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Abstract: Many studies advance the contemporary technologies of Industry 4.0. However, relatively
little is known about how Industry 4.0 affects corporate financial performance. Using a survey,
bootstrap sampling, and structural-equation modeling, this study evaluates the moderated mediation
effects of Industry 4.0 maturity on financial performance. The results show that Industry 4.0 maturity
significantly affects internal business process performance (IBPP), which influences customer perfor-
mance through the mediating effect of supply chain performance (SCP), and IBPP and SCP affect
financial performance fully through the mediating effect of customer performance. The results also
show that Industry 4.0 maturity moderates the positive relationship between customer performance
and financial performance. Customer performance and IBPP have the largest direct and total effects
on financial performance in the context of Industry 4.0 implementation, respectively. The results
indicate that Industry 4.0 magnifies the potential returns to companies mainly through IBPP, SCP, and
customer performance. This study offers an enhanced understanding of the financial implications
of Industry 4.0 implementation and provides insights into the factors through which Industry 4.0
maturity influences financial performance.

Keywords: Industry 4.0 maturity; smart factory manufacturing; financial performance; perfor-
mance measurement

1. Introduction

The increasing integration of the internet of things (IoT) into the industrial value chain
is laying the groundwork for the next industrial revolution, called the fourth industrial
revolution, or Industry 4.0 [1]. Industry 4.0 is reshaping corporate strategies, supply
chains, value chains, business operations and processes, and stakeholder relationships.
This is generating not only new business opportunities but also vulnerabilities that require
effective management and governance for sustainable business performance [2]. Not
surprisingly, this subject receives considerable attention not only in business but also in
engineering, sciences, and social sciences [3,4].

One recent research development, for example, is that Majeed and Rupasinghe [5],
who propose a conceptual framework for process automation through radio frequency
identification (RFID) and business application programming interface (BAPI) technology to
restructure business information technology in the context of Industry 4.0. Another more
recent development is that Wang et al. [6], who propose a fog nodes deployment system
based on space–time characteristics (STC) for minimizing computing response time and
load balancing in production lines to enhance the performance of intelligent manufacturing.

Although an extensive amount of literature exists on Industry 4.0 and its related
problems and issues, relatively few researchers investigate the links between Industry
4.0 implementation and company financial performance [7–10]. Little is therefore known
about how Industry 4.0 maturity affects corporate financial performance. Understanding
how Industry 4.0 maturity influences financial performance is essential to enhance Industry
4.0 implementation and its impact on company financial performance.
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The primary objective of this study is, hence, to assess how Industry 4.0 maturity
affects financial performance. This study employs the survey method, the bootstrap-
sampling method, and structural-equation modeling to examine the hypothesized five-
dimension research model. The rest of this paper is organized as follows: Section 2
reviews related studies of Industry 4.0. Section 3 provides a theoretical background for this
study’s research hypotheses. Section 4 explains the research methods, including research
participants, data-collection procedures, construct measurement, and analysis. Section 5
details the statistical tests of the hypotheses. Section 6 concludes this study.

2. Research Background

Technological advances, especially in communication and information technology,
are changing the ways businesses create value, how and where employees work, and
how people communicate [11]. Together, these advances are hurtling businesses and
manufacturing enterprises toward a new industrial revolution based on a cyber–physical
system—a revolution known as Industry 4.0, Production 4.0, Future of Manufacturing, or
Advanced Manufacturing [2]. Shrewd leaders must either learn how these technological
advances can transform their businesses or face competition from those who figure it out
first [12]. Not surprisingly, the subject receives significant attention from both practitioners
and researchers [13,14].

Extensive research seeks to understand how to enforce Industry 4.0 effectively and/or
how Industry 4.0 affects production processes/operations (e.g., Hermann et al. [1]; Liao et al. [3];
Shrouf et al. [15]; Ungurean et al. [16]). For example, Imtiaz and Jasperneite [17] show that a
key to enabling IoT successfully for industrial automation applications is to scale down the
open platform communications–unified architecture (OPC-UA) into low-end resource-limited
devices, allowing IoT integration in the smallest devices. They propose a method to bring the
OPC-UA down to a chip level while retaining its prominent functions.

In addition, Shrouf et al. [15] describe the main characteristics of IoT-based smart
factories. In particular, they focus on sustainability perspectives. Through their reviews and
analyses of Industry 4.0 studies and initiatives, they develop an architecture for IoT-based
energy management in sustainable smart factories. Ungurean et al. [16] present an IoT
architecture based on the open platform communications NET (OPC.NET) specifications
from Gaitan et al. [18] to enhance industrial environments and smart buildings.

Subsequent work by Mazak and Huemer [19] addresses the importance of interop-
erability in the seamless exchange of data and information among different parties (e.g.,
manufacturing companies, suppliers, and specialist contractors) in value networks. They
develop a standards framework for highlighting how existing standards intertwine to
establish value networks in an Industry 4.0 context. Furthermore, Lee et al. [20] propose a
unified five-level architecture (i.e., smart connection, data-to-information conversation, cy-
ber, cognition, and configuration) as a guideline for implementing cyber–physical systems
(CPS) in Industry 4.0 manufacturing systems.

Based on the development concept of a communication gateway and an information
server, Schlechtendahl et al. [21] further demonstrate an approach to enhance production
systems that are not Industry 4.0 ready, for use in an Industry 4.0 factory. In addition,
Ivanov et al. [22] develop a dynamic algorithm for short-term supply chain scheduling in
smart factories. The algorithm simultaneously considers machine-structure selection and
job assignments according to an adjusted version of the continuous maximum principle.

Liao et al. [3] systematically review academic articles about Industry 4.0 and identify
deficiencies and potential research directions. Shiue et al. [23] develop a reinforcement
learning (RL)-based real-time scheduling algorithm from multiple dispatching rules (MDRs)
for smart factor manufacturing. They claim the algorithm outperforms the machine-
learning-based multiple dispatching rules.

Recently, Rossit et al. [9] propose a schema of scheduling operations on machines,
called Smart Scheduling, to enhance production efficiency in Industry 4.0 manufacturing
systems. Based on a systematic literature review and case studies, Ivanov et al. [4] suggest
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directions for future research on the Industry 4.0 ripple effect and disruption risk-control
analytics in supply chains.

More recently, Büchi et al. [2] employed regression analysis to examine how Industry
4.0 affects smart factory manufacturing performance. Using data from 231 manufacturing
units, they conclude that Industry 4.0 (measured by the breadth and depth of technologies
the company adopts) significantly influences company performance (measured by the
extent of business opportunities the company obtains).

Despite the panoply of studies on Industry 4.0, most studies focus on advancing the
contemporary technologies of Industry 4.0, such as big data and analytics, simulation,
horizontal and vertical system integration, the industrial internet of things, cybersecurity,
the cloud, and additive manufacturing (e.g., Imtiaz and Jasperneite, [17]; Rossit et al. [9];
Shrouf et al. [15]; Ungurean et al. [16]) or understanding how Industry 4.0 affects production
processes and operations performance (e.g., Büchi et al. [2]; Lee et al. [20]; Mazak and
Huemer, [19]; Schlechtendahl et al. [21]). Relatively little research explores how Industry
4.0 affects corporate financial outcomes.

Although few studies (e.g., Lin and Song [24]; Michna and Kmieciak [25]) investigate
the relationship between Industry 4.0 and financial outcomes, they only provide empirical
evidence of the link between Industry 4.0 implementation and financial performance. For
example, Lin and Song [24] assess the effect of Industry 4.0 on company financial perfor-
mance using probit analysis. Based on data from 460 firms, they show that implementing
Industry 4.0 increases return on equity. Michna and Kmieciak [25] examine 562 small- and
medium-sized enterprises. Using partial least squares path modeling, they find that a
company’s financial performance predicts its willingness to implement Industry 4.0.

Consequently, little is known about how Industry 4.0 maturity affects financial per-
formance. Understanding this is important for Industry 4.0 implementation, as one of its
primary objectives is to increase economic/financial benefits [26].

3. Research Hypotheses

To investigate how Industry 4.0 maturity influences corporate financial performance,
this study proposes a moderated mediation model, shown in Figure 1. The model exten-
sively reviews the interdisciplinary literature and consults several academics and experi-
enced practitioners. It revolves around the notion that Industry 4.0 affects financial returns
through IBPP, SCP, and customer performance. Industry 4.0 also magnifies the positive
influence of customer performance on financial returns.

Specifically, considering the multimediating effects of IBPP, SCP, and customer per-
formance, the model highlights the indirect effects of Industry 4.0 maturity on corporate
financial performance. In addition, it highlights the moderating effect of Industry 4.0
maturity on the relationship between customer performance and corporate financial perfor-
mance. This study further builds the moderated mediation model using AMOS software,
shown in Figure 2, to examine Hypotheses 1, 2, 3a, 3b, 4a, and 4b.

Internal business process is a strategic planning and performance management con-
cerning how to manage functional areas to satisfy customer needs as well as align business
activities with the company’s vision [27]. A supply chain is an integrated manufacturing
process that turns raw materials into final goods and services delivered to customers
through distribution networks, retail outlets, or both [28]. Customer performance is the ex-
tent to which the company attracts, retains, and deepens relationships with customers [29].

Corporate financial performance is the extent to which a company achieves its eco-
nomic goals [30]. There is no consensus about the best way to measure corporate financial
performance [31]. Different methods have emerged, including market, accounting, and
survey measurements [25,31,32]. This study uses six-item scales to measure financial per-
formance (see Section 4.2). Because firms do not readily disclose accurate financial data,
this study asks survey respondents to indicate performance via seven-point Likert scales
ranging from “well below the industry average” to “well above the industry average.”
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In Industry 4.0, physical production plants are linked in open networks where ma-
chine communication enables efficient data exchanges among parties providing internal
and crossorganizational services in value-chain networks [22]. It is conceivable that the
maturity of a company’s Industry 4.0 implementation (i.e., Industry 4.0 maturity) has
important implications in today’s business environments of ever-increasing competition
and customer expectations.
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This study proposes that Industry 4.0 maturity significantly affects IBPP. That is,
companies with high Industry 4.0 maturity are more likely to improve internal and external
communications and collaborations and effectively monitor company performance against
strategic objectives [33,34], which in turn improves IBPP. Thus, this study hypothesizes:

Hypothesis 1. Industry 4.0 maturity is positively related to IBPP.

Studies suggest that SCP may mediate the link between IBPP and customer perfor-
mance, given that it reflects the degree of competence in coordinating or collaborating
with supply chain partners and managing intra- and inter-organization business pro-
cesses [35]. High-quality IBPP implies that both internal process integration and internal
crossfunctional integration improve.

In fact, when a business’s internal integration increases, its external integration in-
creases accordingly, which in turn directly and indirectly influences SCP [36]. High SCP
increases a company’s capacity to respond to customer demands, which subsequently
affects customer performance [37]. Similarly, high IBPP increases the potency of internal
operations management to deliver high-quality products and customer service [38], which
in turn enhances customer performance. This study therefore hypothesizes:

Hypothesis 2. IBPP is positively related to customer performance through the mediating influence
of SCP.

Studies also suggest that better IBPP, SCP, and customer performance are more likely to
produce favorable corporate financial outcomes [39–41]. For example, Van Looy and Shafa-
gatova [42] use a structured literature review to examine 76 performance-measurement
papers in the ISI Web of Science database. They conclude that an increase in IBPP pos-
itively affects the quality of products and services, which in turn improves company
financial outcomes.

Furthermore, Liu et al. [40] employ the resource-orchestration theory and fit-assessment
methodologies to analyze data from 196 companies concerning how information tech-
nology (IT) competency affects corporations’ supply chain integration and performance.
They conclude that deploying appropriate IT competency reinforces the relationship be-
tween supply chain integration and operational and financial performance. Based on a
structural-equation modeling (SEM) analysis of 106 large manufacturing companies across
20 industries, Chen [43] concludes that risks in supply chains affect SCP, which in turn
influences company financial performance.

Rajapathirana and Hui [41] use the SEM technique to analyze data on 379 senior
managers of insurance companies. They find that process innovation enhances innovation
performance and IBPP, which in turn improve firm financial performance. Concurrently,
Ambroise et al. [39] examine 184 CEOs from 184 manufacturing firms. They conclude,
using partial least squares (PLS) modeling analysis, that servitization, which is the process
by which a manufacturing firm creates value by adding services to products that improve
customer performance, has a direct impact on firm profitability.

Subsequent work by Delic et al. [44] employs SEM to examine how additive man-
ufacturing adoption affects supply chain integration. Using data from 124 automotive
manufacturers, they claim that supply chain integration mediates the relationship between
additive manufacturing adoption and SCP, which in turn improves company financial
performance. In addition, based on hierarchical linear modeling analyses of 264 compa-
nies across 15 industries, Feng et al. [45] show that humane leadership and moderation
leadership help corporations enhance customer performance and financial outcomes.

Hutahayan [46] assesses 135 medium and large manufacturing companies using
SEM analysis. That study concludes that IBPP mediates the relationship between inno-
vation strategy and company financial outcomes. Together with Hypothesis 2, this study
thus proposes:
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Hypothesis 3a. SCP is positively related to financial performance through the mediating influence
of customer performance.

Hypothesis 3b. IBPP is positively related to financial performance through the mediating influence
of customer performance.

Industry 4.0 implementation creates “smart factory manufacturing” [15]. Within
the smart factory, cyber–physical systems talk to and coordinate with one another and
with humans in real time. Value-chain participants provide and use internal and crossor-
ganizational services, enabling them to monitor their environments and promptly take
action [1,11]. To this end, Industry 4.0 maturity’s effects on corporate operations perfor-
mance have important implications for financial outcomes.

First, companies with high Industry 4.0 maturity may promote producer–customer
integration and, hence, produce effective and efficient flows of products and services to
customers [2]. This in turn improves the extent to which a company attracts, maintains,
and grows relationships with customers, leading to higher customer performance and
better financial outcomes [39]. Thus, high Industry 4.0 maturity may affect the strength of
the relationship between customer performance and financial performance.

Second, companies with high Industry 4.0 maturity may enhance communications
and collaborations across different parties. They are thus more likely to increase the linkage
of operations processes within and across organizations, as well as remove duplicate or
redundant supply chain processes [35,47]. This improves supply chain and customer
performance [44]. To this end, companies with high Industry 4.0 maturity may not only
reinforce the relationship between customer performance and financial performance but
also produce favorable financial outcomes. Taken together, these reasons indicate that
Industry 4.0 maturity moderates the relationship between customer performance and
financial performance. It also influences corporate financial outcomes through IBPP, SCP,
and customer performance. This study proposes:

Hypothesis 4a. Industry 4.0 maturity moderates the positive relationship between customer
performance and financial performance.

Hypothesis 4b. Industry 4.0 maturity affects financial performance through the multimediating
effects of IBPP, SCP, and customer performance.

4. Research Methodology
4.1. Participants and Procedures

In order to explore the hypotheses, this study employs a survey research design. This
study focuses on manufacturing companies because Industry 4.0 solutions are primarily
intended for production and manufacturing processes [25]. This study randomly selected
and contacted 834 potential participants from the databases of the Ministry of Economic
Affairs. Of the 834 companies, 230 that are implementing or planning to implement Industry
4.0 agreed to participate. In total, 110 completed the survey—a 47.83% response rate.

This study solicited collaboration from human resource managers at the 110 companies.
Each company assigned a manager with experience or knowledge in Industry 4.0 to
evaluate the current status of the company’s Industry 4.0 maturity. Prior to collecting the
data, academic and industry experts reviewed the survey questionnaires for structure,
readability, clarity, and thoroughness. The questionnaires are based on established item
scales from an extensive review of literature in Industry 4.0, as well as in the supply chain
and organization management fields.

The final survey instrument comprises two sections. Section 1 consists of open-ended
questions that collect background information on the respondents and companies, such as
gender, work experience, company size, and the industries in which the company belongs.
The second section is composed of multiple-choice questions in which respondents answer
based on a five-point or a seven-point Likert scale.
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To decrease potential common-method variance (CMV), this study incorporates a
number of recommendations from Podsakoff and Organ [48]. This includes using survey
measures from prior research to create quality scales, as well as mixing the order of the
questions and confirming to respondents that their identities and responses are confidential.

Excluding survey responses with missing data results in 93 useful sample companies in
14 different industry sectors. These sectors include chemicals, biotechnology, petrochemical,
automotive, textiles, food, rubber, optoelectronic, semiconductor, electrical distribution,
electronics, iron and steel, electric machinery, and construction and building materials.
Table 1 reports the characteristics of the participants.

Table 1. Sample demographic characteristics.

Variables Total Responses Percentage Cumulative Percentage

Industry
Chemicals 3 3.2 3.2

Biotechnology 7 7.4 10.6
Petrochemical 2 2.1 12.8
Automotive 6 6.4 19.1

Textiles 4 4.3 23.4
Food 4 4.3 27.7

Rubber 2 2.1 29.8
Optoelectronic 7 7.4 37.2
Semiconductor 5 5.3 42.6

Electrical distribution 2 2.1 44.7
Electronics 20 21.3 66.0

Iron and steel 4 4.3 70.2
Electric machinery 13 13.8 84.0

Construction and building materials 2 2.1 86.2
Miscellaneous 13 13.8 100.0

Firm size (Equity: $ millions)
1.00–10.00 11 11.8 11.8
10.01–50.57 15 16.1 28.0

50.58–892.14 14 15.1 43.0
892.15–1871.43 13 14.0 57.0

1871.44–4254.29 14 15.1 72.0
4254.30–14,764.00 13 14.0 86.0

14,764.00+ 13 14.0 100.0

Job title
CEOs/General managers 9 9.7 9.7

Senior managers 41 44.1 53.8
Managers 15 16.1 69.9
Directors 22 23.7 93.5

Others 6 6.5 100.0

4.2. Measures and Analysis

Industry 4.0 maturity. Ten-item scales in Agca et al. [49] and Veza et al. [50] measure
the maturity level of a company’s Industry 4.0. Sample item scales are “In1: Choose the
best description of product development phase in the company”, “In3: Choose the best
description of work-order management in the company’s production system”, and “In5:
Choose the best description of materials inventory management (raw materials and work
in progress) in the company’s production system.” The Cronbach’s α for Industry 4.0
maturity is 0.95.

Specifically, the Industry 4.0 maturity construct is based on an average score of its
measures. When the best description of the company’s the production system is based
on oral communication (i.e., managers verbally explain work orders to employees), it is
the first industrial generation; when it is based on written communication (i.e., managers
give written work orders to employees), it is the second industrial generation. When
communication is man to machine (i.e., programming), it is the third industrial generation.
When communication is machine to machine, it is between the third and fourth industrial
generations (or 3.5 industrial generation), and when communication is on a cloud-based
intranet, it is the fourth industrial generation [48,51].
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Financial performance. Six-item scales in Chen [43] and Grigoroudis et al. [52] measure
corporate financial performance. Items are “FP1: Our firm’s return on sales over the last
12 months”, “FP2: Our firm’s ability to cost control of goods sold over the last 12 months”,
“FP3: Our firm’s earnings per share over the last 12 months”, “FP4: Our firm’s return
on investment over the last 12 months”, “FP5: Our firm’s return on assets over the last
12 months”, and “FP6: Our firm’s return on equity over the last 12 months.” The Cronbach’s
α for Financial performance is 0.95.

Customer performance. Six-item scales in Chen [43] and Grigoroudis et al. [52] measure
corporate financial performance. Sample items are “CP1: Our firm’s ability to attract and
maintain relationships with customers”, “CP3: Our firm’s ability to handle customer com-
plaints and to minimize the adverse impact on our business”, and “CP5: Rate of customer
retention.” The Cronbach’s α for Customer performance is 0.89.

IBPP. Four-item scales in Butler et al. [51], Kaplan and Norton [27], and Kerssens-van
Drongelen and Bilderbeek [53] measure IBPP. Sample items are “IBPP1: Continuous improve-
ment of production costs and cycle time of our products” and “IBPP3: Efficiency of time to
market of new products/services.” The Cronbach’s α for Customer performance is 0.87.

SCP. Eight-item scales in Agca et al. [49], Lee and Billington [54], and Noordewier et al. [55]
measure SCP. Sample items are “SCP1: Our suppliers’ ability to handle our volume demand
changes”, “SCP3: Our suppliers’ ability to meet our quality requirements”, and “SCP5: Ability
of our production system to handle customers’ volume demand changes.” The Cronbach’s α
for Customer performance is 0.93.

To make sure no one general factor explains most of the covariance between the
forecast and criterion variables, this study applies Harman’s single-factor test [56] to
evaluate how common-method variance (CMV) affects the sample data. This study enters
Industry 4.0 maturity, financial performance, customer performance, IBPP, and SCP into
the exploratory factor analysis, producing a single factor that only accounts for 22.78% of
the total variance. This falls well below the threshold value of 50%, indicating that CMV is
not a significant problem in this study.

In addition, company size may affect company financial performance because size
may reflect a variety of organizational attributes, as well as resource deployment [57]. This
study controls company size by using the market value of equity, which is one of the most
popular size proxies in corporate finance [58]. Market cap is also more forward-looking [58]
and reflects a firm’s expected performance [43]. Likewise, implementation of Industry 4.0
generates future business opportunities [2], which in turn are forward looking.

The methodology to examine the hypothesized moderated mediation model is three-
fold. Analyses of this study are based on AMOS software. In the first stage, this study
develops and validates the measurement model using confirmatory factor analysis (CFA)
with the bootstrap-sampling method [59] for testing the hypothesized model. In the second
stage, this study employs the SEM technique [59] with the bootstrap-sampling technique
to examine the hypothesized model. In the third stage, based on the hypotheses testing
results, this study refines and concludes the model to estimate the effects of Industry 4.0
maturity, customer performance, IBPP, and SCP on corporate financial performance.

5. Research Results
5.1. Measurement Results

This study’s measurement model is congeneric, where the model’s constructs correlate
with one another. The model’s constructs include Industry 4.0 maturity, financial perfor-
mance, customer performance, IBPP, and SCP. To examine the convergent validity of the
measurement model, this study uses the standardized factoring loadings, average variance
extracted (AVE), and composite creditability (CR) to assess the relative convergence among
measures. The results of CFA with 1000 bootstrap samples reveal that all the standardized
factor loadings range from 0.59 to 0.94 (shown in Table 2), larger than the recommended
threshold (0.5) and significant at p < 0.001. The significance of the factor loadings is fur-
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ther confirmed by the respective bootstrapping bias-corrected 95% CIs excluding zero,
indicating the existence of convergent validity.

Table 2. Results of convergent and discriminant validity.

Construct Mean Min. Max. SD CR AVE ASV

Industry 4.0 maturity 2.58 1 4 0.66 0.91 0.64 0.02
Financial performance 4.98 3 7 0.94 0.86 0.74 0.21
Customer performance 5.23 4 7 0.74 0.83 0.60 0.33

IBPP 5.21 4 7 0.77 0.80 0.64 0.40
SCP 5.29 4 7 0.74 0.89 0.68 0.38

Note: SD = standard deviation; CR = composite reliability; AVE = average variance extracted; and ASV = average
shared squared variance.

Table 3 reports the measurement model’s descriptive statistics, CRs, AVEs, and average
shared squared variances (ASVs). As reported in Table 2, the respective CR values of
Industry 4.0 maturity, financial performance, customer performance, IBPP, and SCP are
0.91, 0.86, 0.83, 0.80, and 0.89, which are all greater than the threshold values (0.60 [59].
Table 2 also shows the AVE values for each construct ranges from 0.60 to 0.74, all above
the recommended threshold (0.50) [59]. This further confirms the existence of convergent
validity for all the constructs.

Table 3. Bootstrap-based structural model: unstandardized regression weights with 1000 bootstraps.

Sources Parameter Estimates Bootstrapping
Bias-Corrected 95% CI

Dependent Independent B SE CR p Lower Upper

IBPP Industry 4.0 maturity 0.26 0.12 2.21 0.027 0.01 0.51

SCP IBPP 0.82 0.05 15.73 <0.001 0.71 0.91

Customer performance IBPP 0.47 0.13 3.68 <0.001 0.16 0.75

Customer performance SCP 0.28 0.13 2.06 0.040 0.016 0.62

Financial performance SCP 0.19 0.20 0.96 0.335 −0.29 0.59

Financial performance Customer performance 0.38 0.15 2.47 0.014 0.02 0.71

Financial performance IBPP 0.22 0.20 1.07 0.285 −0.13 0.70

Financial performance Industry 4.0 maturity 0.02 0.12 0.18 0.860 −0.23 0.27

Financial performance Industry 4.0 maturity*Customer
performance 0.19 0.07 2.89 0.004 0.01 0.32

Financial performance Equity 0.09 0.08 1.20 0.234 −0.07 0.29

Chi-square 3.89

Degree of freedom (DF) 10.00

Incremental fit index (IFI) 1.00

Tucker–Lewis index (TLI) 1.00

Comparative fit index (CFI) 1.00

Standardized root mean
square residual (SRMR) 0.03

Root mean square error of
approximation (RMSEA) 0.01

Note: The unit of a corporation’s equity is millions. B = coefficient, SE = standard error, CR = critical ratio, p = probability, and CI = confidence
interval.

In addition, Table 2 shows that the respective ASV values of Industry 4.0 maturity,
financial performance, customer performance, IBPP, and SCP are 0.02, 0.21, 0.33, 0.40, and
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0.38. They are all smaller than their corresponding AVE values of 0.64, 0.74, 0.60, 0.64,
and 0.68, suggesting discriminant validity among these constructs [60]. The measurement
model’s overall fit with 1000 bootstrap samples also suggests an adequate fit with the
data, where the model chi-square/degrees of freedom = 1.425, incremental fit index = 0.95,
comparative fit index = 0.94, Tucker–Lewis index = 0.93, standardized root mean square
residual = 0.07, and root mean square error of approximation = 0.07 [59].

5.2. Hypotheses Testing

Subsequent to the measurement model’s validation, this study converts the item
scales in each construct into a single composite score, following Kim and Schoenherr [61],
Srinivasan and Swink [62], and Williams et al. [63]. The validity of these five constructs is
supported by the fact that their AVEs exceed 0.50, and the standardized factor loadings
of all items within each construct exceed 0.5 [59]. The Cronbach’s α values for the five
constructs surpass the threshold value of 0.70, suggesting reliability in each construct [59].

Table 3 reports the results of the hypothesized moderated mediation model’s un-
standardized regression weights using the bootstrap-based SEM [59] with 1000 bootstrap
samples. Figure 2 structurally illustrates the moderated mediation model with 1000 boot-
strap samples; path values are standardized coefficients. The RMSEA for the model is 0.01,
and the respective Chi-square/DF, IFI, TLI, and CFI are 0.39, 1.00, 1.00, and 1.00, indicating
a good fit [59].

As Table 3 shows, the unstandardized path coefficient (i.e., direct effect) of Industry 4.0
maturity to IBPP is significant at p < 0.05, implying that Industry 4.0 maturity considerably
influences IBPP. Additionally, the bootstrapping bias-corrected 95% CI excludes zero, which
confirms a statistically significant direct effect [64]. This supports Hypothesis 1, which
states that Industry 4.0 maturity is positively related to IBPP.

This study makes similar conclusions about the significant direct effects of IBPP on SCP
at p < 0.001, IBPP on customer performance at p < 0.001, SCP on customer performance at
p < 0.05, and customer performance on financial performance at p < 0.05. The nonsignificant
direct effects of Industry 4.0 maturity, IBPP, and SCP on financial performance are also
confirmed by the bootstrapping bias-corrected 95% CIs that contain zero.

As also shown in Table 3, the unstandardized path coefficient for the interaction term
(Industry 4.0 maturity*Customer performance) is statistically different from zero at p < 0.01.
The bootstrapping test produces a bias-corrected 95% CI of 0.01–0.32, confirming that the in-
teraction term is significant by excluding zero. These results support Hypothesis 4a, which
states that Industry 4.0 maturity moderates the positive relationship between customer
performance and financial performance.

Table 4 reports the results of bootstrap-based SEM analysis for the mediations with
1000 bootstraps. As the table shows, the indirect effects of IBPP on customer performance
(B = 0.23, bias-corrected 95% CI = [0.01, 0.52], excluding zero), SCP on financial performance
(B = 0.10, bias-corrected 95% CI = [0.01, 0.33], excluding zero), IBPP on financial perfor-
mance (B = 0.18, bias-corrected 95% CI = [0.03, 0.42], excluding zero), and Industry 4.0
maturity on financial performance (B = 0.17, bias-corrected 95% CI = [0.03, 0.37], excluding
zero), are all significant at the p < 0.05 level. The results support this study’s hypotheses that
SCP mediates the positive relationship between IBPP and customer performance (Hypothe-
sis 2), customer performance mediates the positive relationship between SCP and financial
performance (Hypothesis 3a) and between IBPP and financial performance (Hypothesis 3b),
and Industry 4.0 maturity influences financial performance via the multimediating effects
of IBPP, SCP, and customer performance (Hypothesis 4b).
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Table 4. Results of bootstrap-based SEM analysis for the mediations with 1000 bootstraps.

Theoretical Relationship
Indirect Effect Bootstrapping Bias-Corrected 95% CI

B SE Lower Upper p

Hypothesis 2

IBPP→ SCP→ customer performance 0.23 0.12 0.01 0.52 0.041

Hypothesis 3a

SCP→ customer performance→ financial performance 0.10 0.10 0.01 0.33 0.042

Hypothesis 3b

IBPP→ customer performance→ financial performance 0.18 0.08 0.03 0.42 0.023

Hypothesis 4b

Industry 4.0 maturity→ IBPP + SCP + customer performance→ financial
performance 0.17 0.09 0.03 0.37 0.025

Hypothesis 4b’s indirect effect paths

Path 1: Industry 4.0 maturity→ IBPP→ financial performance 0.06 0.06 −0.02 0.27 0.145

Path 2: Industry 4.0 maturity→ IBPP→ customer performance→ financial
performance 0.05 0.04 0.01 0.20 0.028

Path 3: Industry 4.0 maturity→ IBPP→ SCP→ customer performance→
financial performance 0.02 0.03 0.01 0.11 0.042

Path 4: Industry 4.0 maturity→ IBPP→ SCP→ financial performance 0.04 0.06 −0.04 0.20 0.244

Note: B = coefficient, SE = standard error, p = probability, and CI = confidence interval.

In addition, the nonsignificant direct effects of SCP and IBPP on financial performance
(see Table 3 and Figure 3) suggest that customer performance fully mediates the positive
relationship between SCP and financial performance, as well as the relationship between
IBPP and financial performance, respectively. Likewise, the nonsignificant direct effect
of Industry 4.0 maturity on financial performance implies that IBPP, SCP, and customer
performance have full-mediating effects on the relationship between Industry 4.0 maturity
and financial performance.
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As also shown in the table, further analyzing the indirect effect paths of Hypothesis 4b
reveals that only path two (i.e., Industry 4.0 maturity→ IBPP→ customer performance
→ financial performance; B = 0.05, bias-corrected 95% CI = [0.01, 0.20], excluding zero)
and path three (i.e., Industry 4.0 maturity→ IBPP→ SCP→ customer performance→
financial performance; B = 0.02, bias-corrected 95% CI = [0.01, 0.11], excluding zero) are
significant at p < 0.05.

6. Conclusions

This study extends the knowledge of how Industry 4.0 maturity influences corporate
financial performance. The findings regarding the importance of IBPP, SCP, and customer
performance on corporate financial outcomes are consistent with prior research (e.g.,
Ambroise et al. [36]; Rajapathirana and Hui [38]; Delic et al. [44]; Hutahayan [46]).

Specifically, previous studies of Industry 4.0 focus on how to advance the contempo-
rary technologies necessary for developing Industry 4.0 (e.g., Imtiaz and Jasperneite, [17];
Rossit et al. [9]; Shrouf et al. [15]; Ungurean et al. [16]) or understanding how Industry 4.0
affects production processes (e.g., Büchi et al. [2]; Ivanov et al. [4]; Mazak and Huemer, [19];
Schlechtendahl et al. [21]). Relatively few studies focus on how Industry 4.0 maturity
influences corporate financial performance.

This study develops and examines the theory that Industry 4.0 maturity affects cor-
porate financial performance via IBPP, SCP, and customer performance, and it amplifies
the positive effect of customer performance on financial performance. The results show
that Industry 4.0 maturity significantly affects IBPP and SCP partially mediates the rela-
tionship between IBPP and customer performance. The results also reveal that customer
performance fully mediates the relationships between SCP and financial performance and
between IBPP and financial performance.

In particular, the presence of full mediation indicates that IBPP and SCP only indirectly
influence corporate financial performance through customer performance. A direct man-
agerial implication is, therefore, that managers who want to enhance financial performance
by improving IBPP and SCP in the context of Industry 4.0 implementation should also
target improving consumer performance to amplify their impact.

Further, the results show that a combination of IBPP, SCP, and customer performance
fully mediates the relationship between Industry 4.0 maturity and financial performance.
This indicates that Industry 4.0 maturity affects financial performance fully through IBPP,
SCP, and customer performance. A direct managerial implication is that managers should
recognize the critical roles of IBPP, SCP, and customer performance in realizing the value
of Industry 4.0 implementation and its impact on financial returns. In particular, analysis
of the multimediating effect paths reveals that only paths two and three (Table 4), which
include customer performance, are significant. This implies that effective management of
customer performance is the key to realizing the expected financial returns of Industry
4.0 implementation.

Furthermore, the results show that Industry 4.0 maturity positively moderates the
relationship between customer performance and financial performance, suggesting that
Industry 4.0 maturity strengthens that relationship. A graphical representation of the
moderating role of Industry 4.0 maturity in Figure 4 reveals interesting nuances in the
relationship. Company financial performance is lowest when there is poor customer per-
formance and low Industry 4.0 maturity. High Industry 4.0 maturity has a relatively steep
slope compared to low Industry 4.0 maturity. This indicates that the positive relationship
between customer performance and financial performance strengthens when Industry 4.0
maturity increases. In addition, the figure reveals a large difference in financial perfor-
mance between low and high Industry 4.0 maturity, demonstrating significant effects of
Industry 4.0 maturity on company financial performance.
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Finally, this study’s research methodology offers a practical way to understand the
potential quantitative impacts of Industry 4.0 implementation. Table 5 summarizes the
results for marginal effects, defined as the percentage change per input and the resulting
percentage change in output. As shown in the table, for example, a 1% increase in Industry
4.0 maturity results in 0.22%, 0.19%, and 0.16% increases in IBPP, SCP, and customer
performance, respectively, producing a combined marginal total effect (MTE) increase of
0.13% in financial performance. A 1% increase in IBPP results, respective, in 0.85% and
0.73% increases in SCP and customer performance, which further generates a MTE increase
of 0.53% in financial performance, the largest MTE on financial performance. In addition,
a 1% increase in SCP produces a 0.28% increase in customer performance, generating a
0.23% increase in financial performance. A 1% increase in customer performance results in
a 0.30% increase in financial performance, which is the largest marginal direct effect (MTE)
on financial performance.

Table 5. Bootstrap-based SEM analysis of standardized marginal direct, indirect, and total effects.

Variable
Industry 4.0 Maturity IBPP SCP Customer Performance

MDE MIE MTE MDE MIE MTE MDE MIE MTE MDE MIE MTE

IBPP 0.22 0.22
SCP 0.19 0.19 0.85 0.85

Customer
performance 0.16 0.16 0.49 0.24 0.73 0.28 0.28

Financial
performance 0.01 0.12 0.13 0.18 0.35 0.53 0.15 0.08 0.23 0.30 0.30

Note: 1000 bootstraps. MDE = marginal direct effect, MIE = marginal indirect effect, and MTE = marginal total effect.

As with any research, the current study has some limitations. First, although this
study contacts 834 potential companies, only 110 completed the survey, providing 93 useful
samples. Although this study integrates the bootstrap-based method with the analyses
to ensure better generalization [64,65], future research should triangulate the research
findings by using more samples.

Second, although this study’s hypotheses are based on an extensive review of the
interdisciplinary literature, and the findings regarding the importance of IBPP, SCP, and
customer performance on corporate financial performance are consistent with prior studies
(e.g., Ambroise et al. [36]; Rajapathirana and Hui [38]; Delic et al. [44]; Hutahayan [46]), it
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is possible that the endogeneity problem exists in the research setting. For example, it is
possible that Industry 4.0 maturity, IBPP, and SCP at time 1 influence customer performance
at time 2, which in turn affects corporate financial performance at time 3.

Li [66] suggests a number of remedies for mitigating the endogeneity problem, such as
lagged dependent variables, lagged independent variables, control variables, fixed effects,
and GMM for dynamic models. Future research could gather additional longitudinal data
(i.e., collecting data over time from the same individuals) and use a combination of methods
(e.g., lagged independent and dependent methods) to explore further the cause-and-effect
relationships established in this study.

Third, it is possible that factors such as a company’s organizational climate and
structure influence its Industry 4.0 implementation [67]. This study does not explicitly
explore these mediational paths. Future research could investigate the effects on Industry
4.0 maturity and thereby on corporate financial performance.

In sum, Industry 4.0 maturity significantly affects IBPP, and IBPP influences cus-
tomer performance partially through SCP. IBPP and SCP affect financial performance fully
through customer performance. The relationship between customer performance and
financial performance is significantly stronger when Industry 4.0 maturity is higher. The
findings indicate that Industry 4.0 magnifies the potential financial returns to companies
mainly through IBPP, SCP, and customer performance.

This study addresses some of the fundamental issues of Industry 4.0 and adds to
the literature’s understanding of how Industry 4.0 maturity influences corporate financial
performance. Nevertheless, the direct effect of IBPP on customer performance is significant,
suggesting the existence of potential mediators. This calls for more research on those
possible mediators. In addition, more research on resolving or alleviating the research limi-
tations will provide a comprehensive picture of how Industry 4.0 behaves and influences
corporate performance.
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