Change Management 7 (Aregbesola & Oluwade, 2014) 

Multi-item scales that were borrowed in prior research articles were used to measure all constructs, as they provide 
content validity and methodological rigor (see Table 1 and Appendix). Likert-type scales were used to measure 
Industry 4.0 Readiness, Digital Transformation, Innovation Performance and Process Change Management. The 
analysis of data was performed with the help of PLS-SEM, and it was done in the two steps. First, internal consistency, 
convergent and discriminant validity of the measurement model were tested with Cronbach alpha, composite 
reliability, average variance extracted (AVE) and the heterotrait-monotrait (HTMT) ratio. Second, structural model 
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was evaluated based on bootstrapping to examine the effect of direct, mediating and moderating effects based on path 
coefficients, t-statistics and p-values, as well as effect sizes (f2), coefficients of determination (R2), and model fit 
indices. 

4. Results 
Table 2 shows the reliability and convergent validity measures of each of the constructs that are present in the 

measurement model. The findings show that the internal consistency is satisfactory because the Cronbach Alpha and 
Composite Reliability are greater than the predetermined value of 0.70 when dealing with all constructs, which 
demonstrates the scale reliability. Industry 4.0 Readiness shows an indicator of high internal consistency with a 
Composite Reliability of 0.923 and Process Change Management pass’s reliability tests with a Composite Reliability 
of 0.869 too. The similar values of reliability are found in Innovation Performance and Digital Transformation.  

Table 2: Reliability and Validity 
  

Original 
Sample 

Cronbach's 
Alpha 

Composite 
Reliability 

AVE 

Industry 4.0 Readiness I4R1 0.567 0.908 0.923 0.501 
I4R10 0.740 

   

I4R11 0.746 
   

I4R12 0.710 
   

I4R2 0.606 
   

I4R3 0.671 
   

I4R4 0.669 
   

I4R5 0.767 
   

I4R6 0.747 
   

I4R7 0.715 
   

I4R8 0.731 
   

I4R9 0.793 
   

Process Change Management PCM2 0.790 0.822 0.869 0.527 
PCM3 0.703 

   

PCM4 0.759 
   

PCM5 0.725 
   

PCM6 0.690 
   

PCM7 0.680 
   

Innovation Performance 0.892 0.911 0.519 
Innovation efficacy ICAC1 0.523 0.853 0.890 0.540 

ICAC3 0.810 
   

ICAC4 0.801 
   

ICAC5 0.804 
   

ICAC6 0.725 
   

ICAC7 0.686 
   

ICAC8 0.751 
   

Innovation Efficiency ICEN1 0.795 0.745 0.839 0.567 
ICEN2 0.699 

   

ICEN3 0.785 
   

ICEN4 0.729 
   

Digital Transformation 0.834 0.873 0.565 
Explorative EXPI1 0.813 0.770 0.854 0.597 

EXPI2 0.836 
   

EXPI3 0.811 
   

EXPI4 0.609 
   

Exploitative EXPR1 0.786 0.785 0.861 0.608 
EXPR2 0.750 

   

EXPR3 0.804 
   

EXPR4 0.779 
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The convergent validity is determined by Average Variance Extracted (AVE) whereby all the constructs have an 
AVE value of above the minimum recommended which is 0.50 indicating that the indicators are sufficient to explain 
the variance of the respective latent constructs. The item loadings on all of the dimensions are within acceptable 
proportions and this contributes to the reliability of the indicators. On the whole, the findings prove that the 
measurement model meets the requirements of reliability and convergent validity, which makes it possible to continue 
the evaluation of the structural model. 

 
Figure 2: Estimated Model 

Table 3 indicates the Heterotrait-Monotrait Ratio (HTMT) values to determine the discriminant validity between 
the constructs. The findings prove that all the HTMT figures fall below the conservative range of 0.85 representing an 
adequate discriminant validity. Digital Transformation presents a good discriminant separation to Industry 4.0 
Readiness and Innovation Performance, with the HTMT values being well below recommended values. On the same 
note, Digital Transformation-Explorative and Exploitative dimensions demonstrate evident delimiting character as 
compared to other constructs. The efficacy of innovation and Innovation efficiency. The efficacy of innovation and 
the Innovation efficiency show satisfactory discriminant validity, which proves their uniqueness as a concept even 
though they are subdimensions of Innovation Performance. Process Change Management holds low HTMT values 
with the rest of the constructs, which only strengthens its uniqueness in the model. These results prove the constructs 
measure empirically different phenomena and multicollinearity issues are insignificant. 

Table 3: Heterotrait-Monotrait Ratio 
 

1 2 3 4 5 6 7 8 
Digital Transformation 

        

Exploitative 0.843 
       

Explorative 0.794 0.697 
      

Industry 4.0 Readiness 0.748 0.720 0.640 
     

Innovation Performance 0.844 0.802 0.733 0.828 
    

Innovation Efficacy 0.842 0.770 0.762 0.245 0.615 
   

Innovation Efficiency 0.810 0.824 0.647 0.792 0.799 0.839 
  

Process Change 
Management 

0.342 0.301 0.322 0.444 0.445 0.479 0.366 
 

The values of the effect size (f2) are shown in Table 4, which show how much exogenous constructs contribute to 
the endogenous variables. Industry 4.0 Readiness shows a significant effect size on Digital Transformation (f2 = 
0.607), which shows that it has a significant explanatory value. Moreover, the Industry 4.0 Readiness demonstrates a 
significant impact on the Innovation Performance (f2 = 0.918), which is quite indicative of its pre-eminent role in the 
explanation of the innovation results. The effect size of Process Change Management on Digital Transformation (f2 = 
0.343) is moderate, which proves its significant role in influencing the result of transformation. Digital Transformation 
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in itself has a moderate effect on Innovation Performance (f2 = 0.225). Such findings indicate that the associations 
presented in the model are statistically significant and of a significant magnitude as well. 

Table 4: F Square 
 

Digital Transformation Innovation Performance 
Digital Transformation 

 
0.225 

Industry 4.0 Readiness 0.607 0.918 
Innovation Performance 

  

Process Change Management 0.343 
 

The values of the coefficient of determination (R2) of the endogenous constructs are reported in table 5. The R2 
value of Digital Transformation is 0.433 which means that combining Industry 4.0 Readiness and Process Change 
Management explain 43.3 percent of Digital Transformation variance. The R2 of Innovation Performance is high at 
0.754, which indicates that the combined effect of Industry 4.0 Readiness and Digital Transformation can explain 
75.4% of innovation performance. Adjusted R2 values are also close to the actual R2 values, which means the stability 
of the model and low overfitting. These findings indicate that the structural model has a high level of explanatory 
power especially on Innovation Performance. 

Table 5: R Square 
 

R Square R Square Adjusted 
Digital Transformation 0.433 0.428 
Innovation Performance 0.754 0.752 

Table 6 provides the model fit test with the Standardized Root Mean Square Residual (SRMR). Both the saturated 
model (0.069) and the estimated model (0.071) have lower SRMR values than the recommended value of 0.08, and 
hence, the model fits well. The low variance between the saturated model and the estimated one indicates that the 
structural model is sufficiently able to estimate the observed covariance matrix. These findings prove that the research 
model suggested by the proposed study is appropriate to the empirical data and satisfies the usual criteria of goodness 
of fit of the partial least squares structural equation modeling. 

Table 6: Model Fit 
 

Saturated Model Estimated Model 
SRMR 0.069 0.071 

Table 7 indicates the structural path coefficients, standard deviations, t-statistics and p-values in the testing of 
hypotheses. The findings show that Industry 4.0 Readiness positively influences Digital Transformation (b = 0.611, t 
= 5.988, p < 0.001), which proves the strong empirical evidence of this correlation. The Process Change Management 
moderating effect on the correlation between Industry 4.0 Readiness and Digital Transformation is also significant (b 
= 0.312, t = 6.414, p < 0.001).  

Table 7: Path Analysis 
 

Original 
Sample 

(O) 

Standard 
Deviation 
(STDEV) 

T Statistics 
(|O/STDEV|) 

P 
Values 

Industry 4.0 Readiness Significantly Influences the Digital 
Transformation. 

0.611 0.102 5.988 0.000 

Process change Management Significantly Moderates the 
Relationship of Industry 4.0 Readiness and the Digital 

Transformation. 

0.312 0.049 6.414 0.000 

Industry 4.0 Readiness Significantly Influences the 
Innovation Performance. 

0.630 0.045 14.093 0.000 

Digital Transformation Significantly Mediates the 
Relationship of Industry 4.0 Readiness and Innovation 

Performance. 

0.191 0.044 4.390 0.000 

Moreover, Industry 4.0 Readiness has an important impact on the Innovation Performance (b = 0.630, t = 14.093, 
p < 0.001), meaning that there is a strong direct relationship. The significant indirect effect of Digital Transformation 
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between Industry 4.0 Readiness and Innovation Performance is supported by the significant coefficient (b = 0.191, t 
= 4.390, p < 0.001). Altogether, the findings furnish empirical evidence to all the relationships in the model. 

 
Figure 3: Structural Model 

5. Discussion 
Industry 4.0 studies in mechanical systems have come to focus increasingly on the issues of technological 

availability, and explore more fundamental questions of organizational preparedness, change processes, and 
innovation success. Although the initial literature mostly equated the success of industry 4.0 with the adoption of 
technology, as more recent works clarify that the value of innovation can only be realized once technological 
preparedness is transformed into organizational change and process restructuring(Pozzi et al., 2023). Among this 
shifting discussion, industry 4.0 readiness, digital transformation, innovation performance, and process change 
management are interdependent variables that influence the manner in which mechanical systems firms react to digital 
disruption. The current research paper adds to this discussion by proving empirically a sequential and conditional 
logics: industry 4.0 readiness makes digital transformation, this transforms innovation performance and process 
change management defines the level of success of the readiness-driven transformation. The following discussion puts 
these findings in the context of the previous theoretical and empirical arguments. 

The fact that the first hypothesis has been accepted proves that industry 4.0 readiness is a major issue affecting 
digital transformation, which supports the claims that readiness is an organizational capability, not an auxiliary 
technological state. Previous literature implied that digital projects are not effective due to the absence of cohesive 
infrastructures, digital capabilities, and strategic alignment of the firms(Antony, Sony, McDermott, et al., 2023). The 
current results contribute to this literature by empirically confirming that industry 4.0 readiness is directly related to 
actual digital transformation in the mechanical systems, which facilitates the perception that readiness allows firms to 
overcome pilot projects and transform to the systemic digital integration(Mansour et al., 2023). This finding addresses 
discrepancies in the previous researches which had reported varying results on transformation even with similar 
technological investments suggesting that it is the readiness and not the presence of technology that creates a level of 
transformation. 

More to the point, the strong moderating role of process change management explains the fact, why industry 4.0 
readiness delivers a disproportionate digital transformation result among firms. Although the previous sources 
recognized the significance of change management, they mostly used process change management as a direct 
precursor to the success of transformation(Jankowska et al., 2023). The existing results reframe process change 
management as a boundary condition, whereby industry 4.0 readiness produces more impressive digital transformation 
due to the facilitation of structured process redesign, communication and employee engagement. This moderating role 
is particularly salient in mechanical systems where working routines are so entrenched. The results indicate that 
industry 4.0 readiness can be latent, i.e. It does not trigger any meaningful change without an effective process change 
management. 

This engagement will contribute to the literature on industry 4.0 as it will combine perspectives on technological 
readiness and organizational change into one. It coincides with the dynamic capabilities theory that states that the 
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sensing opportunities (industry 4.0 readiness) should be accompanied by reconfiguration mechanisms to produce the 
strategic results(Tortorella et al., 2024). Process change management becomes an effective tool of governance that 
allows firms to put the preparations into action instead of diluting the force of change by resisting, creating inertia, 
and sticking to a process. Therefore, the research empirically confirms the calls of process-based view on digital 
transformation in the manufacturing settings(Farrukh Shahzad et al., 2025). 

The fact that the third hypothesis was accepted proves that industry 4.0 readiness has a strong impact on innovation 
performance in favor of the studies that correlate readiness with the increased innovation capability on the level of 
data-driven experimentation and flexible production structures(Ali & Johl, 2023). Nevertheless, this observation 
should be viewed in terms of ancient controversies. Previous studies had cast doubt on the ability of industry 4.0 
readiness to drive innovation in its own right, with researchers providing the risk that too much concentration on 
technology would lock out exploratory innovation(Pozzi et al., 2023). This debate is resolved in the current study that 
demonstrates that readiness is a factor to the innovation performance, but it does not act independently as isolated of 
transformation processes. 

The digital transformation will be used as a mediator to offer the much-needed critical explanatory mechanism 
absent in earlier researches. The results show that industry 4.0 readiness positively affects innovation performance by 
making digital transformation possible but not necessary, which supports the position that innovation gains are not 
due to readiness but are a result of digitally reconfigured innovation processes(Mansour et al., 2023). Digital 
transformation enables real-time knowledge streams, cross-functional coordination, and quick and short iteration, 
which is required during innovation in mechanical systems, which are complex and interdependent. This mediating 
role is the reason why many companies that are of equal industry 4.0 readiness tend to exhibit different results on 
innovation. 

The empirical validation of the digital transformation as an intervening variable takes the study beyond the linear 
models of readiness-performance and adds to the process-oriented perspective of innovation in the context of industry 
4.0. These findings are also consistent with dynamic capabilities perspective in that digital transformation has been 
placed under reconfiguring capability that translates technological preparedness into innovation value(Tortorella et 
al., 2024). This understanding is in direct response to the demand to conduct research that would define how industry 
4.0 readiness can result in innovation performance, and not merely assess whether there is a relation between the 
two(Ghobakhloo et al., 2025). 

The results obtained in all four hypotheses put forward form a logical and progressive reasoning as to why 
innovation occurs in industry 4.0-enabled mechanical systems. Industry 4.0 readiness becomes a requisite but 
inadequate requirement of innovation success; it manifests itself in digital transformation and will only have an effect 
on the process when it is managed with process change management. The integrated perspective can further develop 
the existing literature by showing that readiness, transformation, and change management are a system that should 
reinforce each other as opposed to being independent drivers. The empirical validation of mediation and moderation 
processes makes the study change the discourse on industry 4.0 from determinism on technology narratives to an 
organizational ability model. Finally, the results highlight the fact that digital readiness does not result in innovation 
of mechanical systems, but transformation of the readiness, which are governed and embedded into organizational 
processes. 

5.1 Theoretical Implications 

The study contributes to the literature on Industry 4.0 because it redefines Industry 4.0 Readiness as an 
organizational capability that is dynamic and not a technological state of being. The study goes beyond the linear 
models of readiness-performance by empirically validating Digital Transformation as a mediating mechanism, and 
Process Change Management as a moderating boundary condition. Incorporating these associations into a dynamic 
capabilities model enhances the theoretical knowledge regarding the way in which readiness is translated into 
Innovation Performance. The results add to the theory of innovation by showing how transformation depth and process 
governance can result in the formation of innovation in mechanical systems, which has resolved the long-running 
inconsistencies in previous empirical studies. 

5.2 Practical Implications 

The results offer practical advice to managers in the mechanical systems sectors who seek to pursue the Industry 
4.0 efforts. To make sure that digital initiatives become significant Digital Transformation, firms must focus on the 
need to develop Industry 4.0 Readiness and organized practices of Process Change Management. Advanced 
technologies should be invested in along with conscious process redesign, involvement of employees, and 
communication of change. Moreover, the managers are advised to consider Digital Transformation as a strategic 
channel to improve Innovation Performance but not an independent IT activity. Integrating readiness, transformation, 
and change management can facilitate organizations to produce sustainable results of industry 4.0 investments. 



Reports in Mechanical Engineering, Vol. 7, No. 1, 2026, pp. 71-84 

80  ISSN: 2683-5894 

 

 
 

 

5.3 Limitations and Future Research Directions 

This research has a number of shortcomings though it has been helpful. To start with, the cross-sectional design 
limits causal inference in the relationship of Industry 4.0 Readiness, Digital Transformation, and Innovation 
Performance. Longitudinal studies would have the ability to reach the dynamics of transformation with time. Second, 
the research is specific to the mechanical systems industries and this might not be generalized to other industries. The 
model can be replicated in high-tech or service industries in future. Third, some reliance on the use of perceptual 
measures can lead to common method bias. Objective innovation indicators could be incorporated in future research. 
Lastly, other moderators like the organizational culture or style of leadership may be explored in order to further hone 
knowledge of readiness-based transformation. 

6. Conclusion 
This paper was aimed to analyses the translation of Industry 4.0 Readiness to Innovation Performance in 

mechanical systems by unravelling the functions of Digital Transformation and Process Change Management. The 
results show that preparedness is not enough to create innovation value unless it is transformed into meaningful Digital 
Transformation. Through the process of experimental confirmation of this mediating role, the research explains why 
comparable degrees of preparedness usually result in varying innovation performances in companies. The findings 
also indicate that Process Change Management plays an important role in enhancing the readiness-transformation 
relationship so that the management of organizational processes and technological initiatives is important. Together, 
the research paper brings a subtle and combined explanation of innovation in the conditions of Industry 4.0. The 
research contributes to the field of theory and practice by making Industry 4.0 Readiness as an enabler, Digital 
Transformation a value-creator, and Process Change Management a contextual amplifier. The results highlight that 
digital technologies alone do not influence the innovation of mechanical systems but rather the manner in which the 
organization prepares, manages, and integrates transformation into the process of operations and innovation. This 
unified view is a strong base of research and effective managerial decision-making in Industry 4.0 settings in the 
future. 

7. Funding  
This work was supported by the Deanship of Scientific Research, Vice Presidency for Graduate Studies and 

Scientific Research, King Faisal University, Saudi Arabia [Grant Number KFU261175]'. 

References 
Akbari, M., Kok, S. K., Hopkins, J., Frederico, G. F., Nguyen, H., & Alonso, A. D. (2024). The changing landscape 
of digital transformation in supply chains: impacts of industry 4.0 in Vietnam. The International Journal of Logistics 
Management, 35(4), 1040-1072. https://doi.org/10.1108/IJLM-11-2022-0442  

Alegre, J., Chiva, R., & Lapiedra, R. (2009). Measuring innovation in long product development cycle industries: an 
insight in biotechnology. Technology Analysis & Strategic Management, 21(4), 535-546. 
https://doi.org/10.1080/09537320902819247  

Ali, K., & Johl, S. K. (2023). Driving forces for industry 4.0 readiness, sustainable manufacturing practices and 
circular economy capabilities: does firm size matter? Journal of Manufacturing Technology Management, 34(5), 838-
871. https://doi.org/10.1108/JMTM-07-2022-0254  

Amin, A., Bhuiyan, M. R. I., Hossain, R., Molla, C., Poli, T. A., & Milon, M. N. U. (2024). The adoption of Industry 
4.0 technologies by using the technology organizational environment framework: The mediating role to manufacturing 
performance in a developing country. Business Strategy & Development, 7(2), e363. https://doi.org/10.1002/bsd2.363  

Ansari, I., Barati, M., Sadeghi Moghadam, M. R., & Ghobakhloo, M. (2023). An Industry 4.0 readiness model for 
new technology exploitation. International Journal of Quality & Reliability Management, 40(10), 2519-2538. 
https://doi.org/10.1108/IJQRM-11-2022-0331  

Ansari, I., Barati, M., Sadeghi Moghadam, M. R., & Ghobakhloo, M. (2025). Empowering Industry 4.0: systemizing 
readiness assessment and strategic roadmapping for digital transformation. Journal of Manufacturing Technology 
Management. https://doi.org/10.1108/JMTM-05-2024-0257  

Antony, J., Sony, M., & McDermott, O. (2023). Conceptualizing Industry 4.0 readiness model dimensions: an 

https://doi.org/10.1108/IJLM-11-2022-0442
https://doi.org/10.1080/09537320902819247
https://doi.org/10.1108/JMTM-07-2022-0254
https://doi.org/10.1002/bsd2.363
https://doi.org/10.1108/IJQRM-11-2022-0331
https://doi.org/10.1108/JMTM-05-2024-0257


Reports in Mechanical Engineering ISSN: 2683-5894  81 

Impact of Industry 4.0 Readiness on Innovation Performance in Mechanical Systems …. (Muhammad Awais Bhatti) 

 

 
 

 
 

 

exploratory sequential mixed-method study. The TQM Journal, 35(2), 577-596. https://doi.org/10.1108/TQM-06-
2021-0180  

Antony, J., Sony, M., McDermott, O., Jayaraman, R., & Flynn, D. (2023). An exploration of organizational readiness 
factors for Quality 4.0: an intercontinental study and future research directions. International Journal of Quality & 
Reliability Management, 40(2), 582-606. https://doi.org/10.1108/IJQRM-10-2021-0357  

Aregbesola, M., & Oluwade, B. (2014). An Experimental Evaluation of Defect Prevention and Change Management 
in Software Process Optimization in the Nigerian Software Industry. ARPN Journal of Systems and Software, 4, 5-11. 
https://shorturl.at/sIDFH  

Bhatti, M. A., & Absamatov, A. (2025). Adoption of Business Analytics as a Data-Driven Approach to Process 
Optimizations in Mechanical Manufacturing Companies' Operational Performance: Moderating role of Mechanical 
Technology Utilization. Reports in Mechanical Engineering, 6(2), 1-15. https://doi.org/10.31181/rme505  

Brodeur, J., Deschamps, I., & Pellerin, R. (2023). Organizational changes approaches to facilitate the management of 
Industry 4.0 transformation in manufacturing SMEs. Journal of Manufacturing Technology Management, 34(7), 1098-
1119. https://doi.org/10.1108/JMTM-10-2022-0359  

Das, P., Perera, S., Senaratne, S., & Osei-Kyei, R. (2023). Paving the way for industry 4.0 maturity of construction 
enterprises: a state of the art review. Engineering, Construction and Architectural Management, 30(10), 4665-4694. 
https://doi.org/10.1108/ECAM-11-2021-1001  

Dohale, V., Verma, P., Gunasekaran, A., & Akarte, M. (2023). Manufacturing strategy 4.0: a framework to usher 
towards industry 4.0 implementation for digital transformation. Industrial Management & Data Systems, 123(1), 10-
40. https://doi.org/10.1108/IMDS-12-2021-0790  

Farrukh Shahzad, M., Liu, H., & Zahid, H. (2025). Industry 4.0 technologies and sustainable performance: do green 
supply chain collaboration, circular economy practices, technological readiness and environmental dynamism matter? 
Journal of Manufacturing Technology Management, 36(1), 1-22. https://doi.org/10.1108/JMTM-05-2024-0236  

Galanti, T., De Vincenzi, C., Buonomo, I., & Benevene, P. (2023). Digital transformation: Inevitable change or sizable 
opportunity? The strategic role of HR management in industry 4.0. Administrative Sciences, 13(2), 30. 
https://doi.org/10.3390/admsci13020030  

Ghobakhloo, M., Iranmanesh, M., Foroughi, B., Tseng, M.-L., Nikbin, D., & Khanfar, A. A. A. (2025). Industry 4.0 
digital transformation and opportunities for supply chain resilience: a comprehensive review and a strategic roadmap. 
Production Planning & Control, 36(1), 61-91. https://doi.org/10.1080/09537287.2023.2252376  

Hansen, A. K., Christiansen, L., & Lassen, A. H. (2025). Technology isn't enough for Industry 4.0: on SMEs and 
hindrances to digital transformation. International Journal of Production Research, 63(18), 6585-6605. 
https://doi.org/10.1080/00207543.2024.2305800  

Jankowska, B., Mińska-Struzik, E., Bartosik-Purgat, M., Götz, M., & Olejnik, I. (2023). Industry 4.0 technologies 
adoption: barriers and their impact on Polish companies’ innovation performance. European Planning Studies, 31(5), 
1029-1049. https://doi.org/10.1080/09654313.2022.2068347  

Kee, D. M. H., Cordova, M., & Khin, S. (2025). The key enablers of SMEs readiness in Industry 4.0: a case of 
Malaysia. International Journal of Emerging Markets, 20(3), 1042-1062. https://doi.org/10.1108/IJOEM-08-2021-
1291  

Khan, T., & Emon, M. M. H. (2025). Supply chain performance in the age of Industry 4.0: evidence from 
manufacturing sector. Brazilian Journal of Operations & Production Management, 22(1), 10-14488. 
https://doi.org/10.14488/BJOPM.2434.2025  

Kliestik, T., Nagy, M., & Valaskova, K. (2023). Global value chains and industry 4.0 in the context of lean workplaces 
for enhancing company performance and its comprehension via the digital readiness and expertise of workforce in the 
V4 nations. Mathematics, 11(3), 601. https://doi.org/10.3390/math11030601  

Kumar, L., & Sharma, R. K. (2025). Adapting to Industry 4.0: evaluating SMEs preparedness through a comprehensive 
digital readiness assessment maturity model by validating stakeholders’ perceptions. Business Process Management 
Journal. https://doi.org/10.1108/BPMJ-07-2024-0546  

https://doi.org/10.1108/TQM-06-2021-0180
https://doi.org/10.1108/TQM-06-2021-0180
https://doi.org/10.1108/IJQRM-10-2021-0357
https://shorturl.at/sIDFH
https://doi.org/10.31181/rme505
https://doi.org/10.1108/JMTM-10-2022-0359
https://doi.org/10.1108/ECAM-11-2021-1001
https://doi.org/10.1108/IMDS-12-2021-0790
https://doi.org/10.1108/JMTM-05-2024-0236
https://doi.org/10.3390/admsci13020030
https://doi.org/10.1080/09537287.2023.2252376
https://doi.org/10.1080/00207543.2024.2305800
https://doi.org/10.1080/09654313.2022.2068347
https://doi.org/10.1108/IJOEM-08-2021-1291
https://doi.org/10.1108/IJOEM-08-2021-1291
https://doi.org/10.14488/BJOPM.2434.2025
https://doi.org/10.3390/math11030601
https://doi.org/10.1108/BPMJ-07-2024-0546


Reports in Mechanical Engineering, Vol. 7, No. 1, 2026, pp. 71-84 

82  ISSN: 2683-5894 

 

 
 

 

Maganga, D. P., & Taifa, I. W. R. (2023). The readiness of manufacturing industries to transit to Quality 4.0. 
International Journal of Quality & Reliability Management, 40(7), 1729-1752. https://doi.org/10.1108/IJQRM-05-
2022-0148  

Mansour, H., Aminudin, E., & Mansour, T. (2023). Implementing industry 4.0 in the construction industry-strategic 
readiness perspective. International journal of construction management, 23(9), 1457-1470. 
https://doi.org/10.1080/15623599.2021.1975351  

Marrucci, A., Rialti, R., & Balzano, M. (2025). Exploring paths underlying Industry 4.0 implementation in 
manufacturing SMEs: a fuzzy-set qualitative comparative analysis. Management Decision, 63(6), 1936-1959. 
https://doi.org/10.1108/MD-05-2022-0644  

Mittal, A., Kumar, V., Verma, P., & Singh, A. (2024). Evaluation of organizational variables of quality 4.0 in digital 
transformation: the study of an Indian manufacturing company. The TQM Journal, 36(1), 178-207. 
https://doi.org/10.1108/TQM-07-2022-0236  

Pozzi, R., Rossi, T., & Secchi, R. (2023). Industry 4.0 technologies: critical success factors for implementation and 
improvements in manufacturing companies. Production Planning & Control, 34(2), 139-158. 
https://doi.org/10.1080/09537287.2021.1891481  

Ribeiro, D. B., Coutinho, A. d. R., Satyro, W. C., Campos, F. C. d., Lima, C. R. C., Contador, J. C., & Gonçalves, R. 
F. (2024). The DAWN readiness model to assess the level of use of Industry 4.0 technologies in the construction 
industry in Brazil. Construction Innovation, 24(2), 515-536. https://doi.org/10.1108/CI-05-2022-0114  

Tortorella, G., Prashar, A., Vassolo, R., Cawley Vergara, A. M., Godinho Filho, M., & Samson, D. (2024). Boosting 
the impact of knowledge management on innovation performance through industry 4.0 adoption. Knowledge 
Management Research & Practice, 22(1), 32-48. https://doi.org/10.1080/14778238.2022.2108737  

Ul Zia, N., Burita, L., & Yang, Y. (2023). Inter-organizational social capital of firms in developing economies and 
industry 4.0 readiness: the role of innovative capability and absorptive capacity. Review of Managerial Science, 17(2), 
661-682. https://doi.org/10.1007/s11846-022-00539-3  

Vo, H. T., Nguyen, P. V., Nguyen, S. T. N., Vrontis, D., & Bianco, R. (2025). Unlocking digital transformation in 
Industry 4.0: exploring organizational readiness, innovation and firm performance in Vietnam. European Journal of 
Innovation Management, 28(5), 1943-1964. https://doi.org/10.1108/EJIM-03-2024-0273  

Wankhede, V. A., & Vinodh, S. (2023). Benchmarking Industry 4.0 readiness evaluation using fuzzy approaches. 
Benchmarking: An International Journal, 30(1), 281-306. https://doi.org/10.1108/BIJ-08-2021-0505  

Wu, C.-H., Chou, C.-W., Chien, C.-F., & Lin, Y.-S. (2024). Digital transformation in manufacturing industries: Effects 
of firm size, product innovation, and production type. Technological forecasting and social change, 207, 123624. 
https://doi.org/10.1016/j.techfore.2024.123624  

Zamora Iribarren, M., Garay-Rondero, C. L., Lemus-Aguilar, I., & Peimbert-García, R. E. (2024). A review of industry 
4.0 assessment instruments for digital transformation. Applied Sciences, 14(5), 1693. 
https://doi.org/10.3390/app14051693  

Zhang, Y., Ma, X., Pang, J., Xing, H., & Wang, J. (2023). The impact of digital transformation of manufacturing on 
corporate performance—The mediating effect of business model innovation and the moderating effect of innovation 
capability. Research in International Business and Finance, 64, 101890. https://doi.org/10.1016/j.ribaf.2023.101890  

 

 

 

 

 

 

 

https://doi.org/10.1108/IJQRM-05-2022-0148
https://doi.org/10.1108/IJQRM-05-2022-0148
https://doi.org/10.1080/15623599.2021.1975351
https://doi.org/10.1108/MD-05-2022-0644
https://doi.org/10.1108/TQM-07-2022-0236
https://doi.org/10.1080/09537287.2021.1891481
https://doi.org/10.1108/CI-05-2022-0114
https://doi.org/10.1080/14778238.2022.2108737
https://doi.org/10.1007/s11846-022-00539-3
https://doi.org/10.1108/EJIM-03-2024-0273
https://doi.org/10.1108/BIJ-08-2021-0505
https://doi.org/10.1016/j.techfore.2024.123624
https://doi.org/10.3390/app14051693
https://doi.org/10.1016/j.ribaf.2023.101890


Reports in Mechanical Engineering ISSN: 2683-5894  83 

Impact of Industry 4.0 Readiness on Innovation Performance in Mechanical Systems …. (Muhammad Awais Bhatti) 

 

 
 

 
 

 

8. Appendix 
8.1 Industry 4.0 Readiness 

1. We use IoT sensors and AI to enable a proactive approach that supports team and our machines in real time. 
2. We are collecting a lot of machine equipment data, but we are not sure how to use it for more than routine 

operation logistics. 
3. Most of our data comes from routine manual data collections. 
4. Custom quality assurance models use real-time data feeds to track how critical variables (e.g., temperature, 

sound, pressure, etc.) impact product quality and process flow. 
5. We use generalized benchmarks, and workers on the floor are relied upon to identify and report any major 

issues. 
6. We don’t usually recognize a quality risk until it has been identified down the assembly line. 
7. Feedback flows easily within our organization for constant communication – data is also shared with our 

suppliers, customers and partners. 
8. We are working to connect different communication feeds internally and externally, but it’s proving to be a 

challenge. 
9. Our communication isn’t integrated, so information gets stuck in silos. 
10. Our organization is developing a 4.0 technical framework, and we’re exploring the role our partners will need 

to play. 
11. My team is just beginning to build a case for Industry 4.0 to put in front of senior leadership. 
12. We have a basic understanding of what Industry 4.0 could do for our organization, but we need to learn more. 

8.2 Digital Transformation  

Explorative  
1. Using digital technology to invent new products and services. 
2. Adopting digital technology to discover new distribution channels. 
3. Leveraging digital technologies to develop and enter new markets. 
4. Utilizing digital technology to find and reach new customers in new markets.  

Exploitative 
1. Using digital technology to make minor improvements to existing products and services.  
2. Employing digital technologies to deliver products and services more efficiently.  
3. Leveraging digital technology to extend services to existing customers.  
4. Employing digital technology to reduce expenses to reduce the cost of producing goods or services. 

8.3 Innovation Performance 

Innovation efficacy 
1. Replacement of products being phased out 
2. Extension of product range within main product field through technologically new products 
3. Extension of product range within main product field through technologically improved products 
4. Extension of product range outside main product field 
5. Development of environment-friendly products 
6. Market share evolution 
7. Opening of new markets abroad 
8. Opening of new domestic target groups 

Innovation efficiency 
1. Average innovation project development time 
2. Average number of innovation projects 
3. Average cost per innovation project 
4. Global satisfaction degree with innovation projects’ efficiency 

8.4 Process Change Management 

1. Does the organization follow a documented procedure for developing and maintaining plans for software 
process improvement?  

2. Do people throughout your organization participate in software process improvement activities (e.g., on 
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teams to develop software process improvements)?  
3. Are improvements continually made to the organization’s standard software process and the projects’ defined 

software processes?  
4. Does the organization follow a written policy for implementing software process improvements? 
5. Is training in software process improvement required for both management and technical staff?  
6. Are measurements made to determine the status of the activities for software process improvement (e.g., the 

effect of implementing each process improvement compared to its defined goals)?  
7. Are software process improvement efforts reviewed with senior management on a periodic basis? 
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