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Abstract 

The rapid digital transformation driven by Industry 4.0 has redefined tradi-
tional management control practices and necessitated a holistic rethinking 
of corporate governance. This paper presents an integrative framework that 
blends established management control systems with the dynamic demands of 
Industry 4.0 through the application of a comprehensive systems thinking ap-
proach. By developing an influence matrix, the work systematically maps the 
interdependencies between key elements of management control—such as budg-
eting, performance appraisal and organisational culture and key design princi-
ples of Industrie 4.0, including interoperability, virtualisation and real-time ca-
pability. The framework not only highlights the complex feedback loops and 
bidirectional influences that underpin digital transformation efforts but also 
provides actionable insights for organisations looking to adapt their control 
mechanisms to the rapidly evolving technology landscape and ensure a sus-
tainable competitive advantage in an increasingly connected industrial envi-
ronment.  
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1. Introduction 

Digital transformation is redefining the competitive landscape for organizations 
worldwide. Industry 4.0 integrates cyber-physical systems, the Internet of Things 
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(IoT), cloud computing, artificial intelligence, and big data analytics to create 
highly interconnected and automated industrial ecosystems. This transformation 
presents both opportunities and challenges for management control systems, which 
serve as the backbone of organizational governance and decision-making. Tradi-
tional management control mechanisms such as budgeting, performance appraisal, 
and incentive systems were designed in an era of relatively stable environments. 
However, the interconnected nature of Industry 4.0 necessitates adaptive, real-
time, and data-driven control frameworks to effectively manage digital transfor-
mations. This shift underscores the importance of integrating Systems Thinking 
into management control, providing a holistic approach to understanding the 
complex interdependencies between technological, human, and organizational el-
ements. 

While the technological and economical benefits of digital transformation are 
well documented, many organizations struggle with aligning management control 
practices with the fast-paced, decentralized, and technology-driven landscape of 
Industry 4.0. In particular, small and medium-sized enterprises (SMEs) often 
face funding constraints, skills gaps, and infrastructural limitations, making it 
difficult to leverage advanced technologies (Zürn & Joe, 2024). Without a struc-
tured framework that links Industry 4.0 principles with management control sys-
tems, organizations risk inefficiencies, poor resource allocation, and resistance to 
change. 

This paper addresses these concerns by developing an integrated framework 
that synthesizes management control aspects with Industry 4.0 design principles 
using a qualitative, goal-oriented Systems Thinking approach. By mapping the in-
terdependencies between six core management control elements (budgeting, per-
formance appraisal, compensation systems, organizational culture, change man-
agement, and information feedback loops) and six Industry 4.0 principles (in-
teroperability, virtualization, decentralization, real-time capability, service orien-
tation, and modularity), this study provides a structured way to evaluate the im-
pact of digital transformation on organizational control mechanisms. To illustrate 
the practical applicability of this framework, recent studies (Rajagopal, Hettiarach-
chi, & Zürn, 2024) have shown how SMEs in manufacturing can use influence 
matrices to identify and sequence technology investments, resulting in more re-
silient budgeting processes and improved employee readiness. 

This research aims to: 
1) Examine the evolving role of management control systems in the context of 

Industry 4.0. 
2) Develop an influence matrix that maps the interactions between manage-

ment control aspects and Industry 4.0 principles. 
3) Apply Systems Thinking to visualize feedback loops and interdependencies, 

offering deeper insights into digital transformation challenges. 
4) Provide actionable recommendations for businesses to align their manage-

ment control systems with digital imperatives. 
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2. Literature Review 
2.1. Management Control as a Socially Constructed Practice 

Management control is increasingly recognized as a socially constructed practice 
involving interactions between senior and functional managers (Abeysinghe, 
2010). The primary objective of senior managers who personify capital (Steele & 
Albright, 2004) and practice management control is to guide and direct organiza-
tional members towards aligning with their vision (Greve et al., 2017; Cardinal et 
al., 2019). The presence of social groups within organizations significantly influ-
ences the effectiveness of these control mechanisms (Ahrens & Chapman, 2005). 
Furthermore, Management control practices can act as “anchor practices” that 
structure subsidiary organizational practices by defining key social relationships 
and enacting constitutive rules (Ahrens, 2016). Structurationist analysis provides 
insights into how controls mediate and participate in social activity (Briand & Bel-
lemare, 1999; Briand, 2004). Furthermore, organizational members actively re-
constitute control systems as shared resources, demonstrating situated function-
ality where accounting processes both shape and are shaped by shared norms and 
understandings (Ahrens & Chapman, 2005). Budgeting, performance appraisal, 
and compensation are key tools of management controls; which influence behav-
iors and directs actions towards organizational goals (Stede, 2015). These compo-
nents are part of a broader framework for analyzing management control behav-
iour, which also includes objectives, strategies, target-setting, incentive structures, 
and information feedback loops (Otley, 1999). The socio-political approach to 
management control is a complex and multi-dimensional concept Verstegen (2011) 
introduces a framework that emphasizes the importance of social factors in coor-
dinating behavior, while Diefenbach et al. (2009) argue for a multi-dimensional 
analysis of managers’ power, including functional, socio-political, interpretive-
discursive, and socio-cultural aspects. Zimmerman & Zahniser (1991) further de-
velop this by proposing a sociopolitical control scale, which includes factors such 
as leadership competence and policy control. Cappelletti et al. (2024) extend this 
discussion by presenting the Socio-Economic Approach to Management (SEAM), 
which focuses on sustainable performance and aligns with the broader socio-po-
litical perspective. Contemporary management control practices are increasingly 
being used in today’s business world, with a shift towards enabling rather than 
coercive approaches (Naranjo-Gil et al., 2016). Organizations mobilize various 
management controls to mediate pressures arising from overflows, such as envi-
ronmental concerns, using these controls to identify, address, alleviate, or dispute 
pressures (Jollands et al., 2018). Management controls can be categorized into 
practices focusing on performance and boundaries, encompassing both social be-
haviors which uses technical elements (Tessier & Otley, 2012).  

2.2. Industry 4.0 and the Digital Imperative 

The key concept of Industry 4.0 (I4.0) highlights its significance in transforming 
manufacturing processes (Schwab, 2016; Hermann et al., 2016; Nazarov & Klarin, 
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2020; Janmaijaya et al., 2021) through advanced technologies (Rowlands & Milli-
gan, 2020) such as intelligent manufacturing and integrating technologies; namely, 
cyber-physical systems (Cogliati et al., 2018; Javaid et al., 2023; Oks et al., 2022), 
Internet of Things (IoT) (Lampropoulos et al., 2019; Oluwaseun Adebayo et al., 
2019; Belli et al., 2019; Liu & Zhong, 2017; Khan & Javaid, 2022; Soori et al., 2023), 
cloud computing (Singh, 2021; Khan et al., 2017; Velásquez et al., 2018) smart 
industries (Xu et al., 2018; Rana & Rathore, 2023; Schütze et al., 2018; Barari & 
Tsuzuki, 2023), big data analytics (Eissa, 2020; Khan et al., 2017; Santos et al., 
2017; Duan & Da Xu, 2021), additive manufacturing (Saxena & Awasthi, 2020; 
Haleem & Javaid, 2019; Cirera et al., 2018; Butt, 2020) and smart sensors (Schütze 
et al., 2018; Karabegovic et al., 2019). Nazarov & Klarin (2020) also add to the 
discussion on how the emergence of Industry 4.0 acts as a transformative process 
through an exponential effect of these technologies. Industries are shifting focus 
from mass customization to mass personalization (“MPaas”) (Aheleroff et al., 
2021) emphasizing customer involvement in design processes (Kabasakal et al., 
2017). This is further studied through identifying social expectations and changes 
related to Industry 4.0, focusing on customization and its effects on consumers, 
producers, and employees (Saniuk et al., 2020). Meanwhile, Makin & Boyle (2019) 
examine the social impact of Industry 4.0, highlighting the importance of human 
factors in successful digital transformation. The drive for quality is a crucial factor 
in Industry 4.0 when considering digital transformation of manufacturing and 
services. Leveraging public-private partnerships, cloud-based solutions, and em-
ployee upskilling programs could offer practical paths forward for SMEs imple-
menting the proposed framework (Abiodun et al., 2023). 

The integration of intelligent organizational systems and smart technologies in 
Industry 4.0 is fundamentally reshaping industrial processes and elevating organ-
izational performance (Dahmani, 2024). By embedding cyber‑physical systems, 
IoT networks, cloud computing, artificial intelligence, and big‑data analytics into 
every stage of the value chain, firms gain end‑to‑end visibility, real‑time deci-
sion‑making capabilities, and the flexibility to rapidly reconfigure production in 
response to shifting customer demands. This digital transformation fosters new 
business models—such as servitization and mass personalization—while improv-
ing resource efficiency, reducing waste, and embedding sustainability into core 
operations (Abiodun et al., 2023). It also creates high‑skill employment opportu-
nities in data engineering, cybersecurity, and advanced maintenance. 

However, realizing these benefits requires substantial upfront investments in 
digital infrastructure, workforce reskilling, and platform integration—costs that 
pose acute barriers for SMEs operating under tight budgetary and expertise con-
straints (Pačaiová et al., 2021; Dahmani, 2024). Heightened connectivity likewise 
expands the cyber‑attack surface: IIoT devices, cloud environments, and open 
APIs increase the risk of data breaches and operational disruption, demanding 
robust cybersecurity frameworks, continuous threat monitoring, and employee 
awareness training (Egor, 2020; Dhirani et al., 2021). Simultaneously, the expo-
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nential growth of data can overwhelm legacy control systems unless comple-
mented by scalable analytics architectures, clear data governance policies, and 
user‑centric dashboards that translate raw information into actionable insights 
(Rajagopal, Hettiarachchi, & Zurn., 2024). 

Equally critical is overcoming cultural resistance: employees may fear job dis-
placement or lack the digital literacy required to leverage new tools. Successful 
implementation therefore hinges on an integrated change management strategy 
that aligns incentives, fosters knowledge sharing, and cultivates a learning culture 
(Abiodun et al., 2023). Organizations must adopt a systems‑thinking perspec-
tive—establishing adaptive governance structures, piloting modular solutions in-
crementally, and embedding continuous feedback loops—to balance technologi-
cal innovation with human and organizational readiness. By strategically priori-
tizing scalable, cost‑effective technologies and embedding agile control mecha-
nisms, companies can unlock Industry 4.0’s full transformative potential and 
achieve sustainable competitive advantage (Dahmani, 2024). 

Sony & Naik (2020) propose incorporating socio-technical systems theory into 
Industry 4.0 implementation, emphasizing the need for vertical, horizontal, and 
end-to-end integration. Abiodun et al. (2023) identify enterprise smartness as a 
key organizational capability developed through digital transformation, linking 
technology use to performance outcomes. Singh (2021) highlights the integration 
of big data, cyber-physical systems, and Industry 4.0 technologies, addressing re-
search challenges such as data integrity and privacy. Hol (2021) explores the evo-
lution towards Industry 5.0 and intelligent eco-systems, emphasizing the im-
portance of human-machine partnerships. These studies collectively underscore 
the significance of integrating smart technologies and organizational systems in 
Industry 4.0, focusing on socio-technical aspects, enterprise smartness, data man-
agement, and human-machine collaboration to drive industrial transformation 
and improve organizational performance. Rowlands & Milligan (2020) add to the 
discussion by emphasizing the importance of how automation, and digital inte-
gration focus on enhancing efficiency, productivity, and sustainability in the in-
dustrial sector.  

Collaborative human-machine networks are essential for implementing Indus-
try 4.0 technologies and enhancing industrial performance. These networks ena-
ble efficient teamwork, which is crucial in the evolving workplaces (Chowdhury 
& Shil, 2023). The integration of advanced technologies such as industrial robots 
and 3D printing has reached an epitome of organizational development where 
even manufacturing has become a service-oriented transformation (Liu et al., 
2022). Key technologies such as big data, cloud computing, Internet of Things, 
and cyber-physical systems form the foundation of Industry 4.0, with five collab-
orative networks identified: smart manufacturing, technological platforms, mar-
ket reactiveness, smart products, and flexibility (Santos et al., 2021). The integra-
tion of these technologies facilitates interoperability and speeds up collaboration 
processes in manufacturing supply chains (Cisneros-Cabrera et al., 2018). As In-
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dustry 4.0 progresses, the need for complex collaboration and effective teamwork 
increases, requiring the development of specific competencies to adapt to techno-
logical advancements (Tahsin et al., 2020). Organizations should focus on build-
ing an open value ecosystem which integrates internal and external resources, 
adopt networking and platformization, and leverage initiatives to promote intel-
ligent manufacturing solutions (Liu et al., 2022). Collaborative networks are thus 
considered a core enabler of Industry 4.0, addressing challenges and promoting 
more efficient, agile, and sustainable industrial systems (Camarinha-Matos et al., 
2017). 

Industry 4.0 demands enhanced collaboration and teamwork in the service sec-
tor as well. As manufacturing evolves towards service provision, organizational 
learning significantly impacts horizontal and vertical technology collaboration 
(Ahmad et al., 2020). Lean organizational structures, supported by advanced tech-
nology, enhances efficiency and force companies to adopt innovative manage-
ment practices, establish clear talent demand forecasts and implement industry 
standards for intelligent manufacturing roles (Liu et al., 2022). Future project 
teams will comprise both humans and artificial intelligence, requiring team mem-
bers to possess critical thinking and problem-solving skills (Marnewick & Marnewick, 
2020). To support Industry 4.0 demands, collaborative technologies must adapt, 
necessitating the development of assessment tools to evaluate their readiness (Ram-
zan et al., 2020). These changes highlight the importance of developing teamwork 
skills and competencies to prepare the workforce for the technological advance-
ments and complex collaborations required in the fourth industrial revolution 
(Chowdhury & Shil, 2023; Marnewick & Marnewick, 2020). Capturing the com-
plexities of such systems within organisations operating in the space of I4.0 is pi-
vatol. 

2.3. Systems Thinking in Industry 4.0 Transformation and  
Management Control 

Industry 4.0 initiatives often involve an intricate web of advanced technologies 
and organizational factors that transcend simple, linear cause-and-effect relation-
ships (Meadows, 2008; Zhang et al., 2021). In this context, Systems Thinking pro-
vides a powerful theoretical approach for understanding the complexity of digital 
transformation, enabling organizations to move from siloed decision-making to a 
more holistic, feedback-driven mindset (Lipshitz et al., 1990; Rajagopal et al., 
2024, Muller et al., 2025). 

A defining feature of Systems Thinking is its emphasis on feedback loops—cir-
cular cause-and-effect processes in which organizational actions produce out-
comes that, in turn, influence future behaviours (Kim, 2000; Meadows, 2008). 
This perspective is especially valuable in Industry 4.0 settings where real-time 
data, automation, and interdepartmental connectivity can magnify both the ben-
efits and risks of transformation efforts (Frank et al., 2019). By viewing an organ-
ization as an interconnected network of actors—people, processes, and digital 
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tools—managers can more effectively anticipate bottlenecks, adapt strategies, and 
align resource allocation with broader strategic objectives (Zürn & Joe, 2024). 

Although digital transformation is frequently framed as a technological shift, 
its success ultimately depends on human and organizational elements (Otley, 
1999). Systems Thinking complements traditional management control frame-
works by highlighting how technological deployments, performance metrics, and 
human behaviours interrelate (Kaplan & Norton, 1996; Simons, 2013). For exam-
ple, an analytics platform designed to optimize throughput can also influence em-
ployee incentives, departmental collaboration, and strategic goal-setting. Map-
ping these interdependencies through causal-loop diagrams or influence matrices 
allows decision-makers to identify leverage points, ensuring that short-term im-
provements (e.g., cost savings) do not undercut long-term goals such as employee 
motivation and cultural adaptability (Rajagopal et al., 2024). 

Recent studies show that companies often constrained by limited financial and 
technical resources can derive particular benefit from a Systems Thinking ap-
proach (Zürn & Joe, 2024). By systematically modelling both “hard” (e.g., produc-
tion throughput, real-time data) and “soft” (e.g., trust, leadership) variables, com-
panies gain clearer insights into how incremental changes in technology and pro-
cesses might influence culture, skill development, or performance feedback loops 
(Rajagopal et al., 2024). In short, Systems Thinking provides a means to coordi-
nate digital initiatives across multiple layers of the enterprise, thereby facilitating 
more adaptive and resilient Industry 4.0 transformations and connecting them to 
management control aspects. 

3. Methodology 

This study employs a pragmatistic research design with the aim of developing a 
systems thinking model that synthesizes management control aspects with Indus-
try 4.0 design principles. The methodological framework comprises three key 
phases: a comprehensive literature review, the construction of influence matrices, 
and the conversion of these matrices into a dynamic systems thinking model. 

Initially, a comprehensive review of the existing literature was undertaken to 
identify and categorize the major management control aspects and the core design 
principles associated with Industry 4.0. This process resulted in the identification 
of six clusters of management control aspects (budgeting & planning, perfor-
mance appraisal, compensation systems, organizational culture, change manage-
ment, and information feedback loops) and six Industry 4.0 design principles (in-
teroperability, virtualization, decentralization, real-time capability, service orien-
tation, and modularity). The literature research not only formed the theoretical 
basis for these clusters and principles, but also served as the basis for the develop-
ment of a dual-matrix approach that systematically analyses the complex, bidirec-
tional interaction of Industrie 4.0 principles and management control aspects. 

To go beyond static, tabular representations, the influence matrices were then 
transformed into a systems thinking model by converting the qualitative data into 
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diagrams that visually capture the inherent feedback loops and impact chains of 
the interdependent relationships. The transformation process followed the meth-
odological guidelines proposed by Rajagopal et al. (2024), providing a dynamic 
framework that highlights key leverage points and areas for strategic intervention. 

4. Results 

Based on the literature the major management control aspects were identified and 
categorized into six clusters. In parallel, Industry 4.0 introduces six core design 
principles: Interoperability, Virtualization, Decentralization, Real-Time Capabil-
ity, Service Orientation, and Modularity. As businesses integrate emerging tech-
nologies—ranging from advanced analytics and cloud-based platforms to decen-
tralized ledger systems—control mechanisms must evolve to capture real-time 
data and transform it into actionable insights (Azkan et al., 2020). This shift calls 
for adaptive feedback loops and flexible governance structures that emphasize col-
laboration between technological actors (e.g., IoT devices, AI agents) and human 
stakeholders (Frank et al., 2019). Research also underscores the importance of or-
ganizational learning and culture in fostering a digital mindset. As shown in the 
review paper of Sony & Naik (2020), organizations successful in harnessing In-
dustry 4.0 innovations often incorporate continuous improvement and systems 
thinking into their core strategies, ensuring that real-time data and networked 
technologies reinforce, rather than disrupt, established control processes. In this 
context, the following sections present empirical findings that link established 
management control frameworks with the defining design principles of Industrie 
4.0. In particular, section 4.1 outlines the relationship between core aspects of 
management control and digital imperatives, while section 4.2 applies a systems 
thinking model to illuminate feedback loops and interdependencies within this 
changing landscape.  

4.1. Relationship of Management Control and Industry 4.0  
Principles 

Contemporary research increasingly acknowledges that effective management 
control in the context of Industry 4.0 demands more than simply adding new dig-
ital technologies; rather, it involves reconfiguring systems to address rapid, technol-
ogy-driven change (Frank et al., 2019; Cimini et al., 2021). According to Rikhards-
son & Yigitbasioglu (2018), integrating big-data analytics tools with management 
control systems can strengthen strategic alignment, assuming that managers pos-
sess the necessary data-interpretation skills. These observations align with the no-
tion that Industry 4.0 principles—Interoperability, Virtualization, Decentraliza-
tion, Real-Time Capability, Service Orientation, and Modularity—should be em-
bedded in management control practices (Tortorella & Fettermann, 2018).  

Table 1 and Table 2 illustrate how 1) Management Control Aspects (e.g., budg-
eting, performance appraisal) affect Industry 4.0 principles, and 2) Industry 4.0 
principles impact those same control mechanisms. This bidirectional view clari-
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fies that neither set of elements is autonomous; instead, they co-evolve to shape 
organizational behaviors and outcomes (Frank et al., 2019). For example, budget-
ing and planning that rely on real-time data can enhance interoperability across 
departments Rikhardsson & Yigitbasioglu (2018). In turn, decentralization—one 
of the Industry 4.0 pillars—can stimulate autonomous decision-making, but it can 
also lead to fragmentation if budgets and performance indicators are not properly 
aligned (Otley, 1999). 
 

Table 1. Influence matrix of management control aspects on Industry 4.0 principles. 

Management Control Aspects to 
Industry 4.0 Principles 

Interoperability Virtualization Decentralization 
Real-Time 
Capability 

Service 
Orientation 

Modularity 

Budgeting & Planning (BP) ++ ++ +– ++ + + 

Performance Appraisal (PA) + + +– ++ + +– 

Compensation Systems (CS) +– + +– +– ++ + 

Organizational Culture (OC) ++ ++ ++ +– ++ + 

Change Management (CM) ++ ++ +– ++ ++ + 

Information Feedback Loops (IFL) ++ ++ ++ ++ + + 

 
Table 2. Influence matrix of Industry 4.0 principles on management control aspects. 

Industry 4.0 Principle to 
Management Control 

Aspects 

Budgeting & 
Planning 

Performance 
Appraisal 

Compensation 
Systems 

Organizational 
Culture 

Change 
Management 

Information 
Feedback Loops 

Interoperability + + +− + + ++ 

Virtualization ++ + + + +− ++ 

Decentralization +− + +− ++ +− + 

Real-Time Capability ++ ++ +− +− ++ ++ 

Service Orientation + + + ++ + + 

Modularity  + +− + ++ + + 

Legend: “+” → Reinforcing relationship, “++” → Strong reinforcing relationship, “+−” → Relationship could be reinforcing or re-
versing, depending on the specific context, “−” → Reversing relationship. 

 
Performance appraisal shows a particularly strong alignment with virtualiza-

tion and decentralization. Cloud-based dashboards and IoT-driven data provide 
more granular metrics for employee performance (Naranjo-Gil et al., 2016), 
prompting teams to adjust goals dynamically (Zimmerman & Zahniser, 1991). 
However, real-time metrics may inadvertently exacerbate stress or short-termism 
(Cardinal et al., 2019). Compensation systems mostly reinforce Industry 4.0 prin-
ciples through targeted incentives (Tessier & Otley, 2012). If reward structures 

https://doi.org/10.4236/ojbm.2025.133112


A. Siriwardana et al. 
 

 

DOI: 10.4236/ojbm.2025.133112 2172 Open Journal of Business and Management 
 

prioritize knowledge-sharing, they boost interoperability; if they tie bonuses to 
data-driven key performance indicators, they advance real-time capability (Ahrens 
& Chapman, 2005). Yet focusing excessively on specific metrics can suppress 
broader organizational learning (Diefenbach et al., 2009). Likewise, organizational 
culture and change management reveal wide-ranging impacts on all six Industry 
4.0 principles. A collaborative, innovation-friendly culture quickens the adoption 
of digital solutions (Nadkarni & Prügl, 2021), while robust change management 
practices are vital for mitigating resistance to decentralization and real-time con-
trols (Cappelletti et al., 2024) Empirical work shows that proactive change initia-
tives not only speed up technology adoption but also yield deeper structural 
changes in control processes. Information feedback loops—often marked as “++” 
in the matrices—amplify real-time decision-making and interoperability by provid-
ing on-demand metrics (Santos et al., 2017), feedback loops fuel short-term agility 
and long-term adaptability. Organizations do however, risk cognitive overload if 
excessive data complicates managerial judgment (Jollands et al., 2018). Taken as 
a whole, the matrices illustrate that merging Industry 4.0 principles with estab-
lished management control practices fundamentally reshapes how control mech-
anisms operate. Success hinges on embracing digital capabilities while recognizing 
social dimensions such as employee well-being, cultural norms, and leadership 
support (Frank et al., 2019). Culture in the matrix shows a positive relationship to 
most Industry 4.0 principles, reflecting the well-established view that a collabora-
tive, innovation-friendly culture underpins successful digital transformations 
(Nadkarni & Prügl, 2021) Fostering trust and psychological safety, for instance, 
bolsters service orientation by facilitating open feedback and iterative improve-
ments (Verstegen, 2011). Furthermore, a flexible culture helps teams adapt swiftly 
to modular product or process designs (Tortorella & Fettermann, 2018).  

4.2. Systems Thinking Model of Management Control and Industry  
4.0 Principles 

Building upon the influence matrices described in Section 4.1, this chapter applies 
a qualitative, goal-oriented Systems Thinking perspective to capture non-linear 
interdependencies. Recent work by Rajagopal et al. (2024) demonstrates that tab-
ular data on how Industry 4.0 and management controls interact can be translated 
into impact chains and causal-loop diagrams, revealing how seemingly discrete 
factors (e.g., budgeting and decentralization) converge into feedback loops. 

In the initial visualization Figure 1, each influence is mapped according to its 
strength and direction, as indicated in Table 1 and Table 2. While such an over-
view clarifies which elements interact between the management control aspects 
on one side and Industry 4.0 principles on the other, it does not show the complex 
web of relationships within each subsystem. Consequently, a second diagram, Fig-
ure 2, layers in the intra-subsystem influences, reflecting insights from Zürn & 
Joe (2024) on the importance of considering both cross-subsystem dynamics and 
internal feedback loops that might amplify or moderate an effect. 
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Figure 1. Visualization of all influences of management control aspects on Industry 4.0 principles and vice-versa based on Table 1 
and Table 2. 

 

 

Figure 2. Visualization of all influences within management control aspects and Industry 4.0 principles and the impacts between 
these subsystems. 

 
Because these combined networks can be dense, a final iteration, Figure 3, re-

moves lower-weight or highly ambivalent connections. This approach helps to 
spotlight the crucial impact chains that significantly influence management con-
trol in digital transformations. For instance, real-time capability can initiate rein-
forcing loops in budgeting, but if change management fails to keep pace, the same 
can stall amid resource bottlenecks or cultural resistance. 
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Figure 3. Visualization of the significant influences within management control aspects and Industry 4.0 principles and the impacts 
between these subsystems. 

 
In essence, Systems Thinking reveals how Industry 4.0 imperatives and man-

agement control aspects create intertwined impact chains and loops of cause and 
effect (Meadows, 2008). Identifying leverage points—places where strategic inter-
ventions or resource investments deliver outsized impact–becomes far more 
straightforward when the complex web of influences is rendered visually (Ra-
jagopal et al., 2024; Muller et al., 2025). Tightly linked elements such as infor-
mation feedback loops and organizational culture are especially noteworthy, be-
cause small modifications can cascade through the system to accelerate or hinder 
broader transformation. 

For instance, a recent SME case from (Muller et al., 2025) showed that imple-
menting a simple real-time dashboard for employees significantly bolstered trust 
and sped up digital adoption. Overall, this holistic perspective augments two-di-
mensional matrix analyses by clarifying how short-term successes (e.g., enhanced 
budgeting accuracy) or setbacks (e.g., overemphasis on performance metrics) can 
spill over into other areas, driving positive or negative feedback. Consequently, 
managers gain a richer, system-level grasp of the organizational dynamics at 
play—ultimately equipping them to guide Industry 4.0 adoption in a manner that 
balances efficiency, innovation, and cultural well-being. 

4.3. Comparative Analysis with Existing Models 

Digital transformation frameworks differ markedly in scope, prescriptiveness, and 
suitability for resource‑constrained SMEs. Table 3 compares four prominent 
models against the systems‑thinking influence‑matrix proposed in this paper. 
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Table 3. Comparative overview of digital transformation models. 

Model Strengths Limitations Comparison to proposed framework 

Grounded-theory 
(Khamseh et al., 2021) 

Comprehensive taxonomy of 
digital dimensions 

Lacks actionable  
implementation steps; no  
feedback-loop mapping 

Does not visualise interdependencies or 
guide prioritisation of change levers 

Dynamic capabilities 
(Warner & Wäger, 2019) 

Emphasises organisational 
agility and culture 

Abstract; limited operational 
guidance for SMEs 

Omits system-level feedback analysis;  
insufficient support for incremental 

adoption 

Multi-block framework 
(Vial, 2019) 

Holistic structure across  
digital building blocks 

Complex; designed for large 
organisations 

Too high-level for SME resource  
planning; does not identify leverage 

points 

Maturity models 
(Amaral & Peças, 2021) 

Clear staged roadmap for  
digital progression 

Focus on advanced maturity 
stages; low SME applicability 

Lacks dynamic causal mapping; poor 
guidance on trade-offs under resource 

constraints 

 
All four alternative approaches provide useful conceptual lenses but fall short 

in operationalising the complex, nonlinear interdependencies central to Industry 4.0 
adoption particularly for SMEs with limited budgets and capabilities. Grounded‑the-
ory and multi‑block models map the landscape comprehensively but offer little 
strategic sequencing guidance. Dynamic‑capabilities frameworks highlight agility 
but do not reveal how changes in one control element cascade across the organi-
sation. Traditional maturity models prescribe stages but assume a level of digital 
readiness beyond that of many SMEs. 

By contrast, the systems‑thinking influence matrix uniquely integrates both 
“hard” (e.g., real‑time data flows) and “soft” (e.g., cultural readiness) variables into 
a single visual tool, enabling managers to pinpoint high‑impact interventions and 
anticipate unintended consequences. This model’s emphasis on feedback loops 
and leverage points supports incremental, low‑cost pilots that generate early wins 
addressing the practical constraints of SMEs while preserving strategic coherence. 
Consequently, it offers a more actionable and context‑sensitive framework for 
aligning management control with Industry 4.0 imperatives. 

5. Discussion 

In the space of Industry 4.0, organizations face unprecedented complexity and 
dynamism, necessitating a shift towards holistic perspectives in management con-
trol (Mercier-Laurent & Monsone, 2019). Traditional business models are being 
revolutionized by increased digitalization and automation, where firms seek to 
adopt systematic approaches rather than investing indiscriminately in new tech-
nologies (Sjøbakk, 2018). Furthermore, 4th generation management which is in 
use concurrently is in demand to be re-engineered to align with the advancements 
of Industry 4.0 (Hallioui et al., 2022). A holistic perspective enables organizations 
to perceive management control not as a set of isolated functions, but as an inter-
connected system that drives performance and adaptability in the face of Industry 
4.0 (Markulik et al., 2019; Sjøbakk, 2018). Industry 4.0 emphasizes minimizing 
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risks through integrated management systems (Markulik et al., 2019). This neces-
sitates a move away from siloed decision-making towards collaborative strategies 
that consider the impact of each decision on the entire system.  

Systems thinking provides a powerful framework for navigating the complexi-
ties of Industry 4.0 by emphasizing the interrelationships and feedback loops that 
shape organizational behavior. Although the proposed systems thinking approach 
is robust, it is important to compare it with other classical transformation frame-
works in the field of management control, such as the Balanced Scorecard (Kaplan 
& Norton, 1996), Levers of Control (Simons, 2013), and the Digital Capability Ma-
turity Model (DCMM). These models, while effective in certain contexts, often lack 
the dynamic interdependency mapping offered by systems thinking. As such, sys-
tems thinking can complement rather than replace existing models by providing 
a more adaptive and integrative perspective. Alternative approaches such as re-
engineered 4th generation management practices advocate for increased openness 
in business operations, encouraging collaboration among various stakeholders 
(Hallioui et al., 2022) which is also addressed by the Systems Thinking model. By 
viewing the organization as a complex adaptive system, managers can identify lev-
erage points where strategic interventions can produce significant and lasting im-
pact. These leverage points, often found within tightly linked elements such as 
information feedback loops and organizational culture, can be identified through 
the visual representation of complex webs of influence. Small modifications in 
these areas can cascade through the system, accelerating or hindering broader 
transformation initiatives, making it crucial to understand these dynamics. Sys-
tems thinking encourages a shift from linear cause-and-effect thinking to a more 
circular understanding of how actions produce outcomes that, in turn, influence 
future behaviors. This approach is particularly valuable in Industry 4.0, where 
real-time data, automation, and interdepartmental connectivity can magnify the 
benefits and risks of transformation efforts.  

By viewing an organization as an interconnected network of actors—people, 
processes, and digital tools—managers can more effectively anticipate bottlenecks, 
adapt strategies, and align resource allocation with broader strategic goals. This 
contrasts with conventional hierarchical management models and makes it possi-
ble to incorporate digital advancements with the least amount of resources and 
maximum efficiency (Ingaldi & Ulewicz, 2019). An essential component of sys-
tems thinking is the use of feedback loops, which capture how organizational ac-
tions produce outcomes that influence future behaviors. This is particularly cru-
cial in Industry 4.0, where real-time data and automation can amplify the effects 
of decisions, making it essential to understand these feedback loops to manage 
risks and optimize performance. 

To align management control systems with the digital imperatives of Industry 
4.0, businesses must take proactive steps to adapt their organizational structures, 
processes, and technologies (Coraci & Abulrub, 2021). Businesses need to re-
strategize operations and develop extra capabilities to cope with the necessity for 
additional flexibility and agility (Coraci & Abulrub, 2021). One key recommenda-
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tion is to embrace data-driven decision-making at all levels of the organization. 
This involves investing in data analytics capabilities, developing robust data gov-
ernance frameworks, and empowering employees to use data insights to improve 
their performance.  

Another recommendation is to foster a culture of experimentation and contin-
uous learning. This requires creating a safe environment where employees feel 
comfortable taking risks, testing new ideas, and learning from failures. Organiza-
tions should also invest in training and development programs that equip employ-
ees with the skills and knowledge they need to thrive in a digital environment. By 
integrating Industry 4.0 principles with established management control prac-
tices, organizations can reshape how control mechanisms operate. Success de-
pends on embracing digital capabilities while recognizing social dimensions such 
as employee well-being, cultural norms, and leadership support. Also, a flexible 
culture helps teams adapt swiftly to modular product or process designs.  

Small and medium‑sized enterprises (SMEs) face distinctive challenges when 
integrating Industry 4.0 technologies into existing management control practices 
due to constrained financial, technical, and human resources (Ranacher et al., 
2023). The systems‑thinking framework proposed in this paper enables SMEs to 
visualise the complex interdependencies between control mechanisms and digital 
imperatives revealing hidden bottlenecks, dependencies, and leverage points for 
strategic resource allocation (Rajagopal, Hettiarachchi, & Zurn, 2024). To apply 
this model, SMEs should first inventory their current control practices and assess 
readiness against relevant Industry 4.0 principles (automation, data analytics, 
IoT) (Sundaram & Zeid, 2023; Carolis et al., 2017). A phased implementation be-
ginning with small pilot projects that deliver quick wins helps build internal ca-
pabilities while minimising upfront investment hurdles (Dahmani, 2024; Amaral 
& Peças, 2021). Cost‑effective tools (open‑source software, cloud platforms) and 
external partnerships further alleviate resource constraints (Ranacher et al., 2023). 

Nevertheless, digital transformation carries inherent risks: cybersecurity vul-
nerabilities, data overload, insufficient digital readiness, and resistance to change 
can derail implementation if left unaddressed. Proactive mitigation through ro-
bust cybersecurity protocols, user‑centric data dashboards, and inclusive change 
management programmes is essential for translating real‑time data into actiona-
ble insights without overwhelming decision‑makers. By systematically modelling 
both “hard” (e.g., process throughput) and “soft” (e.g., trust, culture) variables, 
SMEs gain a holistic, system‑level view that clarifies how incremental changes cas-
cade across the organisation. This balanced, adaptive approach equips managers 
to guide Industry 4.0 adoption in a manner that aligns efficiency, innovation, and 
cultural well‑being ultimately unlocking sustainable competitive advantage (Dah-
mani, 2024). 

6. Conclusion 

This article presents a novel integrative framework that combines management 
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control with Industry 4.0 design principles through the lenses of Systems Think-
ing. Findings provide a practical roadmap for organizations to integrate Industry 
4.0 technologies into management control frameworks while ensuring operational 
efficiency, strategic agility, and sustained competitive advantage. Future research 
could further refine this framework by exploring sector-specific digital transfor-
mation challenges, assessing the impact of emerging technologies such as quan-
tum computing and advanced AI, and developing more adaptive, real-time man-
agement control models that respond dynamically to the evolving digital land-
scapes. 

The proposed influence matrix offers a structured way to assess the interplay 
between traditional managerial practices and digital imperatives. While this study 
mainly relies on a theoretical model supported by literature, recent field studies 
conducted by one of the authors (Zürn et al., 2022); Zürn & Joe (2024), Rajagopal 
et al. (2024), Muller et al. (2025) have begun to validate the elements of the influ-
ence matrix and systems thinking model in actual manufacturing settings. How-
ever, with the exemption of FabLanka Foundation Ltd., Sri Lanka (Rajagopal et 
al., 2024) the name of those companies must not be disclosed due to confidential-
ity agreements. Therefore, future research on the framework requires further 
open-access empirical validation and refinement. Furthermore, the integration of 
Actor Network Theory (ANT) with influence matrices and systems thinking mod-
eling could also provide a robust framework for assessing how traditional man-
agement practices adapt to the demands of Industry 4.0. By mapping the network 
of human and non-human actors and their influences, managers will be able to 
identify areas where existing management control practices need shaping and re-
shaping. This comprehensive approach can also be studied through further re-
search in institutions; so, it may support the development of more agile, respon-
sive, and effective management control systems that are aligned with the dynamic 
nature of Industry 4.0. Case studies in manufacturing, healthcare, or service sec-
tors such as private sector higher education, particularly among SMEs could help 
evaluate the framework’s real-world applicability. Quantitative methods such as 
structural equation modeling or simulation could also strengthen the findings, 
enabling a more precise understanding of the causal relationships between man-
agement control aspects and Industry 4.0 principles. 
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