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Abstract: This study aims to explore the determinants of supply chain performance in the digital era, with a particular
focus on identifying both the benefits and challenges of digital transformation within the Moroccan context. The research
seeks to contribute to the understanding of how digital technologies reshape supply chain practices in emerging
economies. A qualitative approach was adopted, involving semi-structured interviews with 30 experts and specialists in
supply chain management and digital transformation. The collected data were analyzed using a textometric approach,
which enabled the identification of recurrent themes, patterns, and relationships among the determinants influencing
supply chain performance. The results reveal that digitalization enhances supply chain performance through improved
transparency, agility, and cost efficiency, while also fostering stronger collaboration across stakeholders. However,
significant challenges persist, including digital infrastructure limitations, high implementation costs, resistance to change,
and gaps in digital skills. These findings underscore the dual nature of digital transformation as both an opportunity and
a constraint in the Moroccan supply chain landscape. The study provides insights for policymakers and managers to
design strategies that leverage digital tools for supply chain optimization while addressing the contextual challenges faced
by Moroccan firms. By focusing on Morocco as an emerging economy, this research offers fresh evidence on the role of
digital transformation in supply chain performance, contributing to both academic debates and managerial practices in
developing contexts.

1 Introduction

At the international level, supply chain performance has emerged as a central concern for firms and policymakers, as
it directly affects competitiveness, cost efficiency, and customer satisfaction [1,2]. Global markets are increasingly
characterized by heightened competition, complex trade networks, and greater interdependence among firms operating
across borders. In this context, the ability of a supply chain to ensure reliability, flexibility, and resilience has become a
strategic advantage [3]. Several studies highlight that efficient supply chains contribute not only to operational excellence
but also to sustainable growth by optimizing resources, reducing lead times, and enhancing value creation for stakeholders
[4]. The international literature emphasizes that supply chain performance is a multidimensional concept, encompassing
financial outcomes, service quality, collaboration, and risk management, making it a critical area of research and practice
worldwide [5].

With the advent of digital transformation, supply chain performance has gained new dimensions, reshaping the way
organizations operate and compete [6,7]. Digital technologies such as big data analytics, artificial intelligence, blockchain,
and the Internet of Things have significantly enhanced transparency, visibility, and coordination across supply chain
networks. These innovations enable firms to improve forecasting accuracy, reduce lead times, optimize inventory
management, and strengthen collaboration among stakeholders [8]. Moreover, digital transformation contributes to cost
efficiency and agility, allowing supply chains to respond more effectively to disruptions and volatile market conditions.
From a strategic perspective, digitalization not only improves operational outcomes but also creates opportunities for
innovation, sustainability, and customer satisfaction, making supply chain performance a central pillar of competitiveness
in the digital era [9].

In emerging economies, the digitalization of supply chains presents both opportunities and persistent challenges.
While digital tools promise greater efficiency, transparency, and integration, many firms in these contexts face structural
barriers that hinder full adoption [10]. Limited digital infrastructure, unreliable internet connectivity, and high investment
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costs often restrict the scalability of digital solutions. Moreover, small and medium-sized enterprises (SMEs), which
dominate the economic fabric of many developing countries, struggle with financial constraints, insufficient digital
literacy, and resistance to organizational change [11]. Institutional weaknesses, such as inadequate regulatory frameworks
and fragmented logistics systems, further exacerbate these difficulties. The literature also emphasizes issues of data
security, trust among supply chain partners, and the shortage of skilled professionals capable of managing advanced
technologies [12]. As a result, while digital transformation is recognized as a driver of competitiveness, its implementation
in emerging economies requires tailored strategies that address contextual limitations and resource disparities.

In the Moroccan context, supply chain performance has attracted growing academic interest, evolving alongside the
country’s strategic orientation toward Digital Morocco 2030. Early contributions, such as [13], focused on identifying the
most commonly used performance indicators in Moroccan supply chains, highlighting both existing practices and missing
dimensions through Frazelle’s model. Building on this foundation, [14] explored reverse supply chain practices,
demonstrating that company attitudes and both internal and external barriers critically determine the success of such
initiatives, particularly in an environment where research on RSC in developing countries remains scarce. [15] further
contributed by analyzing supply chain management practices in the automotive sector, underlining their impact on the
financial performance of suppliers, though within a sector-specific scope. More recently, Moroccan research has shifted
toward digitalization and sustainability, [16] showed that digital transformation, mediated by supply chain integration,
positively affects sustainable performance, while [17] emphasized the importance of proactive risk management to
mitigate disruptions and enhance logistic efficiency. Complementing these insights, [18] provided nuanced evidence by
disaggregating digital supply chain dimensions, revealing that while information technology and logistics strongly
enhance agility and innovation, digital manufacturing may negatively affect performance. Taken together, these works
illustrate an evolution from descriptive studies of performance indicators toward more complex analyses linking digital
transformation, sustainability, and resilience, while also showing that the impact of digitalization is not uniformly positive
but highly context-dependent in Morocco.

Despite these valuable contributions, the literature on supply chain performance in Morocco remains fragmented and
reveals several important gaps. First, from a theoretical perspective, there is still a lack of comprehensive models that
clearly define the determinants of supply chain performance in the digital era, particularly within the Moroccan context.
Second, on the practical level, few studies have examined the concrete implications of digital transformation, especially
the dual nature of its benefits and challenges for enhancing supply chain performance. Methodologically, most existing
research relies on sector-specific or case-based analyses, while exploratory studies remain rare, even though the Moroccan
context is still emerging and rapidly evolving. As noted by [14], few studies have been conducted in developing countries,
which further emphasizes the need for context-specific evidence that captures the dynamics of supply chain performance
in Morocco under digital transformation.

This study aims to address the limited understanding of supply chain performance in the context of Morocco,
particularly under the influence of ongoing digital transformation. While international literature highlights the role of
digital technologies in reshaping supply chains, empirical evidence from emerging economies, and Morocco in particular,
remains scarce. Thus, this research seeks to explore the determinants of supply chain performance in the digital era, with
a particular focus on identifying both the benefits and challenges that digital transformation brings to Moroccan
companies. To address these objectives, this study is guided by the following research questions:

Q1. What are the key determinants of supply chain performance in the digital era within the Moroccan context?

Q2. How does digital transformation impact the supply chain performance of Moroccan companies?

Q3. What are the main benefits and challenges of digital transformation in shaping supply chain performance in
Morocco?

To address the above research questions, a qualitative approach was adopted, as it provides deeper insights into
complex and evolving phenomena such as supply chain performance in the digital era. Data were collected through semi-
structured interviews with 30 experts and specialists in supply chain management and digital transformation across
various Moroccan industries. This method allowed the capture of diverse perspectives and practical experiences. The
collected data were subsequently analyzed using a textometric approach, which facilitated the identification of recurrent
themes, patterns, and relationships among the determinants influencing supply chain performance. This methodological
choice was particularly suitable for exploring an emerging and under-researched context, enabling both theoretical
enrichment and practical insights.

2 Methodology

2.1 Methodological approach

Given that this study addresses a relatively new topic within a context that has rarely been investigated, an exploratory
design is considered appropriate. Exploratory studies are particularly suited to contexts where the theoretical foundations
are still emerging, and where little prior empirical work exists to guide the research [19,20]. In such cases, a qualitative
approach is recommended, as it allows researchers to capture rich, in-depth insights into complex phenomena and to
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generate new theoretical perspectives that can later be tested quantitatively [21]. Accordingly, this study adopts a
qualitative exploratory approach to investigate the determinants of supply chain performance in the digital era in Morocco,
as well as the benefits and challenges associated with digital transformation [22]. This methodological choice ensures
flexibility in data collection and analysis, while enabling a deeper understanding of the perceptions and experiences of
experts and practitioners.

2.2 Data collection

Data were collected through semi-structured interviews conducted with 30 experts and specialists in supply chain
management and digital transformation operating in different Moroccan industries (Table 1). Semi-structured interviews
were chosen because they allow flexibility in exploring the perspectives of participants, while still ensuring consistency
in addressing the core research questions.

Table 1 Characteristics of interviewees

Characteristics | Frequency (n) | Percentage (%) |
Gender
Female 12 40%
Male 18 60%
Age
25-35 years 7 23%
3645 years 15 50%
46-55 years 8 27%
Educational Qualification
Master’s degree 20 67%
PhD 10 33%
Professional Experience
5-9 years 8 27%
10-15 years 12 40%
More than 15 years 10 33%
Current Position
Logistics Director 5 17%
Logistics Manager 12 40%
Logistics Assistant/Agent 13 43%
Sector
Service sector 15
Trade sector 8
Other sectors (Primary sector, Industry, etc.) 7

Source: Created by the authors

An interview guide structured around three main thematic axes was developed to steer the discussion and ensure
comprehensive coverage of the study objectives (Table 2). The selection of participants was based on their expertise,
professional background, and active involvement in supply chain activities, ensuring the relevance and richness of the
collected data.

Table 2 Main axes of semi-structured interview

Main Axes Description

Axe 1 Determinants of supply chain performance in the digital era within the Moroccan context.

Axe 2 Impact of digital transformation on the supply chain performance of Moroccan companies.

Axe 3 Main benefits and challenges of digital transformation in shaping supply chain performance in Morocco.

Source: Created by the authors

2.3 Data analysis procedure

After completing the data collection phase, the interview transcripts were analyzed using a textometric approach,
which is particularly suitable for exploring large volumes of qualitative data. Textometry enables a systematic
examination of textual material by combining both quantitative and qualitative techniques to identify patterns, recurrent
themes, and conceptual structures within participants’ discourse [23]. This method provides valuable insights into the
frequency and co-occurrence of words, thereby uncovering the underlying organization of narratives related to supply
chain performance.

For this purpose, the analysis was conducted using [IRaMuTeQ (Interface de R pour les Analyses Multidimensionnelles
de Textes et de Questionnaires), an open-source software specifically designed for textual data analysis [24,25].
IRaMuTeQ allows several forms of analysis, including word frequency analysis, descending hierarchical classification,
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and correspondence analysis, which facilitate the identification and visualization of emerging themes [26,27]. In this
study, the identified themes were grouped into semantic clusters, providing a clearer picture of the determinants, benefits,
and challenges of digital transformation in shaping supply chain performance in Morocco. This approach not only ensured
analytical rigor but also enabled the extraction of nuanced insights directly grounded in expert perspectives.

3 Results and discussion
3.1 Descriptives statistics

Before proceeding to thematic and interpretative analyses, it is important to present the general descriptive statistics
of the corpus (Table 3). These indicators provide an overview of the textual data collected from the semi-structured
interviews and offer a first understanding of its richness, diversity, and suitability for textometric analysis.

Table 3 General statistical analysis of the corpus

Indicators Values
Number of texts 3
Number of text segments 208
Number of occurrences (tokens) 7,507
Number of forms (types) 1,175
Number of lemmas 1,153
Number of hapax 439 (5.85% of occurrences — 38.07% of forms)
Number of active forms 1,140
Number of supplementary forms 13
Active forms with frequency >3 536
Average occurrences per text 2,502.33
Average forms per segment 36.09
Number of classes (clusters) 5
Classified segments 142 /208 (68.27%)

Source: Created by the authors

The corpus is composed of three texts segmented into 208 text segments, yielding a total of 7,507 occurrences and
1,175 different forms. This indicates a sufficiently large and diverse dataset to support robust textual analysis. The number
of lemmas (1,153) is close to the number of forms, suggesting a limited level of lexical variation, as expected in interviews
focusing on a specific professional domain such as supply chain management.

The presence of 439 hapax (words occurring only once) represents 5.85% of total occurrences and 38.07% of forms,
reflecting both the richness and the specificity of the vocabulary used by interviewees. This highlights the emergence of
key technical terms linked to supply chain performance and digital transformation. Regarding active forms, 1,140 words
were effectively mobilized in the analysis, while 536 had a frequency equal to or higher than three, confirming the
presence of recurrent themes. The average of 2,502.33 occurrences per text and 36.09 forms per segment demonstrates
the density of discourse and the consistency of contributions across participants.

The classification procedure identified five main semantic classes from the data, with 142 segments out of 208
successfully classified (68.27%). This rate of classification is considered satisfactory in textometric research, as it
indicates that more than two-thirds of the discourse could be structured into coherent thematic clusters. This provides a
solid foundation for the subsequent interpretation of determinants, benefits, and challenges of digital transformation in
shaping supply chain performance in Morocco.

To further explore the discourse of experts and specialists, a lexical analysis was conducted on the corpus. Table 4
presents the 50 most frequently used active words, which provide a first indication of the dominant themes and concepts
associated with supply chain performance in the digital era within the Moroccan context.

Table 4 The 50 most frequently used active words

Order Active forms Freq. Order Active forms Freq.
1 Supply chain 71 26 optimization 19
2 stock 60 27 flexibility 19
3 logistics 58 28 coordination 19
4 companies 54 29 reliability 18
5 time 52 30 IA tools 17
6 costs 46 31 10T 16
7 Customer satisfaction 40 32 ERP 16
8 market 38 33 Digital transformation 14
9 Inventory management 33 34 profitability 13
10 delivery time 33 35 Procurement management 13
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11 risks 31 36 resilience 12
12 efficiency 31 37 Logistics flows 12
13 disruptions 30 38 transportation 11
14 systems 29 39 Logistics operations 11
15 Logistics performance 29 40 Artificial intelligence 11
16 planning 26 41 agility 11
17 responsiveness 25 42 ability 11
18 Moroccan companies 25 43 warehouse 10
19 challenge 25 44 Service quality 10
20 cost 24 45 competitiveness 10
21 Flow management 23 46 agility 10
22 optimizing 22 47 Operational efficiency 9

23 automation 21 48 logistics costs 9

24 suppliers 19 49 Competitive advantage 9

25 strategic 19 50 stakeholders 8

Source: Created by the authors

The most frequently occurring terms, such as supply chain (71), stock (60), logistics (58), and companies (54),
underline the centrality of operational management and firm-level practices in shaping supply chain performance. High-
frequency words like time (52), costs (46), and customer satisfaction (40) confirm that efficiency, cost control, and service
quality remain key performance indicators for Moroccan firms.

Several words reflect the emphasis on operational processes, such as inventory management (33), delivery time (33),
planning (26), flow management (23), and procurement management (13), showing that performance measurement is
strongly linked to resource allocation, responsiveness, and timely deliveries.

The presence of terms such as risks (31), disruptions (30), resilience (12), and reliability (18) highlights the increasing
awareness of vulnerabilities in supply chains and the need for proactive risk management, especially in an uncertain
business environment.

Digitalization is also reflected in the lexical field with words like IA tools (17), IoT (16), ERP (16), digital
transformation (14), and artificial intelligence (11). Although their frequencies are lower compared to traditional logistics
terms, their presence indicates a growing integration of digital technologies into Moroccan supply chains.

Finally, strategic dimensions appear through terms such as competitiveness (10), competitive advantage (9), strategic
(19), and stakeholders (8), pointing to the importance of aligning supply chain performance with long-term business
objectives and external collaborations. Taken together, these findings suggest that Moroccan supply chains are still
heavily focused on classical performance drivers (cost, stock, delivery, efficiency), while progressively incorporating
digital tools and resilience strategies to address emerging challenges.

To gain deeper insights into the structure of the discourse, a descending hierarchical classification (DHC) was
conducted using the Reinert method. This analysis groups text segments according to the co-occurrence of words, thereby
revealing distinct lexical worlds related to supply chain performance in the digital era. The dendrogram in Figure 1
illustrates the five main classes that emerged from the corpus (Table 5), each representing a specific thematic dimension
of the experts’ discourse.

Table 5 Summary of lexical classes (Reinert Method)

Percentage of

Class segments Thematic title Main utilized concepts
Class 1 14.3% Cost reduction and Reduction, development, logistics costs, compliance,
=70 sustainability service quality, environmental, CSR, optimization
Class 2 21.1% Risks, shortages, and service ~ Poor, delays, shortages, insufficient, failures, customer
e failures satisfaction, logistics performance, additional costs
Challenges of digital Challenge, adopt, digital transformation, supply
Class 3 20.4% transformation of supply chains, agility, collaboration, competitiveness,
chains strategies
. . Adjust, role, algorithms, anticipate, demand, artificial
o Forecasting and adaptive . ; . .
Class 4 17.6% e intelligence, forecasting, procurement, production,
capabilities :
efficiency
Class 5 26.1% Real-Time technologies and Real time, ERP, 10T, BI, cloud, tracking, monitoring,
e traceability smart, logistics operations, traceability

Source: Created by the authors
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Figure 1 Results of the classification method Reinert

Class 1: Cost Reduction and Sustainability (14.3%)

This class highlights the centrality of cost reduction and sustainable practices in Moroccan supply chains. The frequent
appearance of terms such as logistics costs, production costs, compliance, service quality, and CSR shows that firms are
highly concerned with balancing efficiency and responsibility. The discourse suggests that reducing costs is not only a
financial imperative but also linked to competitiveness and long-term resilience. Furthermore, the references to
environmental responsibility and corporate social responsibility (CSR) reflect an increasing awareness among Moroccan
companies of the need to integrate sustainable development into their supply chain strategies. This indicates a shift from
traditional cost-cutting approaches toward more holistic models that consider both economic and environmental
performance.

Class 2: Risks, Shortages, and Service Failures (21.1%)

The second class is dominated by words such as delays, shortages, failures, insufficient, customer satisfaction, and
additional costs. It represents the risks and vulnerabilities that disrupt supply chain performance. Experts emphasize the
negative consequences of poor coordination, insufficient resources, and distribution failures, which directly impact
customer satisfaction and company reputation. The lexical field highlights both external risks (e.g., shortages,
transportation disruptions) and internal inefficiencies (e.g., stockouts, excess costs). This class underscores the need for
Moroccan companies to develop risk management frameworks and to adopt proactive strategies for mitigating disruptions,
particularly in a volatile and uncertain business environment.

Class 3: Challenges of Digital Transformation (20.4%)

This class centers on the opportunities and constraints of digital transformation in Moroccan supply chains. Words
such as digital transformation, agility, collaboration, competitiveness, strategies, and adopt indicate that firms recognize
the potential of digital tools but also face significant obstacles in implementation. The discourse shows that the adoption
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of new technologies requires substantial investments, cross-company collaboration, and organizational change, which can
be particularly challenging for small and medium-sized enterprises. Furthermore, the class reflects the duality of
digitalization: while it offers pathways for enhancing competitiveness and agility, it also brings unforeseen challenges
such as infrastructure gaps, skills shortages, and cultural resistance.

Class 4: Forecasting and Adaptive Capabilities (17.6%)

This class is associated with predictive and adaptive capacities that are crucial for managing supply chains in the
digital era. Terms such as forecasting, anticipate, demand, artificial intelligence, algorithms, procurement, and production
suggest a focus on using advanced tools to better predict market variations and adjust operations. The discourse indicates
that Moroccan firms are increasingly aware of the role of artificial intelligence and algorithm-based solutions in
supporting forecasting and decision-making. Adaptability and learning capacity emerge as key factors in strengthening
supply chain resilience. This reflects a strategic shift from reactive problem-solving to proactive anticipation and planning.

Class 5: Real-Time Technologies and Traceability (26.1%)

As the largest class, this cluster emphasizes the importance of real-time technologies in modern supply chains. The
frequent use of terms like real time, ERP, IoT, BI, cloud, tracking, monitoring, and traceability highlights the critical role
of digital infrastructure in enhancing visibility and responsiveness. These technologies enable firms to monitor logistics
flows, improve shipment tracking, and ensure greater operational transparency. The class also points to the emergence of
smart systems that integrate data-driven solutions, offering Moroccan companies the ability to reduce errors, increase
productivity, and enhance customer trust. However, while these technologies provide significant benefits, their
implementation may require overcoming barriers related to costs, digital literacy, and technological readiness.

3.2 Detailed results

To complement the DHC and provide a spatial representation of the relationships between lexical units, a factorial
correspondence analysis (FCA) was performed. This method allows the visualization of associations between words and
classes by projecting them onto factorial axes. Figure 2 presents the results of the FCA, which highlights the semantic
proximity of terms and the underlying structure of discourses around supply chain performance in the digital era. The
first two axes explain a significant proportion of the total variance, illustrating how experts’ narratives are organized
around distinct but interconnected dimensions. This analysis facilitates a more nuanced interpretation of the corpus, by
linking thematic classes to their most representative concepts and showing how cost reduction, risk management, digital
adoption, adaptability, and real-time technologies coexist and interact in the Moroccan context.
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Figure 2 Factorial correspondence analyses (FCA)
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The factorial correspondence analysis (FCA) provides a visual representation of the relationships between the most
frequently used terms and the thematic classes previously identified. The first two axes together explain a substantial part
of the variance (Factor 1 = 31.38%; Factor 2 = 27.63%), offering a meaningful interpretation of the underlying structure
of the corpus.

Upper-left quadrant (Class 1 — Cost Reduction and Sustainability):

This area is dominated by terms such as logistics costs, production costs, reduction, compliance, service quality, and
environmental. It illustrates a discourse focused on cost optimization and sustainability, where reducing expenses is
strongly linked to improving profitability and integrating socially responsible practices (CSR). This quadrant confirms
the importance Moroccan companies attribute to financial efficiency while progressively adopting sustainability
principles.

Lower-left quadrant (Class 2 — Risks, Shortages, and Service Failures):

Here, words such as delays, shortages, insufficient, failures, reputation, and customer satisfaction prevail. This reflects
the vulnerability of supply chains to disruptions and inefficiencies, highlighting operational risks that negatively impact
customer trust and brand reputation. The FCA thus reinforces the idea that risk management remains a structural challenge
for Moroccan firms, particularly in contexts of resource shortages or weak coordination.

Upper-right quadrant (Class 3 — Challenges of Digital Transformation):

This quadrant clusters terms such as digital transformation, challenge, adopt, agility, competitiveness, and strategies.
It reflects a narrative on the need for Moroccan companies to embrace digital technologies while acknowledging the
barriers that hinder successful adoption (costs, skills, and cultural resistance). This positioning suggests that digital
transformation is perceived as both an opportunity for competitiveness and a source of significant challenges.

Lower-right quadrant (Classes 4 & 5 — Forecasting, Adaptability, and Real-Time Technologies):

The terms real time, ERP, IoT, tracking, algorithms, forecasting, and anticipate dominate this space. It highlights the
role of advanced technologies and predictive capabilities in improving supply chain agility, traceability, and
responsiveness. The discourse here emphasizes the strategic use of artificial intelligence, big data, and business
intelligence tools to anticipate demand, prevent errors, and enhance real-time decision-making.

The FCA confirms the complementarity of the five classes by showing their spatial organization: Traditional concerns
(cost and risk management) dominate the left side, reflecting enduring priorities in Moroccan supply chains. Digital
transformation and advanced technologies dominate the right side, representing emerging drivers of competitiveness and
resilience. This duality illustrates a transition phase: Moroccan companies remain anchored in cost efficiency and risk
minimization while progressively moving toward digital adoption and data-driven supply chain performance.

To complement the classification and FCA, a similarity analysis was carried out to map the co-occurrence
relationships among the most frequent terms in the corpus. Figure 3 presents the graphical representation of these
associations, where clusters illustrate groups of words that frequently appear together in the experts’ discourse. This
network structure provides insights into how concepts are interlinked, offering a clearer view of the role digital
transformation plays in shaping supply chain performance.

Cluster 1 (Green) — Performance and Competitive Advantage

This cluster groups terms such as performance, supply chain management, logistics operations, business intelligence,
and competitive advantage. It highlights the strategic dimension of supply chain performance, showing how companies
perceive digital tools as enablers of operational excellence and sources of competitive advantage. The strong association
with business intelligence suggests that data-driven decision-making is becoming central for Moroccan companies aiming
to strengthen their position in competitive markets.

Cluster 2 (Red) — Flow Management and Digitalization

The second cluster centers on words like supply chain, flow management, digitalization, logistics flows, logistics
costs, management systems, and digital platforms. This indicates that digital transformation is closely tied to the
optimization of flows and systems, aiming to reduce costs and improve process efficiency. The co-occurrence of digital
transformation and Moroccan companies also shows that experts explicitly link modernization efforts to the national
context. This cluster reflects the operational backbone of supply chains, where digital platforms play a key role in ensuring
smoother flows and greater integration across stakeholders.

Cluster 3 (Blue) — Customer Satisfaction and Operational Efficiency

The third cluster is dominated by terms such as customer satisfaction, inventory management, logistics performance,
delivery times, service quality, procurement management, operational efficiency, and artificial intelligence. This cluster
clearly connects digital technologies (e.g., Al, automation) with improvements in customer service, delivery performance,
and procurement processes. It demonstrates that digitalization is not only about internal efficiency but also about
enhancing the external dimension of supply chain performance through better customer experience and reliability.
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The similarity analysis reveals that digital transformation impacts supply chain performance through three
interconnected dimensions:

e Strategic impact (Cluster 1) — by fostering competitiveness and strengthening supply chain management with
advanced decision-making tools.

e Operational impact (Cluster 2) — by optimizing flows, reducing costs, and leveraging digital platforms for
integration and efficiency.

e  Customer-oriented impact (Cluster 3) — by improving service quality, delivery times, and overall customer
satisfaction through technology adoption.

Overall, the analysis shows that Moroccan companies view digital transformation as both a driver of internal
optimization and a pathway toward external value creation. While efficiency and cost reduction remain central, the
discourse emphasizes that the ultimate goal of digital adoption is to enhance agility, reliability, and competitiveness in
increasingly dynamic markets.
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Figure 3 Similarity analysis representation

3.3 Results discussions
3.3.1 Determinants of supply chain performance in the digital era

The findings of this study indicate that supply chain performance in the digital era is shaped by a combination of
operational, technological, and strategic determinants. The experts interviewed emphasized both traditional drivers, such
as inventory management, cost efficiency, and delivery performance, as well as emerging factors linked to digitalization,
such as the integration of advanced technologies, real-time information sharing, and predictive capabilities. These
determinants interact to reinforce competitiveness, enhance resilience, and improve customer satisfaction. Table 6
summarizes the main determinants of supply chain performance in the digital era as identified in the Moroccan context.
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Table 6 Determinants of supply chain performance in the digital era

Determinants

Description

Cost Efficiency

Ability to reduce logistics and operational costs through optimization and resource
management.

Inventory Management

Effective monitoring and control of stock levels to minimize shortages, delays, and excess
COSts.

Delivery Performance

Meeting customer expectations in terms of delivery times, reliability, and service quality.

Digital Integration

Adoption of ERP, IoT, and digital platforms to streamline logistics flows and enhance
visibility.

Real-Time Information

Use of real-time tracking, monitoring, and data analytics for better decision-making and
responsiveness.

Forecasting and  Predictive

Capabilities

Application of Al, algorithms, and business intelligence to anticipate demand and manage
risks.

Collaboration and Coordination

Strengthening inter-organizational relationships with suppliers, customers, and partners
through digital connectivity.

Resilience and Risk Management

Ability to anticipate, absorb, and recover from disruptions to ensure supply chain continuity.

Sustainability Orientation

Integration of environmental and CSR practices into supply chain strategies to align with
global sustainability standards.

Competitiveness and Innovation

Leveraging digital transformation as a driver for strategic differentiation and long-term
competitive advantage.

3.3.2

Source: Created by the authors

Impacts of digital transformation on supply chain performance

The results of this study show that digital transformation has a multidimensional impact on supply chain performance.
Beyond traditional efficiency gains, digital technologies contribute to enhancing visibility, agility, and collaboration
across the supply chain. At the same time, they enable Moroccan companies to anticipate risks, improve customer
satisfaction, and strengthen competitiveness. However, the impact is not uniformly positive, as challenges related to
implementation costs, digital readiness, and organizational resistance persist. Table 7 summarizes the main impacts of
digital transformation on supply chain performance, as identified in this research.

Table 7 The impacts of digital transformation on supply chain performance

Impacts

Description

Efficiency Improvement

Streamlines processes, reduces operational costs, and minimizes waste through automation and

digital platforms.

Enhanced Visibility

Real-time monitoring and tracking enable better control over logistics flows and decision-making

accuracy.

Agility and Responsiveness

Digital tools allow supply chains to quickly adapt to demand variations and external disruptions.

Integration and Facilitates coordination between suppliers, customers, and stakeholders through shared digital
Collaboration platforms.
Risk Mitigation Predictive analytics and Al help anticipate disruptions, shortages, and delays, thereby reducing

vulnerabilities.

Customer Satisfaction

Improves service quality, delivery reliability, and personalization, enhancing the overall customer

experience.

Competitiveness

Provides firms with new capabilities to innovate, differentiate, and strengthen their market

positioning.

Sustainability Support

Digitalization helps reduce carbon footprint, optimize resource use, and align with CSR

commitments.

3.3.3

Source: Created by the authors

Benefits and challenges of digital transformation within the Moroccan context

The empirical findings indicate that while digital transformation is widely perceived as a catalyst for improving supply
chain performance in Morocco, its adoption is accompanied by significant challenges. On the one hand, digital tools
create opportunities for efficiency, agility, and customer orientation, reinforcing firms’ competitiveness. On the other
hand, structural barriers, resource constraints, and organizational resistance limit the full realization of these benefits,
particularly among small and medium-sized enterprises. Table 8 summarizes the key benefits and challenges of digital
transformation as identified in the Moroccan context.
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Table 8 The benefits and challenges of digital transformation within the Moroccan context

Benefits

Challenges

Cost Reduction and Efficiency: Automation, ERP, and IoT
reduce logistics and operational costs while minimizing
erTors.

High Implementation Costs: Investments in technology,
infrastructure, and training remain prohibitive for many firms.

Enhanced Visibility and Traceability: Real-time monitoring
and data analytics improve control over flows and
inventories.

Limited Digital Infrastructure: Weak internet connectivity and
technological gaps constrain digital adoption, especially outside
urban areas.

Agility and Responsiveness: Digital tools allow firms to
adapt quickly to demand fluctuations and disruptions.

Skills Shortages: Lack of trained personnel and digital literacy
slows down adoption and integration of new technologies.

Improved Customer Satisfaction: Better service quality,
delivery reliability, and personalization enhance customer
trust.

Resistance to Change: Cultural and organizational inertia make it
difficult to embrace digital innovation.

Collaboration and Integration: Shared digital platforms
strengthen coordination among supply chain partners.

Cybersecurity Risks: Increased dependence on digital systems
exposes firms to data breaches and security threats.

Sustainability Orientation: Digital tools support eco-efficient
practices and alignment with CSR objectives.

Regulatory and Institutional Gaps: Lack of clear frameworks and
incentives hinders large-scale digital transformation.
Source: Created by the authors

Digital transformation is fundamentally reshaping supply chain performance (SCP) in Morocco through a dual and
context-dependent dynamic. First, the findings confirm that traditional operational determinants—such as cost efficiency,
inventory management, delivery reliability, and customer satisfaction—remain central in shaping SCP. This aligns with
prior research emphasizing that supply chain performance is inherently multidimensional and strongly rooted in
operational excellence and cost optimization [1,3]. Even in the digital era, Moroccan firms continue to evaluate
performance primarily through logistics costs, stock levels, and delivery times, which confirms earlier Moroccan evidence
highlighting the predominance of operational indicators in SCP measurement [13].

However, the study demonstrates that these traditional determinants are increasingly being reconfigured through
digital technologies. The strong presence of terms related to ERP, 10T, cloud systems, real-time tracking, and business
intelligence indicates that visibility and traceability are emerging as structural pillars of performance. This supports
empirical findings suggesting that digital transformation enhances supply chain capabilities by improving transparency,
coordination, and data-driven decision-making [6,7]. In line with the triple-A supply chain perspective, digital tools
strengthen agility, adaptability, and alignment, which in turn positively influence sustainable and competitive
performance [9]. In the Moroccan context, digitalization appears first as an information infrastructure that enhances
monitoring and flow optimization before evolving into a broader innovation driver.

Moreover, the results highlight the growing role of predictive and analytical capabilities in strengthening supply chain
resilience. The discourse around forecasting, algorithms, artificial intelligence, and demand anticipation reflects a shift
from reactive management to proactive and anticipatory supply chain strategies. This finding is consistent with recent
studies showing that machine learning and Al-based systems improve agility, risk mitigation, and inventory optimization
[3,5]. In emerging economies, such digital capabilities are particularly valuable in addressing volatility and uncertainty,
thereby reinforcing supply chain viability and resilience [8]. Nevertheless, the adoption of advanced analytics remains
conditional upon data quality, digital maturity, and human competencies.

Importantly, the study reveals the dual nature of digital transformation. On one hand, digitalization enhances
efficiency, visibility, collaboration, customer satisfaction, and competitiveness, corroborating prior empirical evidence
that links digital transformation to improved supply chain performance and integration [7,9,16]. On the other hand,
significant structural barriers persist. High implementation costs limited digital infrastructure, skills shortages,
organizational resistance, and cybersecurity risks constrain the full realization of digital benefits. These constraints are
consistent with research on supply chain management in emerging economies, which emphasizes financial limitations,
institutional weaknesses, and technological gaps as major adoption barriers [10,11,12]. Thus, digital transformation does
not produce automatic performance gains; rather, its impact is contingent upon contextual readiness and organizational
capabilities.

Compared to previous Moroccan studies, this research extends the literature in several ways. Earlier works focused
on performance measurement frameworks [13], reverse supply chain practices [14], or sector-specific impacts of SCM
on financial performance [15]. More recent studies examined digital transformation and sustainable supply chain
performance [16], risk management and resilience [17], and the differentiated impact of digital supply chain dimensions
[18]. Building on these contributions, the present study offers a more integrative and exploratory perspective by
identifying a comprehensive set of determinants that combine operational, technological, relational, and sustainability
dimensions. It also empirically confirms that digitalization in Morocco operates as a transitional and uneven process,
where traditional performance logics coexist with emerging digital imperatives.
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In sum, the study contributes scientifically by providing contextualized empirical evidence from an underexplored
emerging economy [10], by adopting a rigorous qualitative and textometric methodology grounded in systematic
discourse analysis [23-26], and by proposing an integrated framework of SCP determinants adapted to the digital era. The
findings demonstrate that supply chain performance in Morocco is at a strategic inflection point: while cost control and
operational efficiency remain dominant priorities, digital transformation introduces new capabilities, real-time visibility,
predictive analytics, and collaborative platforms that can significantly enhance resilience and competitiveness, provided
that infrastructural, human, and institutional barriers are effectively addressed.

4 Conclusions

This study aimed to explore the dynamics of supply chain performance in the digital era, with a particular focus on
the Moroccan context. The results provide insights into the determinants, impacts, and dual nature both benefits and
challenges of digital transformation. The findings show that supply chain performance is shaped by a set of interconnected
determinants. Traditional drivers such as cost efficiency, inventory management, and delivery performance remain
crucial. At the same time, new determinants linked to digitalization, such as real-time information sharing, forecasting
capabilities, collaboration through digital platforms, and sustainability orientation have emerged as equally important in
strengthening competitiveness and resilience.

Digital transformation has a multidimensional impact on Moroccan supply chains. It enhances efficiency by
streamlining processes, improves visibility and traceability, and increases agility in responding to market fluctuations and
disruptions. Furthermore, it strengthens integration and collaboration across stakeholders, fosters customer satisfaction,
and contributes to competitiveness. However, the analysis also reveals that these impacts are not uniform, and their
effectiveness depends on firms’ readiness and resource availability.

The benefits of digital transformation include cost reduction, enhanced visibility, improved customer service, and
alignment with sustainability goals. Yet, these are counterbalanced by significant challenges such as high implementation
costs, limited digital infrastructure, skills shortages, resistance to change, and cybersecurity risks. These findings highlight
the dual nature of digitalization, offering both opportunities for innovation and barriers that need to be addressed for
Moroccan companies to fully realize its potential. In sum, this research demonstrates that supply chain performance in
Morocco is at a transition point, where traditional performance levers coexist with new digital imperatives. The future of
Moroccan supply chains will depend on the ability of firms and policymakers to overcome structural barriers and leverage
digital tools strategically to build more resilient, agile, and competitive supply chains.

At the same time, the context-specific focus on Morocco represents both a strength and a limitation of this research.
On the one hand, concentrating on an emerging economy provides rich, grounded insights into how digital transformation
unfolds in environments characterized by infrastructural constraints, SME dominance, and evolving institutional
frameworks. This contextual depth enhances the relevance of the findings for policymakers and practitioners operating in
similar developing settings. On the other hand, the specificity of the Moroccan economic, regulatory, and industrial
landscape may limit the direct generalizability of the results to other regions or highly industrialized economies.
Differences in technological maturity, supply chain sophistication, digital infrastructure, and institutional support
mechanisms could lead to distinct patterns of digital adoption and performance outcomes. Therefore, while the identified
determinants and dual impacts of digital transformation may offer conceptual relevance beyond Morocco, their empirical
validation in other industrial sectors and regional contexts remains necessary. Future comparative studies across emerging
and developed economies would help assess the transferability and robustness of the proposed insights and framework.

4.1 Implications of the study
4.1.1 Theoretical implications

This study makes several important theoretical contributions to the literature on supply chain management in emerging
economies. First, it proposes a new framework of determinants of supply chain performance (SCP) within the Moroccan
context. While previous studies in Morocco have primarily focused on operational indicators such as logistics costs,
inventory levels, and delivery times, the present research expands this perspective by integrating digital-era factors. These
include real-time information sharing, forecasting and predictive capabilities, digital integration, and sustainability
orientation. By doing so, the study bridges traditional efficiency-based approaches with the emerging digital and
sustainability imperatives that increasingly shape supply chain performance.

Second, the study contributes to theory by analyzing the multidimensional impacts of digital transformation on SCP.
It highlights that digitalization not only improves efficiency and visibility but also fosters agility, integration, and
customer satisfaction. At the same time, the research reveals the dual nature of digital transformation: while it provides
opportunities for competitiveness and resilience, it also introduces challenges such as high costs, digital infrastructure
gaps, and organizational resistance. This nuanced view advances the theoretical debate by showing that digital
transformation in emerging economies is not a linear process of improvement but rather a context-dependent phenomenon
with both enabling and constraining effects.
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Finally, by situating these findings within the Moroccan context, where empirical evidence remains limited, this study
contributes to filling the theoretical gap on supply chain performance in developing countries. It enriches the global
literature by offering evidence from an underexplored setting, thereby expanding the applicability of supply chain theories
to diverse economic environments.

4.1.2 Implications for policy makers

The findings of this study also provide important implications for policymakers, particularly in developing countries
where structural constraints often limit the effectiveness of supply chain transformation initiatives. First, the results
underscore the need for investment in digital infrastructure—including reliable internet connectivity, cloud systems, and
data platforms—since these are prerequisites for the successful adoption of digital supply chain solutions. Without
adequate infrastructure, companies may remain unable to benefit from the efficiency, agility, and resilience that digital
transformation offers.

Second, policymakers should prioritize capacity-building programs aimed at improving digital literacy and technical
skills among supply chain professionals. The study shows that skills shortages and lack of training are major barriers to
leveraging digital tools. National strategies that promote continuous training, certification programs, and partnerships
with universities and business schools can help bridge this gap.

Third, the study highlights the importance of regulatory and institutional frameworks to support digital adoption.
Policymakers in developing countries should design clear guidelines on data protection, cybersecurity, and
interoperability standards, ensuring that firms can engage in digitalization with confidence. In addition, providing fiscal
incentives, subsidies, or public—private partnerships could ease the burden of high implementation costs, especially for
SMEs.

Finally, beyond efficiency and competitiveness, the findings stress the opportunity for policymakers to promote
sustainable supply chain practices by encouraging firms to align digital initiatives with environmental and social
responsibility goals. This dual focus on digitalization and sustainability can help developing countries not only modernize
their supply chains but also integrate into global value chains in a more resilient and responsible manner.

4.1.3 Implications for companies

For companies, the results of this study offer several practical implications for strengthening supply chain performance
in the digital era. First, firms should recognize that digital transformation is not only a technological investment but also
a strategic process that requires organizational alignment, cultural change, and capacity building. Embracing digital tools
such as ERP systems, loT devices, and Al-based forecasting solutions can significantly improve visibility, responsiveness,
and decision-making, but their successful adoption depends on leadership commitment and employee engagement.

Second, the study highlights the importance of integrating digital initiatives with core supply chain practices.
Companies should not treat digital transformation as an isolated project but as a means of optimizing stock management,
delivery performance, procurement, and customer service. Aligning digital tools with operational objectives ensures that
investments generate tangible performance gains.

Third, the findings show that resilience and risk management must be central considerations for companies in
Morocco. Firms should use digital platforms to anticipate disruptions, manage uncertainties, and enhance agility,
especially given the volatility of global supply chains. This requires developing partnerships with suppliers and customers
that are supported by transparent information sharing and collaborative platforms. Finally, companies should view digital
transformation as an opportunity to differentiate through sustainability and innovation. Integrating eco-efficient practices,
improving traceability, and aligning with corporate social responsibility (CSR) expectations can enhance competitiveness
in both local and international markets. In doing so, Moroccan firms can move beyond cost reduction and efficiency
toward building more adaptive, innovative, and future-ready supply chains.

4.1.4 Limitations and future research directions

Like any research, this study is subject to certain limitations that need to be acknowledged. First, the study is purely
qualitative in nature, which, while appropriate for exploring an emerging topic and context, does not allow for the
generalization of findings to the wider population of Moroccan companies. Nevertheless, this limitation also constitutes
one of the study’s strengths, as it offers original insights into a relatively unexplored field and provides a foundation for
future empirical work.

Second, the number of interviews was limited to 30 experts and specialists, reflecting the scarcity of expertise in
supply chain performance and digital transformation within the Moroccan context. Although the sample provided rich
and diverse perspectives, a larger pool of participants might have yielded additional insights and broader validation of the
findings.

For future research, it would be valuable to build on these exploratory results by developing a conceptual framework
of the determinants and impacts of supply chain performance in the digital era. Such a model could then be tested
empirically using quantitative methods, with data collected directly from companies across different sectors. This would
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allow for statistical validation of the relationships identified in this study and a deeper understanding of how digital
transformation shapes supply chain performance in Morocco and other developing countries.
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