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ABSTRACT

Big Data Analytics (BDA) offers transformative potential for Small and Medium Enterprises (SMEs), ena-
bling enhanced performance, improved decision-making, innovation and business growth. Yet, manu-
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facturing SMEs often face considerable constraints that hinder effective BDA implementation. This

study adopts Resource Orchestration Theory (ROT) to explore how managers in manufacturing SMEs
structure, bundle, and leverage resources to overcome these challenges and deploy BDA effectively.
Using semi-structured interviews with 17 SMEs managers, we examine BDA deployment across supply
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chain operations guided by the SCOR model. The findings reveal key managerial roles and strategies,
including approaches to selecting, configuring, and operationalising BDA solutions. This study contrib-
utes to theory by applying ROT to the underexplored context of BDA implementation in SMEs, high-
lighting the dynamic capabilities managers must develop to succeed. Practically, it provides actionable
insights for SMEs managers navigating digital transformation in resource-constrained settings. The
study proposes a roadmap to guide BDA adoption in manufacturing SMEs.

1. Introduction

The digital transformation has accelerated technological
advancements, particularly with the rise of Industry 4.0 tech-
nologies such as Big Data Analytics (BDA), the Internet of
Things (loT), and Artificial Intelligence (Al) (Bibby and Dehe
2018; Papadopoulos et al. 2022; Winkelhaus and Grosse
2020). Among these, BDA has gained prominence for its
potential to optimise decision-making processes and
enhance operational efficiencies (Wang et al. 2016; Hasan
et al. 2024;; Kgakatsi, Galeboe, and Molelekwa 2024; Zhang
et al. 2021). BDA refers to the application of advanced tech-
niques to large datasets, enabling organisations to uncover
patterns and correlations that drive actionable insights (Asiri,
Al-Somali, and Maghrabi 2024; LaValle et al. 2011; Tsai et al.
2015). By leveraging BDA, firms and their supply chains can
become more responsive, demand-driven, and customer-
focused (Schoenherr and Speier-Pero 2015; Willetts and
Atkins 2024). With the widespread adoption of Industry 4.0
technologies, BDA capabilities have become a critical enabler
of competitiveness (Olabode et al. 2022; Olaniyan et al.
2024;; Potluri and Vajjhala 2021). Its application in manufac-
turing operations has particularly gained attention in recent
years (Babu et al. 2021; Chen, Preston, and Swink 2021;
Zhang et al. 2021), with BDA capabilities emerging as a key

differentiator (Cadden et al. 2023; Dahiya et al. 2022;; Wamba
et al. 2017).

Despite these advancements, many SMEs have yet to fully
harness the opportunities offered by BDA and can benefit
from learning from peers (Tao et al. 2018; Waqas et al. 2021).
According to Willetts and Atkins (2024) only 10% to 15% of
SMEs have adopted BDA technologies, highlighting signifi-
cant barriers to their implementation. SMEs are proved to be
slow in adopting BDA due to various challenges such as lack
of technological maturity, cultural barriers, and shortage of
in-house analytics expertise (Coleman et al. 2016).

SMEs represent approximately 99% of all firms in
Organisation for Economic Co-operation and Development
(OECD) countries. They account for around 60% of total
employment, and contribute between 50% and 60% of busi-
ness sector value added (OECD 2023). Yet in 2022, it was
estimated that only about 14% of SMEs had adopted BDA,
compared to 35% of large enterprises (250+ employees),
revealing a persistent 2.5-fold gap despite the digital acceler-
ation following the COVID-19 pandemic (OECD 2022a; 2025).
While firms deploying BDA report 5-10% higher productivity,
the adoption shortfall limits SMEs’ ability to capture product-
ivity gains and exacerbates competitive and income dispar-
ities across the economy (OECD 2022a). Government
evaluations underscore the implementation gap: in the UK,
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the flagship £296 million ‘Help to Grow: Digital’ subsidy pro-
gramme, intended to support 100 000 SMEs, was terminated
in February 2023 after lower-than-expected uptake, with
fewer than one thousand vouchers actually redeemed
(Department for Business & Trade 2023; techUK 2022).
Echoing this picture, an Italian cross-sector study of 300 firms
reported that 55% of Big Data projects never reached com-
pletion and overall failure rates can range between 50% and
85% (Gervasi et al. 2023). SMEs face specific constraints, such
as lack of financial resources, shortage of data-skilled talent,
and technological capabilities, that impact their approach to
BDA implementation compared to larger firms (Asiri, Al-
Somali, and Maghrabi 2024; Kgakatsi, Galeboe, and
Molelekwa 2024). Limited financial resources restrict their
ability to invest in advanced technologies and hire special-
ised talent, and, they often struggle to develop and integrate
the requisite skills. Additionally, the rapid pace of techno-
logical change can overwhelm SMEs lacking robust infra-
structure to support large-scale data initiatives. However,
SMEs possess inherent flexibility and agility that enable them
to reallocate resources swiftly, experiment with new
approaches, and adapt their strategies to navigate the com-
plexities (Minshull, Dehe, and Kotcharin 2022) such of BDA
implementation. These capabilities are generally developed
by managers. These tensions, between constraints and capa-
bilities, create a relevant context for exploring how SMEs
managers orchestrate resources to successfully adopt BDA.
This exploration is important for advancing academic
research and offering practical insights into digital transform-
ation in smaller firms (Brinch et al. 2018; Hasnan et al. 2023;
Lamba and Singh 2017; Matthias et al. 2017).

While the adoption of BDA is widely pursued for its
potential to drive innovation and growth, many initiatives
fall short of expectations due to their complexity, the sub-
stantial investments involved, and the need for specialised
skills (Corte-Real et al. 2019; Vidgen, Shaw, and Grant 2017).
Moreover, there remains a limited understanding of the man-
agerial role in the implementation of BDA (Tabesh,
Mousavidin, and Hasani 2019), coupled with a shortage of
empirical research on how BDA is utilised within SMEs
(Kgakatsi, Galeboe, and Molelekwa 2024). Additionally, the
mechanisms through which BDA initiatives contribute to
innovation and business growth are still not well understood
(Hasan et al. 2024). This led us to design this empirical and
qualitative research to shed light on the relationship
between BDA capabilities, resource orchestration, and imple-
mentation outcomes (Corte-Real et al. 2019; Hasan et al.
2024;; Kgakatsi, Galeboe, and Molelekwa 2024; Mikalef et al.
2020). This study brings novelty and contributes to the litera-
ture by focusing on the role of SMEs managers in BDA
implementation, answering the following research question:
How do manufacturing SMEs managers orchestrate resources
to implement BDA successfully to drive innovation and growth?

Studies indicated that the widespread hesitation or failure
among manufacturing SMEs to adopt BDA is less about
technological limitations and more rooted in managerial and
organisational shortcomings. A consistent challenge for SME
managers is the strategic allocation of resources necessary

for BDA adoption. For instance, data from New Zealand
show that 50% of businesses struggle to identify suitable
technologies or dedicate time to learn them, symptoms of
deeper issues in strategic planning and time-constrained
owner-managers operating with minimal strategic guidance
(Ministry of Business, Innovation & Employment [MBIE],
2025). On the factory floor, industry surveys highlighted the
lack of clear strategic direction as a key issue (Callaghan
Innovation 2025). Similarly, a UK government-commissioned
study found that the adoption of digital technologies, like
BDA, is impeded by limited buy-in and risk appetite, low
managerial awareness and skills, and absence of supportive
decision structures (Busby, Warby, Walsh, Coulter, Nelles, and
Vorley 2025). OECD (2022b) further emphasised that man-
agerial capabilities, alongside workforce skills and investment
in intangibles, are crucial for adopting and deriving value
from advanced digital technologies. Using semi-structured
interviews with 17 manufacturing SME managers in ltaly, the
UK and New Zealand, this study applies thematic analysis
(Clarke, Braun, and Hayfield 2015) to examine the strategies
and resource orchestration processes underpinning success-
ful BDA implementation. The findings, compiled into an ROT
model and a BDA roadmap, provide actionable insights for
SMEs’ managers on leveraging BDA to overcome resource
constraints and enhance their companies’ decision-making,
innovation and growth. With a certain guidance, we argue
that managers can overcome challenges in structuring, bun-
dling, and leveraging resources in a way that supports suc-
cessful BDA implementation. The model and roadmap
proposed in this study contribute to address this issue by
offering a coherent approach for effective resource
orchestration.

2. Literature review
2.1. Big data analytics (BDA)

In recent years, BDA has emerged as a transformative tech-
nology, impacting various business functions from sales and
marketing to logistics and production (Shi 2022; Wang et al.
2022; Xu and Pero 2023). Big data is commonly encapsulated
in the ‘five Vs’ framework: variety (diverse nature of data
sources), volume (magnitude of data being generated), value
(potential benefits of data), velocity (speed at which data is
generated, processed, and analysed), and veracity (accuracy
and reliability of data) (Lamba and Singh 2017). These char-
acteristics underline the complexity and potential of big data
for modern organisations.

According to Gandomi and Haider (2015), to obtain mean-
ingful insights from BDA and leverage the decision-making
process, a five-stage process should be followed: i) acquisi-
tion and recording, ii) extraction, cleaning and annotation, iii)
integration, aggregation and representation, iv) modelling
and analysis, and v) interpretation. The first three stages fall
under data management, while the latter two constitute ana-
lytics. This systematic approach ensures that data is not only
managed effectively but also analysed to generate insights
that support strategic and operational decisions. BDA
involves examining and analysing data to identify potential



patterns and correlations generating valuable insights for
optimising decision-making, and fostering value creation and
growth (LaValle et al. 2011; Tsai et al. 2015). Raffoni et al.
(2018) highlighted the importance of integrating BDA with
different management control systems to enhance the qual-
ity and ability of the decision-making. BDA capabilities are
typically classified into three categories: descriptive, predict-
ive, and prescriptive (Delen and Zolbanin 2018). Descriptive
analytics provides a retrospective view of business perform-
ance by identifying trends and patterns using basic statistical
methods (Sedkaoui 2018). Predictive analytics leverages his-
torical and current data to forecast future events through
advanced algorithms and statistical models (Wang et al.
2016; Jeble et al. 2018). Prescriptive analytics focuses on rec-
ommending optimal actions by utilising mathematical techni-
ques to enhance business performance and decision-making
(Lustig et al. 2010). Prescriptive analytics represents the peak
of analytics maturity by not only forecasting future outcomes
(‘what will happen?’) but also by systematically evaluating
possible courses of action and recommending the optimal
decision (‘what should be done?’). Unlike descriptive and pre-
dictive analytics, which inform and anticipate, prescriptive
analytics guides decision-making by bridging the gap
between insight and action (Lepenioti et al. 2020). This ena-
bles SMEs to make data-driven choices that optimise out-
comes in real-time.

2.2. Managers’ use, role and engagement in BDA
implementations in SMEs

While employees should be capable of using BDA tools in
their day-to-day activities, managers are responsible to
orchestrate resources supporting the implementation.
Managers play a pivotal role in the successful utilisation and
implementation of BDA as they serve as the leaders for tech-
nology transfers and adoptions. Lower-level managers are
usually responsible for acquisition, recording, extraction,
cleaning and annotation of data; middle-level managers
might be more regularly involved in the integration, aggre-
gation, visualisation and modelling aspects, and finally, exec-
utives and senior managers are focused on the analysis and
interpretation, and often responsible for overseeing the
implementation of the BDA solution (Choi et al. 2022). It is
accepted that BDA implementations would require involve-
ment of all managerial levels of the company. Managers are
tasked with orchestrating efforts and resources to ensure
BDA initiatives align with organisational goals and supply
chain requirements (Tabesh, Mousavidin, and Hasani 2019).
Their decisions are influenced by factors such as the cost of
BDA, the expertise required for their use, and the degree of
employee support (Moraes et al. 2022). Misunderstandings
about BDA capabilities or an inability to effectively translate
analytical insights into actionable strategies can lead to
implementation failures.

While BDA technologies generate valuable insights such
as insights on internal operations performance and supply
chain efficiency (Bertello et al. 2021), managers must care-
fully evaluate these outputs to ensure their applicability and
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coherence within specific contexts (Papadopoulos et al.
2022). This is particularly critical for SMEs, which face signifi-
cant financial and resource constraints. For SMEs to harness
BDA effectively, managers must recognise its value and
develop capabilities to support innovation, and growth
(Maheshwari, Gautam, and Jaggi 2021). In this context, innov-
ation refers to the development or significant improvement
of products, processes, or business models enabled by
insights derived from BDA. It involves leveraging data to
introduce new offerings, enhance production efficiency, or
create new ways of delivering products and services to cus-
tomers. Growth refers to the expansion of the business in
terms of revenue, market share, customer base, or oper-
ational scale, facilitated by big data-driven decision-making.
Through BDA, firms can identify new opportunities, optimise
operations, and respond more effectively to market demand,
ultimately supporting sustainable business scaling.

Moreover, to realise the full potential of BDA, managers
must be proactive in addressing barriers to implementation
and learn from peer organisations that have successfully inte-
grated BDA into their operations. Understanding these bar-
riers enables the formulation of effective policies and
strategies for optimising BDA adoption (Sharma et al. 2021).

Research has shown that BDA can add substantial value
to organisations (Mikalef et al. 2020; Wamba et al. 2018) by
supporting managers day-to-day tasks (Dehbi et al. 2022;
Wang et al. 2016). For instance, it enhances the abilities for
management to plan and control by providing insights
through the analysis of large volumes of data (Dehbi et al.
2022). It also provides managers with the visibility and
actionable insights that enable them to mitigate risks associ-
ated with delays, disruptions, and optimise trade-offs among
cost, quality, and time (Wang et al. 2016; Lai, Sun, and Ren
2018; Stevens and Johnson 2016). However, to gain positive
outcomes from BDA implementations, the organisations
must focus not only on enhancing technological capabilities,
but also on developing organisational capabilities and estab-
lishing a data-driven culture (Gao and Sarwar 2022; Falahat
et al. 2022). Managers play a crucial role in driving such ini-
tiatives, they should have roadmaps and models to organise
and utilise internal and external resources and capabilities to
drive innovation through BDA implementations (Xie et al.
2024).

2.3. BDA domains of manufacturing application - a
SCOR perspective

The widespread application of BDA across the value chain
underscores its versatility. BDA supports procurement,
demand management, planning, sales and marketing,
design, manufacturing, production, warehouse and logistics,
transportation, customer service, product recovery, reverse
logistics, refurbishment, and other circular operations
(Chehbi-Gamoura et al. 2020). Wang et al. 2016; Li et al.
2015; Sanders 2016; Therefore, guided by the SCOR model
(Planning, Sourcing, Making, Delivering and Returning),
which provide a standardised way to understand, analyse,
and improve supply chain operations (Chehbi-Gamoura et al.
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2020;; Georgise, Wuest, and Thoben 2017; Wall, Jagdev, and
Browne 2007), we investigate the use and deployment of
BDA within manufacturing SMEs.

For example, in Planning, BDA facilitates the development
of flexible and resilient forecasting systems, which are critical
for controlling supply chain operations and addressing vola-
tile market demands (Wang et al. 2016; Hofmann and
Rutschmann 2018). By leveraging customer data, BDA ena-
bles companies to identify distinct customer segments and
tailor strategies to meet their needs. Importantly, it also
helps uncover customer preferences, providing insights into
purchasing behaviours, online searches, and future require-
ments (Li et al. 2015; Richey et al. 2016). Tools like customer
relationship management (CRM) systems are instrumental in
capturing and organising this data, thereby enhancing
demand planning accuracy. Such capabilities allow firms to
optimise push/pull strategies, shape market demand, and
reduce time-to-market, ultimately supporting innovation and
competitiveness.

In Sourcing, BDA can play a strategic role by helping organ-
isations identify optimal procurement channels and evaluate
suppliers based on key performance metrics, such as service
levels, product quality, and pricing (Gu et al. 2021; Li et al.
2015). By analysing historical performance and supplier reputa-
tions, firms can make informed decisions that balance cost
and risk while conducting targeted negotiations (Hasan et al.
2024; Sanders 2016). Additionally, BDA enables the prediction
of supply disruptions through the identification of uncertain-
ties, allowing businesses to respond proactively (Wang et al.
2016). A comprehensive view of procurement trends provided
by BDA allow firms to be in a strong negotiation position,
improving delivery schedules and material quality while
achieving significant cost savings (Richey et al. 2016).

In Making, BDA empowers organisations to monitor prod-
uctivity and quality in real-time, enabling managers to identify
bottlenecks and make data-driven decisions promptly
(Sanders 2016). Predictive maintenance is a key application
and enables shifting the focus from reactive to preventative
approaches by identifying potential equipment failures before
they occur (Lade, Rumi, and Soundar 2017). This proactive
strategy minimises downtime, reduces maintenance costs, and
enhances overall supply chain performance (Lee et al. 2017).
BDA also supports efficient resource allocation, optimises
machine operations, and ensures energy consumption is mini-
mised. These capabilities collectively contribute to higher
product quality, reduced defect rates, and enhanced oper-
ational efficiency (Lee et al. 2017; Li et al. 2015). Additionally,
inventory management benefits from BDA by allowing com-
panies to maintain safety stock levels while minimising excess
inventory (Tao et al. 2018; Waqas et al. 2021).

Finally, advanced BDA applications are critical in
Delivering and Returning, leveraging technologies such as
smart sensors, augmented reality, loT, and GPS data. These
tools improve picking and packing efficiency, enhance transit
visibility, and enable real-time monitoring of warehouse and
transport networks to mitigate potential disruptions (Hopkins
and Hawking 2018; Wang et al. 2016). By identifying optimal
distribution centre locations and supply routes, BDA helps

organisations reduce transportation costs. Applications
extend to monitoring driver behaviour, vehicle maintenance,
and fuel efficiency, all of which enhance operational sustain-
ability (Sanders 2016). Additionally, BDA supports tracking
truck capacities, analysing shipping cost fluctuations, and
monitoring traffic volumes and carbon emissions, further
optimising logistics and reverse processes (Tiwari, Wee, and
Daryanto 2018; Villegas et al. 2013).

2.4. Success factors and challenges in BDA
implementations

The successful implementation of BDA relies on a firm’s cul-
ture, leadership, and ability to orchestrate resources, includ-
ing a commitment to learning and innovation. Moreover,
developing the required skills and competencies through
training is also essential (Dutta and Bose 2015). Sanders
(2016) emphasises the importance of optimising the entire
supply chain via a globally coordinated BDA strategy. A sur-
vey of 175 European firms identified dynamic capabilities,
strategic alignment between business and IT, and the stra-
tegic role of BDA as key drivers of successful implementation
(Corte-Real et al. 2019). Other critical success factors include
technical capacity, competitive dynamics, and intra-firm
power structures, alongside fostering collaboration with
external partners (Jha, Agi, and Ngai 2020). Successful BDA
implementations require technology skills (e.g.: programming
and statistical analysis), domain knowledge, analytical skills
(e.g.: machine learning, data extraction and analysis) as well
as soft skills (e.g. communication and collaboration)
(Umamaheswaran et al. 2023). Thus, it is important that SMEs
focus on developing those skills inhouse or identify the ways
in which this expertise can be brought in. To support the
BDA implementations, SMEs might have to recruit data scien-
tists and business analysts (Verma, Singh, and Bhattacharyya
2021). The cost of the solution deployment is important to
consider (Baig, Yadegaridehkordi, and Nizam Bin Md Nasir
2023). SMEs can rarely afford making significant technology
investments at once (Willetts, Atkins, and Stanier 2020). So,
the cost of adoption including hardware and software, train-
ing and hiring are a significant barrier (Babalghaith and
Aljarallah 2024; Sun et al. 2018).

Raut et al. (2021) found that there are twelve significant
barriers to BDA implementation in manufacturing supply
chains, including the absence of top management support,
required skills and funds, as well as appropriate techniques
and procedures. Companies may also have time constraints,
lack of skills and competencies (Schoenherr and Speier-Pero
2015) data storage and accessibility (Richey et al. 2016;
Zhong et al. 2016), data ownership and privileges (Richey
et al. 2016). Data security and cybersecurity concerns may
deter companies from fully utilising BDA or sharing data
across the supply chain (Chen, Chiang, and Storey 2012;
Richey et al. 2016; Zhong et al. 2016). Falahat et al. (2022)
also explained that the main barriers to BDA implementa-
tions are financial and technical issues, lack of
awareness and data literacy. Khan (2019) categorised these
barriers into eight domains: technical, cultural, ethical,



operational, tactical, procedural, functional, and organisa-
tional, highlighting the multifaceted nature of challenges in
BDA adoption.

2.5. Research gap

Despite the recognised importance of managers in BDA
implementation, the specific ways in which they engage with
and shape these processes remain insufficiently explored
(Tabesh, Mousavidin, and Hasani 2019). In particular, there is
limited understanding of how managerial actions support
innovation and growth through BDA initiatives. This gap is
intensified by persistent mismatches between organisational
needs and available BDA capabilities (Chehbi-Gamoura et al.
2020;; Olabode et al. 2022; Wamba et al. 2017), underscoring
the need to examine how managers can bridge these
divides. Furthermore, scholars have called for greater con-
textual depth in studies of BDA adoption to better under-
stand the nuanced, industry-specific challenges and
opportunities it presents (Nguyen et al. 2018; Tiwari, Wee,
and Daryanto 2018; Zhang et al. 2021). In the case of manu-
facturing SMEs, empirical research on BDA implementation
remains relatively nascent (Asiri, Al-Somali, and Maghrabi
2024; Hasan et al. 2024). While the benefits of BDA are
increasingly recognised, adoption complexities in resource-
constrained environments require further attention (Raut
et al. 2021). For instance, Anwar et al. (2024) highlighted
BDA's potential to drive performance but stressed the need
for more applied research to contextualise its impact.
Similarly, Al-Khatib (2023) emphasised the importance of
organisational capabilities in enabling innovation through
BDA but noted that SMEs often struggle to mobilise these
effectively due to a lack of empirical guidance. Even the few
existing empirical studies on BDA implementation within the
context of SMEs have only utilised data collected from a sin-
gle country, thus offer country specific findings, for example,
Falahat et al. (2022) in Malaysia, Zheng et al. (2025) in China,
Persaud and Zare (2024) in Canada and Bertello et al. (2021)
in ltaly. Most of the research conducted on the use of BDA
in the context of SMEs (Maroufkhani, Iranmanesh, and
Ghobakhloo 2023; Zheng et al. 2025), ; does not specifically
focus on the role of managers in these implementations.
Table 1 summarises chronologically the main findings, meth-
ods, theories, and limitations of relevant studies. This
research responds to these calls by investigating how man-
agers in manufacturing SMEs orchestrate resources to imple-
ment BDA by using the data collected from three different
countries: Italy, the UK and New Zealand. By doing so, it con-
tributes to a deeper theoretical understanding of managerial
roles in digital transformation and offers practical insights
into how SMEs can overcome barriers to innovation and
growth through BDA capabilities.

2.6. Theoretical framework - a resource orchestration
perspective

To capture and evidence-based successful BDA implementa-
tions patterns and trends within SMEs, we use the resource
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orchestration theory (ROT). ROT is an extension of the
Resource-based view (RBV) (Sirmon et al. 2011). RBY, is
rooted in management literature, and highlights that organi-
sations compete based on the resources and capabilities
which are valuable, rare, difficult to imitate and non-
substitutable (Barney 1991; Bharadwaj 2000). However, ROT
explicitly focuses on explaining the managers’ role in hand-
ling resources and capabilities to achieve competitive advan-
tage. ROT considers resource management as a process
which consists of three levels: structuring, bundling, and lev-
eraging resources. Structuring resources focuses on acquir-
ing, accumulating and divesting resources to create a
portfolio. Bundling resources explains how resources can be
integrated to form capabilities. Three subcomponents of
bundling include stabilising (i.e. minor improvements to
existing resources), enriching (i.e. extending existing capabil-
ities), and pioneering (i.e. creating new capabilities).
Leveraging focuses on exploiting the firm capabilities. Three
subcomponents of leveraging include mobilising (i.e. plan for
generating required capability configurations), coordinating
(i.e. integrating capability configurations) and deploying (i.e.
exploiting capability configurations) for value creation
(Sirmon, Hitt, and Ireland 2007, Sirmon et al. 2011).

ROT also explains three areas in which managers should
focus on; i) breath of the operations (i.e. orchestrating the
resources across the organisation), ii) life cycle (i.e. orches-
trating the resources at various stages of organisation matur-
ity), and iii) depth (i.e. orchestrating the resources at
different levels of the organisation) (Ketchen, Wowak, and
Craighead 2014).

Previous research has used ROT to explain how the
resources can be used to enhance sustainability (Wong,
Wong, and Boon-itt 2018), profitability (Wong, Wong, and
Boon-itt 2018), supply chain transparency (Gligor et al. 2022,
Malik, Ghaderi, and Andargoli 2021), innovation (Sirmon
et al. 2011, Wong, Wong, and Boon-itt 2018) and achieve
competitive advantages (Gong et al. 2018, Ketchen, Wowak,
and Craighead 2014, Sirmon et al. 2011). Xu and Pero (2023)
applied ROT to explain the BDA adoption process in the con-
text of SC planning.

Managers play a pivotal role in determining when and
how to mobilise individual, organisational, and technological
resources to enhance performance and drive business
growth (Xu and Pero 2023). A central aspect of this role
involves the effective orchestration of BDA resources and
capabilities to foster an organisational culture that supports
innovation. In SMEs’ volatile environments, managers may
employ strategic tactics, such as resource unlocking, refocus-
ing, and shortcutting, to mitigate disruptions and maintain
growth trajectories (Skipworth et al. 2023). BDA can also be
leveraged to enhance supply chain operations, in planning,
sourcing, production, delivery and returning activities, by
improving both proactive and reactive decision-making.
Figure 1 presents the conceptual frame developed in this
study, which provides a high-level view of how BDA can be
integrated across key operational areas. Building on this
model, the remainder of the article explores how SMEs man-
agers orchestrate resources to implement BDA effectively,
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Table 1. Continued.

How does each article relate to

our study?

Limitations
resources to implement BDA

successfully

Main Findings

absorptive capacity enhance the

Theory

Method

Study

influence of technological and human
capabilities in generating strategic

business value.
Challenges the assumption that TOE factors

Highlights the importance of top

Data (171 survey responses) were

Technological,

Quantitative method -

Maroufkhani,

management support in BDA

implementations.

collected only from Iran.
Do not have a specific focus on

are independent of each other and

suggests that TOE factors are

Organisational and
Environmental (TOE)

Survey

Iranmanesh, and

Ghobakhloo (2023)

the managers role

interrelated and interact with each

other.
Highlights the importance of conducting

Highlights the lack of empirical

Based on a SLR, no empirical

Task-Technology-Fit

SLR

Hasan et al. (2024)

studies focusing on BDA

implementations.

findings.

empirical studies focusing on BDA

theory and

implementations. Moreover, discussed

institutional theory

the importance of conducting research
which explain business value of BDA
and required supporting systems for

BDA implementations.
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addressing the research question: How do manufacturing
SMEs managers orchestrate resources to implement BDA suc-
cessfully to drive innovation and growth?

3. Methodology

To address the research question, we employed a qualitative
research design (Klein and Myers 1999). It enabled us to
‘make sense of contemporary, real-world dilemmas’ and pro-
vide key insight into the complexity of BDA implementations
(Fawcett et al. 2014). The primary data was collected
through 17 semi-structured interviews with managers of
manufacturing SMEs. Similarly to Winkelhaus, Grosse, and
Glock (2022) and Minshull, Dehe, and Kotcharin (2022) we
chose semi-structured interviews as the most appropriate
method to explore causal relationships, gain deep insights
into the phenomenon and spot patterns and trends. This
method provided the flexibility to probe specific themes
while allowing participants to elaborate on their experiences.

We employed a purposive sampling technique to target
managers who had been directly involved in BDA projects
within their organisations (Patton 2002). Our sample
included manufacturing SMEs managers of in three different
countries, Italy, the UK and New Zealand. It enables us to
capture diverse perspectives on perceived and reported suc-
cessful BDA implementation across a range of geographical
and organisational contexts.

Initially, we compiled a list of 55 potential SMEs in the
manufacturing sector from lItaly (16), the UK (20), and New
Zealand (19) that we believed had implemented BDA
within their supply chain operations. This initial list was
developed using publicly available information from com-
pany websites, LinkedIn posts, and insights from our pro-
fessional networks. The criteria for inclusion were: i) the
company operates in the manufacturing sector; ii) it quali-
fies as an SME, employing fewer than 250 employees; and
iii) there was some indication that the company had
implemented BDA in its operations. Our aim in construct-
ing this initial sample was threefold: i) to capture diversity
and ensure a heterogeneous range of perspectives on
BDA implementation; ii) to enable in-depth exploration of
the phenomenon; and iii) to ensure the validity and reli-
ability of our findings, thereby enhancing their credibility
and transferability.

We then gathered additional data on the 55 companies
using Refinitiv (a global provider of financial market data),
company websites and LinkedIn. Specifically, we recorded
the number of employees, total revenue, available financial
KPIs, business classification, and searched for any other rele-
vant information related to BDA. Based on this information,
we reviewed and refined our list to focus on companies that
are closely aligned with our criteria. For instance, we
excluded some of the companies from the initial sample due
to the lack of clear evidence of BDA implementation.

This process resulted in a refined sample of 34 suitable
companies, 11 based in Italy, 12 in the UK and 11 in NZ. We
believe this refinement enhanced the rigour and quality of
our sample selection by increasing our confidence that each
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ROT

Structuring
resources

Bundling
resources

Leveraging
resources

Returning

BDA

Figure 1. High level concept of BDA deployment within manufacturing operations.

company met our inclusion criteria. We then identified
potential participants from these 34 companies and
approached them via Linkedin messages or email, following
our university's ethical guidelines and protocols. Out of the
34 individuals contacted, 17 managers agreed to participate
in the study, six were in Italy, five in the UK and six in NZ.
To ensure relevance, we confirmed that each participant had
been involved in BDA implementation within their organisa-
tion. Where this was not the case, the participant was asked
to recommend a more appropriate colleague. Table 2 pro-
vides an overview of the participants’ roles, along with
details about their companies’ sectors, sizes, and turnover.
Our inclusion criteria focused on SMEs that had implemented
BDA to a certain extent, enabling us to examine the dynam-
ics of resource orchestration in active adoption contexts. As
such, companies that had not attempted BDA implementa-
tion or failed were excluded from the final sample. This focus
allowed for in-depth exploration of enabling factors and
managerial practices; however, it inevitably introduced a bias
towards relatively more successful or advanced adopters. To
mitigate reliance on self-reported claims, we triangulated
interview data with secondary sources such as company
websites, industry reports, or press releases. This approach
provided contextual validation and supported the credibility
of reported outcomes. Nonetheless, the exclusion of non-
adopters mean that the findings should be interpreted as
reflecting strategies and challenges encountered in compara-
tively more receptive organisations, rather than representing
the full spectrum of BDA adoption experiences.

The interviews followed a flexible structure, divided into
two main parts. First, we were interested in the general con-
text, asking questions about the participants’ roles, organisa-
tional characteristics, and general experiences with BDA.
Second, we wanted to explore further the participant experi-
ence of BDA deployment. We asked questions exploring the
implementation process, including, the initial motivations

Planning

[nnovation
and
Growth

Delivering

and steps for adopting BDA, the types of BDA solutions
implemented, the challenges encountered during implemen-
tation, the resources required for successful integration, the
use of BDA across different functions, the perceived value
generated from BDA implementation. While the interview
protocol provided a guiding framework, we adapted ques-
tions dynamically to align with respondents’ experiences and
insights (Patton 2002). This iterative approach allowed us to
gather rich and relevant data. Table 3 presents the interview
protocol, including sample questions and illustrative quotes
from participants.

We have developed the interview protocol based on our
understanding and interpretation of the literature review and
the topic of interest. We undertook the interviews in English
and used a research assistant for interviewing the Italian
based participants. The Italian interviews were then trans-
lated into English. All interviews were done online via zoom
or MSTeams and lasted between 45 and 60 minutes.

To ensure the reliability of this research study, we
adopted a series of methodological steps guided by estab-
lished principles for rigorous qualitative research (Tracy
2010). First, we piloted the interview protocol with two aca-
demic staff members and two industry experts. This allowed
us to refine the questions and structure, ensuring clarity and
relevance for addressing the research objectives. By incorpo-
rating feedback from these experts, we enhanced the proto-
col's alignment with the study’s goals and improved its
applicability in obtaining meaningful responses from
participants.

We also took steps to confirm the suitability of the partici-
pants. Respondents were carefully selected based on their
direct knowledge and involvement in BDA implementation
within their organisations. Ensuring their knowledge and
expertise in this domain was critical for gathering insights
that were both informed and reflective of real-world practi-
ces. Additionally, our sampling approach captured diverse



Table 2. Participants’ profile and companies’ information.
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BDA implementation role and

Turnover 2020-2023 in

Employees number

Participants Positions experience Company sector Million $ 2020-2023 FTE
P1 Managing director P1 supervised the BDA Industrials goods 14.8-22 128-123
(Italy) implementation projects across Blind rivets
the business with application manufacturer
in forecasting, procurement,
inventory management,
production and distribution.
P2 Chief Operating Officer P2 was involved in the Machinery manufacturer 1472 -22.6 70—-79
(Italy) development of an advanced
monitoring system for
monitoring and handling,
designed to enhance the
efficiency of their machines.
P3 Innovation Director (UK) ~ P3 was involved in implementing  Printing machinery 3.8-6 26-9
digital technologies and BDA manufacturer
into the business.
P4 Product manager (ltaly) P4 was involved in the BDA Bottling systems 69 —71 160-170
projects that allow demand manufacturer
patterns analysis to optimise
inventory levels, forecast
accurately.
P5 Process manager (ltaly) P5 used the BDA solution to Technology component 22-31 86-79
anticipate production trends manufacturer
and operational needs.
P6 Operation manager P6 used BDA for data-driven Mining machinery and 10-16 35-62
(Italy) analysis to support strategic equipment
planning and operational manufacturer
efficiency.
P7 Digital manufacturing P7 was involved in deploying the  Rolled steel shapes 4-7 2321
manager (UK) BDA solution to improve manufacturer
production efficiency and
product quality.
P8 Operations director P8 was actively involved in the Industrial manufacturer 80-87 135
(Italy) roll out of the BDA solution in
production, maintenance, and
demand management.
P9 Process improvement P9 used the company BDA Oil and gas equipment N/D 200-250
manager (UK) system to collect and analyse manufacturer
asset performance to make
informed decisions, optimise
operations, improve safety,
reduce costs, and enhance
sustainability.
P10 Head of procurement P10 was involved in the BDA Electric housewares, and 18-28 69-93
and supply solution to identify usage consumer electronics
chain (UK) patterns and preferences, manufacturer
informing the development of
new products and features.
P11 Procurement P11 was involved in the BDA Specialty Foods N/D <100
manager (NZ) solution developed to Processing and
implement a comprehensive Packaging
S&OP process. manufacturer
P12 Technology senior P12 offered BDA services and Consultant to N/D 5-7
consultant (NZ) implementation to manufacturer
manufacturers.
P13 Logistics and warehouse P13 used BDA integrated Pharmaceutical 20-27 200-250
operations software to manage inventory manufacturer
manager (NZ) data, and optimising
warehouse operations.
P14 Global Commodity P14 was involved in the Household appliances 18-28 69-93
Manager (NZ) implementation of Power BI manufacturer
and work with Salesforce to
develop the BDA solution.
P15 Logistics Manager (NZ) P15 worked with the Business Paper and Forest N/D <100
Analysis and Management Products
team to deploy the BDA Manufacturer
solution across the logistics
chain.
P16 Supply Chain P16 was involved in deploying Chemical Manufacturer N/D 200-250
Optimisation the BDA solution within the
lead (N2) supply chain team and is a
user of the technology.
P17 Supply chain P17 was involved in the team Food manufacturer N/D 120-150

manager (UK)

deploying BDA across the
business.
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perspectives by including SMEs from varied sectors and
regions, reducing the potential for bias and enhancing the
breadth of the findings. To build credibility and transparency,
we included illustrative quotes and data points in the results
section, as demonstrated in Table 2, which provided evi-
dence to support our conclusions.

Furthermore, to complement the primary qualitative data,
we identified and selected a series of manufacturing SMEs
cases, specifically, from Italy, the UK, and NZ, based on the
availability of secondary data detailing their adoption and
use of BDA. Each case was examined through multiple cred-
ible secondary sources, including industry reports, academic
publications, company websites, and news articles. Relevant
information was extracted and analysed in alignment with
the structure of the interview protocol. This approach
enabled methodological consistency and facilitated the tri-
angulation of findings. It provided us the ability to conduct a
more balanced and verifiable analysis by triangulating with
our primary data analysis.

The primary data were analysed using thematic analysis
for identifying, examining, and interpreting patterns within
qualitative data (Clarke, Braun, and Hayfield 2015). This pro-
cess involved the application of both a priori and a posteriori
approaches. Drawing on a priori methods, we utilised con-
cepts derived from the literature to inform the initial coding
framework, while a posteriori analysis allowed emergent
themes to surface directly from participants’ responses.
Together, these approaches facilitated a comprehensive
understanding of BDA implementation and the nuances of
participants’ experiences.

The thematic analysis was conducted in several stages.
Initially, interviews were transcribed and allowed us to famil-
iarise ourselves with the data and identify preliminary
insights. Subsequently, specific words, phrases, and senten-
ces were coded to represent recurring ideas or concepts.
These codes were then grouped into broader themes that
encapsulated the core patterns and relationships in the data.
The identified themes were carefully analysed to uncover
connections and contrasts, which were further contextualised
using insights from the literature review. Finally, the thematic
analysis ended in the interpretation of themes, linking them
to the broader research objectives and providing actionable
insights into BDA implementation in SMEs.

The reliability and legitimacy of the analysis were fur-
ther reinforced through collaborative coding. All authors
participated in the data collection and analysis process,
ensuring consistency and minimising potential bias in the
interpretation of findings (Belotto 2018). This iterative and
collective approach enabled us to refine the thematic
framework and ensure that the extracted themes accur-
ately reflected the complexities of BDA implementation.
Ultimately, this comprehensive process led to the extrac-
tion of 11key themes structured in three domains that
underpin the study’s findings. These themes offer valuable
insights into how manufacturing SMEs’ managers navigate
the complexities of BDA implementation, shedding light on
the challenges, opportunities, and managerial strategies
involved.

4. Findings and results

This study sheds light on the pivotal role SMEs’ managers
play in navigating BDA implementation. Through the inter-
views analysis, 11 main themes emerged categorised under
three domains of focus, which provide insight about how
managers use BDA, their roles and strategies during the
implementation and the perceived impact, as presented in
Table 4.

4.1. Managers’ use of BDA

Organisations and managers are increasingly relying on data-
driven solutions to extract and process large amount of data
gathered from the firms' digital systems. According to P7,
BDA are ‘paramount assets for companies to make data-
driven decisions and reduce operational uncertainties’. In line
with the literature (e.g. Yu et al. 2018), participants also high-
lighted the importance of having a holistic and strategic use
of BDA across their operations to gain efficiencies and
achieved some optimisations.

However, SMEs’ managers predominantly leverage
descriptive and predictive BDA to optimise operations and
decision-making. Predictive analytics emerged as a key tool
for demand management, with participants describing its
ability to forecast trends, anticipate operational disruptions,
and reduce uncertainties. One participant explained, ‘BDA
reduces our operational uncertainties and assists our
decision-making’ (P5). Another manager highlighted, ‘with
BDA, we can reduce our development time by 20-50% and
manage demand planning across multiple sites and supply
chains’ (P9). Nonetheless, managers also aspire to integrate
prescriptive BDA to develop new products, services, and
processes. As one manager noted, ‘prescriptive analytics
could help us explore alternative solutions and actions to
make better decisions in the future’ (P1). The transition to
prescriptive analytics is seen as the next frontier, requiring
investments in advanced capabilities and systems integration
(Delen and Zolbanin 2018). For example, Beverston
Engineering in the UK began with loT-fed descriptive dash-
boards and evolved to predictive maintenance models to
anticipate equipment failures (Made Smarter 2024). Likewise,
Tecno Mulipast, an Italian SME integrated loT-enabled laser
welding with its ERP to capture real-time, batch-level data.
Initially leveraging descriptive dashboards and predictive
models for monitoring and anomaly detection, the company
intentionally designed the system for scalability, enabling
future upgrades to include prescriptive analytics that recom-
mend real-time parameter adjustments for process optimisa-
tion (Magaletti et al. 2025). These cases reflect Lepenioti
et al. (2020) recommendation that firms extend predictive
analytics by incorporating optimisation and simulation mod-
els, shifting from ‘what will happen’ to ‘what should be
done’. Moreover, our findings suggest that predictive ana-
lytics are used to better understand and serve customers,
aligning operational decisions with value, ‘[BDA] helps us to
improve our customers knowledge. It also allows us to have
better communication by sharing forecasts and adjusting the



Table 4. Main emerging domains, themes and description.
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Domain Theme Description
Managers’ use of BDA 1. Operational optimisation through descriptive SMEs’ managers primarily use descriptive and
and predictive BDA predictive analytics to enhance operational
efficiency and support better decision-making.
2. Enhancing customer centricity Predictive analytics are used to better understand
and serve customers, aligning operational
decisions with customer value.
Managers’ roles and strategies in BDA 3. Strategic use of technology transfer methods SMEs" managers adopt vertical, horizontal, and

implementation

4. Building a data-driven culture

5. System design and integration

6. Developing partnerships and investing in people

and technology

7. Overcoming barriers

8. Bundling and aligning resources

9. Leveraging resources for prescriptive insights

Managers’ perceptions of BDA implementation’s
impact

11. Prescriptive BDA implementation for innovation

and growth

10. Perceived necessity of BDA

stratification strategies to ensure the successful
implementation of BDA across the organisation.

Proactive managerial efforts are needed to foster a
cohesive organisational culture and develop
new competencies.

SMEs’ managers take responsibility for integrating
and aligning systems necessary to exploit BDA
capabilities.

Implementation success depends on external
collaborations and investments in technological
and skills.

SMEs managers must navigate and resolve
technical, organisational, and contextual barriers
that inhibit BDA implementation.

Effective implementation relies on how well SMEs
managers coordinate and allocate organisational
resources.

Advanced BDA applications require SMEs managers
to combine diverse resources to generate
prescriptive and actionable insights.

SMEs’ managers view BDA adoption as critical to
avoiding obsolescence, sustaining innovation,
and achieving business growth.

SMES’ managers envision using prescriptive
analytics to support the development of new
products, services, and processes.

demand planning’ (P14). Participants also reported using pre-
dictive analytics to improve responsiveness and tailor offer-
ings. ‘BDA reduces time-to-market and allows us to respond
quickly to market and customer needs’ (P4). Predictive ana-
lytics emerged as a critical tool for improving customer expe-
riences and value ‘potential problems are [now] promptly
fixed ... allowing us to provide faster and more reliable ser-
vice to our customers’ (P5).

4.2. Managers’ roles, and strategies used in BDA
implementation

4.2.1. Strategic use of technology transfer

Our findings underscore the importance of proactive strat-
egies and behaviours from the managers, including the use
of both horizontal and vertical technology transfers, stratifi-
cation methods, and cross-functional integration. For
instance, one participant shared, that they replicated the
solution they implemented in a NZ warehouse for condition
monitoring in a Malaysian facility, (P12), exemplifying hori-
zontal technology transfer. Conversely, vertical technology
transfer was described as designing the BDA solution in line
with the revised strategic goals, as one manager stated, ‘we
had to redefine a new business strategy in order not to sink
and survive despite the global instability. So, we embraced
new technologies which supported us in significantly
expanding our business and sustaining our revenue’ (P1).
Another participant concurred stating that ‘we created [new]
data and databases because we were a manufacturing site

and needed [specific] numbers. We have created everything
[for a BDA solution], but we're not putting it to full
use’ (P13).

In manufacturing SMEs, adopting BDA typically unfolds in
stages, beginning with isolated departmental pilots, pro-
gressing to multiple interconnected departments, and culmi-
nating in comprehensive, organisation-wide systems via
technology transfer. For example, a New Zealand based
manufacturer, Comvita limited, followed ‘the ‘Think Big -
Start Small - Scale Fast’ approach’ by introducing barcode
and load-cell data systems into their decant area (Callaghan
Innovation 2021). Encouraged by early success, they then
‘used an agile ‘plug and play approach’ to transfer the tech-
nology horizontally and vertically (Callaghan Innovation
2021). Moreover, we noticed the use of a stratification
method, such as fostering lean and continuous improvement
principles, as foundational for building a data-driven culture
and implementing BDA. ‘We implemented lean principles,
which helped us embrace Industry 4.0 technologies and spe-
cifically BDA’ (P3). This proactive alignment of processes,
technology, strategy and culture enables SMEs to harness
BDA more effectively.

4.2.2. Building organisational culture, capabilities, part-
nerships and investments

Creating a homogenous organisational culture seems critical

for BDA success. Participants emphasised the need for cul-

tural shifts and skill acquisition. ‘A change of mentality is
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needed to conduct the transformation’ remarked PS8.
Additionally, hiring skilled data scientists with cross-
functional expertise was deemed essential. ‘It is crucial to
hire competent data scientists... flexible with broad, inter-
functional knowledge’ (P1).

Managers also stressed the necessity of modernising infra-
structure and integrating systems to exploit BDA capabilities.
‘We recognised the obsolescence of our IT architecture and
invested significantly to prepare for BDA implementation’
(P6). These efforts underscore the proactive measures
required to align systems with BDA initiatives.

Partnerships with technology providers and investments
in human resources emerged as key enablers. One manager
explained, ‘we developed our BDA solution through
partnerships... Amazon has been a big supporter’ (P16).
Open-source tools like Apache Hadoop were also highlighted
as cost-effective options for SMEs (P7). Investment in training
and talent development complements these partnerships. As
P15 explained, they are bringing in new people with fresh
perspectives to help developing innovative BDA solutions.
Such initiatives underscore the importance of combining
internal and external resources to drive BDA success.

Across Italy, the UK and NZ, governments invest in pilot
and progression initiatives to assist SMEs in adopting digital
technologies. They also foster a consortium-based culture,
bringing together research institutes, tech firms, and manu-
facturer SMEs to operationalise BDA and build workforce
capability through targeted upskilling programmes. In NZ,
the Advanced Manufacturing Industry Transformation Plan
promotes firm growth and transformation through partner-
ships (MBIE, 2023). For example, Callaghan Innovation’s
Industry 4.0 Demonstration Network ‘takes selected compa-
nies through a fully funded assessment process to help them
accelerate their own journey’ (Callaghan Innovation 2024).
Italy hosts several national competence centres specialising
in Big Data. BI-REX, for example, provides SMEs ‘Test-before-
Invest’ access to a fully sensor-equipped pilot plant, enabling
real-time streaming of machine data into cloud-based ana-
lytics sandboxes (BI-REX 2025). Similarly, in the UK, UKRI's
Made Smarter Innovation challenge funds national hubs to
support SMEs with data platforms, funding, and skills devel-
opment. The Smart Manufacturing Data Hub (SMDH) exem-
plifies this approach by facilitating collaboration among
SMEs, universities, and technology providers. It offers sensor
kits, cloud analytics tools, and expert guidance, allowing
SMEs to safely experiment with BDA while contributing ano-
nymised data to benefit the broader sector.

4.2.3. Overcoming barriers

SMEs face a spectrum of barriers, including cultural resist-
ance, resource limitations, and technical challenges. One par-
ticipant noted, ‘the business culture in SMEs can prevent the
implementation of big data and other Industry 4.0 technolo-
gies’ (P6), referring to the need for cultural alignment to
embrace digital transformation. This is in line with the litera-
ture (e.g. Corte-Real et al. 2019; Khan 2019; Raut et al. 2021).
Additionally, skills shortages further hinder progress, ‘we
don’t have enough skilled people who can make sense of

the data’ suggested P11, meanwhile, P4 reported that ‘it is
hard finding suitable people’. Moreover, P8 perceived this as
a widespread issue and argued ‘knowledge and skills related
to BDA and other Industry 4.0 technologies are fragmented
and barely widespread'. In parallel, inherent barriers include
cost and complexity of the implementation, particularly for
SMEs. One participant remarked, ‘BDA technology has proved
to be extremely expensive’ (P4), while another highlighted
the organisational restructuring required: ‘the complexity is
not only related to the effort required to extract meaning
but also to the required internal reorganisation’ (P6). These
findings align with existing literature that underscores the
financial and technical challenges of BDA adoption.

There are also external challenges which have been men-
tioned, for example, cybersecurity concerns and resistance
from supply chain partners. ‘Cybersecurity violations should
be prevented... the probability of cyberattacks increases
with BDA adoption’ (P1). While Khan (2019) refers to privacy
and security as an ethical challenge, our findings suggest
that participants considered data security, or unwillingness
to share data as the problem (Brinch et al. 2018; Wang et al.
2016; Kache and Seuring 2017). These are the challenges
that SMEs managers have to overcome to lead successful
deployment.

4.3. Managers’ perception of BDA implementation’s
impact

Managers acknowledged that failing to invest in BDA will
lead to business stagnation and lack of future competitive-
ness. For example, P8 discussed: ‘Postponing the process
would have led to a risk of being left behind by competitors
and larger firms'. BDA is seen as indispensable for making
better decisions, enhancing operations and processes, meet-
ing market demands, and sustaining growth, ‘BDA enables
us to gain insights, optimise operations, and make data-
driven decisions to sustain the company’s growth’ (P17).

Managers highlighted the necessity to integrate BDA
across all the SCOR model functions (planning, sourcing,
making, delivering and returning) to maximise effectiveness.
For example, P6 mentioned: ‘the implementation in all the
supply chain areas is fundamental and having a holistic BDA
strategy is crucial to obtain positive results’.

Despite the challenges, managers reported significant
benefits from BDA adoption, including process optimisation,
innovation, and enhanced customer value (Zhang et al.
2021). BDA's customer-centric capabilities were widely recog-
nised. Overall, it enables firms to streamline operations and
make informed decisions, reducing uncertainty and fostering
innovation. As one participant noted, ‘it should streamline a
lot of our process and eliminate a lot of lost time. Having to
be disbound to complete all our transactions’ (P13). This
streamlining enhances operational efficiency, reducing delays
in service delivery.

BDA also aids in better supplier management, which can
lead to cost savings and improved offerings for customers.
For example, P1 shared: ‘we rely on BDA to obtain insights
into suppliers’ information’. Similarly, another participant



stated, ‘we use this information to understand the situation
that we are facing with this particular supplier and help us
to negotiate better terms or better price’. (P14).

Beyond operational efficiency, BDA provides strategic
advantages. Participants highlighted BDA's role in supporting
competitiveness: ‘using big data is not an option but an
absolute need to survive in the global markets’ (P5). As
expressed by a participant, ‘BDA really gave us that competi-
tive advantage to step into the farming sector and from
there we're able to build the business further’ (P16).

Managers in our study confirmed that obtaining unique
insights into customer requirements, demand forecasting,
production and procurement are key benefits of BDA. These
findings align with established literature, which highlights
these benefits as central to the effective use of BDA
(Blackburn et al. 2015; Hofmann and Rutschmann 2018; Li
et al. 2015). Participants also saw BDA’s potential to foster
innovation, aligning with findings by Babu et al. (2021). BDA
supports innovation in customer services. For instance, one
manager shared, ‘we’ve been able to provide new services
such as insurance for our customers based on predictive
BDA' (P16). These innovations underscore the transformative
potential of BDA in enhancing customer value and driving
business growth.

Participants noted that BDA adoption is accelerating,
driven by both internal strategies and external pressures. As
one participant observed, ‘every company owns big data
but... only a few organisations know their potential. It is
only a matter of time before this technology will explode’
(P3). This sentiment reflects the growing recognition of BDA
as a critical asset for business survival and growth, especially
in this era of the explosion of generative Al.

The participants suggested that postponing this process
would lead to a risk of being left behind by competitors.
Participants also highlighted that external market pressure
triggers companies to embrace innovation. ‘International
companies are often ahead with regard to research and
innovation. Accordingly, the competitiveness gap is growing
wider. For this reason, using big data is not an option but an
absolute need to survive in the global markets’ (P5).

5. Discussion - how do manufacturing SMEs
managers orchestrate resources to implement BDA
successfully to drive innovation and growth?

5.1. Theoretical findings - resource structuring,
bundling, and leveraging

Based on Resource Orchestration Theory (ROT) and the inter-
view data, SMEs’ managers structure, bundle, and leverage
BDA resources strategically to drive innovation, value cre-
ation, and growth. Structuring involves acquiring and accu-
mulating essential resources, such as data, advanced
analytics tools and technologies, and skilled personnel, while
divesting obsolete systems to build a robust resource port-
folio. For instance, one participant explained, ‘we recognised
the obsolescence of our IT architecture and invested signifi-
cantly to restructure’ (P6), highlighting the importance of
foundational infrastructure in enabling BDA initiatives.
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Secondary evidence underscores that robust digital infra-
structure and legacy knowledge are prerequisites for success-
ful BDA. For instance, in Beverston Engineering a 2020 Made
Smarter project installed a dedicated machine-data server,
upgraded the shop-floor Ethernet and retrofitted lloT gate-
ways to every CNC, deliberately ‘laying the foundations for
connectivity’ before any dashboards were built (Made
Smarter 2024). Managers also draw on existing resources,
such as historical data and operational expertise, to establish
a strong starting point for BDA adoption. Participants high-
lighted the deliberate collection of proprietary data, such as
sales figures and operational metrics from production, pro-
curement and logistics, as mechanisms to accumulate valu-
able resources. This exclusive data offers insights into
internal processes, demand, sourcing strategies, and market
opportunities, enabling informed decision-making to drive
innovation. This approach aligns with Dahiya et al. (2022)
framework that suggests customised BDA solutions with
‘proprietary’ data lead to firm-specific knowledge and com-
petitive advantage.

Bundling resources focuses on integrating these elements
to develop organisational capabilities through stabilising,
enriching, and pioneering strategies. Stabilising involves mak-
ing incremental improvements to existing systems, such as
enhancing demand forecasting accuracy, as described by P9:
‘we can reduce development time by up to 50% and better
manage demand planning across multiple sites’. Bindatex
(UK) provides another illustration, by barcoding every sales
order and capturing those scans in the cloud-based MES
Total Control Pro, the company gained real-time visibility of
work in progress across its narrow-slitting line reducing cycle
time from 45h to 3.5h (=30% productivity gain) and trim-
ming average lead time by 25% (Made Smarter, n.2022d.a).
Enriching builds on these improvements by extending capa-
bilities to new domains, such as predictive maintenance and
inventory management, enabling real-time operational
insights. Pioneering creates entirely new capabilities, such as
transitioning from ‘make-to-stock’ to ‘make-to-order’ produc-
tion models by leveraging predictive analytics to anticipate
demand (P8).

Finally, leveraging resources entails exploiting developed
capabilities to generate tangible outcomes through mobilis-
ing, coordinating, and deploying strategies. Mobilising
involves planning resource configurations to address spe-
cific goals, such as improving customer responsiveness or
enhancing product quality. For instance, Oasis Engineering
(NZ) mobilised its resources by implementing smart sensors
and tablets on the shop floor as part of a ‘Digital Lean’
initiative, enabling real-time process data analytics tailored
to reduce machine downtime (Callaghan Innovation 2020).
Coordinating integrates these configurations across organ-
isational functions to ensure alignment with strategic
objectives. For example, Storth Engineering’s roadmap
spans sales, planning and production; it launched a data-
rich robotic-welding cell whose live metrics feed straight
into pricing and capacity tools, tying shop-floor efficiency
to the strategic aim of maintaining short lead-times (Made
Smarter, n.2020d.b). Similarly, our participant shared, ‘we
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Figure 2. A ROT model for BDA implementation.

rely on BDA to gain insights into suppliers’ information
and negotiate better terms and align with engineering’
(P14), demonstrating the integration of procurement and
production and BDA. Deploying these capabilities focuses
on exploiting them to create value, as noted by P5:
‘predictive maintenance reduces waiting times and allows
us to provide faster and more reliable service to our
customers’.

The ability to strategically orchestrate BDA is rare due to
the complex blend of specialised knowledge and resources
needed to transform data into strategic insights. This aligns
with LaValle et al. (2011), who emphasise that having large
amounts of data without knowing how to use them and
what to obtain from them is futile. Participants further
argued that while data access is common, the ability to
orchestrate and strategically apply BDA remains rare. Most
participants believed that BDA adoption is accelerating;

however, as P3 remarked, ‘every company owns big data
but, at the moment, only a few organisations know their
potential. It is only a matter of time before this technology
will explode by being recognised as a compulsory asset for
business survival’. This view is supported by literature that
highlights BDA’s role in optimising processes and improving
efficiency and performance (Tao et al. 2018; Wamba et al.
2017).

Through structuring, bundling, and leveraging BDA
resources, SMEs’ managers effectively orchestrate resources
across the organisation, adapt strategies to different stages
and function (SCOR), and align initiatives across various lev-
els, ensuring sustainable innovation and growth.

Our Figure 2 provides a ROT model for BDA implementa-
tion. It presents a dynamic, three-stage model illustrating
how manufacturing SMEs managers strategically can orches-
trate resources to implement BDA within their operations.
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BDA use progression and maturity
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Figure 3. A SCOR BDA roadmap for SMEs.

The model is structured around the resource orchestration
framework, comprising the three interrelated processes:
structuring, bundling, and leveraging. In the structuring
phase, managers focus on acquiring, accumulating, and
divesting resources to ensure the foundational capabilities
are in place. This involves hiring data specialists, scrapping
and aggregating internal and external data, and developing
infrastructure such as BDA platforms, loT systems, and cloud
computing. Managers play an active role in searching and
selecting appropriate technologies and data sources, while
also shifting from a reactive to a proactive stance in BDA
adoption.

The bundling phase centres on creating synergies by
stabilising, enriching, and pioneering resource combina-
tions. This includes forming agile teams and integrating
technologies with demand management to support seam-
less planning. Here, managers are involved in configuring
and implementing BDA systems for visualisation, modelling,
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and analysis. They also facilitate further technology trans-
fer, develop internal competencies, and build strategic
partnerships with key technology providers (e.g. Oracle,
Amazon, Apache). This phase is critical in fostering an
innovation-oriented culture, underpinned by organisational
learning and cross-functional integration.

Finally, in the leveraging phase, firms mobilise, coordinate,
and deploy their configured capabilities to create value.
Managers use BDA to enable agility, such as launching new
products, entering new markets, and scaling operations
quickly. This stage reflects the culmination of earlier efforts
and showcases how BDA can serve as a strategic enabler of
innovation and competitive advantage. Importantly, the
model underscores the iterative and interconnected nature
of these phases, illustrating that effective BDA implementa-
tion is not a linear progression but a continuous, adaptive
process shaped by managerial agency, contextual factors,
and technological maturity.
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5.2. A SCOR BDA roadmap for SMEs

To complement the resource orchestration model in Figure
2, we developed a second framework presented in Figure 3
that serves as a maturity roadmap for BDA integration across
supply chain operations. Anchored in the SCOR model, this
roadmap delineates the progressive use of BDA within manu-
facturing SMEs, revealing how firms gradually evolve their
BDA capabilities to support increasingly strategic objectives
and business growth.

At the initial stage, firms apply BDA for insights and
decision-making, primarily within a single function (e.g.: in
planning or production activities). Here, BDA is used to
enhance forecasting accuracy, monitor performance, and
support data-informed decision-making. As SMEs gain confi-
dence and build internal capabilities, they can progress to
BDA for process innovation, particularly across two or more
functions (e.g.. sourcing and production activities). This
would involve managers leveraging BDA to optimise pro-
curement strategies, streamline manufacturing, and reduce
operational inefficiencies.

Subsequently, SMEs could shift focus and progress to BDA
for customer value creation, by applying the technology to
delivery and returns processes to personalise offerings,
improve responsiveness, and enhance service recovery. At
this stage, the use of BDA transcends internal efficiencies
and begins to directly shape customer experience and
satisfaction.

The final stage represents BDA for business growth, where
SMEs and their managers harness the technology across all
SCOR domains to enable scalability, market expansion, and
strategic agility. BDA becomes a source of sustained com-
petitive advantage, driving innovation and supporting
dynamic capability development.

This framework offers a practical model for understanding
the evolutionary trajectory of BDA use and deployment in
SMEs. It underscores that value from BDA does not emerge
immediately or uniformly across the supply chain operations.
Rather, it reflects a journey of gradual adoption, capability
building, and strategic alignment, with each phase reinforc-
ing the foundation for the next and where managers are at
the centre. The model highlights how BDA maturity is tightly
coupled with the capacity to innovate, differentiate, and
grow in competitive environments.

6. Implications, limitations and future research

This study examined the critical role that managers of manu-
facturing SMEs play in the implementation of BDA, focusing
on how they orchestrate resources to improve operational
performance, foster innovation, and enable business growth.
Drawing on a qualitative thematic analysis, we identified
eleven interrelated themes across three domains: the use of
BDA, managerial roles and strategies in implementation, and
managers perceptions of BDA's impact. Collectively, these
findings underscore the multifaceted responsibilities that
SMEs’ managers assume in navigating BDA implementation
and maturity.

Our analysis reveals that managers primarily utilise
descriptive and predictive BDA to optimise decision-making
and operational efficiency. However, many also aspire to har-
ness the potential of prescriptive analytics for product, ser-
vice, and process innovation. To successfully deploy BDA
solutions, managers must adopt proactive implementation
strategies, such as integrating vertical and horizontal technol-
ogy transfer approaches, fostering a data-driven organisa-
tional culture, and investing in systems, partnerships, and
talent. They must also overcome a range of internal and
external challenges, including capability gaps, financial con-
straints, and concerns about cybersecurity.

Importantly, we demonstrate how managers engage in
dynamic resource orchestration, not only by acquiring and
bundling resources but also by aligning and leveraging them
across organisational and technological domains. This stra-
tegic orchestration enables SMEs to progress in their BDA
maturity, enhance customer value, and position themselves
for sustainable growth.

This study makes contributions to research and practise.
From a theoretical perspective, it applies Resource
Orchestration Theory (ROT) to the underexplored context of
BDA implementation within SMEs. In doing so, it elucidates
how managers serve as critical agents in strategically struc-
turing, bundling, and leveraging resources to support BDA
adoption and value realisation. The study contributes to
emerging literature on digital transformation in SMEs (Asiri,
Al-Somali, and Maghrabi 2024; Kgakatsi, Galeboe, and
Molelekwa 2024) by offering a nuanced understanding of
managerial agency and capability development in BDA-
driven initiatives. This study extends BDA research in manu-
facturing sector (Gu et al. 2021; Waqgas et al. 2021) by
explaining the complexities associated with DBA implemen-
tations and highlighting the role of managers in orchestrat-
ing BDA resources to gain innovation and growth. Moreover,
the findings of this study are derived through interviews,
thus it provides largely missing empirical evidence for BDA
implementation studies.

From a practical perspective, the study offers actionable
insights for SMEs managers navigating the complexities of
BDA implementation. The two complementary frameworks
developed, presented in Figures 2 and 3, provide both a con-
ceptual model of resource orchestration and a roadmap for
BDA use progression and maturity guided by the SCOR
model. These frameworks enable SMEs to assess their current
state, reflect on their strategies, and align resource capabil-
ities with technological deployment and business objectives.

While the study offers valuable contributions, it also has
limitations. The sample comprises 17 interviews, which may
limit generalisability. Future research could extend this work
by incorporating a larger, more diverse sample of SMEs, or
by conducting cross-sectoral comparisons. Future research
could also utilise methodologies such as surveys and experi-
ments to extend and validate our findings. Additionally, the
study focuses exclusively on manufacturing SMEs; future
research could compare resource orchestration strategies
between SMEs and large enterprises to explore how firm size



and structural differences influence BDA adoption.
Longitudinal studies may also provide deeper insights into
the evolution and long-term impact of BDA implementation,
including questions such as: What is the long-term effect of
BDA on SMEs performance? What training and investment
models best support capability development? And what role
might emerging technologies like Al and machine learning
play in supporting data-driven innovation and decision-
making in SMEs? Another limitation lies in the selection bias
towards firms that had, to some extent, successfully imple-
mented BDA. While this allowed for rich insights into man-
agerial roles, resource orchestration, and enabling factors, it
excludes the perspectives of firms that have struggled, failed,
or never attempted adoption. Including such cases could
yield a more complete understanding of barriers, organisa-
tional resistance, and contextual constraints that hinder BDA
adoption, ensuring findings reflect the full spectrum of SME
experiences. Future research could examine both successful
and unsuccessful BDA implementations by adopting a com-
parative case study design that purposefully samples firms
across the adoption spectrum, including non-adopters and
failed adopters. Such an approach would provide a more bal-
anced and comprehensive understanding of BDA's real-world
challenges and opportunities in SMEs.

Finally, while the model and roadmap developed in this
study are grounded in empirical data from a range of manu-
facturing SMEs (e.g.: agricultural machinery, oil and gas
equipment, and pharmaceutical manufacturing), they are
designed to be adaptable to other industrial contexts. We
acknowledge that implementation will vary depending on
specific sectoral needs, organisational characteristics, and
strategic priorities. Nevertheless, the frameworks offer a flex-
ible foundation for managers, industry bodies, and policy-
makers seeking to enable the broader adoption and effective
use of BDA across the manufacturing SME sector.
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