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Abstract

Industry 4.0 (I4.0) technologies have opened new possibilities for improving supply chain management, but
the way these tools are integrated into existing models to strengthen performance is still being explored. This
study focuses on understanding how I14.0 base technologies cloud computing, the Internet of Things, and big
data analytics relate to lean and agile supply chain strategies, and how they affect the operational perfor-
mance of firms. These technologies are particularly important because of their ability to enhance data collec-
tion, storage, sharing, and analysis, which are key elements in modern supply chain processes. Using the
Dynamic Capabilities Theory as a framework, the study applied structural equation modeling (SEM) to data
collected from 256 Spanish manufacturing companies. The results show that 14.0 base technologies do not
influence lean and agile supply chains in the same way. They significantly contribute to making supply chains
leaner, but do not have a direct effect on agile implementation. In addition, findings highlight a connection
between lean and agile strategies, where agile practices mediate the link between lean approaches and firm
performance. These insights provide practical guidance for firms aiming to use 4.0 technologies to strengthen
competitiveness.
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1. Introduction

Supply chains (SCs) are increasingly challenged by global environments
characterized by volatility, uncertainty, and complexity. To enhance performance, firms
have traditionally relied on Lean approaches focused on eliminating non-value-adding
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activities and Agile approaches centered on rapidly responding to customer needs
(Srinivasan et al., 2020). More recently, Industry 4.0 (I4.0) technologies have been
recognized as key enablers for strengthening competitiveness in supply chains (Frederico
et al, 2020; Kagermann et al., 2013). Literature highlights several 14.0 technologies,
ranging from mature tools such as RFID and additive manufacturing to emerging
solutions like augmented/virtual reality, the Internet of Things (IoT), and Big Data
Analytics (BDA) (Ghobakhloo, 2020; Nunez-Merino et al., 2020; Oliveira-Dias et al.,
2022a). Within this context, a core group of 14.0 base technologies cloud computing (CC),
IoT, and BDA has been identified as critical for data-driven processes, integration, and
connectivity in manufacturing systems (Frank et al, 2019; Narayanamurthy and
Tortorella, 2021).

Prior research has examined their individual impact on Lean Supply Chains (LSC)
and Agile Supply Chains (ASC). Raji et al. (2021a) found that BDA and IoT strongly
support Lean practices, while Agile practices are more influenced by CC and cyber-
physical systems. Liu et al. (2018) highlighted that CC improves IT scalability and
responsiveness to market changes, whereas Reyes et al. (2021) demonstrated that BDA
enables more accurate demand forecasting and reduces waste from overproduction.
However, most studies remain limited to the shop-floor perspective (Tortorella et al.,
2021), and little attention has been given to their broader strategic role in supply chain
management.

The relationship between Lean and Agile strategies also remains debated. While
some scholars view them as complementary (Narasimhan et al., 2006; Oliveira-Dias et al.,
2022b; Raji et al., 2021a), others suggest they are mutually exclusive (Putnik and Putnik,
2012). Moreover, although prior works have examined their effects on operational
performance (Blome et al.,, 2013; Garcia-Buendia et al., 2021), incorporating 14.0 base
technologies as antecedents may help resolve inconsistent findings.

This study therefore aims to investigate how 14.0 base technologies influence Lean
and Agile supply chain strategies and their implications for focal firms’ operational
performance. It specifically addresses two questions: (1) What effects do 14.0 base
technologies have on Lean and Agile SC strategies and operational performance? (2) How
does Lean strategy affect Agile strategy within an 14.0 environment, and what are their
combined effects on performance?

Drawing on Dynamic Capabilities Theory (Teece, 2007; Yu et al., 2019), this research
applies structural equation modeling (SEM) to test these relationships. From this
perspective, 14.0 base technologies support the integration of SC flows, collaboration, and
resource reconfiguration, thereby enabling Lean strategies to enhance customer value and
Agile strategies to improve responsiveness (Enrique et al., 2022; Papanagnou et al., 2022).
Since many firms struggle to achieve expected outcomes from digital investments
(Attaran, 2020), empirical evidence on the alignment of technologies and strategies is
critical (Moyano-Fuentes et al., 2021; Tortorella et al., 2017).

The remainder of this paper is structured as follows: Section 2 outlines the theoretical
framework and hypotheses; Section 3 details the methodology; Section 4 presents
findings; Section 5 discusses implications; and Section 6 concludes.

2. Literature Review and Hypothesis Development

2.1. Dynamic capabilities, Lean Supply Chain, and Agile Supply Chain

The Dynamic Capabilities View (DCV) explains how firms can reconfigure, develop,
and leverage combinations of resources and capabilities to gain competitive advantage in
uncertain and rapidly changing markets (Teece, 2007; Winter, 2003). This perspective
extends the Resource-Based View by incorporating the dynamic nature of organizational
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capabilities (Teece, 2007; Winter, 2003). According to Teece (2007), dynamic capabilities
consist of three main clusters: sensing, seizing, and transforming. Sensing refers to the
ability to identify and assess new opportunities. Seizing involves mobilizing internal and
external resources to capture value from these opportunities. Transforming relates to
continuously renewing and reconfiguring resources to maintain alignment with the
external environment (Teece, 2012). In operations management, the DCV has attracted
growing attention (Eslami et al., 2021; Hitt et al., 2016; Rojo et al., 2018; Wambea et al., 2020),
with evidence showing that dynamic capabilities can be fostered through collaboration
among supply chain (5C) partners (Eslami et al., 2021). Thus, the DCV provides a useful
framework for examining the links between resources, capabilities, and performance at
the SC level (Hitt et al., 2016).

From this perspective, Lean Supply Chain (LSC) represents a dynamic capability
whereby firms integrate, build, and reconfigure competencies to sustain competitiveness
(Blome et al., 2013; Teece, 2007). LSC emphasizes eliminating non-value-adding activities
while addressing individual customer needs (Iyer et al., 2019; Lamming, 1996; Srinivasan
et al., 2020). Its focus lies in reducing variability and costs through more efficient resource
use and stronger collaboration with suppliers and customers (Carvalho et al., 2011; Hines
et al.,, 2004; Moyano-Fuentes et al.,, 2019; Qrunfleh and Tarafdar, 2013). Nevertheless,
implementing Lean strategies across supply chains remains challenging (Moyano-Fuentes
et al.,, 2021; Tortorella et al., 2017). When properly applied, however, LSC strengthens
dynamic capabilities that improve quality, reduce waste, and enhance competitiveness
(Iyer et al., 2019; Srinivasan et al., 2020).

Agile Supply Chain (ASC), in contrast, reflects the ability to rapidly adapt and
respond to changing customer requirements (Wamba and Akter, 2019). To achieve agility,
supply chains must monitor the external environment, anticipate changes, and leverage
this knowledge to respond effectively to fluctuating demand (Gligor et al.,, 2013;
Narasimhan et al., 2006; Qi et al., 2011). Deploying ASC thus builds dynamic capabilities
that allow supply chains to adjust quickly and efficiently to environmental uncertainty
(Eckstein et al., 2015; Wamba and Akter, 2019).

In summary, both Lean and Agile strategies can strengthen firm performance and
contribute to sustainable competitive advantage. By exploiting existing resources while
developing new ones, these strategies enable supply chains to build dynamic capabilities
that enhance operational outcomes (Gutierrez et al., 2022; Srinivasan et al., 2020; Blome et
al., 2013).

2.2. Industry 4.0 base technologies

Industry 4.0 (I4.0), also known as the Fourth Industrial Revolution, was first pre-
sented in 2011 as a paradigm for transforming the manufacturing sector through digital
connectivity among machines, equipment, and human operators (Kagermann et al., 2013;
Kagermann and Wabhlster, 2022). The concept incorporates principles such as interopera-
bility, virtualization, decentralization, real-time capability, service orientation, and mod-
ularity (Hermann et al., 2015), which are enabled by a diverse set of technologies (Kager-
mann and Wabhlster, 2022). Although scholars do not fully agree on the exact scope of 14.0
technologies (Culot et al., 2020), two main perspectives exist. One view limits 14.0 to
emerging technologies like the Internet of Things (IoT) and Big Data Analytics (BDA) (Cu-
lot et al., 2020), while another broader approach considers both mature and emerging
technologies collectively applied to enhance industrial performance (Frank et al., 2019;
Ghobakhloo, 2020; Nufiez-Merino et al., 2020; Oliveira-Dias et al., 2022a). Frank et al.
(2019) classity these technologies into front-end and base groups. Front-end technologies
involve advanced manufacturing, product-related innovations, horizontal integration,
and human-machine interfaces, whereas base technologies specifically cloud computing
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(CC), 10T, and BDA are regarded as the essential enablers that support connectivity and
intelligence (Bag et al., 2021; Narayanamurthy and Tortorella, 2021). Collectively, these
base technologies facilitate efficient and accurate data acquisition, storage, processing,
analysis, and sharing, often with minimal human input (Fay and Kazantsev, 2018; Kamble
et al,, 2019). IoT enables real-time monitoring of physical assets (Manavalan and Jaya-
krishna, 2019), BDA processes structured and unstructured data for decision-making
(Choi et al., 2018), and CC enhances accessibility and computing power for scalable ana-
lytics (Novais et al., 2019). From the dynamic capabilities perspective (Teece, 2007; Hitt et
al., 2016), these base technologies represent the fundamental digital resources driving sup-
ply chain transformation and the realization of 14.0.

2.3. 14.0 base technologies and LSC

Recent research increasingly emphasizes the beneficial outcomes of integrating In-
dustry 4.0 (I4.0) technologies with Lean practices (Anosike et al., 2021; Ciano et al., 2021;
Kamble et al., 2019; Raji et al., 2021a). According to Ghobakhloo and Fathi (2020), the syn-
ergy between IT resources, Lean strategy, and digitalization enables firms to build a dy-
namic capability that is particularly valuable in the 14.0 era. Such capability strengthens
an organization’s ability to reconfigure IT assets and operational capacities to adapt to the
uncertainties associated with digital transformation (Ghobakhloo and Fathi, 2020; Winter,
2003). Among the foundational 14.0 technologies, the Internet of Things (IoT) enhances
both information and physical flows, contributing to improved decision-making, opti-
mized routing, and shorter order cycles (Kamble et al., 2019). IoT also facilitates continu-
ous information exchange among supply chain partners (Manavalan and Jayakrishna,
2019), reduces waste through monitoring such as temperature in perishable goods supply
chains and supports preventive maintenance (Raji et al., 2021a). Big Data Analytics (BDA)
further helps anticipate disruptions like port congestion or natural disasters (Choi et al.,
2018), improves demand forecasting, and minimizes overproduction waste (Bag et al.,
2022; Reyes et al., 2021). Cloud Computing (CC) provides scalable infrastructure that fos-
ters collaboration, knowledge sharing, and supply chain integration (Ntnez-Merino et al.,
2020; Reyes et al., 2021; Maqueira et al., 2019; Novais et al., 2019, 2020), while jointly with
IoT supports real-time tracking aligned with JIT principles (Reyes et al., 2021). Further-
more, e-kanban systems enabled by digitalization strengthen Lean practices by automat-
ing replenishment and reducing inefficiencies (Sanders et al., 2016; Kolberg et al., 2017).
Grounded in the Dynamic Capabilities View (Teece, 2007; Winter, 2003; Gutierrez et al.,
2022), these technologies represent complementary resources that collectively enhance
Lean Supply Chain (LSC) strategies. Hence, we propose:

H1. Industry 4.0 base technologies have a direct and positive influence on LSC implementation.

2.4. 14.0 base technologies and ASC

From the lens of dynamic capabilities, prior research in supply chain (SC)
management has emphasized that information technology resources can be combined to
foster the development of dynamic capabilities within the SC (Hitt et al., 2016; Rojo et al.,
2018). Earlier studies have largely investigated the effects of Cloud Computing (CC), Big
Data Analytics (BDA), and the Internet of Things (IoT) on the adoption of Agile Supply Chain
(ASCQ) in isolation.

The literature indicates that BDA enables firms to recognize customer patterns,
oversee and track SC activities to identify anomalies, and anticipate possible disruptions
(Wamba et al., 2020). Consequently, BDA solutions contribute to ASC goals, such as
promptly detecting market changes (Dubey et al., 2019). In addition, BDA strengthens



Current Perspective on Business Operations 2026, 2 (1) 72-91 76 of 91

responsiveness by facilitating rapid and efficient information management across the SC
and improving demand planning (Alberti-Alhtaybat et al., 2019). This capability further
enhances the ability to seize market opportunities (Bag et al., 2022).

Regarding CC, several studies highlight that this technology promotes SC agility by
supporting partner integration and accelerating information exchange (Novais et al., 2019;
Schniederjans et al., 2016). CC also allows SCs to expand computing power more flexibly
and rapidly (Liu et al., 2018), which in turn enables continuous adaptation and
reconfiguration of IT resources.

In terms of IoT, the literature suggests that its applications enhance supply chain
visibility by providing real-time data to improve decision-making in procurement and
route optimization (Ben-daya et al., 2017). Within warehouse operations, IoT can reduce
time spent on data entry and scanning tasks (Yan et al., 2014).

Furthermore, the integration of BDA, CC, and IoT creates opportunities to accelerate
SC flows, generate new knowledge, and reinforce ASC adoption in volatile environments.
Drawing on the dynamic capabilities framework, 14.0 core technologies support SC
processes by fostering the integration of supply chain flows, building competencies
through stronger collaboration, and reconfiguring both internal and external resources
required for ASC strategies, which are essential to address rapid market shifts (Blome et
al., 2013; Teece et al., 1997). Based on this reasoning, the following hypothesis is proposed:

H2. I4.0 base technologies exert a direct and positive effect on ASC implementation.

2.5. Lean supply chain and agile supply chain

Although earlier literature often framed Lean and Agile as two contrasting
approaches (e.g., Yusuf and Adeleye, 2002), more recent studies argue for a reconciliatory
perspective, emphasizing how the two can complement each other (Fadaki et al., 2020;
Sharma et al., 2021). Fadaki et al. (2020) observe that many companies tend to combine
Lean and Agile practices rather than strictly adhering to one model alone. Similarly, Igbal
et al. (2020) contend that the two paradigms are complementary and jointly shape
organizational performance.

Empirical findings also show that successful Agile organizations frequently
incorporate Lean manufacturing principles, including Total Quality Management (TQM)
and Just in Time (JIT) (Ghobakhloo and Azar, 2018; Inman et al., 2011). Prior studies have
further suggested that Lean principles are essential to developing Agile capabilities while
optimizing the use of limited resources (Inman et al.,, 2011; Narasimhan et al., 2006;
Vinodh et al., 2009). Because Lean Supply Chain (LSC) initiatives focus on eliminating
waste and reducing process variability, they provide a foundation for greater flexibility
(Abdelilah et al., 2021; Vonderembse et al., 2006).

In line with this, existing research highlights that flexibility serves as a precursor to
supply chain agility (Swafford et al., 2008) and that the characteristics of SC flexibility are
closely aligned with those of LSC (Maqueira et al., 2021). Therefore, drawing upon the
dynamic capabilities perspective, ASC can be regarded as a higher-order capability
(Blome et al., 2013; Eckstein et al., 2015), which can be effectively supported through the
capabilities embedded in LSC practices. From this standpoint, a Lean SC strategy acts as
an antecedent of ASC and positively contributes to achieving Agile outcomes. Based on
these insights, the following hypothesis is proposed:

H3. LSC exerts a direct and positive influence on ASC implementation in 14.0 environments.
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2.6. Lean and agile supply chain and operational performance

The main objective of adopting Lean and Agile supply chain (SC) strategies is to
enhance SC performance. Within this research, operational performance is defined as the
firm’s ability to achieve efficiency through cost reduction and improved delivery
outcomes (Danese et al., 2012).

The Lean Supply Chain (LSC) approach emphasizes minimizing costs and
eliminating non-value-adding activities, which requires close coordination with both
customers and suppliers (Garcia-Buendia et al., 2021; Qrunfleh and Tarafdar, 2014). This
strategy enhances operational performance by continuously improving processes, while
aligning and integrating internal and external resources along the SC. Supporting this
view, Danese et al. (2012) highlight that Just in Time (JIT) practices help shorten overall
lead times and improve delivery reliability. Similarly, Moyano-Fuentes et al. (2021) report
that LSC contributes to efficiency gains by lowering costs and cycle times, as well as
improving inventory turnover.

Agile Supply Chain (ASC) strategies, on the other hand, aim to strengthen
operational performance by fostering cost-efficient responsiveness to market demands
(Carvalho et al.,, 2011). Previous studies demonstrate that agility in the SC improves
customer satisfaction and accelerates time-to-market, which enhances operational
outcomes (DeGroote and Marx, 2013; Ngai et al., 2011; Swafford et al., 2008). Sangari and
Razmi (2015) further emphasize that ASC adoption drives superior competitiveness and
overall performance. In addition, ASC is seen as a source of dynamic capabilities
capabilities that are difficult to trade, require long-term development, and rely on
complex resource interdependencies (Blome et al., 2013; Teece et al., 1997) making it a
critical enabler of firm performance (Mandal, 2018).

From the perspective of dynamic capabilities, the adoption of Lean and Agile
strategies when supported by 14.0 technologies leads to the creation and utilization of
diverse organizational capabilities (Gutierrez et al.,, 2022; Srinivasan et al., 2020). As a
result, these strategies drive substantial improvements in operational performance for the
focal firm. Accordingly, the following hypotheses are proposed:

H4. LSC has a direct and positive influence on the focal firm'’s operational performance.
H5. ASC has a direct and positive influence on the focal firm’s operational performance.

2.7. 14.0 base technologies and operational performance

Fundamentally, Industry 4.0 (I4.0) technologies facilitate workflow integration and
automated production processes, enabling quicker decision-making, more accurate
demand forecasting, and large-scale mass customization (Frank et al., 2019; Hofmann et
al., 2019; Kagermann et al., 2013). As a result, the 14.0 paradigm offers numerous
opportunities, such as reduced production lead times, enhanced operational efficiency,
and the development of innovative business models (Hofmann and Riisch, 2017).

In particular, prior studies have confirmed the performance benefits of these
technologies. Gunasekaran et al. (2017) reported that firms leveraging Big Data Analytics
(BDA) improved supply chain and organizational outcomes. Similarly, Dalenogare et al.
(2018) demonstrated that Big Data and sensor-driven digital automation are strongly
associated with operational improvements. Anosike et al. (2021) further provide empirical
evidence showing that the primary motivation for adopting IoT in manufacturing is to
enhance operational performance. Moreover, Bruque-Camara et al. (2016) found a
significant association between community-level Cloud Computing (CC) adoption and
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operational results, as CC strengthens interconnections among SC partners and facilitates
the sharing of key information, including product design and composition.

The combined application of 14.0 base technologies also opens avenues for firms to
collaborate more closely with suppliers and customers, explore new market
opportunities, and identify areas for operational enhancement (Frank et al., 2019;
Tortorella et al., 2020). Reported benefits include stronger integration with SC partners
(Bruque-Camara et al., 2016), higher productivity (Manavalan and Jayakrishna, 2019),
lower operating costs, and improved product quality (Raut et al.,, 2021; Wamba et al.,
2020). Based on this discussion, the following hypothesis is proposed:

H6. 14.0 base technologies have a positive relationship with the focal firm’s operational performance.

3. Research Methods

3.1. Survey design

The present research employs a quantitative methodology to examine the proposed
hypotheses, relying on data gathered through a structured questionnaire. The design and
refinement of the questionnaire were conducted in three stages: first, a comprehensive
literature review was undertaken to identify relevant measurement constructs; second,
the preliminary version of the questionnaire was evaluated through pre-tests with five
international scholars specializing in Supply Chain Management (SCM) and Information
Technology; and third, pilot testing was performed with five supply chain managers to
ensure the clarity, completeness, and accuracy of all items.

Because the study was carried out in a non-English-speaking setting, the
questionnaire and measurement scales were translated into Spanish and subsequently
back-translated into English to guarantee both linguistic precision and conceptual

consistency.

Operational
Performance

Agile
Supply
Chain

Figure 1. Theoretical model.

3.2. Variables

This study incorporates four core constructs in its theoretical model, all treated as
latent variables measured indirectly. The measurement scales were drawn from validated
studies and refined through pre-tests with five academic experts and pilot tests with five
supply chain managers. These steps ensured that the questionnaire was well-designed to
capture the targeted constructs. Detailed items are listed in Appendix A.

Lean Supply Chain (LSC) strategy. Measured as a second-order reflective construct
validated in previous work (Moyano-Fuentes et al., 2019, 2021), LSC included three
dimensions: (1) waste reduction tools such as VSM and Kanban (2 items); (2) operational
practices like process standardization and small-lot deliveries (3 items); and (3) long-term
planning covering forecasting, uncertainty management, and SC structure (3 items).
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Responses were collected on a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly
agree).

Agile Supply Chain (ASC) strategy. ASC was operationalized as a first-order
reflective construct with five items adapted from earlier studies (Gligor et al., 2013; Qi et
al.,, 2011; Tachizawa and Gimenez, 2010). The scale captured the SC’s capacity to react to
customer requirements, adjust production rapidly, expand short-term capacity, and
reduce delivery lead times. Measurements used a 5-point Likert scale from 1 (strongly
disagree) to 5 (strongly agree). 14.0 base technologies. Based on Frank et al. (2019) and
Tortorella and Fettermann (2018), this construct was measured as a first-order reflective
scale including three key technologies: BDA, IoT, and CC. Adoption levels were assessed
on a 5-point scale from 1 (not implemented) to 5 (fully implemented).

Operational Performance (OP). Following Danese et al. (2012) and Liu et al. (2009),
OP was measured as a second-order reflective construct with two dimensions: Efficiency
(3 items) and Delivery (2 items). Managers compared their firm’s performance against
competitors on a 5-point scale ranging from 1 (poor/low) to 5 (superior).

3.3. Sampling and data gathering

The study focused on Spanish focal manufacturing companies with at least 50
employees, positioned at intermediate levels within their supply chains. The population
frame was obtained from the Iberian Balance Sheet Analysis System database, with firms
classified based on Spain’s national economic activity classification. Only manufacturing
firms were retained, while extractive industries, distribution firms, and closed companies
were excluded, resulting in a final list of 2,650 firms. From the focal firm perspective,
managers were asked to provide both upstream and downstream supply chain views,
following the approach of prior SCM research (Novais et al., 2020; van der Vaart et al.,
2012).

Data were collected using the Computer-Aided Telephone Interviewing (CATI)
method between January and July 2018. This technique, previously applied in SCM
studies (Maqueira et al., 2019; Rojo et al., 2020), enabled random access to respondents’
contact information and computerized monitoring of the process. Interviewers were
specifically trained, working approximately four hours per day under the guidance of a
supervisor. When questions arose beyond the scope of interviewers, a researcher was
available by phone or email. The first interviews were directly supervised by the study’s
authors. In parallel, a web-based questionnaire was also offered for firms preferring an
online response. The survey consisted of two parts: supply chain/operations/logistics
directed at SCM managers, and information technology directed at IT managers.
Completion required input from both respondents.

A total of 285 questionnaires were collected, yielding a 10.8% response rate, with 256
valid cases (9.7%). This response rate is consistent with prior SCM and IT studies (Queiroz
et al., 2018; Tachizawa & Gimenez, 2010; Tarafdar & Qrunfleh, 2017; Wei et al., 2015),
supporting the reliability of the results. Firm distribution by sector in the sample matched
that of the population, ensuring representativeness. To assess potential response bias,
statistical comparisons were made on firm size, operating profit, and annual sales between
the sample and population, revealing no significant differences. Additionally, some non-
respondents were contacted to explore reasons for refusal, but no shared patterns were
found. Early and late respondent comparisons also showed no significant differences (a =
0.05).

Finally, to minimize common method bias, procedural steps were taken, including
survey pre-testing and using two respondents per firm (Podsakoff et al., 2003). Harman’s
single-factor test showed the first factor accounted for only 21.40% of variance, confirming
that common method bias was not a concern.
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Table 1. Population and sample distribution by sector

Sector Population Population Sample Sample  Response Rate
(Number) (%) (Number) (%) (%)

Food products and tobacco 543 20.49% 46 17.97% 8.5%
Chemicals and pharmaceutical 422 15.92% 46 17.97% 10.9%
products
Manufacture of metals products 322 12.15% 42 16.41% 13.0%
Manufacture of machinery and 275 10.38% 29 11.33% 10.5%
equipment
Motor vehicles 273 10.30% 21 8.20% 7.7%
Meat industry 158 5.96% 6 2.34% 3.8%
Electrical machinery and mate- 141 5.32% 11 4.30% 7.8%
rials
Manufacture of beverages 106 4.00% 6 2.34% 5.7%
Furniture industry 82 3.09% 7 2.73% 8.5%
Informatics, Electronics and 81 3.06% 12 4.69% 14.8%
Optics
Manufacture of other transport 77 2.91% 10 3.91% 13.0%
material
Shoes and Leather 63 2.38% 5 1.95% 7.9%
Other manufacturing industries 60 2.26% 9 3.52% 15.0%
Fabrics and Textile 47 1.77% 6 2.34% 12.8%
Total 2650 100% 256 100% 9.7%

Source: Author’s compilation from survey data (Year).
4. Result

4.1. Measurement model

Content validity was established by relying on measurement scales widely
acknowledged in prior literature (see Appendix A) and through expert review as well as
pre-test procedures. An exploratory factor analysis (Table 2) was conducted to examine
the unidimensionality of the constructs, producing satisfactory results for standardized
factor loadings (>0.5), explained variance, and Bartlett’s test (p < 0.05). Reliability was
confirmed with Cronbach’s alpha values above 0.7 (Nunnally & Bernstein, 1994).

Discriminant validity was evaluated by comparing Cronbach’s a coefficients across
scales (Table 2) with inter-item correlations (Table 3), following Anand and Ward (2004).
In all cases, Cronbach’s a values exceeded the correlation coefficients with other
constructs, confirming discriminant validity.

Additionally, a confirmatory factor analysis (CFA) was performed using EQS 6.4 to
verify the dimensionality of the constructs and assess convergent validity. The data
exhibited multivariate non-normality, as shown by Mardia’s normalized estimate, thus
supporting the use of the Robust Maximum Likelihood Method. A factor model
comprising 18 observed variables was developed, and the CFA results are reported in
Table 4.

4.2. Structural equation model

Using the Robust Maximum Likelihood approach (Satorra, 1993) implemented in
EQS 6.4, the hypotheses were tested. The analysis showed that the baseline structural
model provided an acceptable fit overall (see Fig. 2). Hypotheses H1, H3, and H5 were
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statistically significant at p < 0.05, whereas H2, H4, and H6 were not (see Fig. 1). Thus,
empirical support was obtained only for H1, H3, and H5.

In SEM research, exploring alternative model specifications is considered essential
for validating results and understanding unexpected outcomes (Bollen & Long, 1992;
Magqueira et al., 2021; Swafford et al., 2008). Accordingly, two additional models were
tested to probe deeper into the nonsignificant findings of H2 and H4. Each model isolated
the role of one supply chain (SC) strategy to determine how I4.0 base technologies
influence performance either through Lean SC or Agile SC. By comparing these models
with the baseline structure, it becomes possible to examine the distinct antecedents and
consequences of LSC and ASC separately.

The first alternative (Model 1, Fig. 3) retained the paths from I4.0 base technologies
to LSC (H1), from LSC to operational performance (H4), and from 14.0 base technologies
directly to operational performance (H6). This model indicated a good fit (Satorra, 1993).
Both H1 and H4 were validated, though H6 failed to reach significance.

The second alternative (Model 2, Fig. 3) was restricted to H2, H5, and H6. Compared
to the other models, its fit was weaker (RMSEA = 0.061). The direct link between 14.0
technologies and ASC (H2) remained unsupported. A third specification assessed the
direct effects of BDA, IoT, and CC on ASC. However, its fit indices were poor (RMSEA =
0.115), and none of the coefficients were significant.

Furthermore, an ANOVA test was employed to assess whether industry type and
supply chain position moderated the relationship between 14.0 technologies and the two
SC strategies. The analysis found no significant moderation.

Collectively, the results emphasize that 14.0 technologies influence Lean and Agile
SC strategies differently. While 14.0 facilitates leaner supply chains, no evidence was
found for a direct effect on agility. Both strategies are shown to affect operational
performance under varying conditions, and ASC was found to mediate the effect of LSC
on performance, reinforcing the interdependence of the two strategies.

Table 2. Exploratory factor analysis

Factor

I4.0 base technologies
LSC Tooling
Operationalization
Planning

ASC

Variable Standardized Cronbach’s Bartlett Test % Explained
Factor Alpha (x3 df, Sig.) Variance
Loading
IT1 0.837 0.7 X2 =133.703, df = 3, 61.537
Sig. =0.000
IT2 0.803
IT3 0.708
LS1 0.886 0.7 X2 =270.415, df =15, 72.466
Sig. =0.000
LS2 0.839
LS3 0.821
LS4 0.768
LS5* -
LS6 0.684
LS7 0.881
LS8* -
AS1 0.629 0.8 X2=369.964, df =10, 54.295
Sig. =0.000

AS2 0.744
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Factor Variable Standardized Cronbach’s
Factor Alpha
Loading
AS3 0.728
AS4 0.792
AS5 0.780
Operational Performance  EF1* - 0.8
(Efficiency) EF2 0.900
EF3 0.732
Delivery DE1 0.863
DE2 0.918

Bartlett Test
(x3 df, Sig.)

%  Explained

Variance

X2 = 305.026, df = 6, 79.690
Sig. = 0.000

Source: Author’s compilation from EFA results (Year)

Table 3. Correlations between scale items

Im1 Im2 IT3 ISt 1s2 1S3  Ls4 1S6  LS7  ASl AS2 AS3  AS4 AS5 EF2  EF3  DEl
Im1
T2 0,531
T3 0398 0,331
Ls1 0202 0,192 0,198
Ls2 0193 0,168 0,162 0,531
1s3 0073 011 0188 0,183 0,263
Ls4 0147 009 0052 0205 0241 038
Ls6 0188 0,118 0144 0129 0231 0301 0,343
Ls7 0183 0097 008 0192 0,292 0,184 0,221 0,345
AS1 0045 -0,009 0139 0073 0,103 023 0112 0,174 0,098
As2 012 0081 001 0013 008 0,125 008 024 005 0,407
AS3 0,08 001 0079 -0,027 0,039 0,147 0011 0,106 0044 0231 0,404
Asa 0083 0026 0075 -0028 0003 0178 0043 0234 0,12 0281 047 0,612
AS5 0,055 -0,006 0059 -0,002 0,092 0249 02 0259 016 0495 0454 0,408 0,494
EF2 0178 0114 0108 0,136 0,129 0271 0249 0211 011 0147 0209 01 0,153 0,18
EF3 -0021 -0,119 -0,055 0,002 0,038 0066 0102 0067 0003 0,102 0,139 0,172 0,102 0,181 0,453
DE1 0,106 -0,053 0,002 -0,068 0042 0025 0,154 0073 0,112 0,166 0204 0,194 0,164 0,253 036 0,484
DE2 -0,008 -0,136 -0,024 -0,104 -0,04 -0,074 0074 006 0079 0167 0213 0223 0233 0261 027 038 07
Source: Author’s compilation from correlation analysis (Year).
Table 4. Confirmatory Factor Analysis
Factor Variable/Factor Standardized Factor Loading R?
I4.0 base technologies IT1 0.80 0.636
IT2 0.66 0.437
IT3 0.51 0.256
LSC Tooling 0.53 0.279
Operationalization 0.82 0.669
Planning 091 0.830
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ASC

Operational performance

LS1 0.60 0.365
LS2 0.88 0.773
LS3 0.61 0.367
LS4 0.63 0.393
LS5 0.67 0.448
LS6 0.52 0.266
LS7 0.52 0.270
0.65 0.426

AS1 0.65 0.425
AS2 0.65 0.426
AS3 0.65 0.425
AS4 0.73 0.537
AS5 0.71 0.510
Efficency 0.83 0.690
Delivery 0.81 0.657
EF2 0.60 0.359
EF3 0.76 0.573
DE1 0.92 0.574
DE2 0.76 0.853

Source: SmartPLS 3.0 output, processed by researcher (2025).

Goodness of it ( Robuast
S-B X 1961990

S-B X 7/df1: 1.582

CFI: 0,928 IFI: 0.930
RMSEA:- 0048

stanustics)
df: 124

MFI: O.868

Figure 2. Baseline structural model: results.

5. Discussion

The study assessed six hypotheses to explore how 14.0 base technologies influence
Lean and Agile supply chain strategies and operational performance (RQ1), and to
examine the interplay between both strategies and their collective impact on performance
(RQ2). Data were obtained from Spanish focal firms operating across various industries
and occupying mid-level positions in supply chains, and analyzed through structural
equation modeling.

For RQ1, the findings reveal that 14.0 base technologies positively and directly
influence LSC (H1), whereas their direct effect on ASC is absent (H2). This implies that
the adoption of BDA, IoT, and CC strengthens Lean-oriented practices in SCs, consistent
with prior research (Kamble et al., 2019; Nufiez-Merino et al., 2020; Raji et al., 2021a).
Although emerging technologies may introduce risks of volatility and uncertainty
(Oliveira-Dias et al., 2022b), the base 14.0 technologies are more established than other



Current Perspective on Business Operations 2026, 2 (1) 72-91 84 of 91

innovations like blockchain or AR/VR (Frank et al., 2019; Nufiez-Merino et al., 2020).
According to the dynamic capabilities perspective, these tools enhance the sensing
capacity of LSC by detecting disruptions, improve seizing capabilities by optimizing
information and material flows, and facilitate reconfiguration by enabling knowledge
management and collaboration.

Contrary to expectations, H2 was not supported. The absence of a direct effect on
ASC may be attributed to the fact that agility is often enabled indirectly, through factors
like SC integration, collaboration, and flexibility (Oliveira-Dias et al., 2022c). Successful
ASC adoption therefore depends on collaborative flows and shared information across
partners (Bi et al., 2013; Liu et al., 2013; Oliveira-Dias et al., 2022a). Moreover, different
technologies may exert varying impacts: while 14.0 base technologies benefit LSC,
technologies such as cyber-physical systems may be more influential for ASC (Raji et al.,
2021a). This highlights the need for future studies to examine how distinct technology
bundles shape SC agility.

Additionally, no significant direct effect was found between 14.0 base technologies
and operational performance (H6). From the lens of dynamic capabilities theory, IT
resources on their own do not generate competitive advantage unless combined with
complementary managerial and human assets (Novais et al., 2020; Powell & Dent-
Micallef, 1997). Hence, integrating 14.0 tools with strategic and organizational resources is
critical for performance improvements.

For RQ2, results indicate a positive link between LSC and ASC (H3). This suggests
that agility is built upon lean foundations, as implementing LSC promotes collaboration
and routine integration that enable ASC. Therefore, the effect of 14.0 base technologies on
ASC may be indirect through LSC, supporting the argument that leanness precedes agility
(Ghobakhloo & Azar, 2018; Igbal et al.,, 2020). In addition, both strategies positively
influence operational performance (H4, H5), but the direct effect of LSC disappears once
ASC is accounted for in the model. This finding confirms that ASC mediates the
relationship between LSC and performance, showing that agility leverages lean practices
to drive operational gains.

Model 1 Model 2

14.0 base
technolo-  f-----------------~ il S S Sl
gies

14.0 base
technolo-
gies N

Goodness of fit (Robust statistics)

S-B X %: 89.6481 df: 57 S-B X 2/df: 1.573 Goodness of fit (Robust statistics)
CFI: 0.950  IFL: 0.951 MFI: 0.938 S-B X 2:95.8353 df: 48 S-B X 2/df: 1.996
RMSEA: 0.047 CFI: 0.932  IFI: 0.933  MFI: 0.913

RMSEA: 0.061

Figure 3. Alternative models: Model 1 and model 2.

6. Conclusion

This research investigated the connections between Industry 4.0 (I4.0) base
technologies, Lean and Agile supply chain (SC) strategies, and operational performance.
In particular, it focused on the role of three technologies cloud computing (CC), big data
analytics (BDA), and the Internet of Things (IoT) in shaping Lean and Agile practices, as
well as the interdependencies between these strategies and their joint effects on firm
performance. The analysis was based on survey responses from 256 Spanish
manufacturing firms.

From the perspective of dynamic capabilities, the findings support a direct effect
model in which I4.0 technologies act as drivers of Lean SC. In turn, Lean practices
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positively influence Agile SC, which then enhances operational performance. Moreover,
when ASC is absent, Lean SC by itself can also contribute to performance improvements
(Model 1). Nevertheless, the evidence shows that ASC exerts a stronger impact on
performance than LSC, even though agility tends to be reinforced by leanness.

Overall, this study sheds light on the mechanisms through which 14.0 base
technologies and SC strategies interact to strengthen supply chain capabilities and drive
operational performance in the context of the fourth industrial revolution.

6.1. Theoretical implications

The paper contributes to theoretical debates by filling important gaps concerning the
integration of Industry 4.0 (I4.0) base technologies into supply chain (SC) strategies and
by clarifying the interaction between Lean and Agile strategies under an 14.0 framework.
In this respect, it advances prior scholarship (Nufez-Merino et al., 2020; Oliveira-Dias et
al., 2022b; Raji et al.,, 2021a; Reyes et al., 2021) through empirical investigation of these
underexplored connections.

Although Lean practices have previously been combined with digital technologies,
much of the evidence has been limited to production-level initiatives (Tortorella et al.,
2021). Less attention has been given to their adoption at the broader SC level. This study
enriches the literature by demonstrating that technologies such as CC, BDA, and IoT
strengthen the intelligence and interconnectivity of Lean SCs, contributing to the
development of dynamic capabilities.

On the other hand, despite widespread claims about the benefits of 14.0 for Agile SC
(Dubey et al., 2019; Wamba et al., 2020), our findings do not support a direct effect. Instead,
they suggest that agility requires the support of complementary resources beyond base
technologies. This outcome resonates with prior studies that argue for an indirect
relationship between IT adoption and agility (Samdantsoodol et al., 2017; Schniederjans
etal., 2016).

Moreover, this research adds theoretical value by deepening understanding of the
relationship between Lean and Agile strategies and their impact on firm performance. By
employing the dynamic capabilities perspective, it clarifies how these strategies serve as
mechanisms for creating SC dynamic capabilities that ultimately enhance operational
outcomes.

6.2. Practical implications

The findings of this research provide valuable managerial insights for supply chain
(5C) practitioners regarding the role of Industry 4.0 (I4.0) base technologies in supporting
Lean and Agile SC strategies, as well as their influence on operational performance.

Given that the adoption of 14.0 technologies in manufacturing remains at an early
stage, this study offers guidance on how to integrate such technologies with SC strategies.
The results suggest that the deployment of 14.0 base technologies alone does not directly
enhance operational performance; however, it significantly contributes to the
implementation of Lean SC (LSC). Consequently, the absence of a direct connection
between I4.0 base technologies and performance underscores the need to view
technological adoption through the lens of Lean principles. For instance, automation
should target processes that create customer value, ensuring alignment with Lean
practices. This study also highlights concrete ways in which LSC can be strengthened
through I4.0 technologies.

Moreover, our results emphasize that firms prioritizing LSC development as an
initial step are more likely to achieve Agile SC (ASC) and, eventually, improved
operational performance. This demonstrates that leanness and agility should not be seen
as conflicting goals but rather as complementary capabilities in an I14.0 context.
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Specifically, 14.0 base technologies can reconcile tensions between LSC and ASC, such as
inventory management and buffer capacity (Carvalho et al., 2011; Qrunfleh & Tarafdar,
2014), by enhancing forecasting accuracy and increasing SC visibility.

In practice, this creates a reinforcing cycle: 4.0 base technologies strengthen leanness,
which facilitates agility, leading to superior performance. These improved outcomes then
enable further investment in advanced technologies, thereby sustaining continuous
improvement in SC capabilities.

6.3. Limitations and future studies

The findings of this study should be interpreted in light of several limitations, which
also open avenues for further research. To begin with, the sample was limited to Spanish
manufacturing firms, thereby reducing the external validity of the conclusions. Future
studies should replicate this analysis in other geographical and economic settings,
including developing economies, to broaden generalizability. Another limitation is
related to the time gap since the data were collected. Although the use of more recent data
would have been ideal, comparable studies investigating digital technologies have drawn
on data gathered well before 2018 (e.g., Gillani et al., 2020; Di Maria et al., 2022). Future
research using longitudinal datasets could offer richer insights into how digital
technology adoption has progressed, particularly in the wake of the COVID-19 pandemic.

A further limitation is that only a narrow set of Industry 4.0 technologies and two
supply chain strategies were examined. Subsequent studies might expand the analysis by
incorporating other 14.0 technologies, testing combinations of technologies with shared
features, and evaluating their role in implementing not only LSC and ASC but also hybrid,
green, or resilient SC strategies. Additionally, scholars could explore which specific
capabilities related to LSC and ASC are fostered by each technology and develop models
that explicitly connect technological adoption, capability building, and performance
outcomes.

Moreover, the significance of “small data” should not be overlooked (Bhatia et al.,
2022; Wilson & Daugherty, 2020). Although cloud computing and IoT are increasingly
affordable for SMEs, leveraging Big Data remains challenging due to limited resources
and complexity. In such cases, smaller datasets combined with advanced analytics can
still provide valuable knowledge. Lastly, further research could analyze the role of 14.0
base technologies in shaping recognized antecedents of agility such as supply chain
flexibility and integration thus offering a more comprehensive picture of how agile
capabilities are developed..
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