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Performance management (PM) has evolved from a static evaluation mechanism into a
strategic capability for adaptability, innovation and value creation in organisations. In
today’s digitally accelerated and sustainability-conscious landscape, traditional PM
practices are increasingly inadequate to address the dynamic expectations placed on
modern firms. The need to align real-time data, strategic foresight and human-centric
considerations calls for a fundamental rethinking of how performance is managed across
technological, operational and social dimensions.

This dissertation examines how novel technologies, such as artificial intelligence (Al),
the internet of things (IoT) and digital twins (DT), transform PM practices and how such
transformations enable the integration and realisation of sustainability performance
outcomes within organisations in the context of digital transformation. Drawing from four
publications, this study employs a mixed-method approach that includes a systematic
literature review, a survey-based analysis and multiple case studies. The study findings
reveal that these novel technologies support more agile, simulation-driven and
strategically aligned decision-making processes by enhancing transparency, foresight and
cross-functional coordination. These findings provide evidence that novel technologies,
particularly DT (supported by Al and the IoT), can be leveraged to not only improve
operational efficiency but also promote employee well-being, ergonomic safety and
social sustainability, reflecting the broader principles of the contemporary industrial
paradigm. By offering both theoretical and actionable contributions, this study advances
the integration of technological and sustainability logics within PM, equipping firms to
thrive in complex and evolving environments.

Keywords: performance management, novel technologies, sustainability performance,
digital transformation
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1 Introduction

1.1 Background of the study

In today’s volatile and fast-changing business and organisational environments,
performance is not just parameter to be measured; it is a capability to be continuously
enabled, shaped and strategically aligned (Neely, 2005; Bititci et al., 2012, 2015; Aguinis,
2023). Over the past three decades, performance management (PM) has evolved
significantly, transitioning from performance appraisal tools to integrative frameworks
such as the balanced scorecard, which aims to connect strategic goals, employee
behaviour and organisational learning (Kaplan & Norton, 2005; Armstrong, 2006a; Cardy
& Leonard, 2014). PM, rooted in foundational theories such as goal setting (Locke &
Latham, 1990), is now understood as a multidimensional process that fosters both
individual development and strategic alignment in organisations. However, this evolution
has not been without tensions. Scholars such as Den Hartog et al. (2004), Franco-Santos
et al. (2012), Pulakos et al. (2015) and Aguinis (2023) point out that although PM systems
aim to support agility and learning, they often become rigid, backward-looking or
disconnected from changing business realities. Moreover, much of the existing literature
continues to frame PM as a standardised toolkit rather than a context-sensitive, adaptive
capability that evolves with increasing organisational complexity (Lebas, 1995; Ukko et
al., 2007). Therefore, reimagining PM not simply as a system of measurement and control
but as strategic infrastructure capable of enabling adaptation, learning and value creation
is increasingly important in a time of rapid change.

Digital transformation has emerged as one of the most defining forces reshaping today’s
business environment, challenging firms to rethink how they create value, operate and
assess their performance (Kraus et al., 2021; Vial, 2021). It is not limited to the
automation of existing processes but reflects a deeper reconfiguration of organisational
structures, capabilities and strategic intent (Verhoef et al., 2021). As real-time data,
advanced connectivity and autonomous processes become integrated into organisational
operations, traditional PM practices and systems, which are often grounded in periodic
assessments, backward-looking metrics and fixed reporting cycles, struggle to keep pace
with dynamic demands (Bititci et al., 2012; Pulakos et al., 2015; Sahlin & Angelis, 2019).
These static approaches are increasingly misaligned with the complexity, speed and
uncertainty that characterise modern business operations. In this context, emerging
technologies, particularly data-driven digital tools such as artificial intelligence (AI), the
internet of things (IoT) and simulation platforms [e.g. digital twins (DT)], necessitate the
development of performance systems that are adaptive, integrated and forward-looking
(Tang et al., 2018; Davenport & Ronanki, 2018; Oduro et al., 2023).

In this regard, PM must function as an enabler of strategic responsiveness, guiding
behaviour, facilitating learning and supporting continuous course corrections in turbulent
environments. Scholars such as Bititci et al. (2012) and Aguinis (2023) argue that such a
shift calls for performance systems to evolve into living frameworks that are sensitive to



16

environmental feedback and can be embedded within strategic execution pathways.
Despite this shift in technological capability within PM, many organisations continue to
rely on outdated performance models that limit agility and fail to extract strategic value
from their digital infrastructure (Franco-Santos & Otley, 2018; Saad et al., 2021).
Although digital transformation opens new possibilities for innovation and performance
enhancement, it highlights the weaknesses of conventional PM frameworks, especially
those that rely on periodic reviews and static indicators and offer little capacity for real-
time learning or adaptive decision-making. Bridging this gap is essential if PM is to
evolve from a control system into strategic infrastructure that supports adaptive decision-
making and long-term value creation.

As the global business and societal landscape increasingly emphasising long-term
resilience, ethical accountability and environmental management, the concept of
sustainability performance has become a benchmark of organisational legitimacy and
strategic success (Elkington, 1997; Dyllick & Hockerts, 2002; Eccles et al., 2014).
Historically, PM practices were predominantly focused on financial and operational
metrics, reflecting short-term efficiency priorities rather than holistic value creation
(Lebas, 1995; Neely, 2005). However, this narrow focus has proven insufficient in
addressing the complex and interconnected challenges of the contemporary operating
environment. Growing demands from regulators, investors, customers and the civil
society now require organisations to account for their environmental, social and economic
impacts as part of their core performance agenda (Lozano, 2008; Bocken et al., 2014;
Gillan et al., 2021). Despite this shift, integrating sustainability into PM remains a
contested and challenging task. Scholars highlight persistent difficulties in selecting
standardised indicators, reconciling short- and long-term objectives and aligning
sustainability goals with core operational priorities (Hahn et al., 2010; Searcy, 2012;
Milne & Gray, 2013). Moreover, sustainability must be understood not merely as an
external reporting requirement but as an embedded, strategic dimension of organisational
functioning (Gond et al., 2012; Epstein, 2018; Saunila et al., 2025). Therefore, exploring
how sustainability-related metrics and feedback loops can be embedded into everyday
decision-making processes to support integrated, performance-driven outcomes is
important. Furthermore, sustainability must be operationalised as a strategic logic rather
than a peripheral compliance domain, framing it as an enabler of innovation, resilience
and long-term competitiveness (Dangelico & Pujari, 2010; Bocken & Geradts, 2020). In
this dissertation, sustainability performance is not considered as an isolated pillar but is
conceptually integrated within the evolving role of technology-enabled PM practices,
where economic, social and environmental goals intersect within dynamic performance
ecosystems.
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1.2 Research Problem, Purpose and Questions

Research problem

Research on PM is well-established domain that has developed substantially over the past
few decades with important contributions to theoretical models, methodological tools and
practical frameworks (Franco-Santos et al., 2012; Aguinis, 2013; Rao, 2016). However,
recent waves of digital transformation and increasing sustainability imperatives have
reshaped the environment in which performance is measured, managed and interpreted,
introducing complexities that traditional PM approaches struggle to accommodate (Bititci
et al., 2012; Marr, 2015; Sahlin & Angelis, 2019; Saunila et al., 2024). Although some
recent studies have begun to address the intersection of digital and sustainability
transitions, many remain narrowly focused on isolated aspects such as digital analytics
(Parida et al., 2015; Ghobakhloo & Ching, 2019; Melo et al., 2023), Environmental,
Social, and Governance (ESG) reporting (Amel-Zadeh & Serafeim, 2018; George et al.,
2021) or automation technologies (Davenport & Ronanki, 2018; Kumar & Garg, 2018;
Centobelli et al., 2020). Broader contributions from innovation and strategy literature
have touched on the role of novel technologies in responding to sustainability challenges
(George et al., 2021; Chatterjee et al., 2021; Franciosi et al., 2022), yet they often
overlook PM as a central organisational function. Thus, the integration of PM, novel
technologies and sustainability, especially within the context of digital transformation,
remains underdeveloped and fragmented in the academic discourse.

Although specific novel technologies have been increasingly discussed for their potential
benefits in discrete PM activities, the literature lacks a comprehensive and integrated
perspective that systematically maps their diverse applications and collective impact on
PM (Bititci et al., 2012; Schleicher et al., 2018; Franco-Santos & Otley, 2018). Existing
contributions often remain focused on individual tools or narrow applications, which
limits the understanding of how these technologies jointly change PM practices.
Furthermore, overarching implementation challenges and consolidated research priorities
for technology-enabled PM practices are not clearly articulated in the literature
(Schleicher et al., 2018; Aguinis, 2023). Drawing from the previously established
understanding of novel technologies and their impact on PM practices, an important yet
underexplored scholarly deficiency concerns how technology adoption simultaneously
influences multiple dimensions of sustainability performance, particularly within small
and medium-sized enterprises (SMEs) and emerging organisations (Ghobakhloo &
Ching, 2019; OECD, 2021; Jayashree et al., 2021).

SMEs are widely recognised as pivotal contributors to economic vitality, local
employment, innovation and regional stability (Beck et al., 2005; Ayyagari et al., 2011;
Mazzarol, 2015; Saunila, 2020; OECD, 2021). However, their pathways towards
sustainability and technology integration are inherently distinct from those of larger
enterprises owing to pronounced resource constraints, unique managerial practices and
differentiated market pressures (Mazzarol, 2015; OECD, 2021). A substantial body of
research has examined the dynamics of technology adoption in SMEs (Soto-Acosta et al.,
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2016; 2018; Ghobakhloo & Ching, 2019; Miiller et al., 2021), whereas a parallel stream
has investigated sustainability pursuits within this sector (Evangelista et al., 2018;
Agyabeng-Mensah et al., 2020; Jayashree et al., 2021). Nevertheless, these strands of
literature have evolved largely in isolation. As a result, integrative empirical analyses that
explicitly connect novel technology adoption to comprehensive sustainability outcomes,
particularly those spanning both business and environmental dimensions, remain limited.
Furthermore, DT exemplify this gap, as they are increasingly recognized as a
transformative novel technology with recognised potential for simulation, predictive
insights and process optimisation (Grieves & Vickers, 2016; Tao et al., 2018a; Jones et
al., 2020; Semeraro et al., 2021). However, research remains focused on their technical
functionality or applications within large asset-intensive industries (Kritzinger et al.,
2018; Fuller et al., 2020; He & Bai, 2021), whereas other organisational contexts such as
SMEs and emerging firms are often overlooked (Qi & Tao, 2018; Opoku et al., 2021;
Stentoft et al., 2021; Holopainen et al., 2024; Saunila et al., 2024). This dissertation
addresses research gaps identified through a systematic literature review (SLR) and
empirical investigations. These gaps highlight the need for a more integrated
understanding of how organisations can navigate the evolving landscape shaped by the
interplay between digital transformation, sustainability imperatives and emerging
technological capabilities in PM.

Purpose

Addressing the research gaps outlined above is important for advancing both scholarly
understanding and practical development in a time when digital transformation and
sustainability have become defining imperatives for modern organisations. The
overarching purpose of this dissertation is to investigate how novel technologies
transform PM practices and how such transformations enable the integration and
realisation of sustainability performance outcomes within organisations in the context of
digital transformation. Accordingly, the dissertation advances understanding by
synthesising fragmented insights, providing empirical evidence from companies and
highlighting the underexplored linkages between novel technologies, PM and
sustainability outcomes. Therefore, this dissertation aims to contribute to a theoretically
grounded, an empirically informed and a practically actionable framework for
organisations seeking to leverage novel technologies to enhance their existing PM
practices, making them more effective, adaptive and fundamentally aligned with
integrated sustainability objectives.
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Research questions

This dissertation, aiming to achieve the stated purpose and address the identified research
problem, is guided by the following overarching research questions and their
corresponding sub-questions:

RQ 1. How do novel technologies influence the performance management of companies?

1.1. What are the key applications of novel technologies in performance
management?
1.2. How do digital twins affect performance management?

RQ 2. How can novel technologies contribute to the sustainability performance of
companies?

2.1 What is the relationship between novel technologies and sustainability
performance?
2.2 How do digital twins support sustainability performance?

1.3 Scope, limits and defining key concepts

1.3.1 Scope and limits of the research

This dissertation integrates three core constructs, namely PM, novel technologies and
sustainability performance, all situated within the broader context of digital
transformation. The primary focus is on investigating the integration of novel
technologies within PM practices and how such integration facilitates improved
sustainability performance outcomes. Vial (2021) characterises digital transformation as
the process whereby organisations reconfigure their business models, operational
processes and organisational structures in response to digital opportunities and
disruptions. This contextual framing is essential for understanding the strategic
imperatives driving organisations to invest in novel technologies for PM enhancement.
As illustrated in Figure 1, the research considers a relationship between these domains,
with PM serving as an important factor between technological innovation and
sustainability outcomes.



I _____________________ =
| |
| I
: Novel Intersection of PM and | Performance
| Technologies NT | Management
I g (PM enhanced by NT) | (PM)
| (NT) I
| |
| I
e
Enables i
Sustainability |
Performance |

Sustainability Outcomes

Figure 1. Scope of the research

The dissertation excludes detailed technical specifications of technologies and the
examination of purely financial performance metrics, focusing instead on integrated
performance frameworks that incorporate sustainability dimensions alongside traditional
indicators. Similarly, while recognising the importance of regulatory compliance, the
research primarily addresses the strategic and operational aspects of PM rather than legal
compliance mechanisms. The scope also excludes the detailed analysis of specific
industry regulations, focusing instead on cross-sectoral trends and applications of novel
technologies in PM and sustainability outcomes.

1.3.2 Concepts related to performance management

Performance management (PM) has been established as a core organisational process and
an important field of academic inquiry; it is designed to enhance organisational
effectiveness and achieve strategic objectives by focusing on the contributions of
individuals and teams (Armstrong, 2006a; Aguinis, 2013). Scholarly conceptualisations
of PM (while sharing common ground) offer varying emphases that reflect the field’s
evolution and breadth. For instance, Lebas (1995) distinguishes PM from mere
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performance measurement, arguing that PM is a future-oriented process concerned with
creating the conditions for future success and not just assessing past results. This forward-
looking perspective contrasts with more traditional, administratively focused views.
Armstrong (2006a) defines PM as ‘a strategic and integrated approach to delivering
sustained success to organizations by improving the performance of the people who work
in them and by developing the capabilities of teams and individual contributors’, strongly
emphasising its strategic linkage and developmental aspects. Rao (2016, pp. 3-4) also
highlights PM’s developmental dimension, viewing it as a system aimed at fostering
organisational excellence by focusing on employee capabilities and creating a supportive
culture. In contrast, albeit comprehensive, Aguinis (2023, p. 2) provides a widely adopted
definition of PM as ‘a continuous process of identifying, measuring, and developing the
performance of individuals and teams and aligning performance with the strategic goals
of the organization’, notable for its emphasis on continuity and multi-level alignment.
However, scholars such as Bititci et al. (2012) and Pulakos et al. (2015) argue that PM
frameworks must evolve to remain relevant in dynamic environments; they must be
adaptive, data-enabled and capable of integrating novel technological affordances and
complex goals such as sustainability. These varied perspectives underscore that PM is not
a static definition but rather a dynamic concept whose understanding and application are
continually shaped by organizational needs and contextual shifts, such as those brought
by digital transformation and the sustainability imperative.

Given the evolving landscape of PM and the specific focus of this dissertation on
leveraging novel technologies to integrate sustainability performance in PM, a
synthesised and contextually grounded definition is adopted. Building upon the
perspectives of the scholars discussed above, PM is defined in this study as ‘a continuous,
strategic and integrated organisational process that enhances individual, team and
organisational performance by setting clear expectations, fostering ongoing development
and aligning efforts with strategic goals while integrating sustainability performance
through the enabling capabilities of novel digital technologies.

1.3.3 Concepts related to sustainability performance

Sustainability performance has emerged as a multi-layered concept, gaining increased
recognition owing to escalating global concerns regarding environmental degradation,
resource depletion and socio-economic inequalities (Elkington, 1997; Dyllick &
Hockerts, 2002; Lozano, 2008; Elkington, 2013). The imperative for organisations to look
beyond purely financial outcomes and address their broader impact on society and the
environment has further cemented sustainability performance as a central area of focus
for both academia and industry (Montiel, 2008; Bansal & DesJardine, 2014). Given its
multidimensional character, scholars and practitioners have proposed various frameworks
to help structure and evaluate an organisation’s sustainability-related activities. The most
widely adopted framework for conceptualising and operationalising sustainability
performance is the triple bottom line (TBL), which advocates for the simultaneous
consideration of economic, environmental and social dimensions: often termed ‘profit,
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planet and people’ (Elkington, 1997, 1998, 1999). Economic performance in this context
extends beyond short-term profit to include long-term value creation, financial resilience,
operational efficiency and responsible corporate governance (Dyllick & Hockerts, 2002).
Environmental performance pertains to an organisation’s interaction with the natural
environment, focusing on minimising negative impacts such as pollution and resource
depletion and enhancing positive contributions such as resource efficiency, waste
reduction and the adoption of cleaner technologies (Hart & Ahuja, 1996; Shrivastava,
1995). Social performance addresses the impact of an organisation’s activities on its
internal and external stakeholders, including employees, customers, suppliers and the
broader community, encompassing fair labour practices, employee health and safety,
diversity and inclusion, ethical conduct, and community engagement (Clarkson, 1995;
Gond et al., 2012).

Drawing from the foundational principles of the TBL (Elkington, 1997, 1998) and
informed by the broader scholarly emphasis on achieving measurable and integrated
sustainability improvements across economic, environmental and social domains (e.g.
Schaltegger & Wagner, 2006a; Epstein & Roy, 2001), for the purpose of this dissertation,
sustainability performance is defined as ‘the measurable outcome of an organisation’s
ability to effectively manage and improve its economic viability, environmental integrity
and social responsibility through strategic, technology-enabled operational practices’.
Although rooted in the TBL framework, this definition emphasises both the integration
of sustainability dimensions and the outcome-oriented perspective central to this study’s
focus on PM in the context of digital transformation.

1.3.4 Concepts related to digital transformation and novel technologies

Digital transformation

Digital transformation has emerged as a substantial and pervasive phenomenon in recent
years, attracting considerable attention from both researchers and practitioners (Kraus et
al., 2021). It represents a major challenge for organisations across industries and sectors,
particularly owing to rapid technological advancements and the increasing digitalisation
of various aspects of society (Gobble, 2018; Verhoef et al., 2021; Kraus et al., 2022).
Digital transformation involves profound changes in how businesses operate, interact
with customers and maintain relevance in a digitally driven world. At its core, digital
transformation entails the integration of digital technologies into all aspects of an
organisation’s operations, fundamentally altering business models and value creation
paths. Although digital transformation has received increasing scholarly attention (Reis
et al., 2018; Hanelt et al., 2020), the literature is still considered relatively young in some
areas, and the concept itself can be fluid with varying definitions (Morakanyane et al.,
2017; Verhoef et al., 2021; Vial, 2021); the term is often used interchangeably with
related terms such as digitisation and digitalisation (Gobble, 2018; Verhoef et al., 2021).
However, some scholars strongly emphasise the importance of conceptual clarity (Hess
et al., 2020; Vial, 2021), arguing that true digital transformation represents a more
comprehensive and strategic organisational shift than either digitisation (the technical
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conversion of analogue information to digital formats) or digitalisation (the leveraging of
digital technologies to optimise existing processes or business models) (Hanelt et al.,
2021; Vial, 2021). These academics contend that a failure to distinguish these terms can
lead to a misrepresentation of the scope and depth of change required, potentially diluting
the transformative ambition and leading firms to focus on mere technological upgrades
rather than fundamental strategic reorientation (Westerman et al., 2014; Kraus et al.,
2021; Nadkarni & Priigl, 2021).

The multi-layered nature of digital transformation is further reflected in its various
definitions proposed in the literature. For instance, some scholars frame it primarily
through a technological lens, emphasising the adoption of specific digital tools such as
social media, mobile, analytics and cloud (SMAC) technologies to fundamentally change
how firms create value and interact with their ecosystem (Fitzgerald et al., 2014; Stone &
Woodcock, 2014). Others adopt a more strategic viewpoint, defining it as a profound
rethinking of an organisation’s core business model and operational processes, driven by
the opportunities and threats posed by digital technologies, with the aim of achieving
significant improvements in business performance (Westerman et al., 2014; Matt et al.,
2015). Furthermore, a process-oriented view considers digital transformation as ‘a
process aimed at improving an entity by triggering significant changes to its properties
through combinations of information, computing, communication, and connectivity
technologies’ (Vial, 2021). These varying emphases on technology, strategy or process
underscore the complexity of digital transformation and the importance of adopting a
definition that aligns with the specific research context.

Thus, for the purpose of this dissertation, digital transformation is understood as a
pervasive organisational change process enabled by the strategic adoption and integration
of novel digital technologies. It transcends incremental improvements (e.g. digitisation
and digitalisation) and involves fundamental shifts in business models, organisational
structures, performance practices and value creation mechanisms. In this thesis, digital
transformation serves as the contextual foundation for examining how novel technologies
shape PM and contribute to sustainable performance outcomes.

Novel technologies

The meaning of the term ‘novel’ in scholarly discourse concerning technology extends
beyond mere recent emergence; the term often describes technologies that introduce
fundamentally new capabilities, possess transformative potential, enable new forms of
integration or instigate paradigm shifts within specific application domains (Rotolo et al.,
2015; Liao et al., 2017; Dwivedi et al., 2021; Saunila et al., 2021). This stands in contrast
to more commonly used classifications such as ‘advanced’, ‘digital’ or ‘smart’
technologies, terms that often ambiguously encompass both long-established systems and
recent innovations (Porter & Heppelmann, 2014; Moeuf et al., 2020; Nasiri et al., 2020a;
Zhang et al., 2023). Although useful in broad discourse, such classifications frequently
fall short in capturing the profound organisational and strategic shifts introduced by
emerging technologies, particularly within the context of PM and sustainability
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integration (Yoo et al., 2010; Bharadwaj et al., 2013; Nambisan et al., 2017). The term
‘novel technologies’ is employed in this study to delineate a distinct category of
technological innovations. These novel technologies are characterised by their relative
newness in applications to PM and their capacity to fundamentally alter PM processes,
create new forms of value and address complex challenges, such as the integration of
sustainability performance (Rotolo et al., 2015; Saunila et al., 2021). Building on this
conceptualisation, a perspective, particularly relevant to this dissertation, considers
novelty in terms of the newness of application and integration within a specific domain
even if the underlying technological components are not entirely nascent (Fichman et al.,
2014; Adner, 2017). These views suggests that novelty can arise from the synergistic
combination of existing and new technologies to solve problems or create opportunities
in ways previously not feasible. This strategic delimitation is attributable to the
technologies’ particularly pronounced transformative potential, their capacity to
introduce fundamentally new capabilities for PM and the emergent nature of their
synergistic integration and comprehensive understanding within the context of PM and
sustainability performance (Rotolo et al., 2015; Nambisan et al., 2017; Adner, 2017;
Saunila et al., 2021). This dissertation focuses on Al, IoT and DT as exemplars of such
novel technologies owing to their profound implications for reshaping how performance
is understood, measured and managed.

Al in the context of this dissertation, refers to computational systems that can perform
tasks typically requiring human intelligence, such as learning, problem-solving, pattern
recognition and decision-making (Kaplan & Haenlein, 2019; Dwivedi et al., 2021; Varma
et al., 2024). Its novelty for PM stems from its ability to move beyond descriptive
analytics to offer predictive insights into performance trends, automate complex decision-
support processes and enable personalised coaching or feedback at scale, a capability that
radically extends beyond traditional PM functions (Davenport & Ronanki, 2018; Kumar
& Garg, 2018; Kumar, 2019; Monod et al., 2023). AI’s transformative potential lies in its
capacity to learn from vast datasets and continuously adapt, enabling PM systems to
become more dynamic, proactive and intelligent (Yuldoshev et al., 2018; Gélinas et al.,
2022). This research explores Al primarily as an embedded intelligence layer within novel
technology applications (as seen in the conceptual model in Figure 2, discussed in
Publication I and tested empirically in Publication II and implicitly in the capabilities of
DT in Publications III and IV), enhancing the capabilities of other systems to manage
performance and sustainability.

The IoT involves a network of interconnected physical objects, devices and sensors
embedded with software and the connectivity that enables them to collect and exchange
data (Ashton, 2009; Atzori et al., 2010; Gubbi et al., 2013; Madakam et al., 2015). For
PM, the novelty of 10T lies in its ability to provide real-time, continuous and highly
granular data directly from processes, equipment, the work environment and even
individuals, offering a unique level of visibility and immediacy to performance
measurement (Porter & Heppelmann, 2014; Madakam et al., 2015; Sahlin & Angelis,
2019). This sharply contrasts with traditional PM’s reliance on often delayed, aggregated
or manually collected data, which impedes timely decision-making (Aguinis, 2013; Porter
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& Heppelmann, 2014; Sharma et al., 2022b; Aguinis, 2023). IoT’s transformative
potential is its ability to create a rich data stream that can fuel Al-driven analytics and
inform DT simulations, thereby enabling more responsive and context-aware PM
(Ashton, 2009; Madakam et al., 2015; Brous et al., 2020; Monod et al., 2023; Holopainen
et al., 2024). As depicted in the conceptual model and explored across Publications I, 11
(as smart technologies), Il and IV, IoT acts as an important data-collection infrastructure
for novel PM practices and sustainability applications.

DT are dynamic virtual representations of physical assets, processes or systems. They are
continuously updated with real-time data from their physical counterparts, often via IoT
sensors, and can be analysed and simulated using Al and other analytical tools (Grieves
& Vickers, 2016; Tao et al., 2018a, 2018b; Fuller et al., 2020; Hu et al., 2021; Liu et al.,
2021; Xu et al., 2023a). The novelty of DT for PM is profound: they enable the simulation
of ‘what-if” scenarios for performance optimisation, the proactive identification of
operational bottlenecks or risks and the testing of PM strategies in a virtual environment
before real-world implementation, thereby reducing risk and enhancing decision quality
(Grieves & Vickers, 2016; Kritzinger et al., 2018; Barricelli et al., 2019; Semeraro et al.,
2021; Saunila et al., 2021; Li et al., 2022). Their transformative power lies in bridging the
physical and digital worlds to create a deeply integrated and dynamic view of
performance, facilitating a shift from reactive to predictive and prescriptive management
(Kritzinger et al., 2018; Saunila et al., 2021). Publications I and II conceptualised their
role in PM and across sustainability dimensions. They are also a central focus in
Publication III, where their role in enhancing PM practices is examined, and in
Publication IV, where their contribution to sustainable performance in industry 5.0 is
explored, reflecting their key position in the conceptual model of this thesis.

Accordingly, for the purpose of this dissertation, novel technologies are defined as ‘a
specific set of advanced digital technologies (primarily exemplified by Al, the IoT and
DT) characterised by their capacity to introduce fundamentally new capabilities for PM,
their potential to revolutionise traditional PM paradigms rather than merely offer
incremental improvements, and the emergent nature of their synergistic integration and
comprehensive application for achieving holistic performance and sustainability
objectives’. This definition is adopted because it precisely captures the transformative,
capability-enhancing and evolving nature of the technologies at the core of this research,
distinguishing them from more established digital tools and aligning with the thesis’s
exploration of how organisations can navigate digital transformation to integrate
sustainability performance through fundamentally new PM approaches.

1.4 Structure of the dissertation

This dissertation is organised as two principal parts to provide a coherent and
comprehensive exploration of the research topic. The first part comprises the introductory
chapters, which establish the theoretical, methodological and conceptual foundations of
the study. Chapter 1 introduces the research by outlining the background and context,
research problem, objectives, and research questions. It also defines the core concepts
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such as PM, novel technologies, sustainability performance and digital transformation
that form the analytical pillars of this dissertation. Chapter 2 presents the theoretical
background by reviewing relevant literature and positioning the study within the
academic discourse on digital transformation, technology adoption and sustainability in
PM. Chapter 3 elaborates on the methodology, including philosophical groundings,
detailing the research design, data collection strategies, case selection and analytical
techniques used. Chapter 4 outlines the findings from the conceptual research in
Publication I and the empirical investigations in Publications II, III and IV. Chapter 5
discusses the synthesis and interpretations of the findings in relation to the theoretical
framework and research questions. Finally, Chapter 6 presents the conclusions,
highlighting the study’s key theoretical contributions, practical implications,
acknowledged limitations and directions for future research.

The second part of the dissertation comprises the four peer-reviewed publications that
form the core of this article-based dissertation. These publications are not presented in
isolation but are explicitly linked to the main research questions. Figure 2 illustrates the
interplay between the main research questions and the publications. It highlights how
each publication addresses specific dimensions of the overarching research problem,
offering a structured and integrated understanding of the topic. Figure 2 serves as a visual
roadmap, guiding the research progression and showing how the publications collectively
respond to the research questions.

Publication [
The value of novel technologies in

context to performance measurement
11 and management: A systematic

What are the key applications of review and future research directions
novel technologies in performance
management?

RQ1

How do novel technologies
influence the performance
management of companies?

Publication II

The interplay between smart
1.2 technologies, business sustainability,
How digital twins affect performance

management?

L

and environmental sustainability: An
empirical analysis of SMEs

2.1
What is the relationship between
novel technologies and b

Publication 111
Role of Digital Twins in Enhancing

Performance Management: Analysis
RQ 2 sustainability performance? from Case Studies.
How can novel technologies
contribute to the

—

sustainability performance
of companies?

Publication IV

Digital Twins for Sustainable
Performance in Industry 5.0: Insights
from Multiple Cases

2.2
How do digital twins support
sustainability performance?

Figure 2. Contribution of publications to the research questions
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2 Theoretical Background

2.1 Theoretical foundations of PM

2.1.1 A multi-lens perspective on PM

To fully understand the evolving role of PM in contemporary organisations, moving
beyond its singular definitions or narrow functional interpretations is essential. PM
operates across multiple interlinked dimensions such as strategic, operational and human,
and its effective implementation hinges on how well these dimensions are integrated
(Aguinis, 2009; Bititci et al., 2012; Rao, 2016). Scholars have long emphasised that PM
is not a monolithic construct but a multifaceted system that serves various roles: from
aligning strategy with execution to monitoring performance outcomes and enabling
continuous employee development (Den Hartog et al., 2004; Cardy & Leonard, 2014;
Aguinis, 2023). As organisations increasingly grapple with the demands of digital
transformation, sustainability integration and high-velocity market shifts, there is a
growing need for a holistic and layered conceptualisation of PM that reflects its
embeddedness in dynamic contexts (Franco-Santos et al., 2012; Aguinis, 2023). Viewing
PM through a multi-lens framework, specifically the strategic, management control and
human resource management (HRM) lenses, offers a robust foundation for analysing how
organisations plan, monitor and adapt performance practices in alignment with broader
strategic and societal goals (Rao, 2016; Aguinis, 2023). These lenses are not mutually
exclusive but complementary, and together they reveal PM as a complex organisational
system that guides strategy execution, regulates behaviour and cultivates human
capability. A brief overview of the three interpretive lenses guiding this study’s
perspective on PM is provided below:

Strategic lens

From a strategic standpoint, PM is positioned as a central mechanism for executing
organisational vision and translating high-level goals into coordinated operational
actions. This lens emphasises PM’s role in ensuring that individual and team objectives
are explicitly aligned with corporate strategy, thus enabling strategic intent to cascade
throughout the organisation (Kaplan & Norton, 1996; Otley, 1999; Neely, 2005).
Frameworks such as the balanced scorecard have been instrumental in formalising this
alignment, providing structured performance indicators that span financial, customer,
internal and learning domains (Kaplan & Norton, 2005). Scholars also highlight that the
strategic relevance of PM extends to influencing behaviour, shaping organisational
culture and enabling agile decision-making in response to be shifting competitive
landscapes (Ferreira & Otley, 2009; Bititci et al., 2012). In this view, PM is not merely a
retrospective tool for evaluation but a forward-oriented system that actively supports
strategic execution.
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Management control lens

The management control lens conceptualises PM as an integrated system of formal
targets, feedback mechanisms and corrective actions used to monitor organisational
performance and guide behaviour. Rooted in control theory, this perspective emphasises
the use of performance indicators and feedback loops to compare actual outcomes with
predefined goals, thus enabling timely managerial interventions (Simons, 1994; Merchant
& Van der Stede, 2007). This lens is particularly relevant in environments marked by
complexity, uncertainty and constant change, where control systems must balance
flexibility with consistency (Otley, 1999; Malmi & Brown, 2008; Ferreira & Otley, 2009).
In the context of digital transformation, control systems have become increasingly data-
driven, real-time and technology-enabled, thereby offering both enhanced diagnostic and
interactive capabilities (Oduro et al., 2023). The control lens underscores the dual role of
PM in providing performance visibility (i.e. transparency of key metrics) and behavioural
governance (i.e. influencing how work is performed), a balance that is crucial in high-
velocity, innovation-driven contexts (Otley, 1999).

The human resource management (HRM) lens

The HRM lens views PM as a people-centric process aimed at enhancing employee
motivation, development and engagement. Rather than considering PM as a compliance
mechanism, this lens emphasises its role in fostering growth, accountability and two-way
communication between managers and employees (Armstrong, 2006; Aguinis, 2013;
Cardy & Leonard, 2014). Psychological theories such as goal-setting theory (Locke &
Latham, 1990) and expectancy theory (Vroom, 1964) provide the underlying logic for
how performance targets, feedback and rewards can influence individual behaviour and
outcomes. In today’s organisations, where talent retention, upskilling and employee well-
being are increasingly recognised as strategic priorities, this lens sheds light on the
human-centric value of PM practices (Rao, 2016; Aguinis, 2023). It reveals how regular
feedback, coaching and performance conversations serve not only to measure work but
also to develop capabilities, support job satisfaction and align personal growth with
organisational success (Den Hartog et al., 2004; Pulakos et al., 2015). This people-centric
dimension becomes even more crucial as companies invest in digital tools that shape how
employees learn, adapt and co-create value.

Together, these three lenses underscore that PM is not a singular or static function but a
multifaceted organisational system operating at the intersections of strategy, control and
human development. Each lens provides a distinct yet interdependent perspective on how
performance is planned, guided and sustained across organisational contexts. This
integrative view aligns with the central thesis of this dissertation: PM must evolve to
remain effective amidst emerging technological, operational and societal complexities.
As organisations face increasing demands for agility, sustainability and digital
responsiveness, understanding how PM has historically adapted and continues to
transform is imperative. The following section traces this evolution, highlighting key
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milestones and shifting paradigms, and the growing role of novel technologies in
redefining performance logic across strategic, operational, and human domains.

2.1.2  Key reflections and emerging shifts in PM

Historically, PM has relied on formal, standardised methods such as annual appraisals
and rating systems, originally intended to ensure accountability and alignment (Otley,
1999; Armstrong, 2009). However, these approaches have increasingly been viewed as
inadequate for fostering development, engagement or adaptability in today’s dynamic
work environments (DeNisi & Murphy, 2017). Despite its progressive evolution over
time, PM continues to be shaped by fundamental tensions that have proven resistant to
resolution (Lebas, 1995; Otley, 1999; Lawler et al., 2012; Kellogg et al., 2020). Although
newer frameworks have emphasised multidimensionality, agility and developmental
feedback (Gruman & Saks, 2011; Pulakos et al., 2015; Aguinis, 2023), organisations have
struggled to translate these ideals into effective everyday practices (Ferreira & Otley,
2009; Pulakos et al., 2015; Aguinis, 2023).

These recurring challenges may reflect a broader disconnect between the formal design
of PM systems and the everyday experiences of those who engage with them. Even when
formally updated, many systems remained procedural in nature and anchored in
standardised forms, numeric ratings and infrequent evaluation cycles. Such approaches
often failed to capture the contextual and behavioural complexities of performance,
especially when it was considered a multi-level, interdependent phenomenon shaped by
dynamic environments (Gruman & Saks, 2011; Aguinis, 2013). As a result, employees
increasingly questioned the relevance and fairness of the process, and managers
experienced growing frustration with tools that provided limited developmental or
strategic value (Pulakos & O’Leary, 2011; Gruman & Saks, 2011). Furthermore, these
systems often privileged organisational control and accountability over adaptability and
learning, revealing a misalignment between structural mechanisms and evolving
performance expectations (Lebas, 1995; Otley, 1999). Taken together, these limitations
have prompted a reconsideration not only of the tools and techniques used in PM but also
of its broader strategic purpose. As organisations confront rising complexity, fluid team
structures and growing expectations for developmental support, relevance and
transparency, PM is gradually being repositioned. Once primarily positioned as a
mechanism of control, PM is increasingly reconceptualised as a strategic enabler that
supports continuous learning, organisational alignment and adaptive responsiveness
across systems (Armstrong, 2009; Aguinis, 2013; Cappelli & Tavis, 2016).

The growing dissatisfaction in the context of PM has catalysed a number of significant
changes in how performance is managed. Contemporary PM is increasingly moving away
from static, compliance-oriented routines and towards more agile, forward-looking
approaches. Practices such as continuous feedback, frequent check-ins and collaborative
goal setting are now gaining precedence over annual reviews (Aguinis, 2023). In this
shift, the role of managers is also being redefined from evaluators of past outcomes to
coaches facilitating growth and future performance (Locke & Latham, 1990; Gruman &
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Saks, 2011; Rao, 2016). In addition, organisations have begun utilising digital platforms
and data-driven tools to inform decision-making and provide more comprehensive, real-
time insights into performance (Nudurupati et al., 2016; Sahlin & Angelis, 2019). These
developments indicate a broader realignment of PM as a strategic, continuous process
designed to support individual learning, organisational agility and alignment in
increasingly complex environments.

Although these emerging practices reflect meaningful adaptation, they are unfolding
alongside deeper shifts in the organisational and technological context. The evolving
nature of PM is now increasingly influenced by two parallel forces: the advancement of
novel digital technologies and the expanding role of sustainability performance in
business strategy (Melnyk et al., 2014; Nudurupati et al., 2016; Sahlin & Angelis, 2019;
Aguinis, 2023). Tools such as Al, IoTs and DT are not only offering new ways of
monitoring and enhancing performance but also enabling more personalised, adaptive and
responsive performance practices (e.g. Sahlin & Angelis, 2019; Melnyk & Martins,
2019). At the same time, organisations face a growing demand to integrate non-financial
sustainability indicators such as environmental impact, employee well-being and social
responsibility into their performance frameworks (e.g. Elkington, 1997, 1998; Porter &
Kramer, 2011). These shifts are taking place within the wider context of digital
transformation, which is shaping how technologies, data and organisational processes co-
evolve (Neely et al., 2002a, 2002b; Vial, 2021; Verhoef et al., 2021; Aguinis, 2023). The
implications of these developments for PM will be examined in depth in the following
section, which explores how digital transformation and novel technologies are redefining
both the logic and operationalisation of PM.

2.2 Digital transformation and novel technologies: transforming PM

2.2.1 Re-conceptualizing PM in digital transformation

Digital transformation, as established previously, acts as a catalyst for what has been
termed a PM revolution (Cappelli & Tavis, 2016). This revolution is not a superficial
adjustment but a fundamental re-conceptualisation of the philosophy, processes and
purpose of PM. It marks a definitive departure from static, hierarchical models of
administrative control towards dynamic frameworks engineered to foster agility, cultivate
critical digital capabilities and drive strategic alignment in volatile environments
(Cappelli & Tavis, 2016; Pulakos et al., 2019). An analysis of the contemporary literature
reveals that this re-conceptualisation of PM is not a monolithic event but a confluence of
distinct yet interconnected thematic shifts. These mainly include a procedural evolution
towards agility and continuity (e.g. Cappelli & Tavis, 2016; Nudurupati et al., 2016); a
substantive recalibration of performance metrics to reflect new, digitally derived value
drivers (Den Hartog et al., 2004; Westerman et al., 2014; Verhoef et al., 2021); and a
philosophical reorientation from administrative control to a systemic focus on employee
development and organisational learning (Armstrong, 2009; Pulakos et al., 2015;
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Schleicher et al., 2019). An examination of these emergent themes offers a structured
analytical perspective for understanding the evolving PM paradigm.

The first fundamental shift in re-conceptualising PM is the move from static, periodic
reviews to a model of continuous and agile engagement. With the accelerated pace of
digital transformation (e.g. Melnyk et al., 2014; Vial, 2021), the traditional annual
appraisal has been widely recognised as an anachronism that fails to provide the timely
feedback necessary for meaningful course correction or employee development (Pulakos
et al., 2015; Cappelli & Tavis, 2016; Aguinis, 2023). This procedural inadequacy has
spurred the adoption of continuous feedback loops and regular check-ins, transforming
PM from a monolithic event into an ongoing dialogue. This agile approach is exemplified
by frameworks such as objectives and key results (OKRs), which enable teams to set and
pursue ambitious goals in iterative cycles, a practice widely adopted by leading digital-
native and technology-driven firms to promote alignment, adaptability and strategic focus
in fast-paced environments (Locke & Latham, 1990; Pulakos et al., 2015; Cappelli &
Tavis, 2016). Such frameworks directly address the need for dynamic responsiveness,
allowing organisations to maintain alignment between individual contributions and
rapidly evolving strategic priorities in a way that rigid, backward-looking systems cannot
(Nudurupati et al., 2016; Cosa & Torelli, 2024). This transition, therefore, reframes PM
as a key enabler of organisational agility rather than a bureaucratic constraint.

Concurrent with this procedural evolution is a substantive re-conceptualisation of what is
measured. The new performance paradigm demands a recalibration of key performance
indicators (KPIs) to move beyond a narrow focus on financial results and lagging
indicators of productivity (e.g. Elkington, 1997; Neely et al., 2002; Pulakos et al., 2015).
Success in a digitally transformed context is contingent on a distinct set of organisational
attributes, such as adaptability, digital capability and customer-centric innovation, which
traditional metrics fail to capture (Neely et al., 2002; Bititci et al., 2012; Porter &
Heppelmann, 2014; Verhoef et al., 2021; Vial, 2021). Consequently, contemporary
performance measurement systems must evolve to incorporate new indicators that reflect
the true drivers of value (Neely et al., 2002; Bititci et al., 2012; Sahlin & Angelis, 2019).
This includes measuring the development of digital and leadership skills required for
digital mastery (Westerman et al., 2014), the capacity for innovation as a key performance
outcome (Peng & Tao, 2022) and the quality of customer engagement across digital
touchpoints. This shift in metrics is not merely additive; it reflects a profound strategic
recognition that intangible assets (including organisational knowledge, innovation
ecosystems and digital acumen) are now primary determinants of long-term
organisational performance and competitive advantage (DeNisi & Smith, 2014).

Finally, the re-conceptualisation of PM entails a philosophical shift in its ultimate
purpose, from a mechanism of hierarchical control to a systemic tool for employee
development and strategic cultural alignment (e.g. Lebas, 1995; Armstrong, 2009;
Aguinis, 2023). In a business landscape where upskilling and reskilling are constants
(Bititci et al., 2012; Vial, 2021), the focus of PM moves from retrospective judgment to
forward-looking coaching and growth (Bititci et al., 2012; Pulakos et al., 2015; Cappelli
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& Tavis, 2016; Aguinis, 2023). This developmental approach is critical for addressing
the human-centric, actor-driven dimension of digital transformation, where success
depends on talent, leadership and a supportive culture (Vial, 2021; Nadkarni & Priigl,
2021; Omol, 2024). To achieve this, PM can no longer be viewed as an isolated human
resource (HR) function; it must be considered an integrated organisational system that
reinforces strategic goals and desired cultural behaviours (Armstrong, 2009; Schleicher
etal., 2019; Aguinis, 2023). The system’s role must expand to foster psychological safety,
encourage experimentation and align individual development with the broader
organisational journey of digital transformation, thereby becoming a central nervous
system for learning and strategic renewal (Sahlin & Angelis, 2019; Verhoef et al., 2021;
Aguinis, 2023).

These thematic shifts highlight that the re-conceptualisation of PM is a multidimensional
and systemic response to the demands of the digital age. However, although a consensus
on new PM principles is emerging (e.g. Pulakos et al., 2015; Cappelli & Tavis, 2016;
Aguinis, 2023), academic literature reveals a need for further research, particularly
concerning the operationalisation of digital transformation and sustainability within
traditional business contexts (e.g. Bititci et al., 2012; Centobelli et al., 2017; Sahlin &
Angelis, 2019; Centobelli et al., 2020; Jayashree et al., 2021). Despite widespread calls
for novel metrics, empirically validated frameworks that directly link specific digital KPIs
and their integration with sustainability outcomes to firm performance in traditional, non-
tech incumbent firms are rare (Franco-Santos et al., 2012). Furthermore, although the
importance of leadership is acknowledged (e.g. Aguinis, 2009; Westerman et al., 2014),
the specific performance expectations and measurement challenges related to the middle
management’s role in driving digital change remain significantly under-theorised (e.g.
Bititci et al., 2012; Vial, 2021). Therefore, addressing these limitations is important for
translating the conceptual promise of a new PM paradigm into practical and effective
organisational systems.

222 Novel technologies as an enabler for PM transformation

The re-conceptualisation of PM from a static administrative function to a dynamic
strategic capability is not only a theoretical shift; it is operationally enabled and actualised
by an ecosystem of interconnected novel digital technologies (Pulakos et al., 2019; Vial,
2021). These technologies form the tangible backbone of the new PM paradigm by
providing the essential infrastructure for continuously and intelligently capturing,
analysing and acting upon performance data in an integrated manner (Melnyk et al., 2014;
Pulakos et al., 2019; Kaplan & Norton, 2019; Kamble et al., 2020; Sahlin & Angelis,
2023). Although a range of tools contribute to this ecosystem, its architecture can be
distilled into three primary technological pillars. First, Al serves as the analytical engine
that transforms raw data into predictive insight (Davenport & Ronanki, 2018). Second,
IoT functions as the nervous system, capturing the real-time, objective data streams
necessary for agile feedback (Porter & Heppelmann, 2014). Finally, DT emerge as a
powerful integrative framework capable of synthesising data and analytics into a
dynamic, simulative model of performance (Grieves & Vickers, 2016; Saunila et al.,
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2021). These technologies are increasingly recognised as the strategic and behavioural
enablers of performance transformation in digitally evolving organisations, fostering
innovation, participatory alignment and sustainability performance integration (Saunila
et al., 2021; Holopainen et al., 2024; Saunila et al., 2024). However, the organisational
value of these technologies is derived not solely from their presence but from their
systematic integration within performance measurement and management (PMM)
systems. As Nasiri et al. (2020b) empirically demonstrate, digital-related human and
collaboration capabilities improve financial performance primarily when mediated by
robust performance measurement systems, underscoring the critical role of performance
management systems (PMS) in transforming digital potential into strategic and
operational value. Together, these enablers, when effectively embedded within PM
frameworks, facilitate the shift from traditional, retrospective PM to a proactive, data-
driven and forward-looking system.

Al has emerged as a central enabler in the transformation of PM practices and systems,
embedding intelligence, speed and adaptability into core evaluative and developmental
processes (Sambamurthy et al., 2003; Wamba-Taguimdje et al., 2020). As organisations
increasingly operate in volatile and data-saturated environments, traditional PM practices
and systems often critiqued for their inflexibility, subjectivity and lagging feedback loops
(Pulakos & O’Leary, 2011; Lawler et al., 2012) are being replaced by Al-driven
architectures capable of continuous, predictive and behaviourally subtle assessments. Al
capabilities, such as real-time data analytics, natural language processing and machine
learning algorithms, support dynamic goal setting, automated feedback generation and
personalised performance trajectories (Budhwar et al., 2023; Varma et al., 2024,
Madhumita et al., 2024). These features directly address long-standing PM deficits such
as recency bias, manager subjectivity and delayed interventions (Mohrman et al., 1989;
Ferreira & Otley, 2009). As shown in previous studies and corporate deployments (e.g.
Davenport & Ronanki, 2018; Wamba-Taguimdje et al., 2020), Al not only automates
routine assessments but also serves as an analytical agent, generating insights that align
individual and organisational objectives through data-rich, context-aware systems.
Conceptually, this evolution reflects what Sambamurthy et al. (2003) describe as ‘digital
options’, whereby Al offers firms enhanced agility and strategic foresight. Nevertheless,
the transformation is not merely procedural; it signals a philosophical shift in PM logic
from retrospective judgment to anticipatory guidance and development (Duan et al.,
2019; Dwivedi et al., 2021; Budhwar, 2023). Empirical support for this shift is provided
by Giiven et al. (2024), whose study confirms that the perceived usefulness of Al
significantly enhances both job performance and trust in Al systems. These findings
underscore Al’s strategic role in enabling real-time, trust-embedded and performance-
enhancing management practices, particularly in digitally mature environments.

The integration of Al into PM practices affords substantial advancements. For instance,
Oduro et al. (2023) demonstrate that Al has the most substantial positive effect on overall
firm performance compared with other digital technologies, indicating its ability to drive
change and improvement across financial, innovation and operational domains. However,
it also introduces new frontiers for thoughtful development as organisations navigate
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challenges related to algorithmic transparency, data ethics and human—AlI interaction,
there is a growing opportunity to enhance trust, fairness and ethical governance
frameworks (Davenport & Ronanki, 2018; Tabassum & Ghosh, 2018). These
considerations motivate more responsible and inclusive designs of Al-enabled
performance systems.

Following the rise of Al in enabling predictive and adaptive decision-making, IoT
technologies provide the connective tissue through which performance data are captured,
transmitted and acted upon in real time. At its core, IoT enables the embedding of sensors
and digital intelligence into physical assets, thus converting products and processes into
continuous data generators that feed organisational decision-making (Porter &
Heppelmann, 2014; Lee & Lee, 2015; Tang et al., 2018; Brous et al., 2020). This
architectural transformation facilitates four performance-defining capabilities: real-time
monitoring, predictive analytics, cross-system integration and data-driven feedback loops
(Lee & Lee, 2015; Tang et al., 2018). Empirical evidence confirms that firms adopting
IoT demonstrate enhanced operational agility, labour productivity, return on assets and
inventory turnover, particularly in dynamic and competitive environments (Tang et al.,
2018; Oduro et al., 2023). These performance effects are not merely by-products of
automation but result from [oT’s ability to support dynamic data acquisition and system-
wide performance coordination (Akhtar et al., 2018; De Vass et al., 2018). For instance,
IoT-enabled platforms integrate internal and external supply chain actors, allowing real-
time performance alignment across supplier, production and customer interfaces and
thereby transforming isolated measurement systems into integrated performance
ecosystems (De Vass et al., 2018; Mashat et al., 2024). Furthermore, [oT adoption has
been shown to mediate supply chain integration and strategic advantage through
continuous data visibility and advanced control structures (Mashat et al., 2024). These
findings suggest that IoT is not only a supportive infrastructure but also a strategic
capability that moves PM from retrospective evaluation to proactive orchestration across
value chains. However, much of the literature focuses on functional outcomes, often
overlooking how these systems reshape the roles and behaviours of human actors within
the performance loop.

In summary, novel technologies such as Al, the IoT and DT play a significant role in
transforming PM practices within organisations. These technologies bring intelligence,
interconnectivity and dynamic simulation capabilities into performance environments,
allowing for more timely data-driven decisions, better alignment with strategic objectives
and continuous learning across functions (Kraus et al., 2022; Korsen & Ingvaldsen, 2022;
Saunila et al., 2024). Al contributes through automation, predictive analytics and adaptive
feedback systems; the IoT enables real-time data visibility and operational integration;
and DT support virtual modelling, real-time monitoring and scenario-based
experimentation, providing organisations with the ability to assess performance under
varying conditions and make timely adjustments. Together, these technologies help shift
PM away from rigid, static processes towards more agile, responsive and strategically
aligned practices. Although other novel technologies such as big data analytics or robotics
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may also support this transformation, the present focus remains on those most empirically
and conceptually established in the literature.

223 Opportunities and challenges for PM in digital transformation

Digital transformation offers a valuable set of opportunities to reshape PM by embedding
intelligence, adaptability, and connectivity into organizational practices through the
integration of novel technologies (Kraus et al., 2022; Fernandez-Vidal et al., 2022;
Aguinis, 2023). For instance, the integration and real-time monitoring capabilities of [oT
enable organizations to continuously collect and analyse data from various systems,
allowing for more responsive adjustments and improved operational efficiency (Lee &
Lee, 2015; Oduro et al., 2023). These benefits are further strengthened by Al, which
enhances data-driven decision-making by reducing cognitive biases, increasing analytical
precision, and accelerating feedback cycles, particularly within HR and strategic domains
(Budhwar et al., 2022). DT add another layer of value to this evolution by creating
interactive, virtual representations of organizational processes. They facilitate new forms
of value co-creation, continuous scenario simulation, and collaboration across internal
and external stakeholders (Rasheed et al., 2020; Kraus et al., 2022; Peng & Tao, 2022).
Importantly, they support real-time monitoring and predictive maintenance, which reduce
downtime and operational costs while enhancing asset longevity and production
efficiency (Mihai et al., 2022; Xu et al., 2023a). These functions directly strengthen
strategic responsiveness and process optimization, positioning DT as an important
enabler of modern PM practices.

The broader digital transformation landscape brings further opportunities for performance
alignment and strategic renewal. Novel technologies have enabled organisations to adopt
more fluid and innovation-oriented business ecosystems, allowing for platform-based
value creation, customer co-production and faster business model evolution (Warner &
Wiger, 2019; Verhoefetal., 2021; Hanelt et al., 2021). These shifts require corresponding
performance metrics that go beyond traditional financial KPIs to include digital indicators
such as user engagement, platform participation and ecosystem contribution (Heavin &
Power, 2018; Verhoef et al., 2021). Further, strategic leadership and digital
transformation strategies foster improved cognitive framing, long-term alignment and
performance coherence across organisational levels (Wang et al.,, 2020). These
advancements are supported by dynamic capabilities in areas such as digital sensing,
prototyping and organisational restructuring, which are increasingly recognised as key to
sensing, seizing and transforming performance outcomes (Warner & Wiger, 2019; Kraus
et al., 2022). Data from IoT ecosystems further enhance organisational intelligence,
enabling informed decisions that improve adaptability and stakeholder value creation
(Heavin & Power, 2018; Oduro et al., 2023). At the operational level, Al-enhanced HR
systems improve employee engagement, onboarding and talent development, which are
functions critical to organisational agility (Budhwar et al., 2022; Olan et al., 2022).
Furthermore, DT promotes teleworking, cross-functional collaboration and digital skill
development through novel technologies, which contribute to agile performance practices
(Rasheed et al., 2020; Kraus et al., 2022; Xu et al., 2023b; Cosa et al., 2024). These
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technologies strengthen operational efficiency, financial performance and innovation
outcomes across sectors while contributing to the development of ecosystem-oriented
strategies and regional innovation capacity (Brunetti et al., 2020; Zhai et al., 2022; Tian
etal., 2023).

Despite the transformative potential of novel technologies in the context of digital
transformation, their implementation within PM frameworks presents several challenges
that organisations must navigate (Henriette et al., 2016; Chouaibi et al., 2022). One of the
foremost obstacles is the technical and infrastructural complexity of integrating
technologies such as the IoT and DT into existing systems, particularly for resource-
constrained firms (Lee & Lee, 2015; Rasheed et al., 2020; Mihai et al., 2022; Moeuf et
al., 2020; Miller et al., 2021; Oduro et al., 2023). Issues of interoperability, data
synchronisation and standardisation continue to hinder scalable deployment, and the costs
of sensors, computational resources and skilled labour further limit adoption, particularly
among SMEs and other emerging firms (Brunetti et al., 2020; Mihai et al., 2022; Sharma
et al., 2022a). These technical challenges are compounded by cybersecurity and privacy
risks, as increased data connectivity introduces vulnerabilities in performance systems
and raises trust-related concerns (Lee & Lee., 2015; Oduro et al., 2023). Beyond
infrastructure, PM also faces strategic and organisational resistance, including cultural
inertia, leadership inexperience with digital tools and low digital literacy across
workforce layers (Wang et al., 2020; Kraus et al., 2022).

Moreover, scholars highlight the complexity of capability building and transformation
phases, noting that performance frameworks must evolve across different maturity stages
(such as from digitisation to full-scale digital transformation), with each stage requiring
context-specific metrics and managerial approaches (Warner & Wéger, 2019; Verhoef et
al., 2021; Hanelt et al., 2021). The absence of unified definitions and frameworks for
performance in digital contexts adds to this ambiguity (Kraus et al., 2022), particularly as
firms navigate divergent goals: traditional companies often prioritise profitability,
whereas digital entrants focus on scale and engagement (Verhoef et al., 2021). Another
key dilemma lies in balancing the roles of humans and machines, where over-reliance on
Al-driven logic may marginalise human judgment in strategic decision-making (Peng &
Tao, 2022). PM practices and systems further suffer from theoretical and practical
misalignment, as many still reflect static models that fail to incorporate dynamic
capabilities and algorithmic feedback mechanisms necessary for adaptation in rapidly
shifting environments (Sahlin & Angelis, 2019). Challenges also emerge in data
governance, including high volumes of unstructured data, integration complexity and
insufficient data processing capacities: an area where even digital twin systems, despite
their promise, face serious scalability issues (Heavin & Power, 2018; Mihai et al., 2022).
Taken together, these limitations suggest that although the context of digital
transformation provides a rich ground for innovation in PM, realising its full potential
depends on overcoming significant technological, organisational and conceptual hurdles.
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2.3 Integrating sustainability performance into PM

2.3.1 Understanding sustainability performance in the context of PM

The integration of sustainability performance into PM practices has emerged as an
important area of both scholarly inquiry and organisational transformation, demanding
new frameworks, tools and metrics that can support value creation across economic,
social and environmental dimensions (Franco-Santos et al., 2012; Aguinis, 2023).
Sustainability performance refers to an organisation’s ability to achieve and balance
outcomes that promote long-term profitability, minimise environmental harm and support
social well-being (Elkington, 1998; Dyllick & Hockerts, 2002; Hubbard, 2009; Conway,
2018). Rather than focusing solely on short-term financial indicators, it involves aligning
business activities with broader societal expectations, ecological boundaries and ethical
responsibilities, highlighting the evolving role of PM in addressing complex and
interrelated challenges. These dimensions are most famously captured by Elkington’s
(1998) TBL framework, which is widely accepted for measuring and managing
sustainability in business contexts.

The TBL framework serves as a foundational model for embedding sustainability into
PM by proposing that organisations evaluate their success based not only on economic
gains but also on environmental and social impacts (Elkington, 1998). This model
encourages organisations to take a more balanced and long-term approach to
performance, aligning corporate decision-making with broader societal and ecological
responsibilities (Dyllick & Hockerts, 2002). Within this framework, sustainability
performance can be broken down into specific, actionable domains: economic indicators
(e.g. innovation-driven growth and risk-adjusted returns), environmental indicators (e.g.
emissions, resource use and pollution control) and social indicators (e.g. worker rights,
safety, inclusivity and community relations) (Adams & Frost, 2008; Hubbard, 2009). By
emphasising the interconnectedness of these domains, ‘the TBL provides a strategic
foundation for evolving PM practices to prioritize multi-stakeholder value creation
(Steurer et al., 2005; Conway, 2018). In doing so, it helps organisations move from
reactive sustainability reporting to proactive sustainability management, fostering
resilience and competitiveness in the face of global challenges such as climate change
and social inequality (Gond et al., 2012; Bansal & DesJardine, 2014).

Organisations that embedded environmental and social indicators alongside financial
metrics have reported increased resilience, improved stakeholder trust and more balanced
long-term decision-making (Eccles et al., 2014; Bansal & DesJardine, 2014; Mio et al.,
2022). This integration enables organisations to proactively identify sustainability-driven
growth opportunities, improve employee engagement and align more closely with
evolving consumer expectations (Epstein & Roy, 2001; Dyllick & Hockerts, 2002).
Furthermore, as performance data become increasingly scrutinised by environmental,
social, and governance (ESG)-conscious investors, organisations that internalise
sustainability metrics within their PM frameworks are better equipped to maintain
legitimacy, attract sustainable finance and signal long-term value orientation (Amel-
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Zadeh & Serafeim, 2018; Gillan et al., 2021). The strategic integration of sustainability
also enhances organisational learning by encouraging cross-functional dialogue and

continuous improvement across the ecological and social dimensions of performance
(Franco-Santos et al., 2012; Nudurupati et al., 2021; Aguinis, 2023).

However, the integration of sustainability performance in PM is challenging owing to the
ambiguous nature of non-financial metrics and the structural misalignment between
traditional PM practices and broader sustainability objectives (Adams & Frost, 2008;
Franco-Santos et al., 2012). For instance, financial KPIs are often standardised and time-
bound, whereas sustainability indicators such as carbon footprint reduction, employee
well-being or supply chain ethics are context-sensitive and often qualitative, yielding
results over extended time frames (Epstein & Roy, 2001; Dyllick & Hockerts, 2002;
Gillan et al., 2021). Despite these complexities, several leading organisations have
demonstrated successful models of integration by developing sustainability dashboards,
incorporating ESG targets into executive evaluations and aligning organisational
incentives with United Nations (UN) sustainable development goals (Amel-Zadeh &
Serafeim, 2018; Gillan et al.,, 2021; Aguinis, 2023). Moreover, the increasing
expectations from investors, regulators and civil society for transparent sustainability
disclosure have pressured organisations to consider sustainability metrics not only as
external reports but as internal management tools that shape performance dialogues and
decision-making processes (Montiel, 2008; Gillan et al., 2021). Therefore, the practice of
PM 1is being redefined, expanding from transactional monitoring to a strategic
coordination mechanism that balances short-term efficiency with long-term social and
environmental goals (Kaplan & Norton, 2005; Conway, 2018).

232 Novel technologies as strategic enablers for sustainability performance in
PM

The growing strategic importance of sustainability has necessitated organisations to
rethink, in a transformative manner, how PM is practiced, considering them not as static,
retrospective tools but as a dynamic, forward-looking mechanisms (Saunila et al., 2019;
Ghobakhloo et al., 2021; Chen et al., 2024). In this context, novel technologies such as
Al the IoT and DT are emerging as strategic enablers, offering organisations the ability
to embed sustainability performance into the core architecture of PM (Chen et al., 2024).
These technologies allow organisations to move beyond reactive environmental and
social performance reporting towards proactive, real-time responsible performance
governance by enabling accurate data collection, predictive analytics and automation
(Ghobakhloo & Ching, 2019; Gillan et al., 2021; VK et al., 2024). For instance, Al and
IoT systems can monitor emissions, energy usage and workplace safety in real-time,
helping organisations reduce environmental impact while maintaining operational
efficiency (Shrivastava, 2018; Xu et al., 2023b; Sipola et al., 2023). DT offer dynamic
simulation environments that integrate real-time IoT data into high-fidelity virtual
models, leveraging Al-driven analytics to model and optimise energy flows, material
usage and supply chain logistics and thereby serving as powerful tools for sustainability-
oriented ‘what-if” performance analysis (Grieves & Vickers, 2016; Franciosi et al., 2022;
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Saunila et al., 2021, 2024; Holopainen et al., 2024; Liu et al., 2024). This feature supports
sustainability not only as an outcome but as an embedded criterion within organisational
decision-making frameworks. Strategically embedding novel technologies into existing
PM practices enables organisations to align their operational activities with sustainability
goals, thereby transforming sustainability agenda from a reporting function to a
performance-driven, value-generating mechanism (Ghobakhloo & Ching, 2019; Saunila
et al., 2021; Ghobakhloo et al., 2023). This transition aligns with the resource-based view,
whereby novel technologies serve as inimitable and strategically valuable assets, offering
competitive advantage in sustainability-sensitive markets (Barney, 1991; Hart, 1995).

Building on the TBL framework, novel technologies facilitate the alignment of
environmental, social and economic indicators within integrated PM systems. Studies
indicate that novel technologies play an important role in enhancing organisational
transparency, employee well-being and resource -efficiency, thereby generating
sustainability-driven competitive advantage (Saunila et al., 2019; Chatterjee et al., 2021;
Franciosi et al., 2022; Miranda et al., 2024). For example, predictive analytics enabled by
Al, the IoT, and DT empower organisations to forecast potential environmental risks,
prevent disruptions and develop agile responses, strengthening business continuity and
ecological resilience (Kamble et al., 2018; Nasiri et al., 2020a; Ghobakhloo et al., 2021;
Chatterjee et al., 2021; Xu et al., 2023b). Moreover, these technologies, through advanced
sensing, predictive analytics and automation, enable holistic performance monitoring that
supports organisations in achieving and managing long-term sustainability goals across
strategic and operational levels (Longoni & Cagliano, 2018; Asif et al., 2024). These
insights are relevant across organisation types, ranging from large corporations to SMEs
and emerging firms, as they navigate increasing pressures to align performance with
sustainability imperatives (Ghobakhloo et al., 2021; Franciosi et al., 2022; Asif et al.,
2024). Studies show that even in constrained environments, technology adoption fosters
collaborative value creation and leads to measurable improvements in sustainability-
related performance outcomes (Ukko et al., 2022a; VK et al., 2024; Trienens et al., 2024).

Furthermore, from a system-level perspective, the implementation of novel technologies
reshapes the structural logic of PM by enhancing cross-functional collaboration, enabling
multi-level stakeholder engagement and improving data-driven decision-making for
sustainability performance (Stocker et al., 2020; Fragma-Lamas et al., 2021; Kujala et al.,
2022; Sipola et al., 2023). Advanced data infrastructures enabled by novel technologies
enhance the traceability and transparency of ESG-related information, reinforcing
internal accountability and strengthening external stakeholder confidence (Ghobakhloo
et al., 2021; Franciosi et al., 2022; Melo et al., 2023). In addition, recent theoretical
contributions emphasise that novel technologies act as socio-technical enablers of
sustainability transformation by connecting performance monitoring with adaptive
learning processes and stakeholder dialogue (Bansal & DesJardine, 2014; VK et al.,
2024). As such, their integration into PM systems not only serves efficiency but also
redefines the scope of performance itself, embedding ethical, ecological and social
parameters into the core of strategic PM practice (Gond et al., 2012; Bansal & DesJardine,
2014; Ghobakhloo et al., 2021). However, the effectiveness of employing novel



42

technologies significantly depends on an organisation’s strategic intent, cultural readiness
and managerial competence to transform data into actionable insights for achieving
sustainability goals (Lozano, 2008; Chege & Wang, 2020). For instance, Al-powered
sustainability dashboards may offer predictive insights, but unless embedded in
performance governance frameworks and decision-making routines, their strategic
potential remains under-utilised (Shrivastava, 2018; Xu et al., 2023a; Sipola et al., 2023;
Khosravy et al., 2023; Ghobakhloo et al., 2023). Moreover, studies suggest that
performance systems leveraging novel technologies must evolve to accommodate
multidimensional sustainability indicators and adaptive targets, reflecting the dynamic
nature of both environmental systems and stakeholder expectations (Longoni & Cagliano,
2018; Jones et al., 2020; Ghobakhloo et al., 2021; Chatterjee et al., 2021; Franciosi et al.,
2022). Thus, novel technologies should be considered not only as tools for operational
improvement but also as catalysts for a fundamental shift in how sustainability is
conceptualised, monitored and acted upon within PM practices (Gond et al., 2012; Bansal
& DesJardine, 2014; Ghobakhloo et al., 2021). Achieving this shift requires a holistic,
technology-enabled and human-aware approach that strategically embeds sustainability
into PM across multiple levels of the organisation.

2.4 Conceptual framework

The preceding theoretical review establishes that PM is undergoing a profound
reconfiguration, moving beyond its traditional role as a static, control-oriented system
towards a dynamic, strategic and participatory function within organisations (Pulakos &
O’Leary, 2011; Aguinis, 2023). This transformation is catalysed by the broader forces of
digital transformation, which foster environments of rapid change, data ubiquity and
heightened sustainability imperatives (Vial, 2021; Verhoef et al., 2021; Kraus et al.,
2022). Novel technologies such as Al, the [oT and DT are not merely technical tools but
foundational enablers that extend organisational capabilities for decision-making,
optimisation and sustainable innovation (Grieves & Vickers, 2016; Malik & Budhwar,
2021). Drawing on these insights, the conceptual framework presented in Figure 3
simplifies this evolving landscape into a coherent analytical scheme, connecting drivers,
mediators and outcomes as guided by Trevifio and Youngblood’s (1990) view of
conceptual frameworks as tools for organising reality into useful relationships rather than
asserting universal truths.

The framework is theoretically constructed from foundational perspectives in the
literature on PM (Neely et al., 2002, 2005; Bititci et al., 2012), sustainability integration
(Elkington, 1997; Lozano, 2008) and digital transformation logics (Vial, 2021; Verhoef
et al., 2021). It proposes that novel technologies situated within the context of digital
transformation (upper-left, see Figure 3) act as enablers of an ‘Enhanced PM’ state
(upper-right, see Figure 3), which replaces linear, retrospective approaches with real-time
sensing, predictive analytics, continuous goal adjustment and collaborative visibility.
These capabilities actively shape how performance management is enacted, shared and
applied at both the strategic and operational levels. Importantly, this conceptual model is
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not extracted from a single empirical publication but is constructed as a theoretically
grounded and empirically informed lens. It is built by synthesising fragmented scholarly
insights and is supported by the cumulative patterns emerging across the four publications
in this dissertation. The framework visualised in Figure 3 positions ‘Enhanced PM’ as a
mediating construct through which novel technologies contribute to sustainability
performance, encompassing business (e.g. efficiency and competitiveness),
environmental (e.g. emission reduction and resource optimisation) and social (e.g. well-
being and inclusivity) dimensions. By drawing from both conceptual synthesis and
abductive alignment with empirical findings, the framework offers a multidimensional
view of how the digital transformation context, powered by novel technologies,
reconfigures PM practices. It serves both as a simplified representation of a complex
organisational shift and as a tool for analysing how sustainability performance can be
embedded into the operational logic of PM through technological innovation and strategic
alignment.
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3 Methodology

3.1 Introduction to methodology

Research methodology serves as the cornerstone of any scholarly investigation, providing
a structured approach to exploring complex phenomena and answering research questions
with rigour and reliability (Saunders et al., 2009; Creswell & Creswell, 2014; Yin, 2018).
Methodology, in its broadest sense, refers to the theoretical, philosophical and procedural
framework within which research is conducted. It not only guides the selection of
appropriate research designs and methods but also ensures that the knowledge generated
is both valid and applicable to the intended context (Crotty, 1998; Creswell & Creswell,
2018). This chapter presents the methodological foundation of the dissertation, outlining
the philosophical, strategic and procedural choices that guided the research process.
Given the multidisciplinary nature of the study (i.e. at the intersection of PM, novel
technologies and sustainability within the context of digital transformation), this chapter
clarifies how methodological pluralism was necessary to address the dissertation’s central
research problem.

The overarching aim of this dissertation is to explore how novel technologies transform
PM practices and contribute to the integration of sustainability performance within the
broader context of digital transformation. Given the multifaceted nature of this inquiry,
spanning theoretical development, empirical validation and cross-level analysis, a
pragmatist research paradigm is adopted. Pragmatism emphasises practical problem-
solving, contextual relevance and methodological flexibility, making it particularly
suitable for research that seeks to address real-world phenomena rather than strictly
adhere to positivist or interpretivist traditions (Morgan, 2007; Saunders et al., 2009;
Creswell & Creswell, 2014). Rather than privileging one type of knowledge over another,
pragmatism supports the use of multiple methods that are best suited to the research
questions at hand (Tashakkori & Teddlie, 2010).

Accordingly, this dissertation employs a mixed-method research design comprising an
SLR (Publication I), a quantitative structural equation modelling (SEM) study
(Publication II) and two qualitative multiple-case studies (Publications III and IV). This
methodological pluralism is grounded in the pragmatist assumption that both objective
and subjective insights are valuable when investigating evolving and socially embedded
phenomena such as PM transformation (Yvonne Feilzer, 2010; Tashakkori & Teddlie,
2010; Biesta, 2021). The combination of methods enables both breadth and depth in
analysis, allowing the research to engage with abstract conceptualisations while
remaining anchored in empirical evidence (Yvonne Feilzer, 2010; Flick, 2013, 2017; Bell
etal., 2022). These methodological choices are closely aligned with the two main research
questions and their four sub-questions, which collectively span the theoretical,
operational and strategic dimensions of PM in digitally transforming organisations.
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To guide the reader through the layered methodological choices adopted in this
dissertation, a consolidated visualisation of the overall research design is presented in
Figure 4. This structure is adapted from the widely used research onion model by
Saunders et al. (2016) and reflects the logical and philosophical alignment between the
research problem, methodological decisions and empirical techniques. By structuring the
chapter according to the outer-to-inner layers of the model, from philosophical
underpinnings to concrete research techniques, Figure 4 helps contextualise the
dissertation’s pragmatic worldview, abductive logic of inquiry, mixed-method approach
and selected strategies (SLR, case study and survey) in a holistic framework that supports
the complex, real-world nature of the inquiry. This visual overview serves as a roadmap
for the methodological discussion that follows.

Research Philosophy
(worldview about reality & knowledge)}—Pragmatism

Approach to Theory
(how theory and data interact)—Abduction

Methodological Choice
(Type of methods used)—Mixed Methods

Strategy
(Research design type)—5LR, Case Study, Survey

Time Horizon
(Timing of data}—Cross-Sectional

Techniques & Procedures
(Data collection)—Interview, Document Analysis, Survey
(Data Analysis)—Thematic Analysis, SEM

Figure 4. Overall research design adopted in the dissertation (Saunders et al., 2016)

The chapter is structured as follows. Section 3.2 outlines the philosophical positioning of
the research, including its ontological and epistemological assumptions and the rationale
for adopting a pragmatic paradigm. Section 3.3 elaborates on the research approach and
methodological design, covering the logic of theory development, the mixed-method
strategy and the procedures for data collection and analysis across all four publications.
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Section 3.4 addresses the ethical considerations and explains how research quality was
ensured for each method, including the SLR, SEM and case studies.

3.2 Research philosophy and paradigm

Every research endeavour is underpinned by a set of philosophical belief systems that
shape its assumptions, processes and outcomes. These beliefs, concerning reality,
knowledge and the nature of inquiry, form the philosophical substructure of the research
(Leavy, 2022). They govern decisions ranging from topic selection to methodological
design and the interpretation of findings. Recognising this foundation is vital, as
philosophical clarity strengthens research coherence and justifies the logical choices
made throughout the process (Guba & Lincoln, 1994; Creswell & Creswell, 2018). Thus,
aresearcher’s ontological and epistemological stance serves as a compass that steers their
methodological decisions, data collection and analysis strategies across diverse research
stages (Creswell & Creswell, 2014; Leavy, 2022).

A research paradigm refers to a broader worldview, a set of interrelated ontological and
epistemological assumptions that guide how knowledge is conceptualised and
constructed (Guba, 1990; Leavy, 2022; Bryman, 2016). Paradigms act as interpretive
frameworks that influence everything from how research questions are framed to how
data are collected and interpreted (Babbie, 2020; Leavy, 2022). As such, paradigms are
not only academic abstractions but also practical anchors that inform the design logic of
the research project. In social research, paradigms such as positivism, interpretivism,
critical realism and pragmatism each advocate distinct assumptions about what is
knowable and how we can know it (Creswell & Creswell, 2014; Leavy, 2022). Choosing
an appropriate paradigm is essential for aligning the research’s philosophical and
methodological structure with its problem domain and objectives.

In this dissertation, the ontological stance adopted is relativism, which holds that reality
is not singular or fixed but is multiple, socially constructed and shaped by context
(Lincoln et al., 2011). This perspective aligns with the study’s focus on how novel
technologies (Al the IoT and DT) are implemented and experienced differently across
organisational settings. Concepts such as digital transformation, PM and sustainability
are not considered here as universally defined or objectively measurable truths. Instead,
they are understood as dynamic, evolving constructs influenced by organisational
strategy, stakeholder interpretation and technological affordances, which may
significantly differ between organisations. Therefore, adopting a relativist ontology
enables the research to capture these multiple realities in a meaningful and context-
sensitive way.

On the epistemological front, the study adopts a pragmatist orientation while being
informed by constructivist principles. Although knowledge is understood to be co-
constructed through interaction between the researcher and participants (as
constructivism posits), the primary emphasis lies in what works, that is, in generating
insights that are useful, actionable and contextually relevant to both theory and practice
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(Morgan, 2007; Bryman, 2016). In other words, rather than being bound to one method
or truth, knowledge is judged by its ability to solve real-world problems and support
practical decision-making. This reflects the view that meaning is not discovered but made,
and its value lies in its applicability and outcomes, especially in dynamic and applied
fields such as PM and digital innovation. Although pragmatism is often viewed as an
epistemological orientation, it is flexible in its ontological stance, accommodating both
realist and relativist views depending on the research context (Morgan, 2007; Leavy,
2022). In this dissertation, relativist ontology was paired with pragmatist epistemology,
allowing for a pluralistic, context-aware understanding of reality while maintaining a
strong emphasis on practical, actionable knowledge. This alignment forms the basis of
the pragmatist paradigm adopted in the study. Figure 5 below illustrates how the
intersection of ontological and epistemological assumptions shapes the selection of a
research paradigm, reinforcing how this study’s worldview aligns with its methodological
and theoretical choices.

PARADIGM

. Postpositivism
_ Interpretive or
Constructivist
. Critical
. Transformative
- Pragmatic
. Arts-Based or
Aesthetic
Intersubjective

M

[y Bl g P < S

ONTOLOGY | = EPISTEMOLOGY

Figure 5. Relationship between ontology, epistemology and research paradigm (adopted from
Leavy, 2022)

This ontological-epistemological positioning gives rise to the pragmatism paradigm.
Pragmatism centres on the idea that truth is what works in a given situation; it values
actionable insights, methodological flexibility and real-world impact (Morgan, 2007;
Bryman, 2016; Babbie, 2020). Thus, as a research paradigm, pragmatism is not tied to a
single method or philosophical tradition. Instead, it supports methodological pluralism,
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allowing researchers to select tools and strategies (whether quantitative, qualitative or
mixed) based on their ability to effectively answer specific research questions rather than
adhere to rigid philosophical or methodological traditions (Creswell & Creswell, 2014;
Bryman, 2016). In the context of this dissertation, which seeks to explore, explain and
integrate the effects of novel technologies on both PM and sustainability outcomes,
pragmatism provides a flexible yet coherent framework. It legitimises the use of a mixed-
method design, combining systematic review, SEM-based survey and qualitative case
studies, as a robust strategy for addressing the dissertation’s dual objectives of theoretical
contribution and practical relevance.

Having established the philosophical foundations of this research, which are rooted in
relativist ontology, pragmatist epistemology and a pragmatist paradigm, it is essential to
outline how these perspectives shape the overall research strategy. The following sections
describe the research approach, theory-building logic and design framework that guided
the study’s overall execution. This includes the SLR, the empirical investigations and the
rationale for using a mixed-method design aligned with the research questions,
methodological choices and analytical techniques.

3.3 Research approach and design

3.3.1 Approach to theory development

The research approach defines the logical process through which the researcher connects
empirical data with theoretical understanding. It reflects the researcher’s approach to
theory development, that is, how theory and data interact in the process of knowledge
construction (Saunders et al., 2016). In traditional terms, theory development is often
operationalised through deductive (testing theory), inductive (building theory from data)
or abductive (iteratively moving between theory and data) approaches. This dissertation
adopts abductive reasoning as its central research approach, allowing for flexible and
iterative movement between conceptual insights and empirical observations. This logic
of inquiry is especially well suited for addressing the complex, evolving interplay
between novel technologies, PM practices and sustainability outcomes (Saunders et al.,
2016; Leavy, 2022). Unlike deductive reasoning, which starts from established theories
and tests them against data, and inductive reasoning, which develops generalisations from
observed empirical patterns, abductive reasoning enables an iterative movement between
theoretical constructs and empirical findings (Saunders et al., 2009, 2016; Creswell &
Creswell, 2018). This approach facilitates the generation and refinement of explanatory
models that are both grounded in real-world insights and conceptually robust (Dubois &
Gadde, 2002; Ketokivi & Choi, 2014).

The approach to theory development defines the logical process through which empirical
observations are connected to conceptual understanding and vice versa. It determines how
researchers interact with data and theory during the research process and is foundational
to the epistemological stance of any academic inquiry (Saunders et al., 2009; Swedberg,
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2012). This approach becomes especially important when addressing complex and
underexplored phenomena, where established theories may be insufficient to fully explain
emerging patterns in practice (Timmermans & Tavory, 2012). In such contexts, the
traditional boundaries between deductive (theory-testing) and inductive (theory-building)
reasoning become limiting. Deductive reasoning typically begins with established
theoretical propositions and proceeds to empirical testing, whereas inductive reasoning
builds theory strictly from observed data (Saunders et al., 2009, 2016). However, both
approaches may overlook the dynamic, iterative nature of understanding in exploratory
research (Mantere & Ketokivi, 2013). This has led to increased scholarly attention
towards abductive reasoning, a third approach that emphasises an iterative ‘dialogue’
between theory and data, which is particularly useful when new insights must be
generated from empirical surprises (Dubois & Gadde, 2002; Reichertz, 2007).

This dissertation adopts abductive reasoning as its principal approach to theory
development owing to the exploratory and multidimensional nature of the research
questions. The study aims to investigate not only how novel technologies (e.g. Al, the
IoT and DT) influence PM practices but also how these transformations integrate
sustainability performance into organisational settings in the context of digital
transformation. This dual focus necessitates a methodological stance that accommodates
both theoretical sensitivity and empirical openness, which is a hallmark of abductive
inquiry (Timmermans & Tavory, 2012; Creswell & Creswell, 2018). Abduction allows
for the revisiting and refining of conceptual frameworks in light of empirical findings,
which is particularly crucial for studies that span both abstract constructs (e.g.
performance and sustainability) and real-world technological implementations (e.g. the
IoT and DT). This approach aligns with the pragmatic paradigm underpinning the
dissertation, enabling methodological pluralism and application-driven knowledge
generation (Morgan, 2007; Creswell & Creswell, 2018). The iterative movement between
data and theory not only enabled a richer conceptualisation of PM transformation but also
informed the design and interpretation of each individual publication.

Across the four publications, different research designs informed the interaction between
data and theory, yet each publication contributed to the abductive logic of the overall
dissertation. Publication I used a qualitative theory-building approach, drawing on an
SLR to synthesise fragmented insights and propose new thematic domains for
understanding novel technologies in PM. Publication Il employed deductive logic within
a quantitative SEM framework, testing hypotheses derived from conceptual relationships
identified in Publication I. In contrast, Publications III and IV adopted a qualitative,
exploratory stance, where empirical case data were used to iteratively refine the
conceptual understanding related to the application of DT in organisational contexts.
Although the publications’ individual approaches differ (ranging from theory-building to
theory-testing and theory-refining), the cumulative research trajectory exemplifies an
abductive pathway. Through this multi-method and multi-logic integration, the
dissertation builds a coherent and evolving conceptual framework grounded in empirical
reality and academic rigour. To synthesise the different reasoning logics and
methodological choices adopted across the four publications, Table 1 provides a



51

consolidated summary of how each publication aligns with distinct theoretical approaches
yet collectively contributes to an overarching abductive reasoning framework that guides
this dissertation.

Table 1. Summary of methodological logic and theoretical approach across the publications

Publication = Methodological Logic of Role of Contribution to Overall
Design Reasoning Theory Abductive Logic
I Systematic Inductive Emergent Identified conceptual
literature review from literature  themes and research gaps
in novel technologies and
PM
I Quantitative Deductive Hypothesis Validated the
Survey (SEM) testing relationship between
constructs
I Multiple case Abductive Iteratively Explored how DT
study refined transform PM practices
through data in real contexts
v Multiple case Abductive Iteratively Investigated DT for
study refined sustainability

through data performance

332 Methodological design: choice, strategy, and time horizon

Methodological choices

This dissertation adopts a mixed-method, multi-publication design, strategically chosen
to align with the research problem’s complexity and the dual focus on theory development
and empirical inquiry. Mixed-methods research is particularly effective for studies that
aim to bridge theoretical gaps and address practical challenges, as it leverages the
strengths of different methodological traditions (Creswell & Creswell, 2014, 2018;
Leavy, 2022). This method allows quantitative precision, replicability and statistical
rigour (Hair et al., 2019) in addition to qualitative contextual and experiential factors that
provide rich, narrative-driven insights (Yin, 2018). The combination of qualitative and
quantitative approaches allows the triangulation of findings and facilitates a more holistic
understanding of the evolving interplay between complex constructs such as novel
technologies, PM and sustainability outcomes. This integration ensures that the research
captures not only what factors influence PM transformation but also why and how they
do so within different organisational settings.

The choice of mixed-methods design is deeply rooted in the pragmatic paradigm that
emphasises practical problem-solving and methodological pluralism (Creswell &
Creswell, 2014; Saunders et al., 2016), where the selection of research tools is guided by
the research problem rather than epistemological dogma (Tashakkori & Teddlie, 2010;
Glasgow, 2013). This paradigm’s focus on actionable knowledge makes it especially
suitable for a study that seeks to inform both academic debates and practical decision-
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making in the field of PM. In this dissertation, the research design is operationalised
through the application of three complementary methods: SLR, quantitative survey—based
SEM and qualitative case studies. These methods are strategically selected to address
distinct aspects of the research questions, and their integration enhances the overall
robustness of the findings.

Systematic literature review (SLR)

SLR forms an important component of the research methodology, providing a
comprehensive foundation for the theoretical and empirical aspects of this dissertation.
As an established method for synthesising knowledge, it systematically identifies,
evaluates and integrates existing research to address specific research objectives
(Tranfield et al., 2003; Kraus et al., 2020; Kraus et al., 2022a). Following rigorous
protocols (Tranfield et al., 2003; Kraus et al., 2022a), the SLR ensured a transparent and
replicable process for systematically analysing relevant scholarly articles sourced from
databases such as Scopus, Science Direct and Web of Science. For this dissertation, SLR
was specifically utilised in Publication I, which focused on exploring the role of novel
technologies in the context of PMM. In addition, SLR laid the groundwork for the
quantitative and qualitative inquiries in subsequent publications by identifying gaps in
the literature and contextualising the research problem. Moreover, the insights derived
from the SLR served as a cornerstone for the subsequent empirical studies, directly
informing the development of the hypotheses for the quantitative study presented in
Publication II. The integration of these hypotheses enabled a rigorous examination of the
relationships between smart technologies, business sustainability and environmental
sustainability, thereby anchoring the quantitative inquiry within a robust theoretical
framework. Simultaneously, the SLR provided essential contextual understanding that
enriched the design and focus of the qualitative case studies in Publications III and IV,
which explored the practical implementation of DT for enhancing PM (Publication III)
and sustainability performance in the context of industry 5.0 (Publication IV).

Survey (structural equation modelling (SEM))

SEM served as the primary quantitative method in Publication II, offering a robust
framework for testing theoretical models and capturing complex relationships between
smart technologies, business sustainability and environmental sustainability. SEM is
particularly well suited for studies involving latent variables, as it simultaneously
examines multiple direct and indirect relationships, providing a comprehensive view of
interconnected constructs (Fornell & Larcker, 1981; Hair et al., 2009, 2019). This method
seamlessly aligns with the objectives of this dissertation and allows the evaluation of
causal pathways while accounting for measurement error. The choice of SEM was
informed by its methodological advantages, particularly its ability to test hypothesised
models with multiple mediators and moderators (Hu & Bentler, 1999; Bryman, 2016),
which makes it ideal for addressing research question 2.1. SEM’s strength lies in its
ability to validate theoretical constructs through robust fit indices, such as the root mean
square error of approximation (RMSEA), comparative fit index (CFI) and standardised
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root mean square residual (SRMR), ensuring the reliability and generalisability of the
tested models (Hair, 2009).

In Publication II, SEM was implemented using a structured survey instrument designed
to capture the constructs of smart technologies, business sustainability and environmental
sustainability. The method involved testing the theoretical model by evaluating the
relationships among these constructs through confirmatory factor analysis and path
analysis. The constructs were measured using validated scales, ensuring high levels of
reliability and validity. Metrics such as Cronbach’s alpha, composite reliability (CR) and
average variance extracted (AVE) were used to confirm the internal consistency and
convergent validity of the constructs, adhering to established best practices in SEM
(Fornell & Larcker, 1981). The application of SEM in this dissertation aligns with its
pragmatic paradigm, integrating theoretical rigour with practical relevance. By bridging
the gap between theoretical assumptions and empirical validation, SEM supported the
development of the theoretical framework and guided subsequent methodological choices
(Fornell & Larcker, 1981; Hair et al., 2019). The method’s versatility in examining latent
constructs and causal relationships made it indispensable for addressing the dissertation’s
objectives; it complemented the qualitative case studies and SLR. This method highlights
SEM’s role as an analytical tool for understanding complex relationships within dynamic
organisational contexts and is an important component of this dissertation’s mixed-
methods approach (Fornell & Larcker, 1981).

Case study

The case study method was employed in Publication III to investigate the role of DT in
enhancing PM practices and in Publication IV to explore role of DT in supporting
sustainability performance in emerging industrial paradigms. The case study method is a
qualitative research approach designed to investigate complex phenomena within their
real-world contexts. Yin (2009, 2018) defines case study research as an empirical inquiry
that explores contemporary phenomena in depth, particularly when the boundaries
between a phenomenon and its context are not clearly defined. This method is particularly
suited for examining intricate interactions and dynamic processes, as it allows for a
holistic understanding of the subject matter by integrating multiple sources of evidence,
including interviews, observations and document analyses. Eisenhardt (1989) further
emphasises that case study research is a valuable method for theory-building, particularly
when exploring emergent or poorly understood phenomena. This method seamlessly
aligns with the pragmatic philosophical approach underpinning this dissertation.
Pragmatism emphasises the importance of actionable insights and methodological
flexibility, advocating for the use of research methods that best address the research
questions (Yin, 2009; Tashakkori & Teddlie, 2010). Case studies are particularly suited
to this paradigm, as they bridge the gap between theoretical exploration and practical
application by focusing on real-world phenomena. By adopting a multiple case study
design, this dissertation captures the variations across different organisational contexts,
enhancing the generalisability of the findings while preserving the depth of analysis
(Eisenhardt, 1989; Yin, 2018). Therefore, the case study method played an important role
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in addressing the dissertation’s research questions (RQ 1.2 and 2.2) by offering a detailed,
contextual understanding of DT adoption in different organisational settings.

Strategies across the four publications

The research strategies employed in each phase of the dissertation mirror the
methodological pluralism and are justified by the nature of the research questions
addressed in each publication. The SLR in Publication I was guided by formal protocols
that ensured replicability, rigour and transparency (Hammersley, 2020; Kraus et al., 2020;
Kraus et al., 2022a), enabling the identification of core technology streams and emergent
themes in PM. For Publication II, a survey strategy was adopted to empirically validate
theoretical relationships, particularly those between smart technologies, business
sustainability and environmental sustainability (Hair, 2009, 2019). SEM was selected for
its robustness in assessing latent constructs and mediating effects (Fornell & Larcker,
1981). Publications III and IV employed multiple case study strategies, which are
particularly effective in exploring how DT reshape PM practices and contribute to
sustainability performance in real-world settings (Eisenhardt, 1989; Yin, 2009, 2018).

Time horizon

All empirical investigations were bound by a cross-sectional time horizon, as data were
collected at a single point or over a short, defined duration rather than longitudinally. This
decision was driven by the pragmatic need to capture a snapshot of how organisations
currently interpret, implement and benefit from novel technologies in their PM practices
amid digital transformation. Although a longitudinal design could offer insights into
temporal changes, the cross-sectional approach aligns well with the abductive reasoning
employed throughout this dissertation, which allows iteratively moving between
empirical observations and conceptual development (Dubois & Gadde, 2002; Saunders
et al., 2016). Moreover, despite being conducted across different years, the publications
collectively provide a cohesive temporal window into the state-of-practice in PM
transformation. This structured combination of methodological choices, strategy-specific
designs and time-bound execution thus reinforces the robustness and relevance of the
dissertation’s conceptual and empirical architecture.

3.33 Data collection and analysis procedures

This section outlines the data collection and analysis methods employed across the four
publications. These methods were tailored to align with the research objectives, ensuring
methodological rigour and the generation of actionable insights.

Publication I (literature review protocols for SLR)

In Publication I, SLR was employed to construct a rigorous and replicable foundation for
theorising the role of novel technologies in PMM. The review followed protocolised
guidelines as proposed by Tranfield et al. (2003), Kraus et al. (2020, 2022a) and Suri
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(2020), ensuring transparency, objectivity and methodological rigour. Scopus was
selected as the primary data source owing to its comprehensive disciplinary coverage and
citation reliability (Pranckuté, 2021). The search strategy applied Boolean combinations
of two structured keyword groups: one targeting performance-related constructs (e.g.
‘performance management’ and ‘management control’) and the other capturing a range
of novel technologies (e.g. ‘Al’, ‘DT’ and ‘blockchain’). This initial search yielded 1472
results, which were narrowed down by refining subject areas and conducting title and
abstract screening; ultimately, 99 studies were identified for full-text review. A final
sample of 67 articles was selected after applying additional inclusion criteria and
inductive snowball sampling. For analysis, the study employed a thematic synthesis
approach grounded in Braun and Clarke’s (2006) framework that combines inductive and
deductive logic to generate both descriptive and analytical codes from the data. The
analysis unfolded in a collaborative, multi-stage process: initial coding by individual
researchers, followed by team-based clustering and, finally, axial integration into six
overarching research streams: automation, predictive analytics, real-time data,
visualisation, collaboration tools and blockchain. This analytical process ensured
conceptual richness (Ryan & Bernard, 2003), triangulated interpretation (Patton, 1999)
and thematic saturation (Braun & Clarke, 2006; Fusch & Ness, 2015), thereby laying
rigorous and theory-informed groundwork for both the conceptual orientation and the
empirical inquiries of the dissertation.

Publication Il (survey for data collection; SEM for data analysis)

To empirically investigate the relationship between smart technology adoption, business
sustainability and environmental sustainability, Publication II employed a quantitative,
structured survey for collecting data from SMEs in Finland. SMEs were selected owing
to their dominant presence in the Finnish economy; they comprise over 99% of all
businesses and generate more than half of the national turnover. A total of 7,850 SMEs
were randomly sampled from a national business database. The survey instrument was
developed based on the gaps identified in the preceding literature review, and its content
was refined through a pilot test involving five industrial experts and three academic
researchers. This pre-testing phase ensured conceptual clarity, eliminated irrelevant or
ambiguous items and aligned the constructs with the theoretical underpinnings of the
study. Following four rounds of distribution (one initial and three reminders), 245 email
addresses were found invalid. After excluding incomplete responses, 179 valid survey
responses were retained for analysis. These represented a balanced cross-section of
Finnish SMEs: 64% were small firms (<49 employees), 36% were medium-sized firms
(50-249 employees), 62% operated in the manufacturing sector, and 38% operated in the
service-oriented sector.

The survey captured three key constructs using reflective multi-item measures: smart
technology adoption (SMA), business sustainability (BUS) and environmental
sustainability (ENV). SMA was assessed through two items measuring the extent of
digital tool integration in business processes. BUS was measured via a three-item scale
capturing innovations for profitability, stakeholder responsiveness, and employee health
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and safety. Similarly, ENV was assessed using three items addressing waste management,
resource optimisation and emission reduction. All items were measured on a five-point
Likert scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). The final item
descriptions and measurement scale structure are presented in Appendix 2: construct
measurement summary.

The data analysis in Publication II was conducted using SEM, a multivariate statistical
technique particularly suited for modelling complex relationships among latent
constructs. SEM enables the simultaneous estimation of both the measurement model and
structural model, allowing for the rigorous validation of theoretical assumptions and
empirical relationships (Fornell & Larcker, 1981; Hair et al., 2019). In this study, the
measurement model was first evaluated through multiple validity and reliability tests. The
internal consistency of the constructs was assessed using Cronbach’s alpha and composite
reliability (CR), with all values exceeding the recommended threshold of 0.70 and
confirming reliability. Convergent validity was established by calculating the average
variance extracted (AVE) for each construct, all of which exceeded the acceptable
benchmark of 0.50, indicating that the items adequately explained the variance of their
respective latent constructs. To ensure discriminant validity, the Fornell-Larcker criterion
was applied, confirming that each construct shared more variance with its indicators than
with other constructs.

After validating the measurement model, the structural model was assessed to examine
the hypothesized causal relationships between smart technology adoption, business
sustainability, and environmental sustainability. The model fit was confirmed through
multiple goodness-of-fit indices, including the root mean square error of approximation
(RMSEA = 0.052), comparative fit index (CFI = 0.986), Tucker-Lewis index (TLI =
0.977), and standardized root mean square residual (SRMR = 0.037), all of which met or
exceeded commonly accepted thresholds (Hu & Bentler, 1999; Hair et al., 2019). Path
analysis results showed that smart technology adoption positively influenced business
sustainability, which in turn significantly impacted environmental sustainability. This
provided empirical support for a partial mediation model, suggesting that business
sustainability acts as a mediating mechanism linking digital transformation efforts to
environmental outcomes. Further, the study controlled for non-response bias by
comparing early and late respondents and addressed common method bias through
established statistical diagnostics. These procedures ensured the robustness, credibility
and trustworthiness of the findings in addressing sub-question 2.1 of this dissertation.

Publications Il and IV (case study: interviews and document analysis)

To explore the transformative role of DT in enhancing PM practices (Publication III) and
sustainability performance (Publication IV) in industrial contexts, both publications
employed qualitative multiple case study methodology grounded in a triangulated data
collection strategy. This approach is particularly suitable for exploring complex, real-
world phenomena across organisational contexts (Eisenhardt, 1989; Yin, 2009; Creswell
& Poth, 2016; Yin, 2018). A purposeful sampling strategy was used to select three Finnish
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companies (A, B and C) with varying size, market focus and maturity of DT
implementation. Such theoretical sampling can build rich, empirically grounded insights
across diverse contexts (Eisenhardt & Graebner, 2007). Companies A and C were DT
solution providers, and Company B was a potential DT user; two were SMEs (A and C)
and one was a large company (B). These companies operated in distinct industrial sectors,
ranging from manufacturing and autonomous systems to product design and heavy
equipment, and were at various stages of DT deployment. Data were collected between
September 2023 and March 2024 using semi-structured interviews and document
analysis. By integrating both personal experiences and documentary evidence in
industrial settings, this multi-source method is instrumental in enhancing the reliability
and comprehensiveness of the results (Bowen, 2009; Yin, 2018). Although both studies
employed similar methodological frameworks, their analytical focus diverged:
Publication III emphasised how DT enhance internal performance practices, whereas
Publication IV examined how these technologies support sustainability performance in
the broader industry 5.0 context. Table 2 provides a brief overview of the techniques used
across Publications III and I'V.

Table 2. Summary of Techniques used across Publication I1I &IV
Aspect Publication III Publication IV
Research design Multiple case study Multiple case study

Semi-structured interviews and document ~ Same methods, guided by
analysis (Bowen, 2009; Flick, 2017; 2018) Denzin (2009)

Data collection

Data analysis ~ Reflexive thematic analysis (Braun & Reflexive thematic analysis

method Clarke, 2006; 2019) (Braun & Clarke, 2006; 2019)

Cross-case Used to identify patterns and variations Same, used for validating

comparison across contexts (Eisenhardt, 1989) ‘glematlc consistency across
irms

For both publications, the collected data were analysed using the reflexive thematic
analysis approach developed by Braun and Clarke (2006, 2019). This analytic method
was selected for its flexibility and ability to capture both semantic (explicit) and latent
(underlying) meanings within qualitative datasets. All interview transcripts and
documents were systematically imported into NVivo software for rigorous data
management and coding. The analytic process began with the transcription of interviews
and immersion in the data to achieve familiarity. A hybrid approach of inductive and
deductive coding was adopted: initial codes directly derived from the empirical material,
and the coding structure was guided by the overarching research questions and conceptual
framing of the dissertation. Importantly, themes were not pre-determined but were
allowed to develop through iterative, critical engagement with the data. Thematic coding
was performed across both interview transcripts and supporting documents, allowing for
within-case depth and cross-case comparisons. Analysis was conducted across multiple
levels, exploring concrete organisational practices as well as the abstract rationales,
tensions and assumptions behind DT applications. Analytic memos were maintained
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throughout to trace reflexive thinking, and interpretations were regularly discussed to
enhance analytical rigour and reduce personal bias. The integration of triangulated data
sources (interviews and documents) strengthened the credibility and trustworthiness of
the findings (Bowen, 2009; Flick, 2018). This approach enabled a robust understanding
of how DT technologies are interpreted, enacted, and evolved within distinct
organizational contexts, reflecting the pragmatic and exploratory aims of the case studies.

3.4 Ethics and quality assurance

Ethical integrity was maintained throughout all stages of this dissertation’s research
process. Across all four publications, careful attention was paid to transparency, informed
consent, voluntary participation and data confidentiality. In the empirical studies
(Publications II, IIT and IV), research participants were briefed on the study’s objectives,
their rights as participants and the intended use of the data. Participation was voluntary,
and the interviewees were informed that they could withdraw at any stage without
providing justification, in line with established ethical standards in qualitative and
quantitative research (Israel & Hay, 2006; Saunders et al., 2009). Further, in the case
studies, the anonymity of both the companies and individual participants was ensured by
using pseudonyms and omitting any identifying details in the transcripts, reports, and
publications. Ethical approval was obtained from LUT University in advance of the data
collection, and all procedures complied with institutional and national ethical guidelines
for research involving human participants (Israel & Hay, 2006).

To ensure methodological rigour, quality assurance procedures were employed according
to the nature of each method. In Publication I, the quality of the SLR was ensured through
transparent protocol design, inclusion and exclusion criteria, peer-reviewed database
selection (Scopus), and a multi-stage screening and thematic synthesis process following
established SLR standards (Tranfield et al., 2003; Kraus et al., 2020). For Publication II,
the reliability and validity of the SEM were addressed through rigorous measurement
development procedures, including pre-testing, Cronbach’s alpha, CR, AVE and
confirmatory factor analysis (Fornell & Larcker, 1981; Hair et al., 2019). Common
method bias and non-response bias were tested using standard statistical procedures,
ensuring the robustness of the model. In Publications IIl and IV, the quality of the multiple
case study design was enhanced by triangulating data sources (interviews and
documents), using NVivo software for systematic coding and applying Braun and
Clarke’s (2006, 2019) reflexive thematic analysis to ensure thematic transparency.
Trustworthiness was further ensured by employing credibility, transferability,
dependability and confirmability criteria (Lincoln & Guba, 1985) as well as using peer
debriefing and member checking during the interpretation of the findings. These
combined strategies ensured that each study within the dissertation met high standards of
ethical and methodological rigour.
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4 Results

4.1 Overview of the publications and their contributions to the
dissertation

This dissertation is structured around four peer-reviewed research publications, each
contributing uniquely to address the central research questions and their sub-questions.
The publications represent a diverse methodological range, including an SLR
(Publication I), a quantitative survey-based study (Publication II) and qualitative multiple
case studies (Publications III and IV). This methodological variety enables the
dissertation to offer both conceptual depth and empirical insights into how novel
technologies transform PM and support sustainability outcomes. The purpose,
methodological approach and specific contributions of each publication are summarised
below. Table 3 presents a consolidated overview of these publications. The following
sections (4.2 and 4.3) discuss in detail how each research question and its sub-questions
are answered based on the findings from these publications.

Publication 1

VK, R. K., Ukko, J., Rantala, T., & Saunila, M. (2024). The value of novel technologies
in context to performance measurement and management: A systematic review and future
research directions. Data and Information Management, 8(1), 100054.

This publication serves as the theoretical foundation for understanding how novel
technologies influence PMM. The study systematically reviews existing literature to
identify key technological advancements (such as Al the IoT and DT) and their potential
contributions to performance optimisation, decision-making and organisational
sustainability. The study follows the SLR methodology, employing a structured search
strategy across peer-reviewed journals. The review process involved database selection
(Scopus), inclusion and exclusion criteria, thematic coding and the synthesis of key
findings. A final set of 67 high-quality articles was analysed, leading to the identification
of six major research streams of PMM in relation to novel technologies: (1) automation
technique and PMM, (2) predictive analytics and PMM, (3) real-time data collection and
PMM, (4) visualisation tools and PMM, (5) blockchain technology and PMM, and (6)
collaboration tools and PMM (for collaborative intelligence). Findings from the study
highlight gaps in PM research, suggesting the need for the empirical validation of how
these technologies shape decision-making, efficiency and sustainability outcomes in
organisations of different sizes undergoing digital transformation. The study lays the
groundwork for subsequent empirical studies (Publications I, IIT and IV) and contributes
to answering research question 1.1 by defining the key research areas and their
technological impacts.
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Publication 11

VK, R. K., Saunila, M., Rantala, T., & Ukko, J. (2025). The interplay between smart
technologies, business sustainability, and environmental sustainability: An empirical
analysis of SMEs. Corporate Social Responsibility —and  Environmental
Management, 32(1), 835-848.

This study investigates how smart technology adoption influences business and
environmental sustainability in SMEs and examines their interdependent relationship,
highlighting the mediating role of business sustainability in achieving environmental
outcomes. Using a survey-based design, responses were collected from 179 Finnish
SMEs and analysed through SEM. The results show that smart technologies significantly
enhance business sustainability, and this improvement, in turn, mediates their impact on
environmental sustainability. In essence, companies achieve environmental performance
gains indirectly through enhanced business operations such as efficiency, innovation and
stakeholder engagement. This publication directly addresses research question 2.1 and is
essential for grounding the dissertation’s empirical exploration of how novel technologies
contribute to integrated sustainability performance.

Publication 111

VK, R. K., Rantala, T., Saunila, M., & Ukko, J. (2024). Role of digital twins in enhancing
performance management: Analysis from case studies. Result presented in peer-reviewed

conference 2024, R&D Management Conference, Stockholm.
Corresponding Author: Rajan Kumar V K; Email: rajan.vk@]ut.fi

This study examines the transformative role of DT in PM across organisational contexts.
Using a qualitative multiple case study approach, it investigates three organisations with
varying DT maturity and industry settings. Thematic analysis of interviews and
documents reveals four central themes: transformation of PM processes, strategic
organisational benefits, evolving human—technology interaction and future trajectories of
DT. The findings reveal that DT are not only technological tools but also strategic
enablers that foster continuous improvement, knowledge sharing and predictive decision-
making. This publication directly addresses research question 1.2 by empirically
examining the transformative impact of DT on PM practices and their integration
challenges.

Publication IV

VK, R. K., Saunila, M., Ukko, J., & Rantala, T. (2026). Digital twins for sustainable
performance in industry 5.0: Insights from multiple cases. Accepted in Sustainable

Development with Carbon Capture, Utilization & Storage Technology, Springer Cham.

Corresponding Author: Rajan Kumar V K; Email: rajan.vk@lut.fi
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Publication IV investigates the role of DT in advancing sustainability performance within
the context of industry 5.0. Drawing on multiple case studies of organisations at various
stages of DT adoption, the study reveals how DT contribute to sustainability through
resource optimisation, energy efficiency and real-time environmental monitoring. It also
identifies key implementation challenges, including data standardisation, integration
complexity and scalability, especially in regard to smaller sized and emerging firms.
Importantly, the study highlights technological synergies (e.g. DT with Al the IoT and
extended reality (XR)) and their human-centric implications, such as improved safety,
enhanced decision-making and simulation-based training. The findings are thematically
organised into three major contributions: (1) DT’s impact on sustainability performance,
(2) integration barriers and (3) emerging human—technology collaboration frameworks.
Publication IV primarily addresses research question 2.2 by empirically unpacking the
role of DT in sustainability-oriented PM and outlining how such technologies support
human-centric goals in the emerging industrial paradigm.

The four publications, each grounded in distinct methodological approaches and
analytical foci, collectively address the research questions of this dissertation by offering
complementary theoretical insights and empirical contributions. Table 3 below provides
an integrated overview of these publications, summarising their respective purposes and
methodological designs and how they contribute to answering the dissertation’s research
questions across their respective focal areas.

Table 3. Overview of the publications and their contributions to the research questions

Publications Purpose Method Contribution to dissertation
Publication I: The To understand the Systematic Contributes to answering RQ
value of novel state-of-the-art literature review 1.1
technologies in context literature on how (SLR) Comprehensively reviews

to performance
measurement and
management: A
systematic review and
future research
direction

Publication II: The

novel technologies
(AL the IoT, DT,
etc.) are used in PM
and identify major
research trajectories

To empirically assess

Survey-based

prior research on novel
technologies in PM
Categorises their applications
(e.g. predictive analytics and
real-time monitoring),
theoretical foundations and
future directions

Offers a consolidated map of
fragmented literature and
identifies how these
technologies have influenced
different areas of PM

Contributes to answering

interplay between how smart quantitative RQ.2.1
smart technologies, technologies affect study (179 Provides empirical evidence
business sustainability, business and respondents on how technology adoption
and environmental environmental from SMEs), affects sustainability
sustainability: An sustainability SLR performance

Supports the theoretical
argument that sustainability
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empirical analysis of integration is driven by
SMEs strategic business logic.
Publication III: Role To examine how DT Case Study,3 -  Contributes to answering RQ
of digital twins in transform PM companies from 1.2
enhancing performance practices across different - Provides rich, practical
management: Analysis industries industries evidence for a granular
from case studies understanding of the

mechanism of PM
transformation, bridging
theory and practice

Publication IV: To explore how DT Case Study,3 -  Contributes to answering RQ
Digital twins for contribute to companies from 22
sustainable sustainability different - Demonstrates how DT
performance in performance and industries supports sustainability
industry 5.0: Insights human-technology performance outcomes and
from multiple cases synergy in industry human-centric PM in

emerging industrial
paradigms through synergies
with other novel technologies
such Al, the IoT and XR.

42 How do novel technologies influence the performance
management of companies?

4.2.1 Application of novel technologies in PM

The transformation of PM practices through novel technologies has attracted significant
academic interest, particularly in light of growing organisational complexity and the
increasing importance of real-time responsiveness, automation and data-driven decision-
making. Publication I explores this topic through SLR, providing a consolidated view on
sub-question 1.1: What are the key applications of novel technologies in performance
management?

Publication 1

Publication I specifically examines the application of novel technologies and how they
influence performance management practices across industries. The study systematically
reviewed 67 peer-reviewed articles to identify six key technology streams that
characterise the contemporary use of novel technologies in PMM. These streams include
real-time data, collaboration tools, visualisation tools, automation techniques, blockchain
technology and predictive analytics. Figure 6 summarises these six thematic areas and
their respective contributions to PM practices as synthesised from the literature review
conducted in Publication I.



65

The stream of real-time data refers to the use of technologies such as the IoT, cloud
platforms and DT to enable continuous monitoring, data collection and feedback. These
technologies allow organisations to capture live performance indicators and optimise
decisions based on dynamic data flows, thereby improving responsiveness and
operational control. Similarly, collaboration tools are highlighted for their role in
enhancing cross-functional coordination, performance-related feedback and distributed
decision-making. Platforms such as integrated enterprise systems and cloud-based
workspaces are used to foster collaboration around performance data, especially in
environments with high interdepartmental or interorganisational complexity. Moreover,
the use of visualisation tools supports the interpretation and communication of complex
performance metrics through dashboards, analytics interfaces and visual PM systems. In
several cases, DT and XR technologies are utilised to present performance scenarios in
interactive or immersive formats, enabling more intuitive understanding and situational
analysis.

Another stream of technology, automation techniques, involves the deployment of Al,
machine learning and robotic process automation to streamline repetitive tasks, recognise
patterns and provide real-time process adjustments. These tools help reduce manual effort
in performance tracking and introduce self-regulating mechanisms in performance
control systems. Furthermore, the stream of predictive analytics focuses on the use of Al-
driven forecasting models and statistical tools to anticipate future performance outcomes,
detect anomalies and guide proactive decision-making. These applications enable
organisations to shift from reactive performance reviews to forward-looking performance
planning. In addition, blockchain technology has emerged as a mechanism for ensuring
the integrity, transparency and traceability of performance-related data. Its application is
particularly relevant in contexts where secure and decentralised performance monitoring
is needed, such as in supply chains, regulatory compliance and smart contract
enforcement.

Collectively, these six streams represent the core areas in which novel technologies are
being applied to reshape PM practices. Across these themes, enabling technologies such
as Al the IoT, DT and XR are frequently integrated either as foundational components
or as complementary systems, enhancing the functionality and impact of performance
tools.
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Novel Technologies

Performance Management
Contribution

Optimizes current operations by
addressing inefficiencies; enables live
tracking

Improves cross-functional collaboration
and timely feedback

Provides effective communication of
complex data
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Figure 6. Summary of the PM impacts of the six key novel technologies, as synthesised from

the SLR (Publication I).
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422 Enhancing PM through DT

The growing application of novel technologies in organisational settings has drawn
increasing attention to their potential in transforming PM practices. Among these
technologies, DT have emerged as a particularly impactful tool, offering real-time
visibility, predictive insights and simulation-based control mechanisms. Publication III
aims to focus on responding to sub-question 1.2, which addresses this specific focus: How
do digital twins affect performance management?

Publication 111

The study investigated the role of DT in improving PM practices in industrial settings.
Using a multiple case study approach, it examined three companies engaged with DT
technology (either as developers, adopters or exploratory users). Data were collected
through semi-structured interviews and document analysis to understand how DT were
used in everyday performance-related activities. The case studies revealed that DT were
used to support real-time data utilisation in PM practices by enabling the continuous
monitoring of operational conditions. This allowed quicker recognition of deviations and
timely adjustments to parameters such as energy use, equipment efficiency and
production behaviour. Such applications suggest that DT were integrated to facilitate live
data flows that informed day-to-day performance oversight and responsiveness.
Furthermore, simulation and predictive functionalities were applied to model potential
process changes and forecast performance deviations. These capabilities allowed
organisations to anticipate maintenance needs and optimise operational setups before
implementation, indicating a shift from reactive correction to proactive performance
planning.

In addition, the cases demonstrated that DT were connected with visual dashboards that
converted complex performance data into accessible formats for different user groups,
supporting clarity and transparency in performance communication. These visualisation
features were also used to simulate operational scenarios, enhancing both internal
monitoring and external interactions. Further, DT enabled adaptive performance planning
by allowing users to test alternative configurations and observe their potential impact
before implementation. This supported better alignment between performance goals and
operational capabilities and encouraged iterative learning and continuous improvement.

Accordingly, Publication III offers empirical insights into how DT, as a novel technology,
are being used in practice to support and inform various PM activities. Rather than
prescribing fixed outcomes, the study explores how different companies are applying DT
in ways that relate to real-time monitoring, simulation, predictive insight, visual
communication and performance adaptation. These findings contribute to answering sub-
question 1.2 by illustrating the observed ways in which DT were integrated into PM
practices in actual industrial contexts.
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4.3 How can novel technologies contribute to the sustainability
performance of companies?

43.1 Impact of the adoption of novel technologies on sustainability performance

The rising interest in novel technologies is paralleled by growing pressure on
organisations to integrate both business and environmental sustainability into their
operations. As organisations adopt smart and digital tools to enhance efficiency and
competitiveness, examining how these technologies influence sustainability outcomes
become increasingly important. Sub-question 2.1 addresses this concern: What is the
relationship between novel technologies and sustainability performance? This is explored
through Publication II, which investigates the relationship between technology adoption
and dual sustainability performance.

Publication 11

The study empirically examined the effects of smart technology adoption on business and
environmental sustainability by conducting a survey among SMEs. Based on 179 valid
responses, SEM was used to test the hypothesised relationships between smart technology
use, business performance and environmental outcomes. The study focused on identifying
whether smart technology adoption directly contributes to sustainability and whether
business sustainability performance mediates this relationship. The results showed that
smart technology adoption had a positive and direct impact on business sustainability,
improving areas such as productivity, process efficiency, agility and resource
optimisation. These improvements, in turn, were found to significantly contribute to
environmental sustainability, particularly in terms of reduced emissions, efficient energy
use and improved environmental compliance. Importantly, business sustainability
performance was identified as a partial mediator in the relationship between technology
adoption and environmental outcomes, suggesting that the environmental benefits of
technology adoption are realised more effectively when accompanied by strong business
performance improvements.

Furthermore, the study highlights the relevance of integrating technology adoption into
broader strategic sustainability goals. By emphasising both operational and
environmental gains, the findings underline the role of smart technologies as enablers of
dual-value creation. This aligns with the growing understanding that technological
transformation can simultaneously support competitiveness and ecological responsibility,
especially when implemented with a performance-oriented mindset. Thus, Publication II
directly answers sub-question 2.1 by providing empirical evidence that novel technology
adoption contributes to both business and environmental sustainability. The findings
emphasise the mediating role of business performance and support the view that
technologically enabled PM practices serve as a bridge between operational excellence
and environmental responsibility in the context of digital transformation.
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432 Role of DT in supporting sustainable performance

As the shift towards industry 5.0 accelerates, organisations are increasingly seeking ways
to align technological innovation with sustainability goals. Within this context, DT have
emerged as a novel technology with the potential to support PM practices while advancing
environmental and human-centric objectives. Sub-question 2.2 explores this focus: How
do digital twins support sustainability performance? This question is addressed through
Publication IV, which applies a multiple case study approach to explore how DT are used
in real-world organisational settings to advance sustainability-linked performance
outcomes.

Publication IV

The study investigates how organisations adopt and utilise DT to pursue sustainability
outcomes across environmental, operational and social dimensions. Drawing from the
case study of three organisations, the research reveals that DT contribute to sustainability
performance through several interconnected mechanisms. These include resource
optimisation (e.g. minimising energy use and material waste), performance monitoring
and improvement (e.g. real-time tracking and predictive maintenance), and environmental
transparency and sustainability reporting (e.g. carbon footprint tracking and performance
disclosure). The ability of DT to simulate operational scenarios before implementation
was particularly noted for its role in reducing physical prototyping and conserving
material resources.

The findings further indicate that the advantages of DT adoption are not limited to
efficiency gains; they support broader practices such as sustainability reporting, lifecycle
assessment and operational transparency, which are key enablers for aligning PM with
long-term sustainability goals. In addition, DT were used to enhance workplace safety,
facilitate simulation-based training and improve operator awareness, thereby contributing
to social sustainability, a core focus within the industry 5.0 paradigm. The study also
highlights that DT function in synergy with other novel technologies such as the [oT (for
data collection), Al (for predictive analysis) and XR (for immersive interfaces). These
synergies enhance the scope and impact of DT but introduce added complexity related to
integration, interoperability and skill requirements. As such, although DT offer strong
potential for supporting sustainability performance, their adoption demands strategic
alignment and capability development.

Publication IV provides empirical insights that directly address sub-question 2.2 by
showing how DT are actively used to support sustainability performance in industry 5.0
settings. Through mechanisms such as real-time monitoring, simulation, reporting and
collaborative integration with other technologies, DT enable organisations to extend PM
towards broader environmental and social objectives.
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4.4  Synopsis of the results

This dissertation examines how PM practices are transformed through the application of
novel technologies, with a particular focus on integrating sustainability performance
within the broader context of digital transformation. Guided by two central research
questions and supported by four research publications, the dissertation explores both the
theoretical insights and empirical evidence on this theme. Table 4 presents a structured
synopsis of the results according to the research questions and their sub-questions.

Table 4. Summary of the results for the research questions

RQ 1: How do novel technologies influence the performance management of

companies?

Sub-Questions
Sub-question 1.1

What are the key
applications of
novel technologies
in performance
management?

Sub-question 1.2

How do digital
twins affect
performance
management?

Key Findings
Publication I

The study synthesises six key streams of novel technologies:
real-time data, collaboration tools, visualisation tools,
automation techniques, blockchain and predictive analytics. It
also articulates their distinct contributions to PM practices, such
as enabling responsiveness, improving communication and
enhancing decision-making across operational and strategic
levels. Al the IoT and DT were discussed as enablers across
these streams.

Publication 11T

DT support real-time monitoring, visual feedback and
simulation-enabled performance assessment in operational
contexts. They are used for proactive maintenance, goal
adaptation and performance visualisation tailored to decision-
makers at different organisational levels.

RQ 2: How can novel technologies contribute to the sustainability performance of

companies?

Sub-Questions
Sub-question 2.1

What is the
relationship
between novel
technologies and

Key Findings
Publication II

The results indicate that smart technology adoption enhances
business sustainability outcomes such as efficiency, agility and
competitiveness, which in turn positively influence
environmental sustainability by improving resource utilisation
and reducing emissions. The findings further confirm that
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sustainability
performance?

Sub-question 2.2

How do digital
twins support
sustainability
performance?

business sustainability performance mediates the relationship
between technology adoption and environmental outcomes,
emphasising the indirect but essential role of digital technologies
in advancing environmental goals.

Publication IV

The study shows that DT contribute to sustainability
performance by enabling resource optimisation, energy
monitoring, waste reduction and transparency in performance
tracking. The use of DT in organisations improved sustainability
reporting and operational visibility, particularly when integrated
with complementary technologies. These practices support
sustainability-oriented decision-making and align with industry
5.0 principles of systemic efficiency and digital environmental
responsibility.
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5 Discussion

Against the backdrop of digital transformation and growing sustainability imperatives,
this dissertation investigates this pivotal transition by seeking answers to two central
questions within the broader context of digital transformation: first, how do novel
technologies influence the performance management of companies? and second, how can
novel technologies contribute to the sustainability performance of companies?

The findings of this dissertation paint a coherent picture of how novel technologies are
reshaping PM practices and expanding their strategic scope to support integrated
sustainability outcomes. First, the research highlights that, novel technologies such as
Al 10T and DT are not only tools for automation or measurement enhancement but also
actively reconfiguring the logic, processes and priorities of PM practices. Across different
organisational contexts, these technologies were found to enable real-time data utilisation,
predictive insights and feedback mechanisms that support continuous adaptation and
multidimensional value creation. Second, the findings reveal that the integration of
sustainability performance into PM practices is not an automatic consequence of
digitalisation; rather, it depends on how organisations purposefully align technological
capabilities with their environmental, social and strategic objectives. Although digital
transformation creates new opportunities for sustainability-oriented measurement and
control, the translation of these opportunities into practice is shaped by organisational
intent, maturity and culture. Together, these insights demonstrate that novel technologies
are enabling a shift from static, efficiency-driven performance models towards more
dynamic, sustainability-conscious and human-aware approaches to managing
performance in organisations.

Amid the intensifying drive for organisational agility and continuous improvement, the
strategic value of novel technologies in transforming PM is increasingly coming to the
fore (Nudurupati et al., 2016; Verhoef et al., 2021; Aguinis, 2023). Rather than serving
as passive reporting tools, technologies such as DT are reshaping PM into an interactive,
predictive and insight-rich process that cuts across organisational levels. Findings from
Publication III provide compelling evidence that DT are not only digitising performance
data collection but also enabling advanced simulation, real-time diagnostics and scenario
testing, thereby empowering managers with actionable foresight. This capability
represents a significant departure from conventional retrospective performance
monitoring, aligning closely with the literature that emphasises simulation-based learning
and agile responsiveness as core features of next-generation performance systems
(Westerman et al., 2014; Melnyk et al., 2014; Grieves & Vickers, 2016; Saunila et al.,
2021; Holopainen et al., 2024). In particular, the findings demonstrate that DT are
reforming PM practices by enabling dynamic goal setting, adaptive KPI systems and
more responsive performance feedback loops. This reflects the scholarly view that DT
enable performance intelligence and cross-functional optimisation (Kritzinger et al.,
2018; Qi & Tao, 2018a, 2018b; Ghobakhloo & Iranmanesh, 2021; Saunila et al., 2024).
Publication III further shows how these technologies support organisational decision-
making processes at both operational and strategic levels. Moreover, the study reveals
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that DT complement human input by enhancing the visibility and interpretability of data,
which strengthens collaborative sensemaking and supports decentralised performance
control, reinforcing the human—technology interplay as noted in recent studies (Tao et al.,
2018a; Nasiri et al., 2020a; Saunila et al., 2021; Ukko et al., 2022b; Mashat et al., 2024;
Holopainen et al., 2024). The performance value of DT thus lies in their ability to combine
real-time analytics with forward-looking insight, helping organisations to manage
complexity, align strategic intent with execution and create learning-oriented
environments for continuous improvement.

Creating environmental value through technology is not a linear outcome of digital
investment but rather a cumulative result of strategic alignment, operational excellence
and organisational readiness (Centobelli et al., 2017; Ghobakhloo & Ching, 2019).
Understanding how novel technologies contribute to sustainability performance requires
looking beyond simplified assumptions of direct technological impact. Whereas earlier
studies often assumed that smart technologies inherently lead to environmental
improvements (e.g. Porter & Heppelmann, 2014; Lee & Lee, 2015; Zhang & Wang,
2023), the findings presented in this dissertation suggest a more layered process, one in
which the influence of technologies such as Al, the IoT and DT first unfolds through their
impact on business operations. In particular, Publication II found that smart technology
adoption showed a direct and positive effect on business sustainability dimensions such
as process efficiency, agility and productivity but did not show a significant, direct effect
on environmental outcomes. Instead, environmental performance improvements were
realised indirectly, with business sustainability acting as a mediating mechanism. This
observation challenges the deterministic claims in prior research and lends support to
more recent work that highlights the importance of organisational capability
development, strategic coherence and performance alignment in translating technological
adoption into sustainability outcomes (Centobelli et al., 2017; Centobelli et al., 2020).

Rather than framing technology as an autonomous lever of environmental progress, the
findings of Publication II demonstrate that its impact is shaped by how deeply it is
embedded into performance-oriented business practices. This supports the argument that
sustainability outcomes are not achieved by technology alone but rather through the
deliberate integration of digital tools into core operational and strategic systems (Saunila,
2020; Moktadir et al., 2020; Saunila et al., 2021; Sipola et al., 2023; Holopainen et al.,
2024). Simultaneously, this finding contradicts literature that considers business
sustainability and environmental sustainability as distinct goals (Montiel, 2008; Milne &
Gray, 2013; Bansal & DesJardine, 2014; Gillan et al., 2021). For instance, whereas some
studies suggest technology can directly address ecological concerns (Chege & Wang,
2020; Bibri et al., 2023; Sipola et al., 2023), the evidence here indicates that meaningful
environmental gains are more likely when smart technologies are harnessed through well-
functioning business sustainability mechanisms, such as innovation capacity, stakeholder
engagement and resource efficiency protocols. Therefore, environmental sustainability
appears not as a standalone outcome but as a derivative of strategically embedded
performance practices. This insight helps clarify and enrich the current discourse on the
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digital transformation—sustainability nexus, particularly in the context of SMEs
navigating operational efficiency alongside broader ecological responsibilities.

With organisations seeking to meet the increasingly complex sustainability demands and
rising expectations for integrating technological and environmental priorities, the findings
of Publication IV suggest that DT are an increasingly relevant technology in supporting
organisations to align PM with sustainability goals. The results indicate that DT, rather
than being limited to operational monitoring, are being used to model and optimise energy
flows, simulate environmental impacts and enhance real-time visibility into resource
consumption. This opens up new possibilities for performance systems that incorporate
sustainability not as an external reporting layer but as an integral part of operational and
strategic decision-making. These findings resonate with prior studies that associate DT
with advanced environmental analytics and process efficiency (Saunila et al., 2021;
Ghobakhloo et al., 2022; Franciosi et al., 2022; Xu et al., 2023a; 2023b) while suggesting
a more embedded and anticipatory use of such technologies in performance contexts (Tao
et al., 2018a; Holopainen et al., 2024). The integration of these capabilities reflects a shift
in how sustainability is operationalised through simulation, forecasting and digital
experimentation, adding depth to the existing perspectives in the literature (Qi & Tao,
2018a, 2018b; Saunila et al., 2024).

Taken together, the findings of this dissertation underscore that novel technologies hold
substantial potential to enhance PM by enabling real-time monitoring, predictive
analytics and multi-level strategic alignment. These benefits were evident across all
empirical studies, where organisations reported improvements in agility, operational
transparency, environmental optimisation and employee safety. Such outcomes affirm
and extend the literature emphasising the transformative potential of digital tools in
shaping adaptive, learning-oriented performance environments (Bititci et al., 2015;
Nudurupati et al., 2016; Saunila et al., 2021; Ghobakhloo et al., 2023). The dissertation
also reveals important challenges that shape the realisation of these benefits. Issues such
as fragmented data systems, a lack of standardisation, organisational resistance and
resource constraints were noted across cases (e.g. Centobelli et al., 2020; Verhoef et al.,
2021). Nevertheless, these findings highlight areas where strategic capability
development, inclusive design and leadership commitment become essential. Echoing the
calls in the literature for integrated digital maturity and sustainability governance (Gond
et al., 2012; Centobelli et al., 2017, 2020; Vial, 2021; Ghobakhloo et al., 2021a, 2023),
the results suggest that the effective use of novel technologies in PM is not purely a
technological endeavour but a socio-technical transformation that requires alignment
across people, processes and purpose.
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6 Conclusion

6.1 Theoretical contributions

This dissertation makes a substantive theoretical contribution to the field of PM by
reconfiguring it as a strategic, technology-enabled and sustainability-integrated
capability. PM has traditionally been framed through the lens of control, compliance and
output optimisation; however, this study advances a dynamic re-conceptualisation of PM
in response to digital transformation, positioning PM as a platform for continuous
adaptation, multi-dimensional value creation and cross-functional alignment. First,
through a systematic synthesis of prior research (Publication I), the dissertation addresses
the conceptual fragmentation in prior work and identifies the lack of integration between
digital technologies and sustainability outcomes in PM scholarship. This provides a
synthesised foundation that positions novel technologies (particularly Al, the IoT and DT)
as transformative enablers that redefine the logic, processes and priorities of PM in the
context of digital transformation.

Second, the dissertation offers a novel empirical insight into the relationship between
technological adoption and sustainability performance, challenging the often-assumed
direct positive effect of the adoption of smart technologies on environmental outcomes.
The study reveals that business sustainability (reflected in process efficiency, agility and
innovation capacity) functions as a mediating mechanism, enabling environmental
performance gains only when technological investments are aligned with organisational
processes and priorities. This finding adds to existing knowledge by offering a more
layered understanding of how sustainability outcomes emerge, not directly from
technology use, as often assumed in the literature, but through the mediating role of
business sustainability embedded in performance routines and operational priorities. It
contributes to addressing a core conceptual gap in the literature that tends to consider
digitalisation and sustainability as separate or linearly connected domains. Instead, this
dissertation positions PM as the integrative interface through which digital capabilities
are translated into tangible environmental and social value.

Third, this dissertation broadens the theoretical scope of PM by demonstrating that DT
not only are technical infrastructures but also act as interactive and cognitive extensions
that support simulation-based learning, ergonomic safety and well-being enhancement.
These mechanisms enable participatory performance systems in which employees
actively co-interpret, shape and respond to performance feedback. Rather than replacing
human input, such technologies augment sensemaking and decentralised decision-
making, offering a more socially embedded model of performance improvement. This
reorients the concept of PM from a transactional or compliance-driven tool towards a
socio-technical system that fosters inclusivity, resilience and continuous adaptation.
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6.2 Practical contributions

This dissertation offers practical guidance for organisations seeking to modernise their
PM practices in the context of accelerating digital transformation and growing
sustainability expectations. It demonstrates that novel technologies (in particular, Al, the
IoT and DT) can significantly enhance PM practices by enabling real-time monitoring,
predictive analytics and continuous adaptation. However, the findings emphasise that
these benefits are not automatic; they require deliberate alignment between technology,
strategy and operations. This means that organisations should align the adoption of novel
technologies with the development of performance management practices, so that digital
capabilities support strategic priorities, operational processes and sustainability-oriented
outcomes. Practitioners are encouraged to move beyond viewing PM as a retrospective
compliance activity and instead adopt it as a forward-looking system that supports agility,
learning and cross-functional responsiveness. The conceptual framework presented in this
study can guide managers in mapping the interrelationships among technological enablers
and mediating organisational capabilities and sustainability-oriented performance
outcomes.

From a managerial perspective, this research underscores the importance of
organisational readiness in digital initiatives. The findings reveal that business
sustainability mechanisms (such as innovation capacity, stakeholder engagement and
process agility) serve as key mediators through which novel digital technologies translate
into environmental and social impact. Managers or organisational leaders must recognise
that the performance benefits of technologies such as Al, the IoT and DT are contingent
upon organisational readiness, data literacy and strategic clarity. Therefore, they advised
prioritising the development of such capabilities when planning the adoption of, and
deploying, novel technologies. Moreover, managers (or leaders) are encouraged to
consider PM not just as a system of control but as a learning-enabling and future-oriented
practice. This reorientation calls for fostering a culture of experimentation, continuous
feedback and participative decision-making, which can strengthen employee engagement
and sustainability integration. The insights also highlight the significance of cross-
functional collaboration and inclusive design in ensuring that digital tools enhance, rather
than displace, human judgment and agency. In addition, the study informs managers in
SMEs and other emerging firms about the potential benefits of adopting novel
technologies to enhance performance practices at both operational and individual levels.
It highlights how leveraging the synergistic capabilities of DT in conjunction with Al and
the IoT can yield compounded value in enabling real-time responsiveness, predictive
insight and sustainable innovation.

For practitioners and policy stakeholders, this dissertation offers actionable insights into
how PM practices can be strategically leveraged to align digital transformation efforts
with broader sustainability goals and outcomes. By highlighting the mediating role of
business sustainability, the findings provide a concrete pathway for embedding
environmental and social indicators into core operational routines, moving beyond the
traditional view of sustainability as a secondary or compliance-driven layer. The research



79

further informs the development of industry 5.0-aligned approaches by demonstrating
how DT, when complemented by Al and the 10T, can support simulation-based learning,
ergonomic workplace design and collaborative decision-making. These insights offer
practical implications for workforce development, organisational design and long-term
strategic alignment. As organisations increasingly navigate the intersecting pressures of
innovation, compliance and stakeholder trust, the adaptive, integrated and human-centric
PM practices articulated in this dissertation can serve as guiding insights for
transformative change at both organisational and individual levels.

6.3 Limitations of the study

This dissertation presents original insights into the transformative role of novel
technologies in PM. However, several limitations must be acknowledged to both
contextualise the findings and guide future investigations. First, the empirical scope was
limited to Finnish organisations. Although many of these organisations operate
internationally, national-level factors such as digital infrastructure, sustainability policies
and innovation culture may have influenced the results. Broadening the geographical
scope to include organisations from diverse cultural and regulatory environments would
offer comparative insights and enhance the generalisability of the findings. Moreover, the
survey yielded 179 valid responses, a valuable dataset but one that could be considered
modest in relation to the outreach pool. This limited response may partly be attributable
to the study’s cross-sectional design, which captures views at a single point in time.
Future research could benefit from adopting longitudinal approaches to better capture
how PM practices and technological integration evolve over time while improving
response depth and engagement.

In addition, although the three case studies provided rich, context-specific insights into
how DT shape PM in different organisational settings, the relatively small sample limits
the breadth of generalisation. Nevertheless, the diversity of the selected organisations,
ranging from a large organisation actively exploring DT implementation to highly
advanced, tech-oriented solution providers, offered meaningful variation in maturity
levels and industry contexts. This heterogeneity adds value to the findings; however,
future research could benefit from expanding the number and type of organisations,
including more traditional or non-digital-native firms, to deepen theoretical insights and
explore different adoption pathways. Furthermore, although the SLR conducted in this
dissertation identified six major streams of novel technologies relevant to PM, the
empirical scope was limited to Al the IoT and, in particular, DT. Whereas these three
technologies were examined through survey and case study research, other streams such
as blockchain, big data analytics and immersive technologies were not empirically
explored. This selective focus enabled deeper insights into the transformative role of Al,
the IoT and DT but limited the scope for understanding how other novel technologies
might contribute to PM practices in the context of digital transformation.
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6.4 Suggestions for future research

Building on the insights of this dissertation, future research may investigate how other
underexplored novel technologies (e.g. blockchain, big data analytics and immersive
technologies) can contribute to the evolution of PM in sustainability-driven digital
contexts. This dissertation provided strong empirical evidence for the role of Al, the loT
and DT, including their integration with XR, in enhancing employee training and well-
being. However, other forms of technological integration remain conceptually promising
but empirically unexplored. Researchers could investigate how additional technologies
intersect with organisational learning, feedback systems or strategic planning to extend
PM into more intelligent and responsive systems. Expanding the technological landscape
in this way would offer a broader understanding of how different digital solutions enable
organisations to adapt performance practices to meet both competitive and sustainability
imperatives.

Future studies may also expand the organisational and geographical scope to enhance the
generalisability and contextual richness of findings. This dissertation was conducted in
Finland, a technologically advanced and sustainability-conscious context, which may not
fully represent conditions in other regions, especially those in developing economies or
under digital regulatory constraints. Comparative, cross-country studies could uncover
how institutional, cultural or regulatory factors mediate the impact of novel technologies
on performance. Furthermore, whereas this dissertation captured organisation-level
dynamics, more attention could be paid to multi-level analyses that examine how
individual, team and inter-organisational interactions mediate technology assimilation in
PM. Sector-specific investigations (such as in healthcare, manufacturing or public
administration) may also reveal domain-specific challenges and innovation opportunities.

Finally, future research could adopt longitudinal and mixed-methods approaches to better
capture the temporal evolution and depth of performance transformation processes. The
cross-sectional nature of this dissertation provides a snapshot of current practices but does
not fully reflect the iterative and often nonlinear pathways through which novel
technologies are implemented, routinised and optimised. Longitudinal case studies or
panel-based survey designs could illuminate how organisations adapt PM frameworks
over time, particularly in response to changing sustainability mandates or digital maturity.
Moreover, the integration of qualitative insights with large-scale quantitative assessments
could offer a more complete picture of both the structural and experiential aspects of
technologically enabled PM. Such future inquiry would deepen theoretical insights and
better inform managers seeking to embed novel technologies within resilient, adaptive
and sustainability-oriented performance systems.
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Appendix A: SLR protocol

Eligibility Criteria

1.

Inclusion

- Peer-reviewed journal articles published between 1994 and 2022.
- Atrticles written in English.

- Only studies in the final stage of publication were included

Exclusion

- Articles outside the targeted subject category (e.g., irrelevant fields).

- Papers with titles not clearly indicating relevance to PM or technologies.

- Abstracts lacking conceptual or empirical alignment with the review focus.

- Full-text studies that failed to meet quality, relevance, or focus requirements.
- Conference papers, book chapters, and non-peer-reviewed publications.

Information Sources

Digital libraries used for data collection: Scopus

Search Strategy

1.

A combination of keyword groups was used to target publications at the intersection of

performance management and novel technologies:

- Group 1(Performance-focused terms): performance management, performance
measurement, organizational control, management control.

- Group 2 (Technology-focused terms): artificial intelligence, Al, augmented reality,
AR, IoT, 5G, digital twins, cyber-physical systems, cloud computing, blockchain.

Search Syntax Example (for Scopus):

- Group 1: ("Performance Management" OR "Performance Measurement”" OR
"Organizational Control" OR "Management Control")

- Group 2: ("Artificial Intelligence" OR "AI" OR "Augmented Reality" OR "AR" OR
"Digital Twins" OR "Cyber Physical System" OR "Cloud Computing" OR
"Blockchain" OR "IoT" OR "5G")

- Combined with: Group 1 AND Group 2 using Boolean operators.

Selection Process

- Initial hits: n= 1472

- Excluded based on subject category: n =718
- Relevant to subject: n= 754

- Excluded based on title: n= 519

- Check abstract: n = 235

- Excluded based on abstract: n = 136

- Full text review: n= 99

- Excluded based on full text review: n = 60

- Snowball studies included: n = 28

- Final sample: n = 67
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Appendix B: Survey items

Backeround Information

Age of the company

Company’s main operating industry (service or manufacturing)

Annual turnover

Company’s customer base (B2B or B2C)

Number of employees

Position of the respondent in the company (top management, middle management, or
employee level)

AU

Smart Technologies

1. The utilization of smart technologies focuses on the company’s processes or the entirety
of several devices.

2. The utilization of smart technologies focuses on the entire organization or on
factory/plant-level entities.

Business Sustainability

3. We have created innovations that can be used profitably in different areas of the business.
4. We have had a regular dialogue with our stakeholders.
5. We have improved the health and safety of our employees.

Environmental Sustainability

6. We have reduced our environmental impact.
7. We have reduced waste.
8. We have recycled materials in our operations.

Measurement scale used:
All items were measured on a 5-point Likert scale ranging from 1 = Strongly disagree to 5 =
Strongly agree.
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Appendix C: Structure of interview protocol

Topic 1. Project and researcher introduction

Briefly introducing oneself (interviewer) and explain the purpose of the study and how the

interview will proceed.

Topic 2. Company basics and background

Please describe your company, its core operations, and your role within the organization.

Topic 3. Novel technologies and performance management practices

1. Has your company adopted any new technologies that include artificial intelligence?
a. Ifso, can you briefly describe how this technology is used and for what purpose?
i. Have you used novel technologies for collaboration purposes? How? Can
you share an example?
ii. Have you used novel technologies for visualization purposes? How? Can you
share an example?
iii. Have you used novel technologies for automation purposes? How? Can you
share an example?
iv. Have you used novel technologies for real-time data collection purposes?
How? Can you share an example?
v. Have you used novel technologies for predictive analytics purposes? How?
Can you share an example?
b. What benefits and challenges have you seen as a result?

2. Have you recently incorporated any novel technologies to monitor and evaluate your

company’s activities?

a. What activities?

b. What changes (if any) have you noticed in your organizational activities recently?
especially with the use of novel technologies? Can you share any specific improvements that have
resulted from these changes?

3. Has your company used novel technologies to improve the way it manages employee and

organizational overall performance?

a. Can you provide some examples of the specific tools or technology your company uses
for measuring employee’s, and company s performance?

b. Can you provide examples of how these technologies have helped identify strengths and
areas for improvement for individual employees?

c. Have these technologies helped to track progress towards achieving company goals and
objectives?

d. What are the most important metrics to track when measuring the success of your
company's goals and objectives?

e. How has technology-enabled real-time feedback and coaching impacted employee
performance?

f.  What challenges has your company faced in implementing these new technologies and
how were they overcome?

Topic 4. Novel technologies and sustainability

4. In your opinion, what role does novel technology play in supporting sustainability efforts in
your organization?
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a.

For example, in Energy efficient practices, Renewable energy sources, Waste reduction,
Sustainable Transportation, Water consumption reduction, Sustainable supply chain

5. Have you implemented novel technologies to increase sustainability?

a.

Have you seen any improvements in environmental sustainability side as a result of
implementing novel technologies? Can you share some insight on it?

b. Can you provide an example of a novel technology that you have used to monitor and

improve environmental sustainability outcomes? How has it made a difference?

6. Can you name challenges in achieving sustainability with novel technology?
7. What are the challenges in achieving sustainability in your industry in general?

Topic 5. Industry future

1.

2.

What do you think are the most promising novel technologies that could have a significant
impact on your industry in the near future?

What role do you see novel technology playing in the future of sustainable
manufacturing?

What role do you see novel technology playing in the future of performance management,
and how can it be leveraged to improve performance?

What kinds of regulatory pressures do you think will shape the future (e.g., EU
directives?)

Are there any issues we have not yet talked about but are important?
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The purpose of this paper is to systematically review research related to the value of new technologies in the
context of performance measurement and management. The review synthesizes findings from previous studies to
provide a comprehensive understanding of the current state-of-the-art of various novel technologies and how they
assist performance measurement and management across various industries. Scopus was selected as the main
electronic database for this study. As a principal result, we found that research related to the value of novel
technologies in the context of performance measurement and management is formed around six research streams:
automation techniques, predictive analytics, real-time data collection, visualization, collaboration tools, and

blockchain technology. As a conclusion, the research presents that novel technologies can be used to track and
monitor performance, automate processes, and streamline operations. The findings of this review will bring more
coherent value to the current state of the literature and contribute to a diverse body of knowledge.

1. Introduction

Continuous organizational growth and learning emphasizes the
measurement of performance, such as workload, efficiency, effective-
ness, adaptability, and productivity. As competition between companies
increases, measuring organizational performance requires an intelligent
and innovative strategic approach (Guo & Lyu, 2021). In a rapidly
growing competitive environment, it is important to find innovative
ways to develop performance measurement and management (PMM) and
utilize the measurement results: data are everywhere with the emergence
of new technology (Bhatti et al, 2021; Kumar et al, 2021). In many
industries, technology has almost displaced traditional mechanisms,
changed the dynamics of the entire work environment, and especially
modernized the operations of companies to achieve better performance
(Agrawal, 2019). Novel technologies have become commonplace in
many organizational functions, including PMM systems (Tas kin & Yazar,
2020; Ukko et al,, 2022). Technologies such as artificial intelligence (AI),
machine learning (ML), the internet of things (IoT), cyber physical sys-
tems (CPS), digital twins, cloud computing, and blockchain have been
considered as major technologies in Industry 4.0 context (Choi et al,
2022), and, thus, have the potential to improve the accuracy and effi-
ciency of PMM. These are defined as novel technologies as they result
unparalleled mix of existing solutions. In today's competitive market,

* Corresponding author.

novel technologies are transcending traditional business models and
reshaping organizational structures (Suuronen et al.,, 2022). At the same
time, technology is notorious for becoming outdated quickly and can thus
turn many people against the digital world (Sahlin & Angelis, 2019, pp.
16-21). Therefore, it is important for companies to understand the value
of new technologies, such as Al, digital twins, CPS, cloud computing, and
augmented reality, to improve performance and processes for building
business around customers and ahead of competitors.

Prior research has identified various benefits of such technologies
(Shmueli et al,, 2016; Kumar, 2019; Masood & Hashmi, 2019; Mello &
Martins, 2019; Holopainen et al., 2022; Olan et al,, 2022; Saunila et al,,
2022). Thus, with the rapid growth of technology, measuring and man-
aging performance has become more important than ever, improving
PMM. This is because companies cannot gain competitive advantages by
not participating in this development. For example, emerging technolo-
gies can offer useful information for viewing the most urgent needs of
customers. An organization's ability to identify these needs is one of the
most important areas for development in PMM (Holopainen et al., 2023)
and, if successful, can lead to better performance in several measurement
areas related to understanding customers (Sahlin & Angelis, 2019).
Collecting and analyzing data becomes an essential part of extracting
vital information, and even though data analysis is a complex process
requiring demanding calculations, new technologies can offer many
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opportunities, such as automatic decision making and real-time presen-
tation of results. Kumar (2019) and Kumar et al. (2021) have shown that
new technology, such as blockchain, has improved potential to transform
PMM by providing a secure and transparent system for collecting, stor-
ing, and analyzing data and enabling the automation of PMM processes.
Similarly, with the advancement of novel technologies like Al, ML,
visualization, big data techniques, and the [oT, real-time data collection
and performance management have become increasingly important in
many fields, such as service systems, manufacturing, production opera-
tions and healthcare (Olan et al,, 2022; Reyes et al., 2022). These tech-
nologies have the potential to revolutionize the way organizations
measure and manage performance by providing more accurate, timely,
and relevant information.

In summary, the integration of new technologies such as Al, big data
analytics, and cloud computing has become a growing trend in organi-
zations, where the central goal is also to improve PMM (Monod et al,,
2022). Some studies have shown positive impacts on efficiency and
effectiveness, while others reported mixed results or raised concerns
about the potential downsides of these technologies, such as increased
data privacy and security risks (Agrawal, 2021; Chen et al, 2012; Tao
et al, 2019). Despite this trend, research is limited exploring the impact
of these technologies on PMM and their outcomes. Given the growing
importance of PMM in organizations, it is crucial to systematically review
existing literature to gain a deeper understanding of the value of these
technologies in this context. This research aims to fill this gap with a
systematic review of existing literature on the value of novel technologies
in the context of PMM.

This article is organized as follows: the first part is an introduction
that sheds light on the background information and context of the study
and presents the research gap and research question. The second part
presents a purposeful methodology, by which the authors followed a
protocol that allowed data to be imported from reliable sources. The third
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section summarizes the descriptive results of the research, and the fourth
section describes the most important findings, relevant limitations, as
well as future research avenues. Finally, the fifth part presents the con-
clusions based on the results of the study.

2. Methodology

This review employs a rigorous approach in the form of a systematic
literature review (SLR). SLR represents an independent genre of litera-
ture review conducted with a systematic, precise, clear and reproducible
methodology designed for a careful and thorough process of collecting,
analyzing and summarizing research studies on a given topic (Ham-
mersley, 2020; Kraus et al, 2022; Suri, 2020). This, in turn, is useful
when selecting and evaluating studies very carefully in order to form a
complete picture of a topic known in a given field (Linnenluecke et al,,
2020; Kraus et al,, 2022). The use of the SLR method enables the iden-
tification of gaps in the existing literature and assists in suggesting new
opportunities for future research (Hammersley, 2020). The SLR process is
described step by step below and the process for literature selection is
shown in Fig. 1.

2.1. Eligibility criteria

This step is concerned with the establishment of inclusion and
exclusion criteria. To extract the relevant studies and answer the pro-
posed questions in this systematic review, Scopus was chosen as the main
electronic database. The main goal of developing eligibility criteria is to
increase intra-and inter-reviewer reliability in the study selection, in-
crease reproducibility, minimize bias, and provide transparency for users
(Nelson, 2014). Thus, we developed the following inclusion criteria:

o Studies published in peer-reviewed journals since 1994.

(n=1.472)

Potentially relevant initial hits

Studies excluded based on

subject category (n=718)

Studies relevant to the proper
subject category (n=754)

Studies excluded based on

A 4

title (n-319)

(n=235)

Potentially relevant studies for
[urther review, check abstract

Studies excluded based on

A 4

A 4

abstract (n—136)

Potentially relevant studies Tor
full text review (n-99)

Studies excluded based on full

Snowball studies
included (n— 28)

A 4

text review (n-60)

Final studies included in the
systematic review (n=67)

Fig. 1. Process flow diagram of literature selection.
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o Studies in the final stage of publication.
o Studies published in English.

The extracted articles based on the selection criteria were further
analyzed in two steps. First, we analyzed each article's title, abstract, and
keywords. Those articles that did not address the proposed research
questions were eliminated. Second, we read the remaining articles in
detail and excluded articles that did not provide information about uti-
lizing novel technologies in PMM that could contribute to the research
aim. Additionally, all duplicate articles found in the multiple searches
were excluded.

2.2. Information sources

Scopus was used as the main database for identifying potentially
relevant documents. Scopus was selected because it is the largest elec-
tronic citation and abstract database for peer-reviewed literature
(Elsevier, 2022). Scopus database as source for scientific articles and a
basement for the literature reviews is well-suited for capturing pertinent
literature within the domain under investigation, and it is commonly use
as a main or sole source for the documents (e.g, Malanski et al.,, 2021;
Oliveira et al, 2018). The search strategies were drafted and further
refined through team discussion.

2.3. Search strategy

This section defines the keywords that were used to extract relevant
information from the Scopus database that could contribute to the
research aim. This section describes the entire search strategy for the
Scopus database in Table 1 and Table 2.

Group 1 Kkeywords were mainly oriented toward managing,
measuring, and control activities, while Group 2 keywords were used
specifically for novel technologies that are used to control, manage, and

Table 1
Keywords used for the search queries.
Group Keywords
Group performance management, performance measurement, organizational
1 control, management control
Group artificial intelligence, Al, augmented reality, AR, IoT, 5G, digital twins,
2 cyber physical system, cloud computing, blockchain
Table 2
Algorithm for search queries.
Digital Group Algorithm
Library
Scopus Group 1 (TITLE-ABS-KEY (“Performance Management”) OR
TITLE-ABS-KEY (“Performance Measurement™) OR
TITLE-ABS-KEY (“Organizational Control””) OR
TITLE-ABS-KEY (“Management Control")
Group 2 TITLE-ABS-KEY (“Artificial Intelligence) OR TITLE-
ABS-KEY(“AI”) OR TITLE-ABS-KEY (“Augmented
Reality”) OR TITLE-ABS-KEY(“AR”) OR TITLE-ABS-
KEY (“Digital Twins*") OR TITLE-ABS-KEY (“Cyber
Physical System*") OR TITLE-ABS-KEY (“Cloud
Computing”) OR TITLE-ABS-KEY (“Blockchain”) OR
TITLE-ABS-KEY (“IoT”) OR TITLE-ABS-KEY (“5G)
Group 1 and (TITLE-ABS-KEY (“Performance Management™) OR
Group 2 TITLE-ABS-KEY (“Performance Measurement”) OR

TITLE-ABS-KEY (“Organizational Control”) OR
TITLE-ABS-KEY (“Management Control”) AND
TITLE-ABS-KEY (“Artificial Intelligence”) OR TITLE-
ABS-KEY (“AI”) OR TITLE-ABS-KEY (“Augmented
Reality”) OR TITLE-ABS-KEY (“AR”) OR TITLE-ABS-
KEY (“Digital Twins*") OR TITLE-ABS-KEY (“Cyber
Physical System*") OR TITLE-ABS-KEY (“Cloud
Computing”) OR TITLE-ABS-KEY (“Blockchain”) OR
TITLE-ABS-KEY (“IoT”) OR TITLE-ABS-KEY (“5G0))
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measure organizational performance. These groups were then combined
using logical Boolean operators in the Scopus search engine platform.
The search queries are given in Table 2, where algorithmic search queries
are shown.

After combining Group 1 and Group 2 to set up a search algorithm in
the Scopus platform, the search engine initially yielded 1472 hits. The
protocol set up for this systematic review provides some useful advan-
tages, like speeding up the search within the assigned domain, control-
lability to the desired selection, manageability of the retrieved
information, and quick identification of the selected keyword for detailed
analysis.

2.4. Selection process

The article search process was limited to titles, abstracts, and key-
words in the search bar of the Scopus platform. Two groups of keywords
were created to process the selection procedure. The entry typed in the
search bar is shown in Table 2. For the second group of keywords, the
wildcard (*) was added to ensure that all forms of a term related to the
word being searched would be found. The wild card entry keyword was
applied to digital twin and cyber physical system. In the first search, the
Scopus platform yielded 1472 articles as a result of the algorithm in
Table 2.

Because the keyword incorporated numerous hits from subjects like
mathematics, biology, ecology, physics, chemistry, and psychology, a
layer of subject limitation was added to the search criteria. Consequent
searches were designed to target more relevant and specific subject areas
(business, management and accounting, computer science, engineering,
and decision science) that are concerned to this systematic review. This
yielded 754 articles relevant to the subject. The titles of these 754 doc-
uments were further analyzed, yielding 235 articles to move forward
with. It was necessary to filter more documents not related to the
research questions of this systematic review. The abstracts of the
remaining 235 journal articles were read to determine if the articles were
relevant to the proposed research questions. The result of this process
yielded 99 peer-reviewed journal articles for full text reading.

After reading the full texts of these 99 articles, 54 articles were

selected for further analysis. Fifteen articles, after further cross-checking
and reading, were found not to be closely relevant to the scope of this
systematic review. Thirty-nine articles were ultimately selected from this
procedure. During the systematic literature search process, it is likely that
some important scientific work may not be found. Non-probabilistic
sampling, like snowball sampling, is needed to accommodate more
work in relevant fields (Bakker, 2010). Therefore, snowball sampling was
applied to extract other relevant articles.

The procedure for snowball sampling was dependent on in-depth
readings and the understanding of the researcher instead of consid-
ering the inclusion and exclusion criteria set up for this systematic re-
view. It was necessary to identify the experts in the domain and become
familiar with their work. Google Scholar and Scopus were utilized to
search for additional documents during the non-probabilistic sampling
for this study. The snowball sampling helped to identify 28 additional
relevant articles, leading to total of 67 articles in the final selection.

A systematic breakdown of the searching process for the potential
literature is shown in the process flow diagram in Fig. 1.

2.5. Final sample

Chronologically, the descriptive analysis suggests that novel tech-
nology as a cutting-edge development for performance management is a
very recent and fragmented issue. Fig. 2 represents the number of
selected studies published per year within the review period from 1994
to the present. The descriptive analysis shows that more attention has
been given to this subject in the last three to four years, with growth still
trending. This means that the relationship between novel technologies
with respect to PMM has been receiving more interest from researchers.
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Fig. 2. Number of selected studies per year (snowball sampling is not included here).

Since the trend in Fig. 2 shows that relevant research has mostly been
conducted in recent years, the snowball sampling was carefully reviewed
from 2017 to the present. After careful readings, only 28 articles from
2017 to the present were considered for the analysis, with the purpose of
adding more value to the proposed research questions of this review.

In the next section, we discuss the findings of our thematic analysis of
carefully and systematically chosen literature from 1994 to the present.
The choice of 1994 as the starting point for this review is based on the
scarcity of scientific research, as searches with the selected criteria
showed that not much research about the use of novel technologies in
PMM was performed before that year (see Fig. 2).

2.6. Analysis and validity

The analysis was conducted iteratively and collaboratively by a team
of four researchers. Our collaborative effort allowed us to approach the
subject matter from various perspectives, ensuring a comprehensive
analysis of the literature and themes related to novel technologies in
PMM. At first, a preliminary research themes in the literature were
generated, meaning that the themes were allowed to emerge explora-
torily. The final research themes were formulated through a cyclic pro-
cess as follows: (1) reading the results of the articles (included in the final
sample) and interpreting the results; (2) classifying their content into
themes; and (3) consolidating themes into main and subcategories. This
iterative inquiry ended in a situation where no new information was
found in the final sample. The diverse expertise of the researchers that
participated in the analysis enriched the rigor and depth of our review,
contributing to the robustness of the identified themes and future
research directions. In terms of validity, our study rigorously followed
established research methodologies for systematic reviews. We main-
tained transparency in our approach by detailing the process of article
selection, inclusion and exclusion criteria, and the databases utilized for
our search.

3. Research streams of PMM in relation to novel technologies

This section highlights the primary research streams in the PMM field,
supplemented by the domain of management control and organizational
control. The discussion is structured according to six themes. Many of the
selected themes from the studies in this systematic literature review can
be categorized in more than one sub-theme because they have multiple
overlapping advantages for PMM. The themes are categorized in Table 3.

Table 3

Themes emerging from reviewing prior research.

2024

Theme

Definition

References

1. Automation
techniques and
PMM

2. Predictive
analytics and
PMM

3. Real-time data
collection and
PMM

4. Visualization and
PMM

5. Collaboration
tools and PMM

6. Blockchain
technology and
PMM

Use of technology to automate
processes in PMM

Use of past data to build
models to predict future trends
and behaviors

Process of gathering and
analyzing data generated and/
or received in real time

Software application or
program enabling graphical
representations of data

Software application/platform
that enables teams to work
together

Decentralized and distributed
digital ledger technology

Teimoury, Fathian and
Chambar, 2013; Heilbrunn
etal, 2017; Kumar & Singh,
2019; Nawaz & Mary, 2019;
Siderska, 2020; Agrawal,
2021; Monod et al., 2022;
Olan et al., 2022

Chen et al., 2012; Shmueli
etal, 2016; Abolbashari et al.,
2018; Kumar & Garg, 2018;
Dubey et al., 2019; Masood &
Hashmi, 2019; Van Calster
etal.,, 2019; Psarras et al.,
2020; Hassan et al., 2021
Yuldoshev et al., 2018;
Barricelli et al., 2019; Sahlin &
Angelis, 2019; Agrawal, 2021;
Dweekat and Al Alomar, 2021;
Tokat et al, 2021; Bertoni &
Bertoni, 2022; Holopainen
etal., 2022; Saunila et al.,
2022

Bititci et al., 2016; Perkel,
2018; Naslund & Norrman,
2019; Manville et al., 2019;
van Assen & de Mast, 2019;
Batt et al., 2020; Sarram &
Ivey, 2022.

Al-Hakim & Lu, 2017; Garrick,
2018; Bhatia & Malhotra,
2019; Songetal, 2019;
Marion and Fixon, 2020;
Marques et al.,, 2022

Zheng et al,, 2019; Salah et al.,,
2020; Reyes et al,, 2022; Yuan
etal, 2020; Kumar et al., 2021

3.1. Automation techniques and PMM (theme 1)

Papers grouped around this theme are mostly focused on the use of
technologies like Al, ML, the IoT, cloud computing, and CPS to automate
processes in various industries (e.g., Heilbrunn et al., 2017; Monod et al.,
2022; Olan et al,, 2022). Automation techniques facilitate the creation of
information that is more easily interpreted by humans and can be used to
automatically generate reports, manage customer data, track inventory,

and

improve customer service (Finch, 2002). Such automation
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techniques support PMM in various ways. The findings from several
studies (Teimoury et al, 2013; Agrawal, 2021; Heilbrunn et al, 2017;
Monod et al,, 2022; Nawaz & Mary, 2019; Olan et al., 2022) suggest that
automation can help to improve the efficiency and quality of PMM,
reduce delays in PMM, and produce information patterns that are easier
for humans to understand.

When it comes to improving the efficiency and quality of PMM,
process automation involves the use of various software programs to
automate administrative tasks, such as creating and managing customer
databases, which can help streamline operations. It can also be used to
facilitate the tracking of performance metrics, such as customer satis-
faction and employee engagement (Kumar & Singh, 2019). For example,
robotic process automation is a growing technology that automates re-
petitive tasks using software robots (Siderska, 2020). The author argues
that robotic process automation can be a significant driver of digital
transformation by streamlining processes, improving productivity, and
reducing costs. In addition, by utilizing Al and ML algorithms, supply
chain processes can be automated for better visibility and accuracy to
increase efficiency, reduce costs, and reduce risks (Teimoury et al,
2013). Olan et al. (2022) argue that automated techniques like chatbots
powered by Al can guide users through complex processes or workflows,
providing personalized recommendations based on user behavior.

Regarding the reduction of PMM delays, Nawaz and Mary (2019)
argue that chatbots can help to reduce the amount of time needed to
complete tasks, which can in turn help to improve organizational effi-
ciency by providing real-time feedback and support to employees.
Meanwhile, Agrawal (2021) suggests that automatic cloud computing
can provide efficient management by allocating and deallocating re-
sources based on system demands, which can optimize resource utiliza-
tion and reduce costs. She adds that automatic cloud computing can
provide security solutions (such as automatic backup and security
monitoring) for cloud-based systems. Monod et al. (2022) found that Al
systems can enable service providers to have more control over customer
experiences by automating certain aspects of the customer service pro-
cess, such as training inquiries and providing automated responses. All
these assist in reducing delays in PMM.

By producing information patterns for PMM, automation techniques,
especially ML techniques, can be applied to automatically identify pat-
terns and configurations in complex data sets, which can help humans
make informed decisions and identify the best planning strategies
(Heilbrunn et al, 2017). The authors introduce “kernel-based machine
learning methods” to detect mutual configurations of applied planning
strategies and performances in small- and medium-sized businesses.
These methods involve using mathematical kernels to map data into a
higher-dimensional space where a linear classifier can be used to identify
patterns in the data. The authors argue that the proposed model can be
used to automatically and accurately predict future performance based
on the detected configurations. Olan et al. (2022) suggest that promising
tools like chatbots powered by Al could be effective for knowledge
sharing and could simplify human tasks, such as benefits administration,
employee engagement, and onboarding.

3.2. Predictive analytics and PMM (theme 2)

Predictive analytics is a set of techniques and tools that use data,
statistical algorithms, and machine learning to analyze historical data
and make predictions about future events or outcomes (Abolbashari
et al, 2018; Kumar & Garg, 2018). Based on historical data, predictive
analytics identifies patterns and trends that can be used to develop pre-
dictive models that can accurately forecast future outcomes, enabling
organizations to anticipate and plan for the future (Shmueli et al., 2016).
Prior research on this theme (e.g,, Dubey et al.,, 2019; Hassan et al,, 2021;
Psarras et al, 2020; Van Calster et al, 2019) suggests that predictive
analytics can help to facilitate decision-making based on PMM infor-
mation, assist in risk management and failure detection, and improve
performance based on PMM information.
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For various business operations, managers need insights and infor-
mation to make informed decisions and optimize their operations. Pre-
dictive analytics can be a valuable tool for them in doing so (Dubey et al.,
2019; Kamble et al, 2020; Kumar & Garg, 2018). Psarras et al. (2020)
examined the balanced scorecard, a tool for PMM, that can be used
together with predictive analytics to improve the decision-making pro-
cess for funding programs. The authors argue that the balanced scorecard
provides a framework for identifying key performance indicators across
different areas of the program, while predictive analytics helps to identify
trends and patterns in the data that can be used to make predictions
about future performance. Similarly, in manufacturing plants, predictive
analytics can be used to predict equipment failures and can help orga-
nizations make data-driven decisions and improve performance out-
comes (Dubey et al, 2019). One major challenge is the accuracy and
reliability of predictive analytics results, which are often influenced by
factors such as data quality and the selection of machine learning algo-
rithms (Masood & Hashmi, 2019).

When it comes to managing risks and detecting failures, predictive
analytics can play an important role in PMM by providing organizations
with the tools and insights needed to forecast future performance and
identify opportunities for improvement (Shmueli et al., 2016; Chen et al,,
2012). For example, analyzing financial data and identifying patterns
and trends can benefit the financial industry in a variety of ways, such as
risk management, investment strategies, and predicting customer
behavior (Chen et al, 2012). Alharthi (2018), and Hassan et al. (2021)
have shown that predictive analytics can be applied to identify areas for
improvement and potential risks in the health industry. For example, it
can be used to identify patients who are at high risk for readmission,
allowing healthcare organizations to take proactive measures to reduce
readmission rates and improve patient outcomes. Zhao et al. (2019)
introduced a comprehensive methodology for measuring and managing
the performance of supply chain networks using predictive analytics. By
analyzing network topology, the authors developed a predictive model
that can help identify potential failures in a company's supply chain
network before they occur, which can enable companies to improve their
supply chain resilience and reduce the impact of disruptions. Moreover,
they developed a set of metrics to evaluate the performance of a network
under different scenarios, including disruptions and capacity constraints.

Regarding the enhancement of performance based on PMM infor-
mation, predictive models are used to assess how the performance of a
unit relates to its attributes (Kumar & Garg, 2018). The model predicts
how likely it is that a similar unit in a different sample will show specific
performance. It is used in marketing to predict how customers will
behave during transactions (Kumar & Garg, 2018). Additionally, predi-
cative analytics can be used to optimize resource allocation and staffing
by identifying periods of high demand and allocating resources accord-
ingly (Van Calster et al, 2019). Another example of the application of
predictive analytics is found in research by Kamble et al. (2020), who
argue that traditional approaches to supply chain PMM are limited in
their ability to provide real-time insights and accurate predictions of
future performance. They suggest that by leveraging big data and pre-
dictive analytics techniques, organizations can develop more compre-
hensive and accurate understandings of their supply chains’
performance.

3.3. Real-time data collection and PMM (theme 3)

Real-time data collection is a very important aspect of PMM across
various industries and novel technologies like the IoT, cloud computing,
digital twins, and Al (e.g., Barricelli et al., 2019; Bertoni & Bertoni, 2022;
Sahlin & Angelis, 2019). Previous studies on this theme (e.g, Agrawal,
2021; Dweekat & Al Alomar, 2021; Holopainen et al, 2022; Yuldoshev
et al, 2018) show that real-time data collection facilitates PMM by
enhancing timely decision making, assisting in the prediction of trends
and responses to changing environments, and improving the optimiza-
tion of current operations.
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In a rapidly changing environment, a large volume of data is gener-
ated by the system everywhere, and it is of utmost importance to collect
these data in real time and analyze them to make informed and deliberate
decisions from a managerial perspective (Sahlin & Angelis, 2019). Ac-
cording to Yuldoshev et al. (2018), Al and ML techniques can automate
the real-time data collection process and provide real-time data analysis
and insights, allowing managers to make organizational decisions in a
timely manner. Furthermore, they add that the integration of these
technologies with visualization tools can enhance the interpretability and
transparency of performance predications. Holopainen et al. (2022)
argue that digital twin technology also provides real-time data insights
that can help organizations make more informed decisions and respond
quickly to changing circumstances. They show that companies are
increasingly actively searching for the possibilities to support innovation
through the utilization of digital twins. Further, Tokat et al. (2021)
propose a method for designing and developing key performance in-
dicators using fuzzy c-means clustering to analyze real-time data in
warehouse loading operations. The fuzzy c-means clustering algorithms
can identify patterns and relationships in the data to help managers make
timely, informed decisions.

Real-time data collection also has potential for identifying trends and
measures to respond to changing environments. Real-time data collection
allows organizations to quickly measure performance with the aim of
identifying trends and responding to changing environments (Agrawal,
2021; Sahlin & Angelis, 2019). Sahlin and Angelis (2019) introduced
various digital technologies and tools that can be used to facilitate the
collection of data in real time, such as digital dashboards, analytics
platforms, and automation. These tools can help organizations to mea-
sure and track performance more accurately and quickly, as well as
identify areas for improvement that can produce competitive advantages.
Holopainen et al. (2022) argue that one specific technology, digital
twins, can help organizations understand their operations in real time,
identify areas for improvement, and predict and prevent problems before
they occur. Similarly, Saunila et al. (2022) also found that digital twins
can be a powerful tool to develop PMM for the digital organizational
transformation. They add that digital twins can help collect real-time
data by creating virtual replicas of physical objects, processes, or sys-
tems. In addition, the authors mention that digital twins can be equipped
with sensors that can collect data in real time and transmit them to a
central platform for analysis in real time to identify patterns, trends, and
anomalies.

Finally, real-time data collection assists in optimizing current opera-
tions. For example, a digital twin of a manufacturing process could be
used to monitor and control the production line in real time, adjusting
settings as needed to optimize performance (Barricelli et al., 2019; Ber-
toni & Bertoni, 2022). Other novel technologies, like cloud computing,
play an important role in managing and processing large volumes of data
in real time as they utilize virtualization technology to host and manage
multiple virtual computers using a single physical computing platform.
This enables users to access computing resources from anywhere,
anytime, and eliminates the need for physical infrastructure (Agrawal,
2021). The author further explains that by using real-time data collection
and analysis, automatic cloud computing systems can monitor and
optimize performance in real time. Dweekat and Al Alomar (2021) pro-
vide valuable insight into the potential of IoT technology to improve the
quality and safety of perishable dairy products. The study emphasizes the
importance of using simulation-based approaches to assess the perfor-
mance of IoT systems in different scenarios, which can help select the
optimal setup for different applications. That in turn plays a significant
role in optimizing operations.

3.4. Visualization and PMM (theme 4)
Visualization tools, such as graphs, charts, and maps that display data

in an easily understandable way that allows users to quickly identify
trends, patterns, outliers, and other insights, can be powerful tools for
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PMM (Naslund & Norrman, 2019; Perkel, 2018). Prior research on
visualization and PMM (Batt et al,, 2020; Manville et al,, 2019; Naslund
& Norrman, 2019) emphasizes the importance of visualization tools such
as dashboards and charts in performance measurement systems, partic-
ularly to provide effective communication and visualization of perfor-
mance information (Sarram & Ivey, 2022).

The utilization of visualization tools can support the implementation
and utilization of performance measurement approaches, such as
balanced scorecards (Manville et al., 2019; van Assen & de Mast, 2019).
Visualization tools, such as radar charts and histograms (Batt et al.,, 2020;
Perkel, 2018) that present performance data in a clear and concise
manner, can support the importance of effective communication and
visualization tools in the implementation of a balanced scorecard
approach. Visualization tools can also support the PMM of organizations’
change initiatives, stakeholder involvement, and effective communica-
tion (Naslund & Norrman, 2019). According to Bititci et al. (2016),
visualized PMM activities support strategy development and imple-
mentation in contemporary business environments, improve both inter-
nal and external communication, and also enable people to engage in
strategic thinking.

In today's rapidly growing and digitizing business environment, data
visualization is a key component of data literacy, providing a handful of
skills for managers and employers to support their PMM activities (Batt
et al,, 2020). The use of performance measurement dashboards (Batt
et al,, 2020) to visualize performance data and monitor progress toward
goals emphasizes the importance of data visualization for providing in-
sights and understanding complex data sets, which can aid in making
data-driven decisions (Manville et al., 2019; Naslund & Norrman, 2019;
Perkel, 2018). Visualization tools can also help in visualizing various data
sets, such as financial data, customer data, and operational data, and
foster organizational understanding of how these visualizations can
provide valuable insights into the performance of different aspects of an
organization (Bititci et al., 2016; Batt et al., 2020; Manville et al., 2019).
Visualization tools can also be used to create interactive dashboards and
reports, which can help in monitoring and measuring key performance
indicators and tracking progress toward goals (Batt et al., 2020; Naslund
& Norrman, 2019). Visualized PMM practices can also support the lean
management philosophy in digitizing business environments (van Assen
& de Mast, 2019).

3.5. Collaboration tools and PMM (theme 5)

Collaboration tools are software applications that can provide orga-
nizations with platforms to share their performance data in real time and
to manage and track progress and make data-driven decisions (Al-Hakim
& Lu, 2017; Garrick, 2018; Song et al., 2019). This real-time data sharing
capability provided by collaboration tools can lead to more efficient goal
setting and performance tracking, as well as more timely feedback, which
can improve performance outcomes. By providing a platform for orga-
nizations to share information and coordinate their efforts, collaboration
tools can help to break down silos and improve cross-functional collab-
oration, which can be crucial for achieving organizational goals (Al-Ha-
kim & Lu, 2017; Bhatia & Malhotra, 2019; Garrick, 2018). For example,
according to Marion and Fixon (2020), these collaboration tools have
become increasingly more sophisticated while being easier to use and are
integrated earlier in organizational processes, such as innovation pro-
cesses. According to Marion and Fixon (2020), collaboration tools sup-
porting organizational PMM not only affect output and process efficiency
but also increase the depth and breadth of the work of individual em-
ployees and rewrite the rules of how knowledge management acts as a
critical competitive capability.

The utilization of collaboration tools (online collaboration platforms,
messaging apps, and video conferencing software) can also support the
successful management of tacit knowledge, which is critical for
improving organizational performance (Garrick, 2018). The utilization of
modern collaboration tools, such as social media, online collaboration
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platforms, and other digital communication tools, can facilitate interac-
tion and communication in digitizing business environments and thus
support the transfer and management of tacit knowledge (Bhatia &
Malhotra, 2019). Collaboration tools can also support organizations’
PMM activities by bringing together remote team members, who might
face increased complexity in their daily tasks and require mechanisms
with adaptive capabilities, to share and combine knowledge (Marques
et al, 2022). According to Marques et al. (2022), in industry 4.0,
augmented reality as a collaborative tool for PMM is one of the most
promising solutions available, allowing the seamless integration of vir-
tual and real-world objects, which can be used to provide a shared un-
derstanding of tasks and contexts.

The utilization of collaboration tools is not limited to managing and
evaluating the internal operations of organizations (Al-Hakim & Lu,
2017; Garrick, 2018; Song et al,, 2019). By using collaboration tools to
share information and work together, stakeholders can improve the
speed and accuracy of their PMM activities, which can in turn improve
organizational performance (Bhatia & Malhotra, 2019).

3.6. Blockchain technology and PMM (theme 6)

In recent years, there has been a growing interest in using blockchain
technology, which is a decentralized ledger that enables secure and
transparent data sharing, to support the PMM activities of industrial or-
ganizations (Reyes et al, 2022; Salah et al, 2020; Zheng et al, 2019).
Blockchain technology has the potential to support the development of
performance measurement by providing a secure and transparent system
for collecting, storing, and analyzing data. As a decentralized ledger,
blockchain allows for the creation of a tamper-proof and immutable re-
cord of performance data (Zheng et al, 2019; Salah et al, 2020).
Blockchain technology can also reduce the risk of fraud and improve trust
between stakeholders, which can contribute to better performance out-
comes (Salah et al,, 2020).

The use of blockchain technology can enable more accurate and real-
time tracking of supply chain performance metrics, such as delivery
times, inventory levels, and quality control measures (Reyes et al.,, 2022).
The transparency and security provided by blockchain technology can
also facilitate more effective performance evaluation and management of
supply chain partners, enabling organizations to better monitor and
improve their supply chain operations (Yuan et al, 2020). Kumar et al.
(2021) explore the challenges of implementing the industrial IoT and
proposes the use of blockchain technology to mitigate these challenges.
They found that the use of blockchain in the industrial IoT can also
enable better tracking and monitoring of key performance indicators in
real time. For example, blockchain can enable the creation of smart
contracts that automatically execute when certain conditions are met,
allowing for automated PMM.

While there is growing interest in using blockchain for performance
measurement, there is a need for further research into how this tech-
nology can be effectively integrated into existing performance mea-
surement systems and processes. Additionally, there is a need for
empirical studies to investigate the actual impact of blockchain tech-
nology on performance outcomes (Zheng et al., 2019; Salah et al.,, 2020;
Kumar et al,, 2021).

4. Research gaps and future research directions

The recent advancement in novel technology has brought numerous
opportunities to improve PMM in various industries. Table 4 presents the
research gaps identified for future research.
5. Conclusions

In today's fast-paced business environment, staying ahead of the

competition requires organizations to be able to conduct PMM effec-
tively. Novel technologies can provide organizations with the necessary

Table 4
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Themes and future research.

Theme

Key literature
streams/existing
research

Future research
directions

References

Automation
techniques
and PMM

Predictive
analytics and
PMM

Real-time data
collection
and PMM

Efficiency and
quality
improvement
Reduction of
delays
Production of
information

Decision making
and optimization
Risk and failure
management
Performance
improvement
based on PMM
information

Making informed
and deliberate
decisions

Trend
identification and
response
Optimization of
current
operations

What are the main
challenges associated
with utilizing
automation
techniques in PMM?
How should issues
such as lack of
standardization, the
need for intelligent
and adaptive
mechanisms, and the
importance of user
privacy and data
protection be
considered?

What ethical
considerations
should be considered
when implementing
automation
techniques in PMM,
and what are the
potential impacts on
organizational
culture and values?
How can
organizations design
effective knowledge
sharing strategies
that consider user
experience and ease
of use while
incorporating
automation
techniques?

What are the
potential benefits and
challenges of
integrating predictive
analytics with other
management tools,
such as project
management
software, to improve
PMM?

What ethical and
privacy concerns are
associated with the
use of predictive
analytics in PMM,
and how can they be
addressed?

How does the quality,
integration, and
visualization of the
data ensure the
success of the
predictive models for
PMM?

How can
organizations ensure
data privacy and
security when using
real-time data
collection in PMM?
What is the
comparative
effectiveness of Al-
and ML-based real-
time data collection
and analysis
techniques against

Agrawal (2021)

Majumder &
Mondal, 2021;
Monod etal.,
2022; Olan et al.,
2022

Majumder and
Mondal (2021)

Psarras etal.
(2020)

Salazar-Reyna
etal. (2022)

Mello & Martins,
2019; Masood &
Hashmi, 2019

Agrawal (2021)

Yuldoshev et al.
(2018)

(continued on next page)
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Table 4 (continued)

Theme Key literature
streams/existing

research

Future research
directions

References

Visualization
and PMM

Supporting the
understanding of
complex data sets
Making data-
driven decisions
Increasing
interactive
communication

Collaboration Improving cross-

tools and functional

PMM collaboration
Providing more
timely feedback
Transferring tacit
knowledge

Blockchain Securing the
technology transparency of
and PMM data sharing

Creating an
immutable record
of performance
data

traditional methods
in terms of accuracy,
privacy, efficiency,
and reliability?
What are the
potential obstacles
that organizations
might face when
adopting digital
twins in practice for
PMM, and how can
these be addressed?
How does
organizational
culture influence the
adoption and use of
data visualization
tools for performance
measurement and
management?

What types of
visualization tools
are most effective for
communicating
performance
information in small
and medium
enterprises?

How do visualization
tools affect
organizational
performance
outcomes?

What are the
challenges associated
with the adoption
and implementation
of collaboration tools
to support PMM?
How do
organizational
characteristics affect
the adoption and
implementation of
collaboration tools to
support PMM?

How can blockchain
technology be
integrated with
existing PMM
systems to maximize
its potential benefits?
What are the
potential barriers to
the adoption and
implementation of
blockchain
technology in supply
chain management?
How can blockchain
be utilized to
enhance
collaboration and
communication

among stakeholders?

Holopainen et al.,
2022; Saunila
et al., 2022

Batt et al. (2020)

Manville et al.
(2019)

Manville et al.
(2019)

Bhatia and
Malhotra (2019)

Bhatia and
Malhotra (2019)

Zheng et al.,
2019; Salah et al.,
2020

Reyes et al.
(2022)

Kumar et al.
(2021)

tools to do so. As these technologies continue to evolve, organizations
will be well positioned to adapt and take advantage of new opportunities
for performance improvement. In a nutshell, the integration of these
novel technologies has the potential to revolutionize PMM.

In this paper, we present a systematic review of studies related to the
value of novel technologies in the context of PMM. We aimed to establish
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the current state-of-the-art of various novel technologies and how they
can assist in developing PMM across various industries. Research related
to the value of novel technologies in the context of PMM was grouped
around the following research streams: automation techniques, predic-
tive analytics, real-time data collection, visualization, collaboration
tools, and blockchain technology.

5.1. Theoretical implications

The findings of this study provide increased theoretical understand-
ing to prior knowledge on PMM. In addition, the findings of the study
generate some theoretical insights into dealing with novel technologies,
such as collaboration tools or blockchain technology. While demon-
strating the interplay between novel technologies and PMM, this study
contributes to theory development by suggesting important research
avenues to further development of the theories in PMM. While the results
of the study demonstrate the increasing interaction between automation
techniques and PMM, predictive analysis and PMM, real-time data
collection and PMM, collaboration tools and PMM as well as blockchain
technology and PMM, there are open questions relating to each of these
themes, that can be used as a guideline for further studies and theoretical
development. Based on the results of this study, there is a need for more
in-depth understanding about the ethical considerations, as well as data
privacy and standardization while the novel technologies are utilized in
PMM.

5.2. Managerial implications

The results of the study show the wide role of opportunities that novel
technologies provide organizations to support their PMM. Research
related to the value of novel technologies in the context of PMM was
grouped around six research streams and it was shown how novel tech-
nologies can be used for PMM in a variety of ways. These technologies
can be used to track and monitor performance, automate processes, and
streamline operations. For example, analytics tools can be used to track
employee performance and identify areas for improvement. Data visu-
alization tools can be used to create easy-to-understand representations
of performance data, allowing for better decision making. Automation
tools can be used to automate processes such as payroll or employee
onboarding, making them faster and more efficient.

5.3. Limitations and future research directions

Like all the academic studies, this study is not without its limitations.
The chosen methodology relies on data sourced solely from the Scopus
database as it is well-suited for capturing pertinent literature within the
domain under investigation. Furthermore, the analysis is confined to
publications in the English language, potentially introducing linguistic
predispositions. As the data for this study is gathered from one academic
database, although considered sufficient source, further studies could be
conducted to explore the phenomenon with the data from alternate
sources such as Web of Science, JSTOR, and ScienceDirect.
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1 | INTRODUCTION

In the rapidly evolving landscape of modern-day business environ-
ments, significant integration of smart technology, business processes,
and sustainability is reshaping the way enterprises operate (Ardito
et al., 2021; Chege & Wang, 2020). Technological advances have sig-
nificantly impacted various aspects of society, including business
operations and sustainability. In recent years, the study of smart tech-
nologies, sustainable business practices, and environmental sustain-
ability has increasingly aroused interest of the scientific community
(Ardito et al., 2021; Isensee et al., 2020). For example, researchers
such as Nascimento et al. (2019); Radu (2020); and Hashem et al.
(2016) explained that the fusion of smart technology, business pro-
cesses, and sustainability as the implementation of the Internet of
Things (loT) in supply chain management. Companies can use sensors

Tero Rantala |

Juhani Ukko

This study examines the interplay between smart technologies, business sustainabil-
ity, and environmental sustainability within the context of small and medium-sized
enterprises (SMEs). By employing structural equation modeling (SEM), the study eval-
uates the direct and indirect effects of smart technology integration on business and
environmental sustainability outcomes. The results indicate that while smart technol-
ogies do not directly influence environmental sustainability, they significantly
enhance business sustainability, which in turn positively affects environmental sus-
tainability. This implies a mediated relationship, in which the strategic implementation
of smart technologies is crucial for achieving environmental goals. The implications
extend to the necessity of a strategic, holistic approach to sustainability in SMEs,
emphasizing the intricate roles played by smart technologies in this sector.

business sustainability, empirical analysis, environmental sustainability, smart technologies,
SMEs, structural equation modeling (SEM)

and connect devices to track and monitor their entire supply chain in
real time, ensure efficient transportation, reduce waste, and optimize
energy consumption (GS, 2017; Andersson et al., 2022; Bansal &
DesJardine, 2014). This improves business operations by streamlining
processes and contributes to environmental sustainability by minimiz-
ing the carbon footprint and promoting responsible resource usage.

The increasing importance of smart technologies has become
more pivotal for small and medium-sized enterprises (SMEs), enhanc-
ing their competitive edge, and sustaining their businesses in a rapidly
evolving dynamic market (Chonsawat & Sopadang, 2020; Haseeb
et al., 2019; Saad et al., 2021).

These technologies, including automation, data analytics, and the
(loT), empower SMEs to automate tasks, boost productivity, and
derive valuable insights from vast datasets, which are essential for
staying competitive, attracting customers, and thriving in today's
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business landscape (Akpan et al., 2020; Chung et al., 2022; Soto-
Acosta et al., 2016). Smart technologies are instrumental in enhancing
business sustainability by driving efficiency, fostering innovation, and
maintaining competitive advantage. They empower SMEs to improve
business performance through sustainable entrepreneurship, stream-
line operations within the framework of Industry 4.0, and integrate
long-term resilience into their business models (Bansal &
DesJardine, 2014; Saad et al., 2021; Soto-Acosta et al., 2016).

On the environmental front, smart technologies contribute to sus-
tainability by reducing resource consumption and minimizing environ-
mental impact. Garren and Brinkmann (2018) discuss the broader
historical context of sustainability and how modern smart technolo-
gies can align business operations with environmental goals. Ukko
et al. (2022) found that sustainability engagement through smart tech-
nologies is essential for small businesses to collaborate effectively
with suppliers, thereby reducing their ecological footprint. Similarly,
Sun et al. (2018) proposed an ecosystemic framework where smart
technologies help businesses achieve environmental sustainability
through more efficient resource management.

Despite the widespread acknowledgment of the positive impacts
of smart technologies on both business performance and environmen-
tal sustainability, existing research predominantly isolates these
impacts, focusing either on business outcomes or environmental
effects without exploring the intertwined relationship between them.
This oversight is particularly critical within the context of SMEs,
because unlike large enterprises, they face unique challenges due to
their limited resources (Bansal & DesJardine, 2014; Garren &
Brinkmann, 2018; Saad et al., 2021; Soto-Acosta et al., 2016; Sun
et al., 2018; Ukko et al., 2022). Consequently, there remains a signifi-
cant gap in the existing literature regarding how smart technologies
simultaneously influence business and environmental sustainability in
the context of SMEs. To address this gap our study investigates the
inter-connected relationship between smart technology integration,
business sustainability, and environmental sustainability in SMEs.

By examining how business sustainability mediates the relation-
ship between smart technology adoption and environmental out-
comes, this research highlights the critical role of strategic
implementation in achieving comprehensive sustainability. This
study's focus on SMEs is particularly relevant given their resource
constraints and crucial role in driving economic growth and sustain-
ability, thereby contributing to a more holistic understanding of the
interplay between smart technologies and sustainability in this sector
(Chung et al., 2022; Hashem et al., 2016; Isensee et al., 2020; Soto-
Acosta et al., 2016). Through this lens, the research offers valuable
contributions to the literature, advocating for a strategic, integrative
approach to technology adoption that aligns business objectives with
environmental sustainability goals.

The rationale behind this study is grounded in the need to
address the existing knowledge gap in the literature regarding the
complex interplay between smart technologies, business sustainabil-
ity, and environmental sustainability within the context of SMEs. Rec-
ognizing the pivotal role of SMEs in driving economic growth
(Sarango-Lalangui et al., 2023; Terstena et al., 2023; Thrassou

et al., 2020; Wu et al., 2022), this study empirically investigates how
the application of smart technologies within SMEs can foster sustain-
able practices. While prior research has explored the individual
impacts of smart technologies on either business or environmental
outcomes, there remains a lack of empirical investigation into how
these technologies simultaneously influence both dimensions of sus-
tainability. Therefore, this study to address the following research
questions:

1. Do smart technologies affect environmental sustainability in con-
text to SMEs?

2. Does business sustainability mediate the relationship between
smart technologies and environmental sustainability in SMEs?

By addressing these questions, this research aims to provide a
comprehensive understanding of the interplay between smart tech-
nologies, business sustainability, and environmental sustainability
within the context of SMEs. This understanding is crucial for develop-
ing effective strategies and policies that promote a more sustainable
future.

The paper begins with the theoretical background of the research
topic and the definitions of the constructs. Next, we discuss the theo-
retical model and research hypotheses. The third section describes
the methodology adopted for the study, and the results and discus-
sion. At last, the study reveals the theoretical and managerial implica-
tions supplemented by the future research direction.

2 | THEORETICAL BACKGROUND

The proposed conceptual model in our study is grounded in several
well-established theoretical frameworks. The primary theoretical per-
spectives informing our model include the resource-based view (RBV),
the technology-organization-environment (TOE) framework, and the
triple bottom line (TBL) theory. RBV: The RBV suggests that firms
achieve sustainable competitive advantage by developing and leverag-
ing resources that are valuable, rare, inimitable, and non-substitutable
(Barney, 1991). In the context of this study, smart technologies can be
considered such strategic resources, given their potential to enhance
a firm's efficiency, productivity, and innovation capabilities. For SMEs,
effectively integrating these technologies can lead to improved busi-
ness performance and sustainability (Gnyawali & Park, 2009). The
RBV framework suggests that by capitalizing on these unique techno-
logical resources, SMEs can strengthen their competitive position and
drive sustainable business practices that align with broader environ-
mental goals. This theoretical perspective underscores the importance
of viewing smart technologies as critical resources that contribute to
both business and environmental sustainability, providing a founda-
tional basis for the subsequent analysis.

The TOE framework emphasizes the interplay of technological,
organizational, and environmental factors in shaping a firm's technol-
ogy adoption decisions and their subsequent impact (Baker, 2012).
This framework is particularly relevant to our study as it provides a
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lens to understand the complex dynamics surrounding the adoption
and utilization of smart technologies in SMEs. We recognize that the
external environment, including factors such as competitive pressures
and regulatory frameworks, can significantly influence an SME's will-
ingness and ability to embrace smart technologies. Simultaneously,
internal organizational factors like firm size, resources, and managerial
attitudes play a crucial role in shaping the adoption process
(Dholakia & Kshetri, 2004; Peltier et al., 2012). The TOE framework
guides our investigation into how these interconnected factors impact
the relationship between smart technologies and both business and
environmental sustainability, as proposed in our hypotheses.

The TBL theory advocates for a holistic approach to sustainability,
encompassing economic, social, and environmental dimensions
(Elkington, 1997; Elkington, 1998). Our study is firmly rooted in this
perspective, recognizing that sustainable business practices must
extend beyond financial performance to include social responsibility
and environmental safety. The TBL theory highlights the interconnec-
tedness of these three dimensions, suggesting that a focus on any one
dimension in isolation is insufficient for long-term sustainability. Our
research aligns with this view by examining both business sustainabil-
ity (encompassing economic and social aspects) and environmental
sustainability as outcomes of smart technology adoption. The TBL
theory provides a valuable framework for understanding the compre-
hensive impact of smart technologies on SMEs and evaluating their
contribution to a balanced and sustainable future.

By integrating these theoretical perspectives, our study investi-
gates the complex interplay between smart technologies, business
sustainability, and environmental sustainability within SMEs. In this
section, we provide a comprehensive understanding of the constructs
examined in this empirical analysis. This lays the groundwork for our
study by explaining the research topic and providing clear definitions
of key constructs such as smart technologies, business sustainability,
and environmental sustainability. This provides a solid foundation for
the rest of our research, including building a theoretical model and
forming our research hypotheses.

2.1 | Smarttechnologies

The concept of “smart technologies” encompasses a wide array of
interconnected devices distinguished by their ability to perform tasks
with a higher level of autonomy compared with their traditional coun-
terparts (Akhilesh & Moller, 2019). This autonomy manifests not
merely in simplistic, user-defined routines, such as scheduling the acti-
vation of lights, but extends to more complex software-driven
decision-making processes. Scholarly research offers diverse perspec-
tives on smart technologies (GS, 2017; Radu, 2020). For instance,
Nasiri et al. (2020) and Lombardi and Secundo (2021) suggest that
smart technologies are devices or processes with digital properties
that enable them to be intelligent and interconnected. In the business
and management sphere, smart technologies are understood as the
application of advanced methodologies, including artificial intelligence
(Al), machine learning, and the loT, to enhance organizational

efficiency, productivity, and decision-making capabilities (Akhilesh &
Moller, 2019; Kaswan & Dhatterwal, 2021).This integration entails
embedding these technologies into various aspects of business opera-
tions, including data analysis, automation, and communication
(Baroroh et al., 2021).

Smart technology enables businesses to collect and analyze large
amounts of data in real-time, allowing them to make more informed
decisions and optimize their processes (Lombardi & Secundo, 2021;
Terence & Purushothaman, 2020; Worden et al., 2003). Furthermore,
it promotes the automation of monotonous tasks, thereby liberating
human resources for more strategic and high-value endeavors (Osrof
et al., 2023). Smart technologies enhance businesses' ability to strate-
gically leverage data, moving beyond simple operational efficiency
toward broader strategic implications (Akhilesh & Moller, 2019;
Worden et al., 2003). These technologies also facilitate advanced
automation, leading to improvements in equipment maintenance, cus-
tomer personalization, and supply chain efficiency (Akhilesh &
Moller, 2019; Kaswan & Dhatterwal, 2021; Worden et al., 2003).

This allows freeing up valuable time and human resources for
more strategic and high-value activities which can ultimately lead to
improved efficiency, productivity, and competitiveness in the business
landscape (Terence & Purushothaman, 2020). Moreover, smart tech-
nology enables seamless communication and collaboration among
employees, departments, and even across different organizations,
leading to improved performances in business operations (Chung
et al., 2022; Ghobakhloo & Ching, 2019). Additionally, by embracing
smart technologies in business and management, firms can gain valu-
able insights and an understanding of their customers and market
trends (Akhilesh & Moller, 2019; Kaswan & Dhatterwal, 2021;
Lombardi & Secundo, 2021; Terence & Purushothaman, 2020). As a
result of these insights, businesses can make data-driven decisions,
develop targeted marketing strategies, and tailor their products and
services to meet customer needs more effectively.

2.2 | Environmental sustainability
Environmental sustainability is rooted in the TBL framework, which
balances economic success with environmental responsibility and
social equity (Elkington, 1998). The author refers to the concept of
the strategic integration of environmental considerations into busi-
ness operations and decision-making processes. It encompasses prac-
tices that ensure the long-term health and viability of the natural
environment while pursuing economic growth. Garren and Brinkmann
(2018) argue that environmental sustainability is a multifaceted con-
cept that integrates various principles and approaches which encom-
passes the interdependence of human activity and environment. It
involves conserving natural resources, reducing waste and pollution,
and using renewable energy sources to ensure the long-term preser-
vation of the environment (Danso et al., 2019; Garren &
Brinkmann, 2018).

In the context of the business landscape, environmental sustain-
ability refers to a holistic approach adopted by businesses to operate
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in manner that conservatively manages the use of natural resources,
minimizes the carbon footprint from their business operations, and
ensures the long-term ecological balance (Elleuch et al., 2018;
Ruggerio, 2021; Zhao et al., 2023). This approach goes beyond just
being “green” and encompasses efficient and effective practices, inno-
vation, creating new laws and institutions, and making decisions and
ways to operate business models that are underpinned by a commit-
ment to the planet's ecological limits and foster economic and social
well-being (Brinkmann, 2021; Olah et al., 2020; Wahyuningrum
et al., 2023; Wong & Zhou, 2015). In this study, we used the term
business sustainability to cover the two accompanying dimensions of
sustainability, economic, and social.

2.3 | Business sustainability

Business sustainability has emerged as a prominent topic of debate
among researchers and practitioners alike. Traditionally, it encom-
passes three dimensions: economic, social, and environmental.
Researchers contend that a comprehensive definition of business
sustainability remains elusive unless it encapsulates all three
dimensions (Mignaqui, 2014; Nascimento et al., 2023; Savitz &
Weber, 2006; Ukko et al., 2022). Elkington (1997) posited that
business sustainability should refer to the management and contri-
bution of environmental, social, and financial demands, and intro-
duced the term “triple bottom line” to broaden the traditional
reporting framework to include ecological and social performance
alongside financial performance. Consequently, business sustain-
ability necessitates that companies manage the TBL—a process by
which companies navigate their financial, social and environmental
risks, obligations, and opportunities (De L Bado & Vione, 2022;
Elkington, 1997; Nosratabadi et al., 2019; Savitz & Weber, 2006).
These three impacts are occasionally referred to as profits, people,
and the planet, respectively (Gibson, 2006). However, in the con-
text of this study's research model, the focus in this section is nar-
rowed to two specific aspects: economic and social sustainability.
This deliberate focus allows for a more in-depth exploration of
these dimensions in relation to business practice.

Central to business sustainability, the economic dimension under-
scores a company's ability to maintain financial health in the long-
term. Economic sustainability involves implementing strategies that
enhance efficiency, maximize profitability, and ensure market longev-
ity (Abdelrahman et al., 2021; Abdullah & Ampauleng, 2024;
Bugwandin & Bayat, 2022; Maslennikov et al., 2021; Stankovi c
et al., 2023). As posited by Rezaee (2021), this dimension is vital for
maintaining competitive advantage and increasing shareholder value
(Sharma et al., 2022). Nascimento et al. (2023) extend this idea by
emphasizing the critical role of sustainable economic practices in
ensuring a business's overall success and resilience in the face of mar-
ket fluctuations. Complementing economic considerations, social sus-
tainability focuses on the impact of a business on its human capital,
such as employees, customers, and the broader community. This
dimension involves fostering corporate social responsibility, ensuring

ethical labor practices, and contributing positively to societal welfare
(Abdullah & Ampauleng, 2024; Sarango-Lalangui et al., 2023).

Agnieszka (2023) highlighted the importance of maintaining a
positive social presence, while Zhivkova (2022) emphasized the signif-
icance of active engagement in community development and welfare
initiatives. It is about creating a sustainable and beneficial interaction
between the business and its societal stakeholders, fostering a symbi-
otic relationship where the business contributes to societal progress
while also deriving value from a stable, healthy, and supportive
social environment (Agnieszka, 2023; Benkert, 2021; Svensson &
Padin, 2021). This interaction is not just philanthropic; it's strategic,
enhancing the company's reputation, stakeholder trust, and long-term
social license to operate (Abdelrahman et al., 2021; Benkert, 2021;
Jovanovi ‘c et al., 2023). While environmental sustainability remains an
important aspect, this section of the paper concentrates on the eco-
nomic and social dimensions aligned with the research model's frame-
work. This focused approach allows for a more targeted analysis of
how these two dimensions are integral to the sustainability and long-
term success of a business.

3 | RESEARCH MODEL AND HYPOTHESIS
DEVELOPMENT

In this section, we present our research model and the hypotheses
that form the foundation of this study. The model constructed is
based on the comprehensive review of literature surrounding the
linkage of smart technologies, business sustainability, and environ-
mental sustainability. Figure 1 shows the hypothesized model with
its main constructs and relationships. Our hypothesis is based on
the following argument: smart technologies have the potential to
transform the business landscape, which has a positive impact on
its sustainability, and this can be a driving force to enhance envi-
ronmental sustainability.

3.1 | Smarttechnologies and environmental
sustainability

The interplay between smart technologies and environmental sustain-
ability has attracted significant academic attention. Empirical studies
have shown that the adoption of smart technologies in SMEs can lead

Smart technologies
H2 H1
Business H3 Environmental
sustainability sustainability
FIGURE 1  Hypothesized model.
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to improved environmental performance (Bibri et al., 2023; Chen
et al., 2023; Martins et al., 2022; Olah et al., 2020). For instance, Al an
essential form of smart technology, has shown considerable promise
in mitigating the adverse effects of climate change (Chen et al., 2023).
They outlined a multitude of Al applications across various sectors
such as energy efficiency, carbon sequestration, weather forecasting,
and more. Al can integrate internet resources to provide timely and
accurate climate change predictions, thereby enabling more effective
solutions to reduce the impacts of climate change (Bibri et al., 2023;
Chen et al., 2023; Olah et al., 2020). Moreover, they are pivotal for
transcending the digitization of processes and automation of tasks,
and can reduce paper usage and energy consumption, thereby leading
to a decrease in carbon emissions (Zhang & Wang, 2023). Further
underlining this, smart technologies such as loT, big data analytics,
and digital twins have been gaining increased attention and popularity
across various industries, including SMEs (Martins et al., 2022). These
technologies have the potential to reduce resource consumption, opti-
mize energy efficiency, and minimize waste generation (Javaid
et al., 2022). Aijaz and Ahmad (2022) argued that more than 95% of
road transport-related air pollution originates from gasoline to diesel
vehicles, thereby identifying them as a critical problem area. In con-
trast, electric vehicles, a form of smart technology, have emerge as a
more sustainable solution, substantially curtailing greenhouse gas
emissions (Aijaz & Ahmad, 2022; Almalki et al., 2023). A Study from
(Lovell, 2019) focusing on smart grid sheds light on the instrumental
role of smart technologies in strengthening sustainability, emphasizing
their transformative potential for greener practices and outcomes.
Considering the existing empirical evidence, which consistently sug-
gests that smart technologies contribute to environmental sustainabil-
ity, yet leaves room for further exploration in the context of SMEs, we
propose the following hypothesis:

Hypothesis 1. Smart technologies positively affect
environmental sustainability.

3.2 | Smarttechnologies and business
sustainability

Smart technologies have emerged as a pivotal driver of innovation
and efficiency for business sustainability (Hamdan et al., 2022). They
have advanced and intelligent features that can contribute to sustain-
able business practices and are pioneers for the advancements and
growth of digital economy (Hamdan et al., 2022; Nasiri et al., 2020).
One notable study from Chatterjee et al. (2022) focuses on the adop-
tion of big data analytics as a prominent smart technology and
explores its impacts on various aspects of business sustainability,
including financial performance, operational performance, and firm
sustainability performance. The study frames firm sustainability per-
formance within the broader context of environmental, social, and
governance principles, emphasizing the integration of social and envi-
ronmental responsibilities as part of a firm's corporate strategy.
Through their empirical analysis of 24 Indian firms, they revealed a

significant and positive association between big data analytics adop-
tion and both financial performance and operational performance.
This empirical substantiation underscores the significance of smart
technology adoption as a means to improve business sustainability.
Another study conducted by AlZayani et al. (2023) based on a sample
of 403 SMEs in Bahrain, unequivocally concludes that smart technolo-
gies have a “major effect on profitability performance,” a critical facet
of business sustainability. Furthermore, the study emphasizes that this
impact is direct and not mediated by any specific “SMEs' sustainability
strategy,” indicating that smart technologies themselves are key
drivers in enhancing sustainable business performance. Moreover,
Wong and Ngai (2023) investigated the effects of advanced
manufacturing technology, analytics capability, sensing capability, and
planning comprehensiveness on sustained competitive advantage in
an uncertain business environment, through regression analysis and
that all four factors have a positive influence on sustained competitive
advantage. Thus, it argues that the role of smart technologies
becomes even more crucial in contributing to sustained competitive
advantage.

Ukko et al. (2022) suggested that integrating smart technologies
in various e-business operations is a sustainable way to attract and
retain customers and can enhance overall business sustainability.
Sipola et al. (2023) examined the adoption of Al in Finnish enterprises
and provide empirical support for the transformative role of smart
technologies in enhancing business sustainability. They noted that Al
allows businesses to expand into new areas, such as health, energy,
and heavy industries, thereby diversifying and potentially stabilizing
their operations. Moreover, Al-powered tools in Human Resource and
supply chain management were also mentioned as effective means for
proactive maintenance of enterprise performance (Sipola et al., 2023).
From these empirical studies, it can be said that the role of smart
technologies in enhancing business sustainability has gathered signifi-
cant attention in the literature, with a growing body of evidence sug-
gesting their positive influence on various aspects of business
sustainability. Thus, based on the evidence from the above literature
we propose our second hypothesis as:

Hypothesis 2. Smart technologies positively affect
business sustainability.

3.3 | Business sustainability and environmental
sustainability

Environmental sustainability has emerged as an important approach
for firms to enhance their competitive edge and reputation
(Ammer et al., 2020). In the quest to understand the relationship
between business sustainability and environmental sustainability,
the work from Kordsachia et al. (2022) on cross-national European
study empirically demonstrates that responsible investing and
long-term horizons play a pivotal role in promoting environmen-
tally, sustainable business practices. Notably, their results indicate
a positive association between sustainable institutional ownership
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and a firm's environmental performance, including its sub-pillars
and carbon awareness. Similarly, a comprehensive meta-analysis
(Nogueira et al., 2023) has revealed that environmental sustainability
practices are positively correlated with various dimensions of firm
performance, including financial, market, economic, and operational
aspects. This indicates that businesses engaging in sustainable prac-
tices not only contribute to environmental preservation but also
enhance their own multifaceted performance metrics. Moreover, an
in-depth study conducted on Indian firms by (Gupta & Gupta, 2020)
demonstrated that environmental sustainability exerts a significant
positive influence on key functional performance areas such as finan-
cial, customer, internal business processes, and learning and growth.
Recent studies from (Nogueira, G, et al., 2022) and (Viu-Roig &
Alvarez-Palau, 2020) underscores the environmental challenges posed
by the rise in online sales and logistics services, particularly in terms of
increased carbon emissions and traffic congestion in urban centers.
The former study highlights the greenhouse gas implications of accel-
erated B2B e-commerce deliveries, while the latter examines the
broader urban impact of e-commerce logistics. Both advocates for a
collaborative approach among businesses, suppliers, and logistics pro-
viders. This collaborative business sustainability efforts can be strate-
gically aligned to yield positive environmental outcomes. Danso et al.
(2019) argue that businesses with a strong focus on environmental
sustainability are better positioned to gain a competitive advantage.
By doing so, firms achieve better financial performance and also con-
tribute to environmental sustainability. These studies collectively
underscore a critical interconnection between business sustainability
initiatives and enhanced sustainable environmental outcomes; there-
fore, we propose the following hypothesis:

Hypothesis 3. Business sustainability positively affects
environmental sustainability.

4 | RESEARCH METHODOLOGY

To examine the relationship between smart technologies, business
sustainability, and environmental sustainability in SMEs, this study
employed a quantitative survey which was conducted following a rig-
orous systematic literature review following the PRISMA guidelines to
gather relevant studies on the topic. Our search strategy was carefully
designed to thoroughly explore existing research, using Boolean oper-
ators to effectively navigate the vast array of available literature. We
employed Boolean operators “AND,” “OR,” and “NOT” to both
broaden and refine our search. For example, combinations such as
“smart technologies” AND “business sustainability,” or “environmen-
tal sustainability” AND “SMEs,” allowed us to focus on studies that
directly addressed the core themes of our research, while the use of
“NOT” helped to exclude irrelevant topics. Our chosen keywords—
smart technologies, business sustainability, environmental sustainabil-
ity, SMEs, empirical analysis, and structural equation modeling
(SEM)—were selected with great care, reflecting the multi-dimensional
nature of our study. These terms were strategically combined to

capture both breadth as well as depth of research relevant to our
analysis.

To ensure a comprehensive review, we supplemented our data-
base search with snowball sampling, carefully examining the refer-
ences of key studies to uncover additional relevant literature
(Naderifar et al., 2017). This approach allowed us to identify both
foundational works and recent studies that might have been over-
looked in a standard keyword search (Kirchherr & Charles, 2018). Our
initial search returned 505 articles, which were thoroughly screened
based on titles and abstracts. This process led to a thoughtfully
curated selection of studies that met our strict inclusion criteria, pro-
viding a strong foundation for the consequent empirical analysis of
the relationships between smart technology adoption, business sus-
tainability, and environmental sustainability outcomes in SMEs.

4.1 | Data collection

Data were collected from a survey of small- and medium-sized firms
in Finland. Thus, the unit of sampling was company. Prior to data col-
lection the survey questionnaire was pre-tested with five industrial
experts and three researchers. Feedback from this testing phase led
to the revision of unclear survey items and removing those that were
not relevant. Actual data collection took place for 4 weeks from
February to March 2023. The survey, along with a cover letter outlin-
ing the research objective, was emailed to the CEOs of 7850 ran-
domly selected SMEs. SMEs were selected as target group because
over 99% of Finnish companies fall into this category and they gener-
ate more than 50% of Finland's total turnover.

After the initial email, three additional rounds of reminders
were sent. Out of the 7850 firms, 245 emails were returned due to
invalid email addresses. Following these four data collection
rounds, responses were pre-checked, and data cleaned. Responses
were eliminated if most items were left unanswered. This resulted
in 179 valid responses from the remaining 7605 firms with valid
contact information.

The respondents primarily represented small companies with
49 or fewer employees (64% of responses), although medium-sized
companies with 50-249 employees were also present (36% of
responses). In terms of the industrial sector, 62% of responses were
from manufacturing-oriented companies, while 38% were primarily
service-oriented. Sample demographic data is tabulated in Table 1
below.

TABLE 1  Sample Demographic Data.

Company size Percentage of responses (%)
Small (< 49 employees) 64
Medium (50-249 employees) 36
Industrial sector Percentage of responses (%)
Manufacturing 62

Service-oriented 38
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4.2 | Measures

In our study, we precisely developed measurement items that are
detailed in Table 2. These items were informed by prior research and
tailored to fit the specific context of our research on interplay
between smart technologies, business sustainability, and environmen-
tal sustainability within SMEs. The items were designed to accurately
capture the complexities of these constructs and are aligned with the
theoretical framework guiding our study. Scales were not taken
directly from the sources in the Table 2. The sources mentioned in the
Table were used as background material, on the basis of which
the authors formulated the scales.

4.2.1 | Smart technologies

To measure the utilization of smart technologies within SMEs, a two-
item scale was used, as shown in Table 2. This scale ranges from
1 (“strongly disagree”) to 5 (“strongly agree”), focusing on assessing
the extent of utilization of smart technologies in company pro-
cesses and at the organizational level. While scales with only one
or two items have faced criticism, multiple-item scales do not
inherently offer greater reliability. In fact, lengthening a scale can
either improve or reduce its external validity (Niemi et al., 1986).
For example, Drolet and Morrison (2001) found that each addi-
tional item contributed minimal extra information. Similarly, Bau-
mert et al. (2014) noted that short, two-item scales captured as
much consistent and systematic variable variance as ten-item
scales. Content validity is typically assessed by leveraging the
expertise of individuals who are well-versed in the construct being
evaluated. These subject-matter experts are usually given access
to the measurement tool and asked to offer feedback on how
effectively each question captures the intended construct. Addi-
tionally, clear definitions for each item helped respondents provide

TABLE 2 Measurement items.

Construct Items

Smart technologies

several devices.

The utilization of smart technologies focuses on
the entire organization or on factory/plant level

entities.

Business sustainability

We have had a regular dialogue with our
stakeholders.

The utilization of smart technologies focuses on
the company's processes or the entirety of

We have created innovations that can be used
profitably in different areas of the business.

informed answers. Therefore, using two-item scale for smart tech-
nologies was appropriate for this study.

4.2.2 | Business sustainability

Business sustainability was measured using a three-item scale,
detailed in Table 2. The scale ranges from 1 (“strongly disagree”) to
5 (“strongly agree”), evaluating aspects such as innovations for profit-
ability, stakeholder engagement, and employee health and safety
improvements over the last 3 years.

4.2.3 | Environmental sustainability

For assessing environmental sustainability, a three-item scale is uti-
lized, as outlined in Table 2. Responses range from 1 (“strongly dis-
agree”) to 5 (“strongly agree”), focusing on the reduction of
environmental impact, waste management, and recycling practices in
operations over the past 3 years.

5 | RESULTS OF THE STATISTICAL
ANALYSIS

5.1 | Common method and non-response bias

In evaluating the potential bias of our survey data, we rigorously
assessed non-response and common method biases that could affect
the validity of our findings. Non-response bias was a key consider-
ation; it was important to ensure whether the responses of our initial
participants differed significantly from those who responded later
(Armstrong & Overton, 1977). Through statistical analysis, we com-
pared the early and late respondents in terms of their perceptions of

Scale References

Akpan et al., 2020; Baroroh
et al., 2021; Chung

et al., 2022; Ghobakhloo &
Ching, 2019; Soto-Acosta
et al., 2016

(1—strongly disagree to
5—strongly agree)

Maslennikov et al., 2021;
Nascimento et al., 2023; Sipola
et al., 2023; Stankovi ¢

et al., 2023; Ukko et al., 2022

During the last 3 years
(1—strongly disagree to
5—strongly agree)

We have improved the health and safety of our

employees.

Environmental sustainability =~ We have reduced our environmental impact.

We have reduced waste.

We have recycled materials in our operations.

During the last 3 years
(1—strongly disagree to
5—strongly agree)

Danso et al., 2019; Elleuch
et al., 2018; Garren &
Brinkmann, 2018;
Wahyuningrum et al., 2023;
Wong & Zhou, 2015
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smart technologies, business sustainability, and environmental sus-
tainability. The results indicated no significant differences between
these groups (Smart technologies: p = 0.540, business sustainability:
p = 0.744, and environmental sustainability: p = 0.497), suggesting
that non-response bias does not pose a significant concern in our
dataset.

Additionally, we addressed the issue of common method bias,
which can occur when multiple constructs are measured within the
same methodological framework (Bell, 2019). To examine this, we
conducted a single-factor test (Podsakoff & Organ, 1986). The analy-
sis revealed the extraction of multiple factors, with the first factor
accounting for 45.7% of the total variance. This indicates that no sin-
gle factor dominated the responses, thereby mitigating concerns
about common method bias in our study. The presence of multiple
factors underscores the dimensional variety of our constructs and
enhances the credibility of our findings, as it suggests that our mea-
sures effectively captured distinct aspects of Smart Technologies,
business sustainability, and environmental sustainability. Thus, com-
mon method bias is not a problem for our study.

5.2 | Measurement model

The reliability and validity of the constructs (smart technologies, busi-
ness sustainability, and environmental sustainability) in our study were
precisely evaluated to ensure the robustness of our measurement
model. The evaluation was anchored on the results from Table 3,

TABLE3 Results of reliability and construct validity.

Standard  Cronbach's

Construct Items loadings a CR AVE
Smart SMA1  0.837 0.811 0.830 0.708
technologies SMA2  0.847 _ _ _
Business BUS1  0.687 0.749 0.753  0.504
sustainability BUS2  0.747 B B B

BUS3  0.696 - - -
Environmental ENV1  0.828 0.850 0.857 0.668
sustainability ENV2  0.876 _ _ _

ENV3 0.742 - - -

Abbreviations: AVE, average variance extracted; CR, composite reliability.

which shows the standard loadings, Cronbach’s alpha, composite reli-
ability (CR), and average variance extracted (AVE) for each construct.
Validity and reliability of the study constructs were confirmed as the
values of & and CR were above 0.7, while the values of AVE were
above 0.5 (Fornell & Larcker, 1981). For smart technologies, the stan-
dard loadings of SMA1 and SMA2 were 0.837 and 0.847, respectively,
with a Cronbach's alpha of 0.811, CR of 0.830, and an impressive AVE
of 0.708, indicating a high level of internal consistency and construct
validity. Business sustainability, encompassing items BUS1, BUS2, and
BUS3, demonstrated standard loadings ranging from 0.687 to 0.747, a
Cronbach's alpha of 0.749, CR of 0.753, and AVE of 0.504, further
confirming the reliability and validity of this construct. Finally, envi-
ronmental sustainability, assessed through items ENV1, ENV2, and
ENV3, showed robust standard loadings (ranging from 0.742 to
0.876), a solid Cronbach's alpha of 0.850, CR of 0.857, and an AVE of
0.668, underscoring the strong measurement properties of this con-
struct. The measurement model was fit was tested utilizing the follow-
ing fit indices: the root mean square error of approximation (RMSEA)
= 0.052, the Tucker-Lewis index (TLI) = 0.977, the comparative fit
index (CFl) = 0.986, and the standardized root mean square residual
(SRMR) = 0.037. The results show that the measurement model pos-
sesses sufficient levels of model fit (Hu & Bentler, 1999).

Table 4 provides a comprehensive correlation matrix, descriptive
statistics, and discriminant validity assessment. The diagonal values,
representing the square root of AVE, were smart technologies (0.841),
business sustainability (0.710), and environmental sustainability
(0.817), all exceeding their respective inter-construct correlations.
This highlights adequate discriminant validity. Moreover, the statisti-
cally significant correlations between the constructs (smart technolo-
gies and environmental sustainability: 0.221**, business sustainability
and environmental sustainability: 0.510***) at acceptable levels, fur-
ther validate the constructs’ interrelatedness while maintaining
distinctiveness.

5.3 | Testing of structural model and mediation

To test the structural model and mediation, we conducted a
covariance-based SEM analysis using Stata/SE 10.0 software. It was
chosen as our study met the following requirements of covariance-
based SEM. First, the model was based on a strong theoretical foun-
dation. Second, the sample size was in the rule of thumb 5-10 times

TABLE 4 Correlation matrix, descriptive statistics, and discriminant validity.
Standard
No. Mean deviation 1 2 3
1 Smart technologies 3.32 1.088 0.841 - -
2 Business sustainability 3.59 0.691 0.122 0.710 -
3 Environmental sustainability 3.52 0.852 0.221* 0.510*** 0.817

Note: The diagonal values in bold are the square root of the average variance extracted.

**0.001 < p=<0.01.
***p < 0.001,
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the number of parameters being estimated. Third, the used variables
were normally distributed. Fourth, the model fit indices showed that
the model fits the data. Fifth, there were no significant multicollinear-
ity, meaning that the independent variables were not highly corre-
lated. Sixth, we aimed at showing linear relationships. The robustness
of our structural model was rigorously tested using various fit indices,
which indicated a good model fit (Hu & Bentler, 1999) and validated
the structural relationships hypothesized in our study. The RMSEA
value stood at 0.047, comfortably below the 0.08 threshold for a good
fit, suggesting minimal discrepancy between the hypothesized model
and observed data. Complementing this, the CFl and TLI were 0.978
and 0.969 respectively, both well above the recommended value of
0.95, further corroborating the model's appropriateness. The SRMR
was 0.064, indicating a good model fit, as values below 0.08 are typi-
cally considered favorable.

Delving into the specific relationships within the model, as
detailed in Table 5, we observed interesting findings regarding the
predictors of environmental and business sustainability. First, the rela-
tionship between company size and environmental sustainability was
not statistically significant (coefficient = —0.000, p = 0.304), suggest-
ing that the size of the company does not have a discernible impact
on its environmental sustainability efforts. In contrast, competitive
intensity showed a positive and significant influence on environmental
sustainability (coefficient = 0.102, p = 0.046), indicating that higher
competitive pressures may encourage firms to adopt more environ-
mentally sustainable practices.

The influence of smart technologies on environmental sustainabil-
ity was found to be non-significant (coefficient = —0.055, p = 0.482),
which challenges common assumptions about the direct positive
impact of such technologies on environmental outcomes. Thus, the
analysis did not support hypothesis H1. However, a different picture
emerged for business sustainability, where smart technologies exhib-
ited a positive and significant effect (coefficient = 0.146, p = 0.032),
supporting our hypothesis H2. This finding underscores the impor-
tance of smart technological integration in enhancing business
sustainability.

Most notably, business sustainability presented a strong and
highly significant positive impact on environmental sustainability

TABLE 5 SEM analysis results.

(coefficient = 1.074, p < 0.001). Therefore, strongly support our pro-
posed hypothesis H3. This pivotal finding not only reinforces the
interconnectedness of business and environmental aspects of sustain-
ability but also highlights the potential of sustainable business prac-
tices in driving environmental outcomes. These results from our
structural model testing and mediation analysis provide distinct
insights into the dynamics of sustainability in the business context,
revealing the complex interplay between smart technologies and sus-
tainability outcomes (Figure 2).

6 | DISCUSSION

This study explored the interplay between smart technologies, busi-
ness sustainability, and environmental sustainability, particularly in the
context of SMEs. The findings provide new insights into this evolving
relationship, adding to the existing body of literature. Our research
reveals a surprising shift from the anticipated positive impact of smart
technologies on environmental sustainability, a relationship often sug-
gested in existing literature (Almalki et al., 2023; Bibri et al., 2023;
Javaid et al., 2022; Martins et al., 2022). However, our findings chal-
lenge this narrative, showing no significant direct impact of smart
technologies on environmental sustainability (Hypothesis 1). This indi-
cates a multifaceted relationship wherein the mediating effect of busi-
ness sustainability as captured in our study, plays a crucial role. The
gap between our findings and the existing literature may lie in
the intricate nature of how smart technologies are implemented and
utilized. While Chen et al. (2023) argues that smart technologies, by
virtue of their efficiency and innovation, naturally lead to improved
environmental outcomes, our findings suggest a more subtle reality.
This is in line with the observations of Garren and Brinkmann (2018)
who caution that the mere presence of advanced technologies does
not guarantee environmental benefits. Rather, it is the strategic appli-
cation and integration of these technologies into specific environmen-
tal practices that are crucial. Furthermore, the context in which smart
technologies are deployed plays a significant role in determining their
environmental impact. As highlighted by (Aijaz & Ahmad, 2022;
Almalki et al., 2023; Bibri et al., 2023; Chen et al., 2023; Lovell, 2019;

Outcome

Direct effects
Environmental sustainability
Environmental sustainability
Environmental sustainability
Environmental sustainability
Business sustainability
Indirect effects

Environmental sustainability

Predictor

Company size
Competitive intensity
Smart technologies
Business sustainability

Smart technologies

Smart technologies

Abbreviation: SEM, structural equation modelling .

Unstandardized Standard Significance
coefficient error (SE) z-value (p-value)
—0.000 0.000 —1.03 0.304
0.102 0.051 1.99 0.046
—0.055 0.078 —0.70 0.482
1.074 0.185 5.80 0.000
0.146 0.068 2.15 0.032
0.157 0.074 2.12 0.034
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FIGURE 2 Structural equation model depicting the effects of smart technologies on environmental and business sustainability (standardized

path coefficients are shown).

Zhang & Wang, 2023) the effectiveness of these technologies in
enhancing sustainability is heavily contingent on factors such as orga-
nizational readiness, the alighment of technology with sustainability
goals, and the broader socio-economic environment. Moreover, our
study opens up new avenues for exploring the reasons behind this
divergence. It suggests a potential gap in the literature regarding the
practical challenges and limitations of applying smart technologies for
environmental sustainability.

Our findings support the literature that posits a positive relation-
ship between smart technologies and business sustainability (AlZayani
et al., 2023; Chatterjee et al., 2022). We found that the adoption of
smart technologies significantly enhances business sustainability
(Hypothesis 2), reinforcing the argument that these technologies are
vital for improving efficiency, productivity, and ultimately business
sustainability in business operations. In addition, the study strongly
supported the hypothesis that business sustainability positively
affects environmental sustainability (Hypothesis 3), aligning with the
findings of Kordsachia et al. (2022) and Nogueira et al. (2023). This
underscores the interconnectedness of business and environmental
sustainability, suggesting that efforts toward sustainable business
practices have a substantial and positive impact on environmental
outcomes. This finding is critical, emphasizing that businesses that
focuses on sustainability can significantly contribute to environmental
preservation, crucial in achieving broader environmental objectives.

Thus, our study contributes a significant perspective to the
existing body of research. It underscores the importance of consid-
ering both direct and mediated effects when examining the role of
smart technologies in business sustainability and environmental

sustainability. While smart technologies directly enhance business
sustainability, their impact on environmental sustainability appears
to be indirect, mediated through improved business practices. This
highlights the need for a strategic approach in leveraging technology
for environmental benefits and calls for further research to explore
these complex interdependencies.

7 | CONCLUSION

This study examines our understanding of the relationship between
smart technologies, business sustainability, and environmental sus-
tainability within the context of SMEs. Our findings reveal a distinc-
tive relationship between these elements, challenging the
straightforward view of smart technologies as direct enhancers of
environmental sustainability. Instead, we see that their impact on
environmental outcomes is more complex, potentially mediated
through improved sustainable business practices. The study reaffirms
the significant role of business sustainability in positively influencing

environmental sustainability.

7.1 | Theoretical implications

This study contributes significantly to the theoretical understanding
of the intersection between smart technology, business sustainability,
and environmental sustainability. It shifts the focus from the common
belief that smart technologies directly lead to better environmental
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sustainability (Aijaz & Ahmad, 2022; Bibri et al., 2023; Chen
et al., 2023; Javaid et al., 2022; Olah et al., 2020). Instead, our
research suggests that the impact of smart technologies on environ-
mental sustainability is not straightforward but conditioned by various
mediating factors, and business sustainability is one key mediator that
has been proven by this research. The gap from previous research
invites a rethinking of theoretical frameworks, especially within SMEs,
to account for these complexities and indirect effects.

Furthermore, this study reinforces the critical role of business
sustainability as a mediator in achieving environmental objectives, a
perspective increasingly supported by empirical evidence (Kordsachia
et al., 2022; Nogueira et al., 2023). Aligned with the TBL framework,
which integrates economic, social, and environmental aspects, our
findings underscore the importance of sustainable business practices
in meeting comprehensive sustainability goals. This research, there-
fore, underscores the need to revisit and refine existing theoretical
frameworks in light of contemporary literature, particularly how busi-
ness sustainability can serve as a mediating pathway to environmental
sustainability. It also emphasizes the importance of theoretical models
that can capture the complex, mediated relationships relevant to
SMEs' operations and their strategic approaches toward sustainability.

7.2 | Managerial implications

The integration of smart technologies has emerged as a transforma-
tive force for business operations, offering substantial benefits in effi-
ciency and productivity. For practitioners and business leaders,
particularly in the growing sector of SMEs, our findings provide
actionable insights into harnessing the power of smart technologies
for strategic advantage. The research underscores the need for a stra-
tegic and goal-oriented application of smart technologies, not merely
for their own sake but as a means to drive business and environmental
sustainability forward. This aligns with the perspectives of Chatterjee
et al. (2022) and AlZayani et al. (2023), who observed the tangible
impacts of such technologies on business performance and sustain-
ability. In practical terms, managers are encouraged to deploy smart
technologies with a clear vision that integrates sustainability goals,
ensuring that their technological strategies are in tandem with the
broader environmental objectives outlined by the likes of Chen et al.
(2023) and Lovell (2019). The research suggests that while smart tech-
nologies are crucial, their utmost impact in fostering environmental
sustainability is achieved only when they are part of a holistic strategy
that prioritizes sustainability as a core objective. Through the adoption
of smart technologies, SMEs have the opportunity to enhance opera-
tional efficiency, which in turn could contribute to a more robust com-
petitive stance in the market. This strategic approach to sustainability
is not just about adhering to environmental standards; it is about
embedding sustainability into the core of business operations to drive
long-term profitability and resilience. The adoption of smart technolo-
gies, when aligned with a firm's sustainability initiatives, has the
potential to unlock new value streams and foster a sustainable com-
petitive advantage.

7.3 | Limitations and future research

While our research provides new perspectives, it is necessary to
acknowledge certain limitations in this study. The present study was
conducted within Finnish SMEs context, the research provides
insights that are deeply relevant to this particular setting. However,
this geographic specificity may limit the generalizability of our conclu-
sions to other countries, especially those with differing cultural, eco-
nomic, and regulatory landscapes that can uniquely influence SMEs
operations and the integration of smart technologies. Furthermore,
the cross-sectional nature of our data collection constrains our ability
to fully comprehend the temporal dynamics of smart technology
implementation and environmental sustainability integration. The
non-significant impact of smart technology on environmental sustain-
ability highlighted in this study suggests there may be other mediating
factors or longitudinal implementation strategies that were not
captured.

Future research could fruitfully extend our work by exploring a
more diverse selection of SMEs across different national contexts,
potentially offering a comparative perspective on how smart technol-
ogies can drive sustainability in various cultural and regulatory envi-
ronments. Longitudinal studies could provide a richer, more dynamic
understanding of the relationship between smart technology imple-
mentation and environmental sustainability outcomes, identifying the
mediating factors that evolve over time. Such research would be
invaluable in crafting a more universally applicable framework for
leveraging technology in the pursuit of sustainable business practices.
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Abstract

This study investigates the role of digital twins in enhancing performance management practices across
diverse organizational contexts. Through multiple case studies, we explore the strategic benefits,
organizational implications, and the evolving relationship between humans and digital twins in performance
management. Our findings demonstrate that digital twins facilitate a shift from periodic assessments to real-
time, data-driven optimization within organizations. This enables enhanced decision-making, continuous
improvement, and process efficiency enhancement. Furthermore, the research highlights the future
trajectory of digital twins, including their democratization through user-friendly interfaces and integration
with other novel technologies. This study offers valuable insights for organizations considering the
implementation of digital twins and for researchers seeking to understand their long-term impact on
performance management practices and the changing nature of work.

Keywords: Digital Twins, Performance Management, Case Studies, Organizational Performance, Digital
Transformation

Introduction

In the rapidly evolving digital landscape, digitalization through novel technologies is emerging as the most
significant driver across all industrial sectors (Saunila et al. 2022, 1-14; Yusupbekov et al. 2020, 1589-
1595). Digital twins, a prominent novel technology are a virtual replica of the physical world, supported by
other novel technologies like the Internet of Things (IoT), and artificial intelligence (Al) (Grieves &
Vickers, 2016; Onaji et al. 2022, 831-858; Semeraro et al. 2021, 103469; Holopainen et al. 2022, 1-13).
Digital Twins can accurately mimic real-world situations and predict performance results, technical flaws,
and future system enhancement, and offer a richer capability to model and analyze real-world systems,
which can enhance operational efficiency (Semeraro et al. 2021, 103469; Saunila et al. 2022, 1-14). The
use of digital twins in manufacturing has gained significant attention in recent years, with its applications
ranging from traditional machine learning tools to advanced robotic systems (Holopainen et al. 2022, 1-13;
Semeraro et al. 2021, 103469). Integrating digital twins into individual units within manufacturing holds
promising potential for standardized reference models, services, content, and deployment tools (Kritzinger
et al. 2018, 1016-1022).

Digital twins, while transformative in their own right, find powerful applications in the realm of
performance management. Performance management is the ongoing process of communication between
managers and employees that aligns individual objectives with overarching organizational goals (Aguinis
2013). Scholars defines performance management as a set of formal and informal mechanisms, processes,
systems, and networks used by organizations to convey key objectives and goals, assist in strategic planning
and ongoing management, and measure control, and achieve performance (Hartog et al. 2004; Adler 2018).
It is a key element in the wider context of HRM and the individualization of the employment relationship
(Hansen, 2000). This process involves setting objectives, monitoring performance, and providing feedback
to ensure that activities align with organizational goals (Adler 2018). Performance is measured not only in



terms of outcomes achieved but also in relation to the behaviors and actions of individuals and teams
(Halligan, 2010). Scholars argue that if something cannot be measured, it cannot be improved or managed,
and this principle applies to the overall design and function of an organization (Adler 2018; Parker and
Grote 2020; Mio, Costantini, and Panfilo 2021). Performance management is not limited to identifying and
measuring potential benefits of this holistic approach but should also measure the true value of its impact
on the overall success of the organization. (Sahlin and Angelis 2019; Hartog et al. 2004) This includes
evaluating the effectiveness of the organization's structure in improving business processes, enhancing
decision-making, and driving innovation. Therefore, performance management is essential for maximizing
the benefits of an organization's overall structure and operations and ensuring its long-term success (Kumar
and Premnath, 2012).

Digital twins possess the potential to transform this performance management process. Their ability to
simulate and analyze real-time data, along with the capacity to model ‘what-if' scenarios provides
organizations with a powerful means to assess and optimize their structure and processes (Grieves &
Vickers, 2016). Furthermore, their predictive analytics capabilities enable organizations to make informed,
proactive decisions, enhancing decision-making, and aligning actions with organizational goals (VK et al;
2023). However, much of the current scholarly discourse focuses on deploying digital twins within large-
scale enterprises, leaving a gap in understanding their role in enhancing performance management practices
across various organizational sizes and sector contexts. This research aims to address this gap by analyzing
case studies to understand “how digital twins enhance performance management practices across various
organizational contexts, regardless of size and sector?” By examining multiple cases, this study seeks to
provide insights into the potential adaptable benefits of implementing digital twin technology for improving
operational efficiency, process optimization, and decision-making across a broader spectrum of
organizational contexts.

Literature Review
2.1 Digital twins: Definition, components, and applications

Digital twins are virtual replicas of physical objects, systems, or processes that are used to enhance
understanding, improve performance, and support decision-making (Grieves & Vickers, 2016). They are a
crucial component of Industry 4.0, a digital transformation that aims to automate traditional industrial
practices (Li and Zhang 2023). Digital twins can be applied across various domains, from manufacturing
components to large-scale systems like smart cities (Onaji et al. 2022). However, the definition of digital
twins is not universally agreed upon, but they generally involve the creation of a virtual model that mirrors
the behavior, structure, and characteristics of a physical entity. This model can be used to monitor, analyze,
and predict the performance of the physical entity, enabling better decision-making and maintenance
(Ohnemus 2020; Adjei and Montasari 2020). Components of digital twins include- real-time data,
simulation, analytics, and integration (Sharma et al. 2022, Segovia and Garcia-Alfaro 2022). Digital twins
rely on real-time data sourced from the corresponding physical entities to maintain accuracy in their virtual
models (Rasheed el al. 2020). These models facilitate simulations, enabling predictive analysis and scenario
evaluations (Grieves & Vickers, 2016). Through analytics, digital twins decode patterns, trends, and
anomalies within the data, aiding in failure prediction and performance optimization. Moreover, integration
with diverse systems and applications enhances the holistic understanding of the physical entity and its
operational dynamics.



Digital twins have emerged as versatile tools with applications spanning various sectors. In the
manufacturing industry, digital twins optimize production lines, detect potential bottlenecks, and enable
predictive maintenance, enhancing overall efficiency (Grieves & Vickers, 2016; Yusupbekov et al. 2020,
1589-1595). Beyond manufacturing, one significant domain of their utility lies in energy efficiency, where
they optimize energy consumption within buildings, leading to overall improvements in efficiency (Grieves
& Vickers, 2016; Bortolini et al. 2022, 7002). In the realm of power systems, digital twins play a pivotal
role in monitoring and managing these systems, facilitating the integration of renewable energy sources,
and aiding in the strategic planning of operations (Palensky et al. 2022, 4). In agriculture, digital twins are
leveraged to monitor and optimize processes, thereby enhancing crop yields and minimizing wastage
(Pylianidis, Osinga, and Athanasiadis 2021, 105942). Similarly, within the construction industry, digital
twins contribute to improved safety and efficiency by helping prevent accidents and streamline operations
(Opoku et al. 2021, 102726). Furthermore, in transportation infrastructure, digital twins are utilized to
monitor and manage systems, thereby enhancing safety measures and reducing maintenance costs (Wu et
al. 2022, 107983). Across these diverse sectors, the implementation of digital twins showcases their
versatility and effectiveness in addressing various challenges and optimizing operational processes.

2.2 Digital twins in performance management: Current state of research and gap

Several studies have been conducted on digital twins for managing performance, especially as they have
been increasingly adopted in the manufacturing, construction, health care, energy sector, and process
industries for performance management across large-scale enterprises (Li el al. 2022a, 100289;
Yusupbekov et al. 2020, 1589-1595; Onaji et al. 2022, 831-858; Kritzinger et al. 2018, 1016-1022;). In
manufacturing, studies have demonstrated the use of digital twins for production line optimization, leading
to improved efficiency and reduced downtime (Qi & Tao, 2018). Additionally, the healthcare sector
employs digital twins to simulate patient-specific treatment plans, aiding in decision-making and potentially
improving health outcomes (Laaki et al., 2019). While the focus has been on the technical development and
implementation of digital twins, there's a growing interest in their strategic value for management practices
(Saunila et al. 2022, 1-14). Some studies have explored the potential of digital twins for real-time
monitoring of assets and key performance indicators (KPIs), enabling proactive decision-making and issue
resolution (Balta et al., 2019; Latif et al., 2023). The ability to conduct "what-if" scenario analysis is also
highlighted as advantageous, allowing organizations to assess the impact of potential changes before
implementation (Grieves & Vickers, 2016). Moreover, Ukko et al (2022) argue that the ability of a digital
twin to allow users to experiment, test scenarios, and understand the system better links to both formal
controls (setting targets and monitoring them) and social control (promoting shared understanding,
behaviors).

While existing studies highlight the promising applications of digital twins in performance management
within specific industries, there is a clear need for further research to understand their broader implications
and effectiveness across diverse organizational contexts. While there is a significant amount of research on
the development and creation of digital twins, particularly in large-scale enterprises, there is a need for
more research on their application in performance management practices across various organizational sizes
and sector contexts.

Methods
Multiple Case-Study Approach and Case Selection



This study employs a qualitative multiple case-study approach, which is well-suited for exploring complex
phenomena within real-world contexts (Yin 2009) and emphasizes understanding the depth and richness of
experiences, behaviors, and processes (Eisenhardt 1989, 532-550). A purposive sampling strategy was
employed to select cases, ensuring industry diversity (Eisenhardt and Graebner 2007, 25-32). This strategy
prioritizes cases that are most likely to yield rich data relevant to the research question. Three case
companies were purposefully selected to represent a range of organizational sizes, industry sectors, and
stages of digital twin implementation. Key selection criteria included:

1. Industry diversity: Companies representing both providers and utilizers of digital twins were
selected from various sectors to offer a comprehensive perspective on the potential applications of
digital twins in performance management.

2. Organizational size: The cases included a mix of smaller and larger organizations to examine how
digital twins may be employed differently based on scale.

3. Digital twin maturity: Companies that had varying levels of experience in digital twin
implementation were selected, ranging from initial exploration to those with established systems.

Details of the case companies are shown in Table 1. All companies demonstrated a clear commitment to

digital transformation as evidenced by their existing digital twin initiatives and their goals for future
applications within different organizational contexts.

Table 1: Case Selection

Case Rolein Organizat Stage of Rationale of Selection
Market ional Size Digital Twin
Focus
Company Digital SME Mature Offers digital twin solutions that enable
A Twin Implementation visualization and real-time monitoring of
Solution [as provider] complex industrial processes across diverse
Provider sectors. Their tools support production
optimization and maintenance, with adaptable
solutions serving clients from large
multinationals to SMEs.
Company Digital Large Early Pioneers innovative smart surface technology
B Twin Use Exploration for manufactured products. Their focus on
(Potential) integrating electronics and user interfaces offers
a unique case study to explore how digital twins
could potentially optimize product design,
streamline manufacturing, and introduce
advanced performance monitoring capabilities.
Company Digital SME Mature Provides real-time simulation for heavy
C Twin Implementation equipment, specializing in operator training,
Solution [as provider] | product development, and autonomous systems.
Provider Their physics-based digital twins and
experience with international clients
demonstrate expertise in performance
optimization for the heavy equipment sector.




Data Collection

The data was gathered between September 2023 and March 2024 through semi-structured interviews and
document analysis within each case study. This triangulation of data sources strengthens the validity and
reliability of the research findings (Flick 2018). In-depth interviews were conducted with key personnel
involved in digital twin initiatives, including managers, engineers, and IT specialists which lasted between
45-60 minutes consistently across all interviews. The interviews focused on understanding participants'
perceptions of how digital twins are used to benefit in different aspects of performance management
practices. Moreover, company documents (e.g. reports, technical specifications, and project plans) were
also analyzed to supplement the interview data (Bowen 2009, 27-40). These documents provided further
insights into the technical aspects of digital twin implementation and their alignment with performance
management objectives. Table 2 provides a detailed overview of how data was collected for this study.

Table 2: Data Collection Methods

Case Semi-Structured Interview Document Analysis

Company 4 2

A [Software Architect, CTO, Director, Business [Solution Brochures (1); White

Development Manager] Paper Report (1)]

Company 3 5

B [R&D Director; Founder & Chief Engineer; [White Paper Report]

Simulation Expert]

Company 0 6

C [Solution Brochures (4); E-Book

(1), White Paper Report (1)]

Data Analysis

Collected data were analyzed using reflexive thematic analysis (Braun & Clarke, 2006). This approach
acknowledges the researcher's positionality while ensuring a rigorous process of identifying and
interpreting themes (Braun & Clarke, 2019). Data analysis involved familiarization, coding, theme
development, and cross-case comparison. Initial codes were derived from research questions and patterns
that emerged directly from the data (emergent themes). These codes were then refined and grouped into
overarching themes related to the role of digital twins in performance management practices. This iterative
process, along with cross-case comparisons, ensured the trustworthiness of findings and highlighted
commonalities and differences across diverse organizational contexts (Eisenhardt 1989, 532-550; Williams
and Moser 2019, 45-55).

Findings

In this findings section, we outlined four central themes emerged, revealing the potential of digital twins to
fundamentally transform how organizations monitor, analyze, and optimize their performance. Table 3
presents a recap of the findings.



Table 3. Thematic Analysis of role of Digital Twins in Performance Management

CODES

Focus on KPIs (Key Performance
Indicators), OEE As a key metric,
Performance Metrics Setting
Multi-dimensional Performance
Tracking; Proactive Issue Detection and
Alerting; Supporting Continuous
Performance Improvement
Predictive Maintenance for Production
Optimization; Simulation-Enabled
Scenario Exploration

Optimization and Process Improvement;
Potential for Process Automation

Comprehensive Data Collection
Digital Twin as the Central Data Hub;
Visualizing Data for Insight Extraction

Efficiency Remains Core Focus, Energy
Efficiency Optimization, Identifying and
Addressing Inefficiencies, Targeted
Optimization Across Operations

Data Sharing to Employee,
Different Data Needs Based on Roles,
Enhanced Communication and
Reporting

Context-Specific Focus on Workplace
Conditions, Continued Importance of
Visualization and User interface,
Iterative Design with Customer Input

Advancing Automation,
Blurring Boundaries Between the
Digital and Physical, Collaboration with
Customers, Combining industrial and
personal digital twins

Al-assisted factory modelling, Human
Perspective in Digital Twins, Human
Perspective in Digital Twins,
Importance of Human Understanding

SUB-THEMES MAIN THEMES
Improved Goal Setting and
Alignment
Theme 1: Impact of Digital
Continuous Performance Twins on Performance
Evaluation and Feedback Management Processes

Scenario Simulation and
Predictive Analysis

Process Automation and
Optimization

Enhanced Data-Driven
Decision Making

Theme 2: Organizational

Operational Efficiency and Benefits of Digital Twin-
Cost Reduction Enabled Performance
Management

Adaptive Performance
Management Through
Knowledge Enablement

Fostering a Culture of
Continuous Improvement

Changing Nature of Work

Theme 3: The Evolving Role
of Humans in Digital Twin-
Enabled Workplaces

Human Role in Digital Twin
Environment



Augmented or Mixed Reality for
Enhanced Visualization, Digital Twins Integration with other Novel
as Part of a Connected Ecosystem, Technologies Theme 4: The Future of
Enhancing Intelligence and Interactivity Digital Twins and
Performance Management
Expanding beyond industrial
applications to human factors, Scaling Scalability and Customization

and Customization for Wider Adoption of Digital Twins
Accessibility through Standardization
and User-Friendly Interfaces, Digital Democratization of Digital
Twin as significant impact in the future Twins

Theme 1-Impact of Digital Twins on Performance Management Processes

This theme examines how digital twins are transforming the fundamental processes of performance
management within the case study organizations. This impact manifests in four key areas, which are
discussed below in detail:

Improved Goal Setting and Alignment

The analysis revealed that digital twins enable a more strategic approach to goal setting by facilitating the
simulation of different scenarios and predicting outcomes. This capability empowers managers and
operators to establish and track key performance indicators (KPIs) that align with overarching strategic
objectives. For instance, a software architect from Company A highlighted the hierarchical nature of KPI
monitoring across different organizational levels: "a management person would be interested in this level
and then the operator would be interested in this level and then a country level manager would then be
interested on the country of all the factories, and they would only see some other KPI values of each factory"
(Software Architect, Company A).

Continuous Performance Evaluation and Feedback

Digital twins provide real-time tracking and alerts, offering an alternative to periodic performance reviews
with an ongoing, data-driven approach to monitoring and improvement. Documents from Company C
underscore this capability, emphasizing their focus on providing customers with digital twins capabilities
throughout the product lifecycle (Company C, Document). Similarly, Similarly, a director from Company
A highlighted how digital twins reveal delays in the system, enabling organizations to optimize work
processes and address errors and inefficiencies in a timely manner: "The digital twin reveals delays in the
system, allowing organizations to optimize their work processes. In contrast, previously, errors and
inefficiencies, such as a machine malfunctioning overnight, might remain unnoticed until a delivery was
missed, hindering timely corrective action" (Director, Company A).

Scenario Simulation and Predictive Analysis

Case studies revealed that the utilization of scenario simulation and predictive analysis empowers managers
to make informed decisions based on accurate data, resulting in more effective production optimization. By



assessing potential process changes before implementation, organizations can minimize risks and maximize
potential benefits. For instance, the R&D Head of Company B highlighted how their industry layout
simulation tool enables customers to optimize production floor layout decisions before manufacturing
begins: "the design of their industry layout simulation tool enables customers to optimize the production
floor layout...so the decisions are made...before the manufacturing actually starts" (R&D Director,
Company B). This proactive, data-driven strategy has the potential to significantly reduce errors and
improve efficiency within organizations.

Process Automation and Optimization

The examination of case studies revealed that digital twins offer significant potential for process automation
and optimization across organizations. Real-time data collection and analysis enable the identification of
potential automation candidates and bottlenecks, leading to streamlined operations and enhanced
efficiency. This emphasis on process automation and optimization is evident in Company C's
documentation, which highlights the "optimization of products, processes, and entire systems while in
operation in real time (or close to it)." This includes enabling autonomous or semi-autonomous behavior of
systems, such as machinery, using foundational elements like analytics engines, innovation platforms, and
cloud-enabled systems (Company C, Document). Similarly, the Director from Company A explained
“digital twins allow customers to optimize the work better by providing real-time visibility into production
issues that previously would only be noticed when deliveries were late” (Director, Company A).

Theme 2: Organizational Benefits and Strategic Advantage of Digital Twin-Enabled Performance
Management

The examination of the role of digital twins in enhancing performance management practices unveiled
several organizational benefits and strategic advantages. Some of which captured through this study are
discussed below.

Enhanced Data-Driven Decision Making

Digital twins served as centralized data hubs, streamlining decision-making processes by integrating
information from various sources. This enhanced data visibility empowered organizations to address key
challenges like productivity. As a Software Architect from Company A observed: "One of the main things
we've focused on is gathering data to pinpoint the root causes of low productivity. We analyze everything
from machine performance metrics to operator shift patterns. Understanding the 'why' behind any drop in
output is key to finding solutions that truly benefit both our equipment and our people." Furthermore,
Company C's focus on predictive analytics within digital twin deployments underscored the strategic value
of data-driven insights for asset management (Company C, Document).

Operational Efficiency and Cost Reduction

Digital twins play a pivotal role in driving operational efficiency and cost reduction initiatives across
organizations. The in-depth process monitoring facilitated by digital twins enables companies to identify
operational inefficiencies and optimize resource allocation, resulting in reduced waste and improved cost-
effectiveness. Participants from Company A, a solution provider, underscored how tracking machine usage
and energy consumption helps identify energy waste and potential optimization targets.



“Digital twins are the tools that can be used to optimize productivity in the production environment,
allowing organizations to maximize production rates for every hour of operation and reduce wasted
resources. By leveraging real-time data insights with our solutions, customers have been able to streamline
processes and minimize resource wastage, leading to significant cost reductions.” (Director, Company A)

“Through continuous monitoring and analysis, we empower our clients to make data-driven decisions that
drive efficiency and maximize productivity.” (CTO, Company A)

Adaptive Performance Management Through Knowledge Enablement

Digital twins promote a culture centered around data-driven decision-making by facilitating seamless
knowledge sharing and communication across different levels of the organization. Interviews with key
stakeholders illuminate on how digital twins enable effective knowledge dissemination among both
customers and employees, catering to their specific data requirements based on their roles. This aligns with
the core principles of performance management, which stress the significance of open communication and
collaboration in driving organizational excellence. Moreover, software architects from Company A
emphasized the importance of user-friendly interfaces and customized data views in supporting this culture
of knowledge enablement. They highlighted how these aspects empower employees to make well-informed
decisions tailored to their respective roles within the organization. Additionally, they underscored the
potential of digital twins in enhancing communication with customers and sharing valuable insights.

"Our focus has been on ensuring that our digital twin interface is intuitive and that it offers personalized
data views for our users. This way, employees can easily access the information they need to make informed
decisions that align with their specific responsibilities. We've also seen how digital twins facilitate
communication with our customers, allowing us to share valuable insights and collaborate more
effectively." (Software Architect, Company A)

Fostering a Culture of Continuous Improvement

Digital twins, paired with an iterative design mindset, encourage a culture focused on ongoing betterment.
This is illustrated by Sandvik's approach (Company C, Document) of incorporating customer-specific
insights into product development. Moreover, the emphasis on visualization within the case studies
highlights how real-time data presentation fosters learning and improvement. This ongoing optimization
mindset aligns with the principles of agile performance management, enabling organizations to adapt and
thrive in dynamic environments.

"With the digital twin, we're not just making improvements...we're changing the way we think about
improvement. Every data point becomes a chance to ask, 'Could we do this even better?' It gets the whole
team in that mindset of constantly striving for the next step forward." (Business Development Manager,
Company A)

Theme 3: The Evolving Role of Humans in Digital Twin-Enabled Workplaces

The rise of digital twins within the case study organizations prompts a re-examination of the role of human
workers in increasingly technology-driven workplaces. The findings suggest that while digital twins offer
the potential for automation and enhanced decision-making support, humans remain integral to the



successful operation and continuous improvement of these systems.
Human Role in Digital Twin Environment, and Changing Nature of Work

Despite the growing sophistication of Al and machine learning algorithms, case study participants
anticipate human-Al collaboration to be the prevailing model within digital twin environments. As the
software architect from Company A noted, "A human being would likely continue to be assisted by an Al,
ultimately taking responsibility for actions based on the Al’s suggestions." This suggests that while Al can
augment decision-making processes, human judgment and oversight remain crucial in digital twin
environments.

Digital twins blur the lines between the physical and digital worlds and introduce new forms of
collaboration. The Director of Company A highlighted the significant potential impact of integrating
individual worker-focused digital twins with industrial process management. He emphasized the
importance of personalized feedback loops and the utilization of wearable technology to optimize both
human performance and operational efficiency. In his words, "A significant potential impact lies in the
integration of individual worker-focused digital twins with industrial process management." This
perspective underscores the evolving role of humans in digital twin-enabled workplaces, indicating a shift
towards more collaborative and technology-enhanced work environments.

Theme 4: The Future of Digital Twins and Performance Management

The research findings underscore the transformative potential of digital twins and their implications for the
future of performance management. As digital twins continue to evolve alongside other emerging
technologies, they are poised to extend beyond their current focus on industrial processes, fundamentally
reshaping workplaces. Key findings from the interviews shed light on several possibilities:

Integration with other Novel Technologies

Interviews with stakeholders revealed a strong emphasis on integrating digital twins with other novel
technologies. A software architect from Company A highlighted this integration, stating, "We gather data
and process it via our tools and Al, then ship the results towards the customers for insights." This indicates
a trend towards leveraging Al, loT, and Big Data analytics in conjunction with digital twins to enhance
connectivity and intelligence. A CTO at Company A described a vision of operators utilizing safety goggles
to interact with digital twins overlaid with real-time [oT data, enhancing their situational awareness and
decision-making capabilities. The integration of augmented and mixed reality technologies promises to
revolutionize operator interaction.

Scalability and Customization of Digital Twins

The interviews emphasized the importance of scalability and customization in digital twin implementation.
A director from Company A commented, "Customization is crucial; solutions must be tailored to project-
specific needs." This highlights the need for digital twins to adapt to diverse contexts and organizational
sizes for widespread impact. Similarly, Founder & Chief Engineer at Company B who stated: "Off-the-
shelf digital twin solutions just won't cut it. We need the flexibility to model our specific assets and
workflows accurately to get real value".



Democratization of Digital Twins

Stakeholders also discussed the democratization of digital twins, aiming to enhance accessibility through
standardized interfaces. One interviewee emphasized this, stating, "Future goals aim to empower users with
intuitive tools for data interpretation, reducing reliance on technical expertise" (Software Architect,
Company A). Additionally, the CTO from Company A highlighted the convergence of personal devices
and virtual and mixed reality technologies, noting how they offer immersive experiences and enhance
decision-making through data overlays. This suggests a shift towards making digital twins more user-
friendly and accessible, bridging professional and personal domains.

Discussion

This study explored the role of digital twins in enhancing performance management practices, conducting
multiple case studies and rigorous thematic analysis across diverse organizational contexts. The study offers
an interesting contribution to the growing field of digital transformation, shedding light on how companies
can leverage the potential of digital twin technology to improve their operations and decision-making
processes. By examining real-world examples of how digital twins are being used in various industries, this
study provides valuable insights for organizations looking to stay competitive in an increasingly digital
world.

The findings of our study show that digital twins have the potential to enhance performance management
practices by providing real-time data for continuous performance evaluation, scenario simulation and
predictive analytics, and enhanced data-driven insights for decision-making. Organizations that
implemented digital twins experienced increased efficiency, improved decision-making processes, and
better overall performance outcomes. Furthermore, our study also reveals that the companies are actively
exploring digital twins’ potential to optimize product design, streamline manufacturing, and introduce
advanced performance monitoring capabilities.

Our study reveals four major themes that describes the role of digital twin in performance management
practices. The first major theme explores the profound impact of digital twins on performance management
processes within organizations. On the first theme, our findings reveal digital twins has a potential to tailor
goals and performance indicators to match specific roles and operational requirements, fostering a unified
approach. This refined goal setting aligns with the principles of performance management highlighted by
Adler (2018), which highlights the importance of clearly defined objectives. However, our study reveals
the novel aspect of digital twins. They allow for adaptable goals based on real-time data on operational
realities, promoting greater precision and efficiency. A potential discussion point arising from this finding
centres around whether the heightened granularity of goal setting facilitated by digital twins could
sometimes smother broader holistic thinking or undermine the need for adaptable responses within the
organization.

We found digital twin’s multi-dimensional tracking ability and proactive alerting capabilities enables it for
the identification of productivity factors, inefficiencies, and underperformance instantaneously. This shift
to immediate feedback aligns with the agile approach to performance management emphasized by scholars
such as Hartog et al. (2004) and Kumar & Premnath (2012). Digital twins exemplify how these models
become more practical and precise through the continuous data flow they provide. One area for further
discussion is the potential for an over-reliance on immediate digital twin feedback. Could this lead to



distractions for workers and managers, and how can organizations create a balanced and effective feedback
system with digital twins at the core?

The power of digital twins to simulate diverse 'what-if' scenarios (Grieves & Vickers, 2016), and provide
predictive analyses is a significant boon for performance management. This aligns with the capability of
the digital twin to scenario simulation and predictive analysis as found in the case studies particularly in
company B case. However, the interviews revealed a gap in realizing the full potential of predictive
maintenance, despite acknowledgement of the demand for this capability. This focus on foresight connects
with the literature on performance management, which emphasizes the value of planning and proactive
measures (Sahlin and Angelis 2019; Mio, Costantini, and Panfilo 2021). Moreover, we found that digital
twins offer a sophisticated tool for real-time scenario modelling, moving organizations away from
reactive performance management toward a more anticipatory and precise approach.

One of the key benefits of digital twins in performance management processes, as found in First theme's
findings is their ability to automate and optimize various tasks. By creating a digital replica of a physical
asset or process, organizations can gather real-time data and insights that can be used to improve efficiency
and effectiveness. This not only saves time and resources but also allows for more accurate decision-making
and predictive maintenance. This supports existing research on digital twins enhancing operational
efficiency (Semeraro et al. 2021, 103469; Saunila et al. 2022, 1-14). Moreover, the finding aligns with
broader performance management theory, which highlights the importance of maximizing performance
through operational improvements (Parker and Grote 2020). Digital twins empower this practice by
providing the data foundation and analytics capabilities to drive strategic automation and pinpoint areas for
process enhancement. Notably, participants expressed optimism about the potential for rule-based, and even
fully autonomous, processes fuelled by digital twin insights.

The second theme explores into organizational benefits and strategic advantages which highlighted
enhanced data-driven decision-making, operational efficiency and cost reduction, adaptive performance
management through knowledge enablement, and fostering a culture of continuous improvement. These
findings align with the notion proposed by Hartog et al. (2004) and Kumar & Premnath (2012), emphasizing
the critical role of data-driven decision-making in enhancing organizational performance. Furthermore,
participants, such as Company A's CTO, emphasized the importance of tracking diverse data points relating
to both machine and operator performance. This data-focused approach echoes the literature on
performance management, which recognizes the value of quantitative measurement for improving
objectivity and precision (Adler 2018). Digital twins facilitate this shift by providing a real-time,
comprehensive data infrastructure, and offer organizations a sophisticated and real-time platform to refine
operations and pursue continuous improvement for tangible cost savings. This focus on optimization aligns
with the emphasis on efficiency in seminal works within performance management literature (Sahlin and
Angelis 2019). Moreover, our findings from case-studies demonstrated how digital twins enable
collaborative and data-driven approach, contributing to adaptive performance management. This aligns
with established performance management literature emphasizing the importance of continuous feedback
and adaptability for organizational success fostering a culture of continuous improvement (Kumar &
Premnath, 2012). Additionally, this emphasis on knowledge flow and data democratization connects with
the concept of 'social control' discussed by Ukko et al (2022) where digital twins facilitate a shared
understanding within organizations.



The third theme explores the evolving role of humans in digital twin-enabled workplaces shed light on the
intricate interplay between technology and human involvement. While digital twins offer the promise of
automation and enhanced decision-making support, the results underscore the continued significance of
human input for the effective operation and continuous improvement of these systems. The anticipation of
human-AlI collaboration prevailing within digital twin environments aligns with existing literature on the
augmentation of human capabilities by artificial intelligence (AI). Scholars such as Ukko et al. (2022) have
discussed the concept of 'formal controls' and 'social control,’ emphasizing that digital twins serve to
augment rather than replace human decision-making processes. This suggests that while Al technologies
may assist in tasks such as 3D factory modelling, human oversight and decision-making remain essential
components of digital twin-enabled workflows.

Furthermore, the integration of individual worker-focused digital twins with industrial process management
represents a significant shift in the nature of work. This vision of highly personalized feedback loops and
the utilization of wearable technology to optimize both human performance and operational efficiency
underscores the transformative potential of digital twins in shaping the future of work in the industry 4.0
era. However, this evolution raises questions regarding the adaptability of current operating systems and
the seamless integration of physical and digital aspects within the workplace. The discussion surrounding
the evolving role of humans in digital twin-enabled workplaces resonates with broader debates on the
impact of automation and Al on employment and skill requirements. While digital twins offer opportunities
for increased efficiency and productivity, they also necessitate a revaluation of workforce skills and
organizational structures to fully capitalize on their potential benefits.

The final theme explores the future of digital twins and performance management and unveils a landscape
of transformative possibilities with far-reaching implications. As digital twins continue to evolve alongside
other emerging technologies, they are poised to transcend their current focus on industrial processes,
fundamentally reshaping workplaces and organizational practices. The envisioned future of digital twins
intersects with a multitude of novel technologies, presenting opportunities for enhanced connectivity and
intelligence. The integration of digital twins with technologies such as Al [oT, and Big Data analytics holds
promise for generating actionable insights and facilitating informed decision-making processes. This
integration aligns with the growing trend towards platform-based solutions and connected ecosystems
within the broader technology landscape. This vision of integration finds support in existing literature. For
instance, Segovia and Garcia-Alfaro (2022) discuss the trend towards platform-based solutions,
emphasizing the importance of seamless interface with various data sources and analytical tools.
Additionally, the potential for mixed reality technologies to enhance operator capabilities has been
highlighted by previous research (Segovia and Garcia-Alfaro, 2022).

The widespread adoption of digital twins’ hinges upon their scalability and adaptability to diverse
organizational contexts and sizes. Customization emerges as a critical factor, with solutions needing to be
tailored to meet project-specific needs and accommodate varying use cases. This emphasis on scalability
and customization resonates with concerns raised in existing literature. Palensky et al. (2022) and Sharma
et al. (2022) highlight the importance of addressing scalability and adaptability challenges for novel
technologies, including digital twins. Furthermore, the need for digital twins to extend beyond industrial
applications to optimize workplaces holistically is supported by the work of Segovia and Garcia-Alfaro
(2022).



The democratization of digital twins represents a significant step towards enhancing accessibility and
fostering widespread adoption. Future advancements aim to enable autonomous operations and improved
machine connectivity, empowering users with intuitive tools for data interpretation and reducing reliance
on technical expertise. This emphasis on democratization aligns with broader efforts to make technology
more accessible and user-friendly. The convergence of personal devices and the integration of virtual and
mixed reality technologies offer immersive experiences, bridging the gap between professional and
personal domains. The discussion on democratization finds support in existing literature. Segovia and
Garcia-Alfaro (2022) discuss the importance of democratizing access to technology, while Sharma et al.
(2022) emphasize the need for intuitive tools to reduce reliance on technical expertise.

Conclusion

This study makes several key contributions to both theory and practice, expanding our understanding of the
strategic value of digital twins in enhancing performance management practices. The findings enrich
performance management theory by demonstrating how digital twins enable a shift from periodic to real-
time, data-driven performance optimization, fostering continuous improvement and knowledge sharing.
Importantly, the findings illustrate how digital twins transform performance management by enabling
organizations to track key performance indicators (KPIs) in real-time. This shift from periodic assessments
to continuous monitoring facilitates timely intervention and proactive optimization efforts. Additionally,
the study uncovers future trajectories for digital twins, including democratization through user-friendly
interfaces and integration with consumer devices, which have implications for technology adoption and
workforce skills development. For practitioners, this research provides valuable insights into the benefits
and considerations for implementing digital twins to enhance performance management practices across
diverse organizational contexts irrespective to their sizes and sectors.

Organizations seeking the benefits of digital twins should prioritize investment in scalable platforms that
integrate with existing systems, focus on user-friendly interfaces, and explore the potential of integrating
novel technologies like IoT, Al (to automate routine tasks and provide insights) and augmented reality (to
visualize data and enhance decision-making). This will enable organizations to capitalize on the full
potential of digital twins to optimize processes, foster innovation, and gain a competitive edge in today's
dynamic business environment. Researchers are encouraged to conduct longitudinal studies to assess the
long-term impact and ROI of digital twin implementations, explore the change management aspects and
human factors involved, and investigate the scalability and customization of digital twins for diverse
organizational contexts.

While this study offers valuable insights, the case studies, while diverse, may not represent the full spectrum
of organizational contexts. Future research could include a wider range of industries and geographies, as
well as longitudinal studies with quantitative measures of performance impact. Additionally, further
exploration of specific themes, such as the democratization of digital twins or the changing role of humans,
could provide a more nuanced theoretical understanding. However, our study highlights the transformative
potential of digital twins in shaping the future of performance management processes and organizational
success.
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Abstract

This study investigates the role of digital twins (DTs) in sustainable performance within the
context of Industry 5.0. Employing a multiple case study approach, the study explores how
DTs contribute to sustainability benefits and identifies the challenges that companies face in
their implementation. The findings demonstrate that DTs enable real-time monitoring, process
optimization, and resource management, resulting in reduced waste, improved energy
efficiency, and enhanced environmental reporting. However, challenges such as data
standardization, integration complexities, and scalability persist, particularly for small and
medium-sized enterprises (SMEs). The study concludes that while DTs offer significant
potential for enhancing sustainable performance in Industry 5.0, addressing implementation
barriers and fostering technological synergies are crucial for widespread adoption and

maximization of the benefits of DTs.
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1. Introduction

Industry 5.0 represents the next evolution of industrialization, focusing on the collaboration
between humans and machines to enhance productivity while prioritizing sustainability and
resilience (Ivanov, 2022; Mourtzis et al., 2022). While Industry 4.0 focused on full automation
and digitization, Industry 5.0 shifts the spotlight back to people by prioritizing systems in which
humans and intelligent machines, such as robots, artificial intelligence (Al), and digital twins
(DTs), work together to create value across manufacturing, services, and beyond (Maddikunta
et al., 2021; Mourtzis et al., 2022). In a collaborative environment, these technologies enhance
flexibility, improve decision-making, and foster innovation by merging human creativity with
machine precision (Aheleroff et al., 2022). The shift toward human—machine collaboration in
Industry 5.0 is also motivated by the need for sustainability (Alves et al., 2023). As industries
increasingly emphasize environmental goals, industry 5.0 provides a framework in which DTs,
IoT, and Al are integrated into manufacturing processes to reduce waste, optimize energy use,
and improve operational resilience. This synergy between technology and a human-centric
perspective is seen as key to addressing the growing challenges of sustainable production and

resource management (Alves et al., 2023; Ivanov, 2022).

As part of this shift, DTs, which are virtual avatars of physical assets, components, or
processes (Grieves & Vickers, 2017), have gained particular attention. In a world increasingly
focused on sustainable solutions, DTs can be a transformative technology that drives
sustainability in Industry 5.0 systems. Imagine a factory where potential breakdowns can be
predicted and averted, cities that seamlessly optimize energy consumption, and healthcare
systems that anticipate patient needs before they arise. This vision is not confined to the realm
of science fiction but represents the tangible promise of digital twins, offering the means to
monitor, simulate, and optimize industrial processes in real time for enhanced industrial
operations (Holopainen et al., 2024; Kritzinger et al.; 2018; Saunila et al., 2022). DTs facilitate
automated real-time process analysis, which accelerates error detection and correction, leading
to improved efficiency and cost reductions in manufacturing processes (He & Bai, 2020; Jones

et al., 2020; Lim et al., 2020).

Despite the recognized potential of DTs in fostering sustainable performance in
Industry 5.0 (Ghobakhloo et al., 2022), there remains a gap in our understanding of their precise
contributions and the challenges associated with their implementation. While prior research

has explored the potential of DTs in improving industrial processes (He and Bai, 2020; Jones



et al., 2020; Lim et al., 2020; Saunila et al., 2022) and sustainability efforts separately (Chen et
al., 2021; Turan et al., 2022; Unal et al., 2023), their joint implications in achieving sustainable
performance within the context of Industry 5.0 are less understood. Prior research has also not
fully addressed the challenges that companies encounter in integrating DTs for sustainability
purposes in this new industrial paradigm (Heithoff et al., 2023; Marconcini et al., 2022; Segovia
et al., 2022). To address these knowledge gaps, this study seeks to answer the following

questions by gaining insights from real-world case studies:

1. How do DTs contribute to sustainable performance in Industry 5.0?
2. What challenges do companies face in integrating DTs for sustainable performance in
Industry 5.0?

3. What technological synergies do DTs offer from a human-centric perspective?

To gain a comprehensive understanding of the relationship between DTs and sustainable
performance in Industry 5.0, it is essential to review the relevant literature. The following
section will explore the key concepts, identify existing research trends, and highlight the

knowledge gaps that this study aims to address.
2. Literature Review
2.1 Industry 5.0 and Sustainable Performance

The transition to Industry 5.0 represents a critical shift toward integrating a human-centric
perspective with machine intelligence, requiring a revaluation of sustainable performance to
balance economic growth with environmental and social responsibilities (Ghobakhloo et al.,
2022; Ghobakhloo et al., 2023; Ivanov, 2022). Industry 5.0 aims to bring a human-centric
perspective back to manufacturing, emphasizing mass personalization and an environment in
which humans and robots collaborate (Akundi et al., 2022). This paradigm shift will not only
enhance productivity but also foster innovation, as organizations seek to create value through
sustainable practices that prioritize the well-being of both workers and the planet (Ipsen &
Bergmann, 2021). Sustainable performance is a key aspect of Industry 5.0, influencing
manufacturing and supply chains, incorporating renewable energy sources, and promoting
energy-efficient practices (Masoomi et al., 2023). Studies have shown that companies that
adopt sustainable practices experience long-term benefits, including improved brand reputation
and customer loyalty (Bai et al., 2020; Culot et al., 2020). The integration of advanced
technologies, such as DTs, Al, big data, and 10T in Industry 5.0, is seen as a crucial driver for

achieving sustainability goals and advancing toward a smart and resilient manufacturing



landscape (Akundi et al., 2022; Masoomi et al., 2023). However, the increased energy and
material usage associated with these technologies may challenge the environmental benefits of
sustainable performance in Industry 5.0 (Rame et al., 2024). Additionally, many organizations,
particularly SMEs, face challenges in implementing Industry 5.0 principles due to legacy
systems, inadequate technological readiness, and the substantial investments required in terms

of both technology and training (Kamble et al., 2020; Rajesh, 2023).
2.2 Potential of Digital Twins in Industry 5.0 for Sustainable Performance

DTs have emerged as an influential technology in the shift from Industry 4.0 to Industry 5.0,
offering transformative capabilities across various sectors. According to Modoni and Sacco
(2023), DTs serve as a virtual mirror of the physical process, allowing for real-time monitoring,
comparison with analytic models, and the provision of specific parameter variations to optimize
processes. Moreover, DTs enable the orchestration, optimization, and simulation of human-
centered processes, promoting harmonization and collaboration between humans and
machines, which fosters enhanced decision-making processes, particularly in smart
manufacturing (Lam, 2023; Modoni & Sacco, 2023; Warke et al., 2021; Zheng et al., 2022).
Modoni and Sacco (2023) demonstrate the implementation of a human DT model within the
human—CENTRO framework, which showcases the validity and effectiveness of DT-based
solutions in enhancing human-machine interactions in manufacturing settings. Their
integration allows predictive planning and system analysis within industries to leverage next-
generation information technologies, facilitating smarter and more efficient operations while
reducing risks and optimizing product life cycles (Helman, 2022; Newrzella et al., 2022).
Saunila et al. (2022) highlight that the integration of DTs in industrial settings amplifies their
potential by focusing on the “interaction” mechanism as a key driver for both enabling and
controlling applications. The interactive nature of DTs fosters collaboration and
communication, which can be leveraged to inspire innovative solutions and monitor adherence
to sustainability goals, aligning with the proactive and controlling mechanisms mentioned
earlier. However, the direct link between these mechanisms and the optimization of
sustainability objectives, as well as the direct impact on efficiency and environmental impact,
requires further investigation and empirical validation. The environmental benefits realized by

organizations through their implementation are not well documented.

2.3 Challenges in Implementing Digital Twins in Industry 5.0



DTs are widely recognized for their ability to enhance sustainable performance by promoting
circular economy principles and resource efficiency, as demonstrated by Ghobakhloo et al.
(2022), and for positively impacting the economic, environmental, and social dimensions of
sustainable performance (Ivanov, 2022). While the potential of DTs to enhance sustainable
performance is widely acknowledged, the successful implementation of DTs in industrial
settings that are focused on resilience, and a human-centric perspective faces many
challenges. For example, real-world case studies in industries such as automotive
manufacturing have demonstrated that overcoming issues of synchronization between the
physical and digital realms requires both skilled personnel and significant investment in
advanced IoT infrastructure (Modoni & Sacco, 2023). The aerospace sector, for instance, has
utilized DTs to optimize predictive maintenance processes, yet these implementations reveal
persistent issues in achieving seamless real-time data transfer, particularly in legacy systems

(Segovia et al., 2022).

While DTs can drive sustainable performance by providing real-time insights and
enabling proactive mechanisms to optimize resource use (Chen et al., 2021; Turan et al., 2022;
Unal et al.,, 2023), their effectiveness depends heavily on overcoming data integration
challenges and maintaining accurate digital replicas over time (Heithoff et al., 2023). Although
DTs integrated with technologies such as IoT and XR show promise for improving decision-
making and process optimization (Holopainen et al., 2024; Saunila et al., 2022), their actual
contribution to sustainable manufacturing remains underexplored and lacks substantial
empirical evidence. This limited validation poses a challenge for organizations seeking to
justify the significant investments required for such advanced technological integrations,
particularly in demonstrating clear, measurable benefits to sustainability outcomes. Marconcini
et al. (2022) argue that integrating advanced technologies, such as Al IoT, and big data,
remains a complex process. Thus, addressing these challenges requires adaptability to
technological changes as well as strategic planning that includes cross-departmental
collaboration and comprehensive training programs to build digital literacy within
organizations. Therefore, the integration of DTs requires a holistic approach that accounts for
both technological and human factors to ensure their effectiveness in driving sustainability in

Industry 5.0 (Barni et al., 2018).
3. Methods

3.1 Research Design



A multiple case study approach was employed as it allows for an in-depth understanding of
complex phenomena within real-world contexts, making it well suited for examining the
contributions and challenges of DT technology in different organizations (Yin, 2009; Yin,
2017). The study applied a qualitative case study design across three companies: Company A,
Company B, and Company C, which were selected based on their involvement in different
stages of DT implementation. The case selection criteria included the company’s role in the
market (DT solution provider or user), the size of the organization, the stage of DT
implementation (early exploration or mature implementation), and the industry sector in which
the company operates. Table 1 summarizes the key characteristics of the selected companies.

Table 1. Case Selection

Role in Organizational S O D Ll Industry Sustainability
Case ] Twin
Market Size . Sector Focus
Implementation
Manufacturing, Real-time
Company Digital twin SME Mature process, and monitoring,
A solution implementation  other sectors production
provider optimization,
and resource
management
Manufacturing, Exploring the
Company Digital twin Large Early product design  potential for
B user exploration optimized
(potential) product
design and
performance
monitoring
Heavy Real-time
Company Digital twin SME Mature equipment, simulation for
C solution implementation  autonomous product
provider systems development,
training, and
sustainability
improvements

3.2 Data Collection

Data were collected using a triangulation approach, combining semi-structured interviews and
document analysis to provide a holistic understanding of the challenges and benefits of using
DT technology in each case. Triangulation improves the reliability of the findings by allowing

the comparison of data from different sources (Denzin, 2009).



3.2.1 Semi-Structured Interviews

A total of seven interviews were conducted with representatives of the three case companies,
including senior executives and experts closely associated with the implementation and
development of DT technology. Interviewees were selected to ensure a comprehensive view of
the strategic, technical, and operational aspects of DT adoption. Interviews were conducted
with key personnel, including CTOs, software architects, business development managers, and
simulation experts. The interviews lasted between 45 and 65 minutes and followed a semi-
structured format, allowing for flexibility while focusing on key areas, including DT
integration, sustainable performance, and challenges in achieving real-time data
synchronization. Table 2 summarizes the data collection techniques used in this study.

Table 2. Data Collection Methods

CASE Semi-Structured Interviews Document Analysis

Company A 4 (software architect, CTO, director, 2 (solution brochures [1]; white
business development manager) paper report [1])

Company B 3 (R&D director; founder & chief 5 (All white paper report)

engineer; simulation expert)

6 (solution brochures [4]; e-book

[1]; white paper report [1])
Company C =

3.2.2 Document Analysis

To complement the interviews, extensive analysis was performed on technical documents,
white papers, and solution brochures provided by the companies. This method provided
secondary data on how each company is applying DTs technology to achieve sustainable
performance and what types of challenges they are facing. The documents were particularly
useful for understanding how DTs align with technological synergies from a human perspective

(Bowen, 2009).

3.3 Data Analysis



The data from the semi-structured interviews and document analysis were analyzed using
reflexive thematic analysis, as described by Braun and Clarke (2006). This method was chosen
for its flexibility in identifying, analyzing, and reporting patterns within qualitative data,
making it well suited for complex, exploratory research on the implementation of DTs in
Industry 5.0. Reflexive thematic analysis emphasizes the researcher’s active role in data
interpretation while ensuring a structured approach to the identification of themes in the data

(Braun & Clarke, 2019).

The data analysis process began with familiarization, in which interview transcripts and
documents were thoroughly reviewed to gain an in-depth understanding of the information
(Braun & Clarke, 2006). Initial coding followed, with codes derived individually for each
research question, particularly focusing on key concepts, including sustainable performance,
DT integration challenges, data synchronization, and sustainability monitoring mechanisms.
These codes were iteratively refined and grouped into broader overarching themes related to
the research questions (see Table 3). Thus, “DT contributions to sustainability,” “integration
challenges,” and “technological synergies and a human-centric approach” emerged as critical
areas of focus, grounded in both primary data from the interviews and secondary data from the
document analysis (Braun & Clarke, 2019). A cross-case comparison then highlighted common

challenges and successes across the organizations, enhancing the trustworthiness of the

findings (Blair, 2016; Eisenhardt, 1989).
4. Findings

The analysis of the data collected from the interviews and documents was conducted using
thematic analysis, following the framework outlined by Braun and Clarke (2006). Three major
themes emerged from the data: (a) DT contributions to sustainable performance, (b) integration
challenges, and (c) technological synergies and a human-centric approach. Each of these
themes was further divided into subthemes and supported by specific codes derived from the
interviews and document analysis. Table 3 shows how the identified themes provide a
structured framework for understanding the experiences of the companies studied and their
approaches to integrating DT technology for sustainable performance. The findings are
grouped by case study in the table, followed by a cross-case analysis, which is presented

following Table 3.

Table 3. Thematic Mapping of Findings from the Case Studies



Themes

Subtheme

Codes

Digital twin

contributions
to sustainable
performance

Integration
Challenges

Technological
Synergies and
Human-
Centric Design

Resource optimization
and waste reduction

Performance
monitoring and
improvement

Environmental
reporting and
compliance

Enhanced working
conditions and safety

Data integration and
standardization

Technical barriers

Cost and complexity

Skills and expertise
£ap

Cross technology
collaboration

Al and IoT synergy
Predictive analytics
and big data

Human-centric design
and collaboration

Energy efficiency focus; resource allocation optimization;
production optimization; identifying energy waste through
environmental monitoring; optimizing machine usage

Importance of data collection; tracking machines with sensors;
maintenance tracking; OEE calculation; production efficiency
tracking; identifying causes of downtime; performance
measurement and optimization

Tracking CO2 emissions with digital twins; carbon footprint
calculation; environmental monitoring; sustainability reporting;
expected growth in use of digital twins for sustainability; digital
twins as regulatory compliance enablers

Monitoring work environment conditions for safety and well-being;
Automated adjustments to improve environmental conditions;
safety as emerging trend; safety integration and maintenance
management; safety notification; context-specific focus on
workplace conditions; broad applicability to human sustainability
issues.

Lack of standardization; inconsistent calculation methods; data
integration challenges; data collection prerequisite; data access
request; data synchronization and communication; different data
needs based on roles

Sensor dependence; limited visibility of customer needs;
integration with ERP or MES; variability of devices

Financial challenges in deploying DTs; need for advanced [oT
infrastructure; technical feasibility; scaling to smaller business;
project-based customization; financial motivation

Ethical considerations for tracking; need for much greater
integration between design disciplines in IMC; skills and expertise
gap; difficulty of company-wide sustainability discussions and
tools due to diverse perspectives

Digital twin as platform for data sharing; integration with external
systems; cloud migration; AR/MR for enhanced visualization;
dashboard creation and data sharing

Al- assisted maintenance; Al-driven insights; Al for optimization;
IoT data gathering; sensor utilization

Big data for performance management; Al for data-driven insights;
predictive analytics

Human-AlI collaboration in decision making; the importance of
human understanding; human perspective in digital twin




4.1 Case Study 1: Company A

Company A is an SME in Finland that provides DT solutions focusing on real-time monitoring,
production optimization, and resource management. As a DT provider, the company has a
mature implementation of DTs across various sectors, including the manufacturing and process

industries.
Digital Twin Contributions to Sustainable Performance

Company A provides DTs to enhance efficiency, reduce waste, and track sustainability metrics.
The CTO explained, “Digital twins allow our customers to monitor energy consumption and
resource allocation in real time, which directly contributes to minimizing waste.” The business
development manager added, “Our DTs can be used to track machine usage and performance
through sensors to ensure minimal downtime, which improves overall efficiency and reduces
energy consumption.” The software architect highlighted, “Simulating various production
scenarios helps our customers to identify and eliminate energy-intensive processes before
implementation.” They also emphasized, “Tracking CO2 emissions with DTs in real time
allows [us] to adjust operations and meet environmental regulations.” These quotes
demonstrate how DTs drive energy efficiency, optimize resources, and ensure regulatory

compliance through real-time monitoring.
Integration Challenges

Despite its successes, Company A faces integration challenges that are primarily related to data
standardization. The software architect explained, “One of the major issues we encounter is the
lack of standardization across different systems, which complicates data synchronization and
makes it difficult to scale our solutions.” Financial constraints are another obstacle, particularly
for smaller clients. The CTO noted, “Many SMEs find it difficult to justify the up-front
investment in digital twin technology despite long-term sustainability benefits.” Sensor
variability also adds complexity, as the director observed in the following quote: “Different
sensor types from various manufacturers don’t always communicate well, adding complexity
to system integration.” The business development manager further highlighted the cost of
scaling DT solutions for smaller projects: “Scaling digital twin solutions to smaller clients or

projects is costly, especially when advanced IoT infrastructure is required.”

Technological Synergies from a Human-Centric Perspective



Company A is actively exploring synergies between DTs and emerging technologies. The CTO
explained, “Al-driven insights from our digital twins allow our customers to predict machine
failures and adjust operations, accordingly, reducing both costs and environmental impacts.”
This Al-driven predictive maintenance enhances efficiency and sustainability. The software
architect added, “Our digital twin platform integrates ERP and IoT, providing real-time insights
for decision-making.” This aligns with Industry 5.0’s human-centric goals. The CTO
emphasized, “We’re migrating more of our operations to the cloud to improve data accessibility
and scalability,” which enhances the ability to analyze sensor data for predictive analytics and

performance management.
4.2 Case Study 2: Company B

Company B, a large manufacturing firm, is in the early stages of exploring DT technology to

optimize product design and enhance sustainability.
Digital Twin Contributions to Sustainable Performance

Company B is in the early stages of exploring the potential of DT technology, primarily through
a pilot project aimed at optimizing production layouts. The director of foresight and research
explained, “We are currently in the research phase of implementing digital twins, particularly
in optimizing our production floor layout and defect recognition during the manufacturing
process.” Although the company has not fully implemented DTs, the chief engineer sees great
potential for their future use in “energy monitoring and reducing resource consumption.” He
added, “We believe digital twins will help us monitor energy use in high-pressure forming and
injection molding, cutting down unnecessary consumption.” The director also mentioned, “Our
goal is to reduce defect rates early in production by using DT simulations to adjust operations
in real-time.” While still in the exploratory phase, Company B plans to incorporate DTs into
its broader sustainability strategy, including environmental reporting. The director explained,
“We expect digital twins to help track CO> emissions and optimize production for

sustainability.”
Integration Challenges

Company B faces several integration challenges in its early exploration of DT technology. The
chief engineer commented, “One of the biggest hurdles is ensuring data consistency across our
systems. We currently have multiple methods of calculation, which complicates data

synchronization.” This lack of standardization complicates efforts to fully integrate DTs with



existing systems. The R&D director added, “Integrating DTs requires way more collaboration
between design and engineering teams than we initially expected.” This highlights the need for
greater cross-team coordination in DT projects, especially in traditionally siloed departments.
She also pointed out, “We lack the specialized expertise needed to handle the complex
integration of DTs with our current systems, which makes things even more challenging.”
Therefore, integration challenges revolve around data standardization, technical barriers, high

costs, and a skills gap that complicates cross-functional collaboration.
Technological Synergies from a Human-Centric Perspective

Company B is still in the early exploration phase of DT technology, and its efforts to create
technological synergies and human-centric design remain limited but are evolving. The R&D
director stated, “We’re starting to look into integrating Al and IoT for predictive maintenance
and data optimization, but we’re not there yet.” This reflects their initial steps in exploring Al
and IoT for future optimization of their production processes. The company is also considering
cloud migration to enhance data accessibility and facilitate cross-technology collaboration. The
founder and chief engineer stated, “Moving more data to the cloud will help us integrate
external systems and share data across teams.” While full implementation is ongoing, Company

B recognizes the potential of DTs for better data sharing and decision-making.
4.3 Case Study 3: Company C

Company C specializes in providing real-time simulation for heavy equipment, with a focus on

autonomous systems and product development.
Digital Twin Contributions to Sustainable Performance

Company C provides DT technology that can be used to improve operational efficiency,
optimize resource use, and minimize environmental impacts. Their DTs are primarily utilized
in industries such as construction, mining, and port handling. According to their solution
brochure, “The digital twin enables real-time simulation of machine behavior, helping reduce
fuel consumption by up to 50%.” This significant reduction in resource use highlights the role
of DTs in improving energy efficiency and optimizing machine usage. Their white paper states,
“Our DTs simulate hybrid-powered loaders, reducing physical prototyping and saving both
time and material resources,” which shows how virtual prototyping allows them to test hybrid
powertrains, reducing the need for physical prototypes and conserving resources. Additionally,

their DTs contribute to environmental reporting and maintaining compliance with regulations.



Their e-book mentions that their solutions help clients track and report carbon footprints,

aligning with global sustainability goals.
Integration Challenges

Despite its success, Company C faces challenges in integrating DTs, especially regarding data
standardization and system interoperability. Their solution brochure highlights, “One of the
main challenges in implementing digital twins is the lack of standardized data formats, which
complicates integration with other enterprise systems.” This lack of data standardization makes
it difficult for the company C to fully integrate the potential of their DTs with ERP and MES
systems, as they rely on different data collection and processing methods. Additionally,
company representatives mentioned the cost and complexity of scaling DT solutions,
particularly for smaller businesses, as outlined in their white paper: “Scaling DTs to smaller
businesses requires considerable financial investment, making it a costly undertaking for many

clients.”
Technological Synergies from a Human-Centric Perspective

Company C is exploring synergies between DTs, Al, and IoT to enhance predictive
maintenance and real-time decision-making. Their white paper states, “Al-powered digital
twins allow us to predict equipment failures and schedule maintenance before costly
breakdowns occur,” demonstrating AI’s role in optimizing operations. Additionally, their DT
solutions integrate [oT sensors to gather real-time data, which helps improve the accuracy of

predictive analytics and system performance management (white paper analysis).

The company also emphasizes the human-centric design of their DT systems, particularly in
safety-critical industries like mining and construction. Their e-book explains how simulation-
based training using DTs provides operators with virtual environments to practice machinery
operation in real time, ensuring safer working conditions: “By simulating real-world scenarios,
our digital twin systems provide a safe environment for operators to learn and improve” (e-
book analysis). This aligns with Industry 5.0’s focus on enhancing operator training and

workplace safety through simulation-based learning.
4.4 Cross-Case Analysis

A cross-case analysis revealed that all three companies recognize the potential of DTs to
enhance sustainable performance in Industry 5.0. They leverage DTs for real-time monitoring,

process optimization, and resource management to reduce waste, improve energy efficiency,



and enhance environmental reporting. Company A and C, as DT solution providers with mature
implementations, recognize the environmental benefits of using DTs and actively explore
synergies with Al and IoT. In contrast, Company B, a potential DT user, is in the early
exploration phase, focusing on optimizing production layouts and recognizing the future

potential of DTs for energy monitoring and sustainability reporting.

All three companies have encountered integration challenges, primarily related to data
standardization and system interoperability. The lack of standardized data formats and
inconsistent calculation methods hinder seamless data synchronization and integration with
existing enterprise systems. Additionally, the cost and complexity associated with scaling DT

solutions, especially for smaller businesses, pose a significant barrier.

One significant pattern across all cases is the emphasis on a human-centric perspective. All
three companies involve workers or clients in the setup and refinement of the DT system,
ensuring that it supports operational goals without complicating workflows. The collaborative
approach ensures that DT solutions are aligned with user needs and sustainability objectives,
highlighting the importance of employee and client feedback in the success of these

technologies.

The implications of this analysis suggest that DTs offer considerable potential for sustainable
performance, but widespread adoption depends on overcoming financial, technical, and
expertise-related obstacles. Companies that achieve successful integration of DTs are more
likely to see improvements in both operational efficiency and environmental performance.

However, scalability remains an issue, especially for SMEs.
5. Conclusions

This study highlights the significant potential of DT technology in advancing sustainable
performance within Industry 5.0. Through an in-depth analysis of three distinct cases, the study
reveals that DTs play a pivotal role in driving sustainable performance by enabling real-time
monitoring, process optimization, and resource management. However, challenges such as data
standardization, high implementation costs, skills gaps, and the technical complexities of

scaling these solutions remain significant barriers, particularly for SMEs.



5.1 Theoretical Implications

From a theoretical perspective, this study contributes to the evolving discourse on sustainable
performance in the era of Industry 5.0. The study findings align with prior studies that
recognize DTs as critical enablers of operational efficiency, particularly by reducing energy
consumption and optimizing resource use (Akundi et al., 2022; Grieves & Vickers, 2017;
Kritzinger et al., 2018). For instance, Company A’s ability to simulate production processes to
identify energy inefficiencies before implementation confirms the assertions found in the
literature that DTs facilitate more intelligent, data-driven decision-making in manufacturing
environments (Chen et al., 2021; Lim et al., 2020; Maddikunta et al., 2021; Turan et al., 2022;
Unal et al., 2023). These cases confirm the existing literature, demonstrating the significant
role of DTs in enhancing sustainable performance, but also reveal persistent barriers,

particularly for companies in the early stages of adoption (Ghobakhloo et al., 2022).
5.2 Practical Implications

Based on the findings of this study, we offer several practical recommendations for
practitioners navigating the complexities of DT adoption in Industry 5.0. First, organizations
should prioritize data standardization and interoperability to ensure the seamless integration of
DTs with existing enterprise systems (Heithoff et al., 2023; Segovia & Garcia, 2022). Investing
in robust [oT infrastructure and skilled personnel is crucial to overcoming data synchronization
challenges and achieving real-time data transfer (Marconcini et al., 2022; Modoni & Sacco,
2023). Additionally, fostering cross-departmental collaboration and providing comprehensive
training programs can bridge the skills gap and facilitate effective implementation of DT
projects (Mourtzis et al., 2022). Furthermore, organizations should actively explore synergies
between DTs and other emerging technologies, such as Al, IoT, and XR, to unlock their full
potential for predictive maintenance, process optimization, and data-driven decision-making.
Finally, maintaining a human-centric perspective throughout the DT ecosystem is essential to
ensure that these technologies align with user needs, enhance workplace safety, and contribute

to a sustainable and resilient Industry 5.0 ecosystem.
5.3 Limitations and Future Research

While this study provides valuable insights into the potential of DTs to contribute to sustainable
performance, the limited number of case studies may not fully encompass the diverse
applications of this technology across various industries. This presents an opportunity for future

research to expand the scope of the investigation, incorporating a wider range of sectors,



company sizes, and levels of digital maturity. Moreover, longitudinal studies could offer a
deeper understanding of the long-term implications and evolving dynamics of DT
implementation in relation to sustainable performance. Additionally, exploring how emerging
technologies, such as Al and extended reality can be further integrated with DTs will provide
valuable insights. The cross-case analysis points to the need for further empirical validation of
DTs’ contributions to long-term sustainability objectives (Ghobakhloo et al., 2023). While the
cases demonstrate positive outcomes, particularly in energy efficiency and resource
management, more evidence is needed to conclusively link DT technology to broader

environmental benefits, as proposed by Industry 5.0 frameworks (Akundi et al., 2022; Ivanov,

2022).
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