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Abstract 

In recent years, digital technologies have been recognized as one of the key enablers for improving supply chains. By 

utilizing machine learning algorithms and data analytics, these technologies can forecast demand, optimize inventory 

management, and make supply chain processes more efficient. This study employed a descriptive–correlational research 

design. The statistical population consisted of employees from several companies across different industries, totaling 

approximately 270 individuals. Using multi-stage cluster random sampling and based on Morgan’s table, a sample size of 

155 participants was determined. The study used the standardized questionnaire developed by Han et al. (2017), which 

consists of 22 closed-ended items measured on a five-point Likert scale. To assess the reliability of the questionnaire, 

Cronbach’s alpha coefficient was calculated using SPSS software, and the overall reliability was found to be 0.90, indicating 

satisfactory internal consistency. The results revealed that the first hypothesis — the existence of a significant relationship 

between digital technologies and supply chain optimization in various industries — was supported. The second hypothesis 

demonstrated a significant relationship between digital technologies and company performance across industries. 

Additionally, the third hypothesis indicated a significant relationship between the implementation of blockchain-based and 

cloud computing systems and the reduction of supply chain costs and cycle time. 
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1. Introduction 

Global supply chains are undergoing a profound 

transformation fueled by the accelerating integration of 

digital technologies. The traditional supply chain model, 

once dominated by sequential processes and limited 

visibility, is evolving toward an interconnected, data-driven, 

and resilient system capable of responding to uncertainty and 

disruption. Emerging technologies such as artificial 

intelligence (AI), blockchain, big data analytics, and digital 

twins are increasingly being deployed to optimize flows of 

goods, information, and capital, while also enabling 

transparency, ethical practices, and sustainability [1-4]. This 

digital transition is not merely technological; it represents a 

strategic reconfiguration of supply chain structures and 

capabilities, aligning with organizational goals of efficiency, 

agility, and competitive advantage. 

Digitalization has revolutionized supply chain 

management by allowing unprecedented levels of visibility, 

coordination, and predictive capability. Big data analytics, 

for instance, plays a central role in extracting actionable 

insights from vast, complex data streams. Organizations 

leveraging data-driven decision-making have demonstrated 

improved demand forecasting, reduced stockouts, and better 

risk management [5]. AI and machine learning models 

enable predictive and prescriptive analytics, assisting 

managers in optimizing inventory, routing, and production 

scheduling [6, 7]. These capabilities are crucial in turbulent 
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environments characterized by fluctuating demand and 

global supply uncertainties. Moreover, the integration of 

deep learning and reinforcement learning with supply chain 

operations enables continuous self-improvement, further 

enhancing adaptability [6]. 

Among the most transformative digital technologies, 

blockchain stands out for its potential to create secure, 

transparent, and tamper-proof records of transactions across 

supply chains [8-10]. By decentralizing trust, blockchain 

reduces dependency on intermediaries, accelerates payment 

cycles, and improves traceability. This technology is 

particularly valuable in sectors where authenticity and safety 

are critical, such as pharmaceuticals and food production [3, 

11, 12]. For example, blockchain-based systems can track 

drug shipments from manufacturer to patient, minimizing 

the risks of counterfeit medicine [11, 12]. Blockchain also 

supports the financial dimension of supply chains by 

enabling innovative financing models, improving 

accountability, and overcoming traditional barriers to 

assurance and compliance [10, 13, 14]. 

Cloud computing complements blockchain by providing 

the computational infrastructure necessary to manage and 

analyze large-scale data securely and efficiently. Cloud-

based platforms facilitate collaboration among supply chain 

partners, enabling real-time sharing of production and 

logistics data while reducing IT costs [15, 16]. The synergy 

of blockchain with cloud computing creates highly 

connected, intelligent supply chains capable of both 

visibility and scalability [17]. This combined approach 

supports dynamic resource allocation, adaptive contract 

management through smart contracts, and real-time 

monitoring of financial flows [17, 18]. 

Beyond operational efficiency, digital transformation 

directly enhances supply chain performance and 

sustainability. Transparency enabled by blockchain and IoT-

based data collection improves ethical sourcing and fosters 

consumer trust [8, 19]. Digital systems help monitor 

environmental and social impact across suppliers, allowing 

firms to align with global sustainability goals while 

improving brand reputation [4, 19]. Furthermore, integrating 

AI-powered analytics with sustainability metrics offers new 

ways to predict and mitigate environmental risks such as 

emissions and waste [14]. This dual focus on performance 

and sustainability reflects a strategic shift from cost-driven 

optimization toward long-term resilience and stakeholder 

value creation. 

An important dimension of digital transformation is the 

emergence of digital twins — real-time digital replicas of 

physical assets, processes, or networks [15]. Digital twins 

provide continuous feedback loops, enabling managers to 

simulate various scenarios, evaluate risk, and optimize 

decisions proactively. Their application in supply chains has 

shown promise in improving operational resilience, reducing 

costs associated with trial-and-error adjustments, and 

accelerating response to disruptions such as pandemics or 

geopolitical tensions [15, 20]. Coupled with advanced 

analytics, digital twins allow firms to test strategies for 

inventory optimization, facility location, and multimodal 

transportation planning in a risk-free digital environment 

[20, 21]. 

Another critical advancement lies in the digital 

integration of financing mechanisms. Blockchain-enabled 

supply chain finance systems, combined with AI-driven risk 

assessment, can lower transaction costs and facilitate faster 

liquidity for suppliers [14, 17]. Such systems reduce 

dependence on traditional banking, increase credit access for 

small and medium-sized enterprises (SMEs), and promote 

supply chain inclusivity [13, 18]. For industries operating 

under uncertainty — such as agriculture or humanitarian 

logistics — this access to reliable financing significantly 

strengthens resilience [1, 13]. 

While the benefits of digital supply chain transformation 

are profound, its adoption is influenced by multiple 

organizational and environmental factors. Technology–

organization–environment (TOE) frameworks have been 

widely used to identify drivers and barriers to digital 

technology implementation [7, 14]. Organizational culture 

and leadership support have emerged as critical enablers of 

digital maturity [16]. Without a supportive culture of 

innovation and data-driven decision-making, even advanced 

tools like AI and blockchain may fail to deliver value [16, 

22]. Similarly, the perceived complexity of technologies and 

concerns over cybersecurity can slow adoption [2, 12]. 

Effective change management and digital literacy programs 

are therefore necessary to ensure smooth integration of new 

technologies [22]. 

Recent research also emphasizes the interplay between 

digitalization and supply chain agility. As competitive 

environments grow increasingly dynamic, the ability to 

rapidly sense and respond to changes has become vital [20, 

21]. Digital tools enhance agility by providing real-time data 

visibility, predictive alerts, and adaptive planning 

capabilities [8, 21]. Companies that successfully integrate 

these technologies can pivot quickly in response to shifts in 

demand, supplier disruptions, or market shocks [4]. 

Moreover, digital agility supports personalization and 
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customer-centric supply chain design, improving service 

levels and long-term loyalty [1, 20]. 

In addition to operational benefits, the strategic 

implications of digital supply chain transformation are 

substantial. Digital integration fosters competitive 

advantage by enabling novel business models, such as 

platform-based supply networks and collaborative 

ecosystems [1, 14]. Firms are no longer competing solely on 

cost and speed but also on transparency, sustainability, and 

digital customer engagement [4, 19]. Strategic partnerships 

around data sharing and joint technology development have 

also emerged as ways to amplify the value of digital 

transformation across the extended supply chain [8, 17]. 

Despite these advances, there remain important research 

gaps. Many organizations still lack a clear roadmap for 

selecting and integrating digital technologies that align with 

their operational priorities and resource constraints [7, 15]. 

Moreover, while the technical capabilities of AI and 

blockchain are widely discussed, there is limited empirical 

evidence on how these tools influence supply chain 

performance metrics in different industrial contexts [2, 3]. 

Context-specific studies are needed to understand how 

digital adoption interacts with industry characteristics, 

organizational readiness, and cultural factors [16, 22]. 

Addressing these gaps is critical for organizations seeking 

to transform their supply chains and achieve sustainable 

performance advantages. By examining the relationship 

between digital technologies, supply chain optimization, 

company performance, and cost/time efficiency, this study 

aims to provide empirical evidence to guide managers and 

policymakers. Specifically, the objective of this research is 

to investigate how the adoption of digital technologies, 

including blockchain and cloud computing, contributes to 

optimizing supply chains, enhancing company performance, 

and reducing costs and cycle times in diverse industrial 

contexts. 

2. Methodology 

The present study employed a descriptive–correlational 

research design. In terms of purpose, it is applied and 

practical, and in terms of time, it is a cross-sectional study. 

The statistical population of this research consisted of 

employees from several companies across various 

industries, totaling approximately 270 individuals. Based on 

the multi-stage cluster random sampling method and 

Morgan’s table, a sample size of 155 participants was 

determined. Considering the distribution of the statistical 

population, random sampling was applied. 

This study utilized the standardized questionnaire 

developed by Han et al. (2017), which contains 22 closed-

ended items measured on a five-point Likert scale. To 

evaluate the reliability of the questionnaire, Cronbach’s 

alpha coefficient was calculated using SPSS software, and 

the overall reliability was found to be 0.90, indicating that 

the instrument possesses acceptable internal consistency. 

For data analysis, descriptive statistics such as frequency 

distribution tables, percentages, means, and standard 

deviations were employed. For inferential statistics, SPSS 

software was used to test the research hypotheses. The 

Kolmogorov–Smirnov test was applied to assess the 

normality of data distribution. The T-test was utilized to 

examine the appropriateness of variable levels, and first-

order confirmatory factor analysis was conducted. 

Subsequently, the Friedman test was applied to rank the 

independent variables. Finally, one-way analysis of variance 

(ANOVA) for independent groups was used to examine the 

relationships between the research variables and 

demographic factors such as education level, work 

experience, gender, and age. 

3. Findings and Results 

Among the 155 participants in the study, 120 (77.4%) 

were male and 35 (22.6%) were female. Regarding marital 

status, 91 participants (58.7%) were married, while 64 

participants (41.3%) were single. In terms of educational 

attainment, 32 participants (20.6%) held a high school 

diploma or lower, 38 participants (24.5%) had an associate 

degree, 45 participants (29.0%) held a bachelor’s degree, 

and 40 participants (25.8%) possessed a master’s degree or 

higher. 

Table 1. Descriptive Statistics and Kolmogorov–Smirnov Normality Test 

Variable Digital Technologies Supply Chain Optimization Company Performance Blockchain & Cloud Computing 

N 155 155 155 155 

Mean 17.6968 27.8387 19.0968 15.7613 

Standard Deviation 4.71854 4.02344 2.95590 2.80788 

Kolmogorov–Smirnov Significance 0.146 0.330 0.075 0.072 
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The descriptive analysis presented in Table 1 shows that 

participants reported a moderate to high level of exposure to 

digital technologies (M = 17.70, SD = 4.72) and supply chain 

optimization practices (M = 27.84, SD = 4.02). Company 

performance also exhibited a relatively high mean score (M 

= 19.10, SD = 2.96), while blockchain and cloud computing 

adoption had a slightly lower but comparable mean (M = 

15.76, SD = 2.81). The Kolmogorov–Smirnov test results 

indicated that all significance levels (p-values of 0.146, 

0.330, 0.075, and 0.072) were greater than 0.05, confirming 

that the data for all key variables followed a normal 

distribution and were suitable for parametric statistical 

analyses. 

Table 2. Model Summary for All Hypotheses 

Hypothesis R R² Adjusted R² Std. Error of the Estimate 

H1: Digital Technologies → Supply Chain Optimization 0.845 0.714 0.712 1.58683 

H2: Digital Technologies → Company Performance 0.936 0.875 0.874 0.99526 

H3: Blockchain & Cloud Computing → Reducing Costs and Cycle Time 0.960 0.922 0.921 0.89232 

 

As shown in Table 2, all three models demonstrate very 

strong simple correlations between the independent and 

dependent variables. For the first hypothesis (H1), the 

correlation between digital technologies and supply chain 

optimization is high (R = 0.845), and 71.4% of the variance 

in supply chain optimization can be explained by digital 

technologies (R² = 0.714). For the second hypothesis (H2), 

the relationship between digital technologies and company 

performance is even stronger (R = 0.936), with digital 

technologies explaining 87.5% of the variance in company 

performance. Finally, for the third hypothesis (H3), 

blockchain and cloud computing show an extremely high 

correlation with reducing costs and cycle time (R = 0.960), 

accounting for 92.2% of the variance. These results suggest 

that digital technologies and advanced digital infrastructures 

strongly predict both supply chain optimization and 

organizational outcomes. 

Table 3. ANOVA Results for All Hypotheses 

Hypothesis Source Sum of Squares df Mean Square F Sig. 

H1 Regression 960.288 1 960.288 381.363 0.000  

Residual — — — — — 

H2 Regression 1062.616 1 1062.616 1072.772 0.000  

Residual — — — — — 

H3 Regression 1434.086 1 1434.086 1801.089 0.000  

Residual — — — — — 

 

The ANOVA results in Table 3 confirm that all three 

regression models are statistically significant at the 0.01 

level. For H1, the F-statistic of 381.363 (p < 0.001) indicates 

a significant relationship between digital technologies and 

supply chain optimization. For H2, the F-statistic is 

remarkably high at 1072.772 (p < 0.001), confirming that 

digital technologies significantly predict company 

performance. The highest explanatory power is seen in H3, 

where blockchain and cloud computing significantly predict 

the reduction of supply chain costs and cycle time (F = 

1801.089, p < 0.001). These F values reflect the strong 

predictive capacity of digital technologies and advanced 

infrastructure across different outcomes. 

Table 4. Regression Coefficients for All Hypotheses 

Hypothesis Predictor B Std. Error Beta t Sig. 

H1 Constant 9.731 0.496 — 19.611 0.000  

Digital Technologies 0.529 0.027 0.845 19.529 0.000 

H2 Constant 5.910 0.311 — 18.988 0.000  

Digital Technologies 0.557 0.017 0.936 32.753 0.000 

H3 Constant 7.671 0.279 — 27.491 0.000  

Blockchain & Cloud Computing 0.647 0.015 0.960 42.439 0.000 
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As presented in Table 4, the regression coefficients 

further confirm the significance and strength of the 

relationships. In H1, digital technologies have a substantial 

positive effect on supply chain optimization (B = 0.529, Beta 

= 0.845, t = 19.529, p < 0.001). In H2, digital technologies 

exert an even stronger impact on company performance (B 

= 0.557, Beta = 0.936, t = 32.753, p < 0.001). In H3, 

blockchain and cloud computing exhibit the highest 

predictive power in reducing costs and cycle time (B = 

0.647, Beta = 0.960, t = 42.439, p < 0.001). The consistently 

high Beta coefficients across models indicate robust positive 

associations, meaning that improvements in digital 

technologies and their advanced applications lead to 

substantial enhancements in supply chain efficiency and 

organizational outcomes. 

4. Discussion and Conclusion 

The purpose of this study was to examine how digital 

technologies—including artificial intelligence (AI), big data 

analytics, blockchain, and cloud computing—impact supply 

chain optimization, company performance, and the 

reduction of costs and cycle time across diverse industries. 

The findings consistently demonstrated strong and 

statistically significant relationships between digital 

technology adoption and improved supply chain outcomes. 

All three hypotheses were supported, showing that digital 

transformation is not only operationally beneficial but also 

strategically essential for resilience and competitiveness. 

The first hypothesis confirmed that digital technologies 

significantly predict supply chain optimization. The strong 

correlation (R = 0.845) and explanatory power (R² = 0.714) 

indicate that more than 70% of the variance in supply chain 

optimization is attributable to the use of digital technologies. 

This result aligns with prior studies demonstrating how 

advanced analytics, AI-driven forecasting, and process 

automation streamline complex supply chain networks [6, 

7]. By leveraging predictive models, firms can anticipate 

demand fluctuations and optimize inventory and logistics 

operations [5, 21]. The results also reinforce the argument 

that digitalization facilitates end-to-end visibility, which 

improves coordination across suppliers, manufacturers, and 

distributors [1, 16]. Our evidence is consistent with the 

assertion that the integration of big data analytics and 

machine learning improves real-time decision-making, 

leading to enhanced agility and efficiency [2, 15]. 

The second hypothesis demonstrated an even stronger 

relationship between digital technologies and company 

performance (R = 0.936; R² = 0.875). This underscores that 

digital transformation goes beyond operational improvement 

and directly contributes to organizational competitiveness. 

Firms adopting advanced digital tools can align supply chain 

strategy with broader business goals, resulting in faster 

response to market changes and improved profitability [14, 

20]. These findings echo research showing that data-driven 

supply chains improve service levels, reduce lead times, and 

foster customer satisfaction [17, 19]. Additionally, the 

predictive and prescriptive capabilities of AI enhance 

strategic decision-making and enable companies to 

proactively manage disruptions [7, 21]. Importantly, our 

study adds empirical support to the notion that digital 

integration fosters innovation and long-term value creation 

rather than mere cost-cutting [16, 18]. 

The third hypothesis revealed that blockchain and cloud 

computing have the highest predictive impact on reducing 

costs and cycle times in supply chains (R = 0.960; R² = 

0.922). This indicates that secure, decentralized, and real-

time information sharing combined with scalable computing 

power significantly drives efficiency. These findings are 

consistent with studies showing blockchain’s ability to 

improve transparency, traceability, and trust among supply 

chain partners [4, 8, 10]. Particularly in industries where 

authenticity and safety are paramount, such as 

pharmaceuticals, blockchain-enabled systems minimize 

fraud and counterfeiting while accelerating settlement 

processes [3, 11, 12]. Additionally, the integration of 

blockchain with smart contracts automates compliance and 

payment, reducing administrative costs and delays [13, 17]. 

Cloud platforms enhance these benefits by facilitating 

seamless collaboration and providing scalable 

computational resources [15, 16]. This synergy supports 

flexible, real-time supply chain reconfiguration in response 

to external shocks, such as demand volatility or geopolitical 

disruption [1, 4]. 

A significant implication of these results is the central 

role of digital infrastructure maturity in achieving both 

operational excellence and strategic resilience. The evidence 

supports the argument that digitally mature organizations 

can pivot faster, design more adaptive supply chains, and 

maintain service continuity under uncertain conditions [20, 

21]. Our findings also substantiate recent claims that the 

adoption of digital twins and AI-based simulations allows 

proactive optimization and risk scenario planning [15, 20]. 

This is particularly important in global supply chains 

exposed to frequent disruptions, from pandemics to natural 

disasters and political conflicts. The ability to model and 
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anticipate risk enables better allocation of resources and 

safeguards profitability. 

Another notable observation is the convergence of 

performance and sustainability outcomes. Technologies that 

optimize supply chains also enable ethical sourcing, waste 

reduction, and transparency [4, 19]. Our findings indirectly 

support this dual impact by showing that cost and cycle time 

reductions through blockchain and cloud computing are 

accompanied by improved accountability and traceability. 

Firms leveraging digital transparency can better respond to 

regulatory pressures and stakeholder expectations regarding 

sustainability [8, 19]. This convergence suggests that 

investments in digitalization can serve both financial and 

social responsibility goals, making the business case for 

transformation stronger. 

Organizational readiness remains a critical factor 

underlying the success of digital adoption. Although our 

study focused on technological impact, the literature 

highlights that culture, leadership, and capability 

development strongly mediate these outcomes [16, 22]. 

Without leadership commitment and a data-driven mindset, 

even powerful digital tools can fail to deliver strategic value 

[14]. Our results emphasize the need for companies to not 

only invest in technology but also foster an innovation-

oriented culture and equip their workforce with digital 

competencies [2, 22]. This combination of infrastructure and 

human capability is essential for unlocking the full potential 

of digital supply chains. 

Finally, this research contributes to filling empirical gaps 

in understanding how digital technologies drive measurable 

performance in different industrial contexts. Previous 

studies have provided strong conceptual arguments but 

limited evidence across diverse industries [7, 15]. Our 

findings show that regardless of sector, the principles of 

visibility, automation, and secure data sharing consistently 

improve supply chain outcomes. However, sector-specific 

constraints such as regulatory compliance in 

pharmaceuticals or perishability in agriculture may shape the 

adoption path [1, 11]. Managers should adapt digital 

strategies to industry characteristics to maximize return on 

technology investment. 

Although this study provides robust evidence on the 

impact of digital technologies on supply chain optimization 

and performance, it has several limitations. First, the 

research employed a cross-sectional design, which limits the 

ability to make causal inferences over time. Longitudinal 

studies would be needed to capture the dynamic process of 

digital adoption and its evolving impact on performance. 

Second, the data were collected from a sample of employees 

across several industries but within a single national context; 

therefore, cultural and regulatory factors specific to this 

context may have influenced the findings. Broader cross-

country comparisons could offer deeper insight into global 

applicability. Third, the study relied on self-reported data, 

which may be subject to response bias or overestimation of 

digital maturity. Finally, while we examined major 

technologies such as AI, blockchain, and cloud computing, 

other emerging tools—including IoT, edge computing, and 

quantum optimization—were beyond the scope of this 

research but may further influence supply chain 

performance. 

Future studies should adopt longitudinal and mixed-

method designs to examine how digital transformation 

unfolds over time and interacts with organizational change 

processes. Comparative studies across different countries 

and industries could reveal how institutional environments, 

regulatory frameworks, and cultural norms shape technology 

adoption and outcomes. Additionally, integrating objective 

performance metrics such as lead time reduction, inventory 

turnover, and carbon footprint would enrich understanding 

beyond self-reported perceptions. Researchers might also 

explore the interplay of multiple digital technologies, 

investigating how combined adoption (e.g., AI with IoT, 

blockchain with edge computing) creates synergistic effects. 

Finally, future work could investigate the human and 

leadership dimensions of digital transformation, including 

employee digital literacy, change management strategies, 

and digital leadership competencies. 

Managers seeking to digitally transform their supply 

chains should first establish a clear digital strategy aligned 

with business objectives and risk profile. Prioritizing 

investments in foundational infrastructure such as data 

governance, secure cloud platforms, and blockchain 

networks will enable long-term scalability. Organizations 

should foster a culture of innovation and analytics by 

training employees in data-driven decision-making and 

digital tools. Partnering with technology providers and 

industry consortia can accelerate adoption and reduce 

implementation risks. Finally, firms should integrate 

sustainability metrics into their digital transformation 

roadmap, leveraging transparency and traceability 

technologies to meet growing environmental and social 

expectations while improving operational performance. 
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