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Abstract- Industrial plants are complicated socio-

technical systems where managers have to make tradeoffs 

between efficiency, reliability, safety and innovation in a 

state of uncertainty. Although the world is becoming more 

complex due to globalisation and digitalisation, there is 

no much integrative guidance on how engineers can 

manoeuvre these requirements. The paper proposes the 

Engineering Compass Model (ECM) conceptual 

framework, which places plant management as a multi-

directional decision-making process in four orientations, 

namely, operational reliability, risk and safety 

governance, human and organisational coordination, and 

adaptive innovation. Using the knowledge of operations 

management, industrial engineering, organisational 

theory, and engineering ethics, the research identifies the 

significance of engineers as technical-organisational 

systems integrators. Finally, the paper outlines 

managerial implications of operational resilience and 

digital transformation and suggests a roadmap to 

empirical validation. 

 

Index Terms- plant management, engineering leadership, 

operational reliability, safety governance, Industry 4.0, 

socio-technical systems, engineering decision-making, 

dynamic capabilities, adaptive innovation     

 

I. INTRODUCTION 

 

The modern industrial plants work under more 

complicated technological and organisational 

conditions. The modern developments in automation, 

digitalisation, and interconnected production systems 

have turned the plants into sophisticated socio-

technical systems (Lee, Bagheri, and Kao, 2015). 

While these developments are making work more 

productive and efficient, they bring with them new 

layers of complexity, technological 

interdependencies, safety requirements, 

environmental requirements, and human coordination 

issues, which cannot be resolved by any one 

engineering field alone. 

 

Effective management of plants no longer depends on 

technical competence. Engineers working in plants 

are required to coordinate production performance, 

human resources, compliance and strategic 

innovation, and the situation is usually uncertain, 

pressure on resources, and pressure on operations 

(Ivanov, Dolgui, and Sokolov, 2019). Plant managers 

are thus challenged with the constant pressure to 

make efficient, safe and sustainable decisions, 

usually in time pressure and with incomplete 

information. 

 

The process of decision making in these 

environments is comparable to moving in a 

multidimensional space. Engineers need to interpret 

signals of complex systems, manage risks, organize 

stakeholders, and maintain continuity of operations, 

and at the same time, fulfill ethical duties to the 

employees, communities, and the natural 

environment (Daradkeh, 2023; Dekker, 2017). The 

meaning of engineering leadership as a type of 

organisational navigation is where technical 

knowledge and managerial discretion overlap, which 

single-dimension models have failed to capture. 

 

The current body of literature on operations 

management and industrial engineering has focused 

on the specific aspects of plant management, such as 

reliability engineering, process optimisation, and 

safety management (Bousdekis, Apostolou, and 

Mentzas, 2020; Ivanov et al., 2019), but these studies 

have focused on the aspects of the plant management 

rather than on the integration of these aspects by the 

engineers under the actual conditions of operation. 

Similarly, organisational decision-making 

scholarship is responsive to complexity and 

uncertainty, yet rarely to the specific circumstances 

of industrial plant environments. 

 

To fill this gap, this paper introduces the Engineering 

Compass Model (ECM), a conceptual framework 

explaining how engineers manage the complexity of 

plants by using four overlapping strategic 

orientations. The paper aims to review the available 
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literature on plant management and engineering 

leadership, propose a conceptual framework of 

operational complexity management, and establish 

managerial implications and a roadmap of empirical 

validation of future research. 

 

II. LITERATURE REVIEW 

 

2.1 Complexity in Industrial Plant Systems 

The industrial plants are broadly perceived as a 

highly sophisticated socio-technical system where the 

technical processes are interwoven with the 

organisational structures and human agents (Dekker, 

2017). These systems are defined by interdependent 

elements, machinery, control systems, production 

processes and human operators whereby any 

alteration in one subsystem often spreads across the 

plant. The compounding factors that contribute to this 

complexity are the technological interdependence of 

production systems, operational uncertainty in 

equipment performance and supply chains, safety 

risks that are posed by hazardous materials and high-

energy operations, and the human and organisational 

dynamics that influence coordination and decision-

making (Ivanov et al., 2019). 

 

The use of cyber-physical systems, real-time data 

analytics, and digital connectivity through production 

networks further complicates Industry 4.0 

technologies (Frank, Dalenogare, and Ayala, 2019). 

Liao, Deschamps, Loures, and Ramos (2017) 

conducted a systematic review of the Industry 4.0 

literature and found that the fourth industrial 

revolution has a lot of potential in terms of 

manufacturing productivity and intelligence, yet there 

is still a gap between laboratory experimentation and 

actual application, which is why managerial and 

organisational capabilities are as crucial as 

technological investment. The five-level cyber-

physical systems architecture of Industry 4.0 

environments as demonstrated by Lee et al. (2015) 

necessitates engineers to work simultaneously at 

physical, data, and network levels, which necessitates 

novel types of systemic integration that integrate 

managerial and technical intelligence. 

 

2.2 Engineering Decision-Making and Dynamic 

Capabilities 

The traditional view of engineering decision-making 

has included the analysis of technical options by 

analytical techniques like optimisation, risk analysis, 

and reliability modelling. In reality, however, 

decisions are made under conditions of incomplete 

information, time pressure, and conflicting 

stakeholder pressures (Ivanov et al., 2019). The 

classical rational-analytic model is thus not adequate 

as an explanation of the actual decision-making 

process in complex plant environments. 

 

There is growing recognition that engineering 

decisions are shaped not only by technical calculation 

but also by organisational and ethical factors 

(Dekker, 2017). Safety engineering focuses on the 

significance of systemic risk awareness and ethical 

responsibility, which should be instilled in 

organisational culture and not only coded in 

procedural compliance systems. Daradkeh (2023) 

also observes that complex operational environments 

are also characterised by uncertainty, resource limits 

and competing demands that compound the challenge 

of managerial decision-making, especially when the 

costs of operational errors are large in terms of 

economic, environmental and human impacts. 

 

The dynamic capabilities framework offers a 

supplementary theoretical approach to the 

engineering decision-making in unstable plant 

settings. Teece, Peteraf, and Leih (2016) argue that 

the agility needed to react to deep uncertainty is 

reliant on robust dynamic capabilities, the 

organisational abilities to perceive opportunities, 

capture strategic choices, and alter operational setups. 

In the context of plant management, these capabilities 

are expressed as the capacity to restructure assets, 

processes and competencies in reaction to 

technological disruption, regulatory change or 

competitive pressure. 

 

2.3 Organisational Leadership in Industrial Plants 

The role of plant managers is a central one between 

the technical operations and organisational 

leadership. Their duties include coordination of the 

engineering teams, maintenance and reliability 

programmes, compliance with regulations and 

strategic enhancement, which demand abilities far 

beyond technical training. The engineering 

management research emphasizes the importance of 
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cross-functional coordination, i.e., the engineers 

operate in the operations, maintenance, and executive 

domains to reach performance goals that cannot be 

achieved by any of the functional domains alone 

(Bousdekis et al., 2020). 

 

This integrative leadership need is especially relevant 

in the connection between the implementation of lean 

manufacturing and Industry 4.0. Empirically, 

Tortorella and Fettermann (2018) showed that 

organisations that have already established lean 

production practices have much greater success in 

implementing Industry 4.0 technologies and that the 

combination of the two strategies yields greater 

operational performance improvements than either 

applied to an organisation separately. This finding 

implies that process discipline and technological 

capability should be built collaboratively by the 

leaders of the plant, a type of integrative leadership 

where organisational coordination, as opposed to 

technology specification, is the key driver of change 

in operations. 

 

Ethical decision-making is also a material 

engineering leadership aspect. Daradkeh (2023) 

states that ethical orientation serves as a moral 

compass to managerial action in uncertain, complex, 

and contested settings, which is why this conceptual 

framework of the paper is directly inspired. Ethical 

reasoning is thus addressed here not as a peripheral 

issue to engineering management but as a constitutive 

direction of good plant leadership. 

 

III. CONCEPTUAL FRAMEWORK: THE 

ENGINEERING COMPASS MODEL 

 

To explain how engineers can manoeuvre through 

complex plant environments, this paper suggests the 

conceptual model of the Engineering Compass Model 

(ECM), a conceptual framework that structures the 

managerial decision-making process around four 

strategic orientations. The analogy of the compass is 

not accidental: since a compass does not tell a 

traveller a specific path to follow, but instead 

provides a set of simultaneous orientations, the ECM 

does not give engineers a decision algorithm, but 

instead a system of simultaneous orientations, and 

does not simplify the real complexity of industrial 

plant environments to a single analytical dimension. 

These four orientations are not sequential steps but 

simultaneous perceptions that a good plant leader 

needs to maintain in a dynamic equilibrium. The 

ECM is conceptually based on socio-technical 

systems theory (Dekker, 2017), dynamic capabilities 

theory (Teece et al., 2016), resilience engineering 

(Hollnagel, 2018), and operations management 

research (Bousdekis et al., 2020; Frank et al., 2019). 

 

Orientation 1: Operational Reliability 

The first dimension of plant performance is 

operational reliability. The role of engineers is to 

make sure that equipment, processes, and systems 

behave in the way they are supposed to and maintain 

the behaviour over time. This orientation includes 

predictive maintenance practices based on the use of 

Industry 4.0 sensor data and machine learning to 

predict failures before they happen (Bousdekis et al., 

2020); process optimisation strategies that minimise 

waste and variability; reliability engineering 

approaches that add redundancy and fail-safe systems 

to production systems; and data-driven monitoring 

that gives real-time visibility of operations. 

 

Tortorella and Fettermann (2018) show that lean 

production practices support the process discipline 

and cross-functional coordination routines that have 

the most significant association with the reliability 

orientation, indicating that reliability improvement 

and digital transformation are complementary 

agendas instead of competing ones. When it comes to 

cyber-physical manufacturing, the reliability 

orientation is becoming more and more demanding of 

engineers to ensure that physical and digital systems 

are kept in integrity at the same time, so that data 

streams, control systems, and physical assets are 

consistent (Lee et al., 2015). Reliable systems 

minimize unexpected downtime, improve throughput 

and create the stability of operation that forms the 

basis of all other compass orientations. 

 

Orientation 2: Risk and Safety Governance 

Safety is an imperative of operation in industrial 

plants, especially those that are in the energy, 

chemicals, and heavy manufacturing sectors. The 

engineers should predict the failure modes and come 

up with risk mitigation strategies that safeguard the 

workers, communities and organisational property. 

The risk and safety governance in the ECM includes 
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the identification of hazards and formal risk 

assessment, the design and operation of integrated 

safety management systems, regulatory compliance 

and environmental stewardship, emergency response 

planning and organisational resilience. 

 

Dekker (2017) argues that successful safety 

governance of complex systems goes beyond 

regulatory compliance; it involves organisational 

cultures where workers are not afraid to report 

anomalies, criticise unsafe practices, and learn about 

near-miss events. Based on this, Hollnagel (2018) 

constructs the Safety-II paradigm, which transforms 

the safety management approach, which focuses on 

preventing failures (Safety-I) to the proactive 

development of situations where the operations 

always work. To the plant managers, this implies that 

safety governance is to be perceived as an asset in the 

daily operational adjustments and worker skills, the 

main source of systemic resilience, as opposed to an 

incident-response role. The risk orientation is a 

human and organisational issue as much as a 

technical issue due to this cultural aspect, and it is 

directly related to the human coordination 

orientation. 

 

Orientation 3: Human and Organisational 

Coordination 

Plant performance requires the successful 

coordination of engineers, technicians, operators and 

managers. Technical knowledge cannot necessarily 

be converted into operational excellence, it needs to 

be mobilised through organisational processes that 

match human effort with technical and strategic 

goals. Human and organisational coordination 

orientation of the ECM involves organised workforce 

communication and knowledge transfer; cross-

functional coordination and conflict resolution; 

training and competence development programmes; 

and organisational learning processes which 

transform operational experience into systemic 

capability. 

 

Frank et al. (2019) show that human factors, 

workforce preparedness, management support, and 

cross-functional integration are more important to 

successful Industry 4.0 implementation than 

technological infrastructure. This implies that 

engineering leaders that have high coordination skills 

are significantly more effective in realising the 

operational advantages of digital transformation than 

leaders who prioritize technology implementation. 

 

Orientation 4: Adaptive Innovation 

The industrial environment is characterized by a high 

rate of technological change, competition and 

changing regulatory and sustainability requirements. 

Engineers should thus be vigorous champions of 

innovation and constant improvement and not 

guardians of current working setups. The adaptive 

innovation orientation of the ECM includes the 

digital transformation strategy and Industry 4.0 

implementation; process optimisation using lean, Six 

Sigma, and similar methodologies; disciplined 

technology evaluation and selective adoption; and the 

inclusion of sustainability considerations in the 

operational design. 

 

Teece et al. (2016) argue that agile strategic 

capabilities are based on strong dynamic capabilities, 

the organisational capabilities to sense, seize, and 

transform, which are the strategic basis of agility in 

environments with deep uncertainty. Adaptive 

innovation is more frequently realised in the context 

of plant management by disciplined, incremental 

improvement that builds up over time into substantial 

competitive advantage, than by radical disruption; the 

adaptive innovation orientation offers the strategic 

environment in which such improvement can be 

institutionalised (Daradkeh, 2023). 

 

IV. MECHANISM AND APPLICATION: 

NAVIGATING PLANT COMPLEXITY 

 

The Engineering Compass Model is an organised 

navigation system of plant managers, a framework 

within which the operational signals are evaluated, 

prioritised, and solved. Operational inputs that are 

interpreted by engineers include equipment 

performance data, safety indicators, workforce 

feedback, and strategic intelligence and are viewed 

through all four compass orientations simultaneously 

and not through sequential decision steps. 

 

 

4.1 Illustrative Application: Digital Transformation 

in a Petrochemical Plant 
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To illustrate how the ECM operates in practice, this 

section is based on a fictional scenario based on the 

reported experiences of Industry 4.0 application in 

process manufacturing settings (Bousdekis et al., 

2020; Tortorella and Fettermann, 2018). Take the 

example of a petrochemical plant that is 

implementing a digital transformation programme. 

The plant has deployed a sensor network and data 

analytics platform, which is consistent with the 

cyber-physical systems architecture outlined by Lee 

et al. (2015). 

 

In the operational reliability orientation, the plant 

manager relies on real-time machine information to 

transition to predictive maintenance scheduling 

instead of time-based, minimizing unplanned 

downtime, which aligns with the efficiency 

improvements reported by Bousdekis et al. (2020). 

This shift is supported by the fact that the plant has 

already invested in lean manufacturing processes, 

which have created the process discipline and 

performance management practices that allow 

making data-driven improvements to maintenance, a 

trend that is also observed by Tortorella and 

Fettermann (2018), who report that lean foundations 

improve the results of Industry 4.0 adoption. 

 

The risk and safety governance orientation is set up 

on the same data platform to produce early-warning 

signals of pressure and temperature variations, 

including predictive analytics in the safety 

management system. Based on the Safety-II 

framework proposed by Hollnagel (2018), the plant 

manager promotes a reporting culture where the 

operators are asked to report small anomalies and 

workarounds, and this operational knowledge should 

be regarded as a key input to ongoing risk 

governance, instead of a sign of non-compliance. 

 

In the human and organisational coordination 

orientation, the plant manager acknowledges that the 

successful implementation of the new data systems 

will necessitate the use of structured training 

programmes, cross-functional workshops that will 

integrate data engineering and process operations 

knowledge, and a calculated cultural change towards 

data-driven decision making. In line with the findings 

of Frank et al. (2019) on the implementation of 

Industry 4.0, the engagement of the workforce is 

considered a precondition of the digital 

transformation and is not a secondary issue. 

 

The digital infrastructure in the adaptive innovation 

orientation provides a platform of incremental 

experimentation with AI-assisted process 

optimisation and allows accruing dynamic 

capabilities gradually in line with the Teece et al. 

(2016) model of agility under uncertainty. 

 

This scenario illustrates that plant management 

effectiveness under the ECM depends on the 

harmonious deployment of all four orientations 

concurrently. Prioritising operational reliability 

without adequate safety governance may produce 

short-term efficiency gains at the cost of systemic 

risk. Pursuing innovation without sufficient human 

coordination may result in technically capable 

systems that fail in practice due to workforce non-

adoption. The ECM provides a structured diagnostic 

vocabulary for identifying and correcting such 

imbalances. 

 

4.2 Desk Evidence: Real-World Alignment with 

ECM Orientations 

In addition to the composite scenario above, 

published descriptions of management of industrial 

plants give additional support to the orientations of 

the ECM. In terms of operational reliability, one of 

the most widely reported instances of smart factories, 

the Siemens Electronics Works in Amberg, Germany, 

has shown that integrated sensor networks and 

automated quality control could bring the defect rate 

to near-zero, with millions of production operations 

(Liao et al., 2017). The logic of reliability orientation 

is represented in this case: the integration of real-time 

data between physical and digital layers enables 

operational stability, which would otherwise be 

impossible under traditional maintenance regimes. 

 

Regarding the risk and safety governance, the high-

reliability organisations (HROs) literature, such as 

nuclear power plants and chemical processing 

facilities, offers a plethora of evidence that 

organisational cultures of reporting and learning are 

empirically linked to reduced incidence rates and 

quicker recovery of operational disruptions (Dekker, 

2017; Hollnagel, 2018). These results support the 

argument of the ECM that safety governance is a 
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cultural and organisational capability and not a 

compliance exercise. 

 

In terms of human and organisational coordination, a 

survey of 92 Brazilian manufacturing companies by 

Frank et al. (2019) revealed that firms with more 

intensive cross-functional management practices 

obtained much higher success rates of successful 

Industry 4.0 technology adoption, which directly 

supports the coordination orientation of the ECM. In 

the context of adaptive innovation, the analysis by 

Tortorella and Fettermann (2018) of 114 

manufacturing firms showed that concurrent 

investment in lean practices and digital technologies 

yielded higher operational performance 

improvements than either strategy implemented 

separately, which supports the argument of the ECM 

that adaptive innovation should be based on 

organisational discipline, but not on technology 

investment alone. 

 

V. MANAGERIAL AND PRACTICAL 

IMPLICATIONS 

 

The Engineering Compass Model has a number of 

practical implications to the practice of industrial 

management, leadership development and 

organisational design. 

 

To start with, the ECM suggests a decision 

framework that is integrative and deals with 

technical, human, ethical, and strategic 

considerations in a unified manner. Practically, it 

implies that significant operational decisions, the 

adoption of new maintenance technology, the 

redesign of a production workflow, the adoption of a 

digital transformation programme, must be 

considered across all four compass orientations 

before being committed to. This field can be 

institutionalised by formal decision review processes, 

cross-functional evaluation processes and leadership 

development programmes which develop the ability 

to move freely between technical and organisational 

forms of analysis. The theoretical foundation of the 

strategic usefulness of this integrative capacity is the 

dynamic capabilities framework (Teece et al., 2016): 

organisations that can sense, seize, and transform at 

the same time outperform those that can optimise 

functional domains one by one in turn. 

 

Furthermore, the framework identifies the necessity 

of leadership development programmes that are 

purposely designed to develop non-technical 

competencies. Training in engineering has 

traditionally focused on analytical and technical skills 

and has not made sufficient investments in 

communication, ethical reasoning, organisational 

management, and strategic thinking. The ECM offers 

a justification and a structural guide on how these 

competencies can be integrated in the professional 

development and academic curricula by placing them 

as orientations of engineering leadership, instead of 

additional skills. According to Liao et al. (2017), 

there has always been a gap between the theoretical 

potential of Industry 4.0 and its actual 

implementation, and they believe that engineering 

leadership competencies, not necessarily technology 

investment, can fill this gap. 

 

More so, the risk and safety governance orientation 

has certain implications on the organisational culture. 

The argument by Hollnagel (2018) Safety-II, which 

states that the safety of the plant is a result of the 

daily adaptive behaviours of the workers, rather than 

being enforced by the procedures, suggests that the 

managers who establish psychologically safe 

environments, where anomalies are openly reported 

and the workers are viewed as the source of safety 

knowledge, will outperform managers who rely on 

the procedures only. This cultural orientation is an 

important and unexploited source of operational 

resilience. 

 

Finally, the documented complementarity between 

the lean practice and the Industry 4.0 adoption 

(Tortorella and Fettermann, 2018) has direct 

consequences on the sequencing of transformation 

initiatives. Plant managers must invest in process 

discipline and lean foundations before they commit to 

large-scale technology implementation not because 

technology is second but because the organisational 

routines, performance transparency and cross-

functional coordination that lean practice fosters are 

enabling conditions to achieve technological benefits. 

This sequencing logic is coded in the adaptive 

innovation orientation of the ECM.  

VI. EMPIRICAL VALIDATION ROADMAP 
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The ECM is a conceptual model, and its assertions 

regarding the interplay of the four orientations and 

their combined effect on the performance of plants 

has not been empirically verified yet. In this section, 

a systematic validation roadmap (including 

hypothesized propositions, measurement methods, 

and a suggested research design) is established as a 

basis of future empirical research. 

 

6.1 Proposed Hypotheses 

 

The following hypotheses are proposed for empirical 

investigation: 

• H1: The plants that will show high and balanced 

performance in all four ECM orientations will 

have better operational resilience results in 

comparison to plants that show dominance in one 

or two orientations. 

• H2: The adaptive innovation orientation and 

operational performance will be mediated by the 

strength of human and organisational 

coordination such that the adoption of technology 

in the absence of sufficient coordination capacity 

will not result in the anticipated performance 

benefits. 

• H3: Workforce reporting behaviour (near-miss 

reports, anomaly disclosures) will have a positive 

relationship with the strength of risk and safety 

governance orientation, as predicted by Safety-II. 

• H4: The more robust lean manufacturing base of 

plants will show quicker and more efficient 

transitions to predictive and data-driven 

maintenance, as the complementarity between the 

reliability and adaptive innovation orientations is 

expected. 

 

6.2 Proposed Measures by Orientation 

The operationalisation of each ECM orientation can 

be done in terms of a mix of objective performance 

measures and perceptual measures based on surveys, 

as follows: 

• Operational Reliability: Total Equipment 

Effectiveness (OEE) scores; unplanned downtime 

rates; mean time between failures (MTBF); and 

maintenance cost divided by asset replacement 

value. The survey items would include the 

evaluation of the plant managers regarding the 

system dependability, predictive maintenance 

potential, and data integration between the 

physical and digital systems (adapted by 

Bousdekis et al., 2020). 

• Risk and Safety Governance: Lost Time Injury 

Frequency Rate (LTIFR); near-miss reporting 

rates; regulatory non-conformance incidents; and 

independent safety culture assessment scores. The 

survey items would help to measure the extent to 

which the psychological safety, anomaly 

reporting norms, and Safety-II practices are 

internalised in the organisation (based on the 

work of Hollnagel, 2018; Dekker, 2017). Human 

and 

• Organisational Coordination: The level of 

employee engagement; hours of cross-functional 

training per employee per year; workforce 

preparedness ratings; and frequency of internal 

knowledge transfer. The quality of the cross-

functional collaboration, communication 

structures, and competence development systems 

would be evaluated with the help of survey items 

(adapted from Frank et al., 2019). 

• Adaptive Innovation: The percentage of R&D 

spending to revenue; digital maturity index scores 

in the industry 4.0; the number of continuous 

improvement projects that have been successfully 

completed annually; and sustainability 

performance indicators. The survey questions 

would measure strategic orientation on 

experimentation, technology adoption discipline, 

and incremental capability development 

(modified version of Teece et al., 2016; Tortorella 

and Fettermann, 2018). 

 

6.3 Recommended Research Design 

A mixed-methods design is recommended for the 

initial empirical validation of the ECM, combining 

breadth and process-level depth. 

The quantitative should entail a structured survey of 

plant managers and senior engineers in a sample of 

industrial plants in at least two sectors (e.g. 

petrochemical processing and heavy manufacturing) 

and at least two national settings. Structural equation 

modelling (SEM) would be adequate to test the 

hypotheses proposed and investigate the interactions 

of orientation using a minimum sample of 80 to 100 

plant-level respondents. To reduce common-method 
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bias, respondents ought to have the plant manager 

and at least one cross-functional peer. 

 

While the qualitative strand would entail detailed 

case studies of three to five plants chosen based on 

variation in orientation profile, preferably with one 

high performing plant with balanced ECM 

orientations and one underperforming plant with 

orientation dominance or deficit. Semi-structured 

interviews with plant managers, safety officers, and 

leaders of the operational teams would produce 

process-level data on the interaction of the four 

orientations in practice, especially focusing on the 

instances of operational disruption, digital 

transformation, and safety-critical decision-making.  

 

The two strands would be complemented with 

archival data, such as maintenance records, safety 

incident logs, production performance reports, and 

HR training records, which would allow triangulating 

the self-reported and objective performance 

indicators. The design would produce both 

confirmatory evidence of the core propositions of the 

ECM, and the much more contextualised process 

evidence that would be required to sharpen the 

theoretical assertions and practical prescriptions of 

the framework. 

 

CONCLUSION 

 

Industrial plants are working in increasingly complex 

environments due to technological integration, 

operational uncertainty, safety imperative, and 

organisational forces. Plant-managing engineers must 

operate within complex socio-technical systems, and 

at the same time be concerned with equipment 

reliability, safety governance, human coordination, 

and strategic innovation, not at the cost of one of 

these dimensions over the others. 

 

The paper has proposed the Engineering Compass 

Model as a conceptual framework to understand how 

engineers cope with plant complexity by four 

concurrent orientations: operational reliability, risk 

and safety governance, human and organisational 

coordination, and adaptive innovation. Drawing from 

engineering management, organisational theory, 

dynamic capabilities, resilience engineering, and 

engineering ethics, the ECM makes engineers the 

brokers of technical performance and organisational 

purpose. However, this framework goes beyond 

single-dimension approaches to engineering 

management by offering a more detailed and more 

practically relevant description of effective plant 

leadership in modern industrial landscape. 

 

Finally, this paper contributes to the body of 

literature, by providing an integrative conceptual 

vocabulary which cuts across engineering 

management, operations strategy, and organisational 

theory. More so, it places risk governance and human 

coordination orientations of engineering leadership 

on the frontline as opposed to the backline, and 

emphasises adaptive innovation orientation on 

dynamical capabilities theory with engineering 

management being connected to the strategic 

management literature.  

 

REFERENCES 

 

[1] Bousdekis, A., Apostolou, D., & Mentzas, G. 

(2020). Predictive maintenance in the 4th 

industrial revolution: Benefits, business 

opportunities, and managerial implications. 

IEEE Engineering Management Review, 48(1), 

57–62. 

https://doi.org/10.1109/EMR.2019.2958037 

[2] Daradkeh, M. (2023). Navigating the 

complexity of entrepreneurial ethics: A 

systematic review and future research agenda. 

Sustainability, 15(14), 11099. 

https://doi.org/10.3390/su151411099  

[3] Dekker, S. (2017). Just culture: Restoring trust 

and accountability in your organization (3rd 

ed.). CRC Press. 

[4] Frank, A. G., Dalenogare, L. S., & Ayala, N. F. 

(2019). Industry 4.0 technologies: 

Implementation patterns in manufacturing 

companies. International Journal of Production 

Economics, 210, 15–26. 

https://doi.org/10.1016/j.ijpe.2019.01.004 

[5] Hollnagel, E. (2018). Safety-II in practice: 

Developing the resilience potentials. Routledge. 

[6] Ivanov, D., Dolgui, A., & Sokolov, B. (2019). 

The impact of digital technology and Industry 

4.0 on the ripple effect and supply chain risk 

analytics. International Journal of Production 



© MAR 2026 | IRE Journals | Volume 9 Issue 9 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV9I9-1715747 

IRE 1715747  ICONIC RESEARCH AND ENGINEERING JOURNALS 2986 

Research, 57(3), 829–846. 

https://doi.org/10.1080/00207543.2018.1488086 

[7] Lee, J., Bagheri, B., & Kao, H.-A. (2015). A 

cyber-physical systems architecture for Industry 

4.0-based manufacturing systems. 

Manufacturing Letters, 3, 18–23. 

https://doi.org/10.1016/j.mfglet.2014.12.001 

[8] Liao, Y., Deschamps, F., Loures, E. F. R., & 

Ramos, L. F. P. (2017). Past, present and future 

of Industry 4.0: A systematic literature review 

and research agenda proposal. International 

Journal of Production Research, 55(12), 3609–

3629. 

https://doi.org/10.1080/00207543.2017.1308576 

[9] Teece, D., Peteraf, M., & Leih, S. (2016). 

Dynamic capabilities and organizational agility: 

Risk, uncertainty, and strategy in the innovation 

economy. California Management Review, 

58(4), 13–35. 

https://doi.org/10.1525/cmr.2016.58.4.13 

[10] Tortorella, G. L., & Fettermann, D. (2018). 

Implementation of Industry 4.0 and lean 

production in Brazilian manufacturing 

companies. International Journal of Production 

Research, 56(8), 2975–2987. 

https://doi.org/10.1080/00207543.2017.1391420 

 


