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Abstract 

The introduction chapter provides an overview of the research problem including the evidence 

of the pandemic revealing weaknesses in traditional supply chains and sets the study's aim, 

objectives, and theoretical framework.  

The literature review has looked at the current body of knowledge on global supply chain shocks, 

especially in times of COVID-19 and how digital transformation helps attain resilience, 

efficiency, and sustainability. It was able to determine important barriers, facilitators, and 

theoretical frameworks, and it forms a solid background to comprehend digitally induced supply 

chain modernisation in the post-pandemic period. 

The methodology chapter outlines the ‘mixed-methods methodology’ that was applied to study 

digital transformation in global supply chains. It follows an ‘interpretivism philosophy’, which 

combines ‘qualitative semi-structured interviews’ with ‘quantitative closed-ended questionnaires. 

The research design adheres to ‘Saunders’ Research Onion’ and was developed ‘inductively and 

deductively’. The data were analysed using ‘thematic analysis’ using ‘NVivo and descriptive 

statistics. In order to preserve ‘credibility and reliability, ethical concerns, sampling methods, 

and validity’ measures were pursued for compliance with the research aims. 

Results and discussion Chapter outlined results of the interviews with supply chain professionals, 

impact of COVID-19 and effectiveness of digital tools in enhancing their visibility, efficiency 

and sustainability using interview (qualitative) and survey (quantitative) research processes. It 

examined blockers and drivers of digital adoption, providing evidence-based opinions that 

encouraged the technology-driven approach of supply chain strategies and made it easier to make 

decisions. 

The conclusion chapter highlighted the most important research results, stressing the importance 

of digital transformation in successfully facilitating the recovery in the face of global chain of 

supply disruption in the wake of the pandemic. It gave practical suggestions to organisations, 

pointed out the significance of technology-enabled resilience, and provided the scope of future 

research to enhance supply chain security, effective operations, and sustainability in a changing 

business environment. 
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Chapter 1: Introduction 

1.1 Research Background 

Complex networks of closely related systems are an integral part of global supply chains, which 

represent the central pillar of the global economy through which goods, services, information, 

and capital flow efficiently across borders (Zhang, 2023). By historical design, global supply 

chains are in most cases, built around the lean, just-in-time and low-cost global sourcing supply 

chain operations. Global supply chains are geared by cost effectiveness, speed and proximity to 

markets. The COVID-19 pandemic showed massive weaknesses of traditional supply chain 

behaviour (Schleper et al., 2021). Borders were shut, factories were shut, product categories 

gained or lost value in weeks and as production lines stopped and consumers’ shopping 

behaviour changed overnight, companies across the world struggled to keep their supply lines 

open, resulting in tears and shortages. 

 

Figure 1: Global Digital Transformation 

(Source: Statista, 2024) 

The pandemic was a pretty strong wake-up call in this regard, demonstrating how woefully 

unprepared global supply chains are when it comes to dealing with unexpected shocks. 

Lockdowns, transport freezes, labour shortages, and unpredictable demand shocks that prompted 
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factory shutdowns have led to production stoppages, which have caused entire industries to grind 

to a halt. 80% of businesses cited supply chain issues as “worthy” during the pandemic (Sodhi et 

al., 2021). If nothing else, it exposes the fragility of current systems. Companies relying on 

single-source suppliers and thinning inventory were beset when supply chains went haywire. 

The requirements for resilient and flexible supply chains became apparent. For companies, the 

idea emerged that merely surviving disruption was not enough instead, companies needed to 

become prepared for disruption and know how to respond more effectively (Roblek et al., 2021). 

Culturally, that created an environment where digitalisation of supply chain management was 

encouraged. How will Artificial Intelligence (AI), Blockchain and Internet of Things (IoT) play 

a role in their rebuilding, and how will the technologies help to better optimise and future-proof 

supply chains? 

Predictive analytics is the name, AI is one of the drivers and it serves as the easiest way an 

organisation can respond faster and with less manual intervention (Bari and Ara, 2025). 

Blockchain offers audit evidence and non-repudiable transaction information and enhances trust 

and visibility between supply chain members. At the same time, the IoT allows for visibility in 

real-time of inventory, transport, hosts, and storage conditions, which enhances this visibility and 

responsiveness of the organisation.  

The pandemic accelerated e-commerce, which needs faster, more accurate and customer-

responsive supply chain operations. In this regard, digitalisation has deep implications for 

business as an indication of a profound change in the way they operate, plan, execute, and 

respond to events. Companies that had digitalised their supply chains enjoyed several advantages 

in -quicker recovery, sustaining position in market as well as in optimal market share’s 

competitive advantage (Jafari et al., 2022). 

The current issues and the post-pandemic world Essentially, it can be observed that Joint 

Webinar Are you ready to “ReStart” Supply Chain? This study is an investigation into how 

organisations can exploit digital transformation opportunities to identify and grow resilience and 

efficiency opportunities on that global supply chain which exists in a volatile world. 
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1.2 Aim and Objectives 

Aim:  

The current research will study how digital transformation can improve the resilience and 

efficiency of global supply chains in a post-pandemic world. 

Objectives: 

● To determine the impact of ‘COVID-19’ on global supply chain operations. 

● To evaluate how digital transformation can improve operational efficiency, visibility, and 

sustainability. 

● To recognise the main barriers and enablers to implementing digital transformation in 

supply chains. 

● To provide recommendations for organisations with supply chains, who wish to 

modernise and bolster security and efficiency through digital tools. 

1.3 Research Question 

What are the ways that digital transformation can improve the resilience and efficiency of global 

supply chains in the post-pandemic era? 

1.4 Research Problem 

The ‘COVID-19 pandemic’ exposed vulnerabilities in global supply chain systems, including 

visibility and transparency, responsiveness, and dependence on suppliers. It was those that were 

cost-optimised that suffered most from such spare-line setbacks, logistical limitations or 

supply/demand swings that led to abrupt closures (Choksy et al., 2022). The pandemic has laid 

bare one big challenge: Global supply chains were not built for disruption. 

Organisations cannot afford to wait, yet they can't get “digitally stuff done.” Digital solutions 

offer clear benefits, such as better predictive maintenance, improved tracking as well as secure 

transactions, but digital technologies (‘AI, IoT, Blockchain’) are not being employed either due 

to organisational inertia, lack of digital capabilities or lack of alignment with the strategy. In 
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addition, companies are uncertain how they can capitalise on these technologies, in tandem, to 

increase smartness or efficiencies at the operational level (Bisht et al., 2021). This research 

challenge centres on the strategic and operational challenges facing the digital transformation of 

supply chains; finding concrete examples and advancing our theoretical understanding of the 

issue to create a gap and space between the aspiration of digital technology and doing, and the 

chance to establish a resilient capability in agile supply chains which are future-proof. 

1.5 Research Rationale 

The motivation for this work resides in the global need to re-imagine and digitalise supply 

chains, with the current disruption being at an unprecedented scale (Bennett and McWhorter, 

2021). The pandemic has not occurred in isolation as a single event; rather, it illustrates the kinds 

of challenges supply chains will increasingly have to tackle in response to an array of global 

crises of health, geopolitics, and the environment. Enterprises need to shift from defensive 

policies to proactive, technologically enabled approaches. 

Digital transformation can bring radically improved predictability, traceability, and flexibility to 

supply chain systems. As the majority of what is available has treated different technologies in 

isolation as opposed to considering their aggregate value for resilience as well as for efficiencies 

(Ghobakhloo et al., 2023). Moreover, there is scarce qualitative data on how such digital tools 

were experienced by industry practitioners during the crisis. The present study will start to 

address this lack in the literature by investigating how supply chain managers concoct the 

combination of technologies they used during the pandemic in the absence of non-digital systems 

and what challenges still lie ahead. Such study could offer a promising first step to provide an 

applicable roadmap for supply chain manager, as well as contribute to the relevant scholarly 

discussions about digital innovation and operational resilience in their firms. As a result, the 

study will contribute to more adaptive, sustainable and technology-enabled supply chain 

patterns amid a global system of greater unpredictability. 

1.6 Research Significance 

Academically, it contributes to the literature on digital transformation from a strategy perspective 

in the supply chain management domain, a key growth area ‘post-COVID-19’, and it utilises 
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both qualitative reality and theoretical perspective to offer a rich picture of innovation in the 

context of the supply chain adoption.  

Based on some viewpoints, the research provides practical implications for businesses that if 

they intent to adopt or use digital technologies in their supply chain operation benefit from the 

work, as key success factors, challenges and enablers for supply chain planning to take that 

decision into consideration when they plan their strategies (Stroumpoulis and Kopanaki, 2022). 

More generally, the study contributes to the development of globally resilient and sustainable 

trading systems, which are critical for mitigating the economic and social impacts of large-scale 

global disturbances in the future. Results offer insights for both industry policy and 

governmental initiatives on digital infrastructure and supply chain innovation. 

1.7 Research Limitations 

As the study is qualitative which can privilege depth over generalizability? The consequences of 

this deduction will only be valid for the subset of supply chain practitioners from whom the 

lessons are learned and will not be portable across industries and across geographies. Second, 

only the seeding of three digital technologies (AI, Blockchain and ‘IoT’) is conducted. Other 

technologies, such as robotics, cloud technologies, as well as cybersecurity technologies, though 

suitable, are outside the focus at the moment. 

Third, due to constraints of time and financial resources, the study will be restricted in terms of a 

number of interviews and survey responses, which in turn may limit the range of the 

perspectives. Lastly, the study is a study of a ‘post-COVID-19’ recovery, which as a topical 

research area, is timely, but in the absence of other contemporary risks, such as new conflicts or 

climate-induced disasters, this can be seen as somewhat limited. That said, the research will set 

the stage for future work that may be stronger or have a broader scope. 
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1.8 Research Structure 

 

Figure 2: Research Structure 

(Source: Self-Created) 

1.9 Summary 

This introduction has emphasised the imperative of rethinking the world supply chains post-

pandemic, providing context for digitalisation as a means of achieving resilience and efficiency. 

Chapter 1 was devoted to the presentation of problem and explanation, justification and rationale 

of the study and the methodology to be used and to listing a research statement and research 

questions. The chapter concluded with a discussion of the dissertation format and limitations.  
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Chapter 2: Literature Review 

2.1 Introduction 

The COVID-19 pandemic highlighted the fragility of delivery chains across the world and has 

led groups to rethink and redesign their delivery chains globally. The literature assessment 

affords an outline of the approaches virtual transformation has emerged as a strategic 

repositioning manner to construct resilience, performance, and sustainability within deliver 

chains. The literature assessment is prepared in 3 sections constructed upon a few empirical 

studies from quite a number of industries and countries, a proof of the theoretical frameworks 

underpinning the study, and a conceptual framework. Research gaps are highlighted afterwards, 

then understanding is synthesised with the position of technology, together with AI, IoT, and 

blockchain in shaping the post-pandemic delivery chain. 

2.2 Empirical study 

2.2.1 Supply chain operations across different industries and countries before the pandemic 

Pharmaceutical industry  

USA 

According to Odumbo et al. (2024), the pharmaceutical supply chain has catered to the function 

of efficiency rather than resilience, and the traditional model attributes have mainly focused on 

the lean, centralised manufacturing and just-in-time process to reduce their operational costs. In 

the USA, one of the most recognised inefficiencies was the structural implications and the equity 

gaps that have impacted the rural communities. Despite technological evolution, the 

pharmaceutical supply system has experienced structural fragmentation that, as a result, 

undermines the equitable distribution across the pharmaceutical companies in the US. The opioid 

distribution crisis serves as an extraordinary example that implicates the measures of distribution 

only within the high-demand regions, resulting in severe public health consequences. Moreover, 

the mass production techniques, standardisation of drug production by the FDA have allowed for 

the establishment of the centralised pharmaceutical supply chains. For example, Pfizer and 

Biotech have already begun their work much earlier than the approach towards the facilitation of 
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the supply chain for the vaccine measures. Prior to the pandemic, the company had operated 

through lean practices in the operation, while the high rise on demand for vaccines has allowed 

the company to shift towards digital aspects to develop effective functions (Bown and Bollyky, 

2022).  

China  

On the other hand, Kuo et al. (2021) opined that about 40% of the medications in Taiwan rely on 

the APIs that are produced in China, which holds the chance to disrupt the seamless supply chain 

practices in case of the continuation of COVID-19. Misallocations of medications in its internal 

measures, fragmented distribution, and additionally, the over-reliance on the APIs have also been 

great concerns for the pharmaceutical industry in China. 

As opined by Wells et al. (2024), the weak strategic implication in Pfizer’s operation is an 

excellent example that highlights the failure in the supply chain measures. The reason is due to 

the shortage of the API for the explosion, as the factors have impacted Pfizer’s measures to 

supply the antibiotics, disrupting the process. This indicates a lack of transparency, regulatory 

measures within the region that impact the production of antibiotics.  

Japan  

According to Bas et al. (2023), Japan has employed skilled employees or physiotherapists to 

govern the applications of the supply chain related to hospitals. Moreover, the healthcare supply 

chain has been complex and is difficult to manage due to the “medical and pharmacological 

speciality issues”. Moreover, the industry has to deliver notable changes within its operations 

with the advent of pandemics.   

Automotive 

USA 

Klug et al. (2022), the address on the Just-In-Sequence focuses on the two-tier supply chain that 

allows for delivering parts to the assembly line in the exact process, yet sequentially. This, as a 

result, allows for minimising the inventory, reducing waste and streamlining the assembly 

process. It is one of the notable processes escalated in the USA and allows for ensuring measures 
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to facilitate seamless processes in the supply chain. Milewski (2022) has stated that the cross-

docking centres, stocking facilities, lean management application and Just-In-Time approaches 

have been facilitated over the operations of Toyota. Therefore, the full application of the JIT 

Concept within the operations of Toyota has allowed them to regulate efficiency in the process.  

China  

As opined by Huang et al. (2023), the supply chain management procedures in China have been 

affected by the rise of geopolitical issues despite its strong measures in regulating the behaviour 

facilitated over the supply chain operations. The maintenance of the resilient features and the 

identification of the vulnerabilities have always been a sensitive concern in the supply chain 

operations within China.  

Japan  

Maeno et al. (2022) have stated that supply chain restructuring has been a recognisable work 

facilitated by Toyota, and it has also embraced the Carbon Disclosure Project to ensure 

sustainable applications in their process. The assurances towards environmental protection have 

indicated that the automotive industry in Japan regulates responsible and centralised practices in 

their supply chain process.  

Retail 

USA 

According to Varriale et al. (2021), the supply chain facilities in the USA have always been 

highlighted due to their strong initiatives in technological implication, such as RFID for 

enhancing the supply chain operations. This allows for constant monitoring of the products and 

allows for improving the issues, which, as a result, allows for accelerating the process of 

shipment and the procurement phase.  

China  

Chen et al. (2024) have stated that Alibaba has already implemented the use of e-commerce 

resources for promoting their logistics operations and also facilitated the RFID technology to 
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develop a seamless performance within their cross-border logistics. The utilisation of blockchain 

within the SC has allowed the company to ensure efficiency and transparent approaches. 

Japan  

On the other hand, Schroeder and Lodemann (2021), the natural disasters in Japan have resulted 

in disrupting numerous networks and negatively within business operations. These facilitate the 

development of the ML and the SCRM to reduce their risks by levelling up their strategies in 

terms of technologies, systems and processes.  

2.2.2 post-pandemic transformation within the supply chain practices in different 

industries and countries. 

Pharmaceutical  

Wong et al. (2023) stated that the sudden demand for medical applications after the pandemic 

has resulted in the Pharma 4.0, which allowed the implication of AI, Iot in the industry has been 

able to deliver flexible measures in the production process. This has reduced the delivery 

measures and affected the productivity process, and the connectivity has developed an effective 

response towards the supply shortage.  

As per the views of Ma et al. (2022), traceability in the supply chain measured through the 

application of BCT has been a significant lesson derived from the pandemic. Continuous 

monitoring, regulation, and tracking measures are the key attributes which has been developed 

due to the possibility of traceability.  

On the contrary, Trabucco and De Giovanni (2021) have opined that the adoption of the lean 

coordination mechanisms and strategies has allowed the companies in China to ensure effective 

allocation of the resources, focusing on the external environment and developing resilience in the 

business operations in terms of sustainability and efficiency.  

According to Ogbuagu et al. (2023), the facilities of the GMP and the follow-up on the 

guidelines implemented by the ICH have allowed Japan and other countries to focus on the 

technical aspects effectively for resilience supply chain applications. It maintains regulatory 
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adherence, avoids contamination, maintains temperature and additionally, guarantees product 

integrity throughout the line of manufacturing process.  

Liu et al. (2025) have stated that Chinese pharmaceutical companies have focused on the more 

strict regulatory measures, partnership facilities for their development of medical devices and 

additionally, their initiative for the investment features in local production, R&D after the post-

pandemic era resulted in the supply chain resilience.  

Automotive  

Based on the opinions of Nkuna et al (2023), it can be stated that the use of JIT through the TPS 

has enhanced in the recent times mainly after the pandemic to address on the inefficiencies 

within the production and delivery facilities. The acknowledgement of the MRP and the MRP 2 

planning in the operations of Toyota has allowed for maintaining the stock decrease process and 

ensuring sustainable measures in the operation of the company.  

On the other hand, Lin et al. (2021) stated that the supplier's strategy leads to delivering effective 

functionalities and developing a more resilient process in response to diversification of the 

suppliers. This, as a result, allows organisations to get immediate help from other suppliers in 

times of need to facilitate the seamless process.  

Siota and Prats (2021) stated that Toyota Motor Corporation has facilitated collaboration with 

start-ups on better predictive maintenance, data analytics and supplier-risk scoring systems. As a 

result, has allowed for the reduction of operations due to enhanced logistics automation and 

smart warehouse systems.  

According to Monsone (2021), the lean supply chain measures and the implementation of better 

production cycle measures in response to the industry standards have allowed for the 

implementation of a digital twin to optimise the supply chain processes. Moreover, it has also 

allowed for testing of the new production process for the development of the virtual phase of the 

real processes.  

Retail  
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As opined by Anica-Popa et al. (2023), the RPA approaches and different digital efficiencies 

have been integrated into Alibaba to enhance their resilience in the supply chain measures. The 

implementation of AI-driven demand forecasting, driverless warehouses, and smart tracking 

products through blockchain facilities has been effective in bringing seamless operations.  

On the other hand, Qi (2022) has stated that the measures of AliExpress have facilitated new 

measures within their supply chain operation to control the delays and cross-border limitations. 

This has been effective through the implementation of AI mechanisms in their global 

transportation strategy and investments in strategic collaboration approaches to establish 

seamless SCM procedures.  

Rahman (2024) stated that the pandemic has transformed the facilities in Alibaba, and the 

implication of predictive analytics in the Japanese market has allowed the company to predict the 

preferences of the customers and the market. This, as a result, has allowed organisations to 

reduce the overstressing measures and also ensure sustainable approaches.  

2.2.3 Prospects of digital technologies within the supply chain measures across the 

companies during the pre- and post-pandemic era. 

According to Beninger et al. (2022), the measures of the Pharmacovigilance Strategy are 

required and are considered the cornerstone of the pharmaceutical industry. Before the pandemic, 

the initiatives had not been addressed much and therefore, without clear guidance for reporting 

and acknowledging the events, led to shortages, recalls hampering the seamless process of the 

supply chain. For example, the implementation of digital technologies in Pfizer, such as Iot for 

detailed monitoring functionalities, CT to address the traceability, has been effective in reducing 

inefficiencies by the identification of the risks and developing effective risk management 

initiatives to ensure seamless SCM (Pilati et al., 2021). 

On the other hand, Salim and Abdillah (2022) stated that the ERP solutions and the JIT facilities 

were recognisable within the automotive industry during the pre-pandemic era that has ensured 

effective function yet developed constraints in offering measures to the fragmented SC 

operations. Moreover, the investments in the application of the digital twin prospects allowed for 
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monitoring the facilities regarding the SC operations to develop effective strategies to facilitate 

seamless operations to ensure success in the upcoming times.  

On the other hand, Zhang (2024) stated that the Cainiao network application by Alibaba within 

the logistic operations was inherited before the pandemic and drives the digitalisation of logistics 

and supply chain measures. Moreover, the incorporation of big data analytics in business 

functionalities has allowed for demand forecasting, which, as a result, allows organisations to 

predict the demands and the network has allowed for the optimisation of the delivery routes to 

ensure the delivery measures.  

Lu et al. (2021) stated that the implementation of Cainiao, along with the combination of cloud 

computing, ML algorithms set up by the company, enhances the last-mile operations to develop a 

resilient SCM. In addition to that, the application of blockchain technology to ensure of 

transparency in business features has been a promising opportunity for organisations to develop 

customer trust regarding ethical SC measures.  

2.2.4 The impact of the role of Digital Transformation in relation to post Pandemic (after 

Covid 19) in supply chain. 

According to Frederico (2021), the COVID-19 pandemic significantly and negatively impacted 

global supply chains, revealing unquestionable weaknesses in every sector, while emphasising 

that all sectors require substantial change. Firms implemented digital transformations by 

incorporating artificial intelligence (AI), blockchain, and the Internet of Things (IoT) into their 

supply chains in order to meet the challenges brought forth by the crisis, so they could have a 

company at all. The current section will examine three industries and three companies: 

pharmaceuticals (Pfizer, USA), retail (Alibaba, China), and automotive (Toyota, Japan) to show 

how companies implemented digital transformation to improve resilience, enhance efficiency, 

and increase agility related to the supply chain in response to the pandemic. 

On the other side, Kouam (2025), taking these principles into account, Pfizer, one of the largest 

global biopharmaceutical companies in the U.S., exemplifies what can occur with digital 

transformation in the pharmaceutical space. Before COVID-19, in the United States, 

pharmaceutical supply chains were run with just-in-time inventories, globally sourced, with 
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reactive forecasting (Balkhi et al., 2022). It was business as usual. With the pandemic, demand 

quickly grew, and all aspects of logistics were completely disrupted. Pfizer soon realised that the 

unpredictability of the pandemic necessitated a complete rethink of the supply chain, so that 

vaccines and treatments could be delivered quickly and reliably to hundreds of millions of 

people. 

Similarly, as per the study by Aljohani (2023) to face this big challenge, having assessed the 

risks, Pfizer set out to apply AI-powered predictive analytics to manipulate calls for forecasting, 

are expecting to deliver a shortfall and assess present confined assets dynamically. They 

expected wherein the most important person's desires could be fulfilled at one time and directed 

to deliver strains to fulfill the call (Dura et al., 2025). They used this making plans and 

forecasting method and have been experiencing ways much fewer inventory outs, supplied 

surprisingly equitable distribution of their product, whilst the worldwide call for changed into 

swiftly changing. 

Silkoset and Nygaard (2025) states that Pfizer had moreover performed blockchain era to manual 

transparency and integrity in its vaccine supply chain. As counterfeit prescribed drugs are 

developing in importance in some unspecified time in the future of catastrophe situations, 

blockchain furnished Pfizer verifiable records, with tamper-proof documentation of every 

element of vaccine production, distribution, and delivery. These superior stages are given as 

proper with governments, health-care providers, and patients. Digital dashboards, moreover, 

synthesised statistics from suppliers, manufacturers, and logistics partners, providing end-to-end 

visibility of the supply chain. With this era in place, Pfizer changed into leveraging an adaptive, 

trusted network that changed into extra robust than their traditional reactive systems to take on 

the fantastic and complex desires of the pandemic, and beyond. 

As noted by Tagde et al. (2021), Alibaba responded by rapidly scaling its AI logistics platform 

Cainiao, which incorporated predictive analytics, cloud computing, and smart warehousing, to 

manage the crisis effectively. In retail, Alibaba, the largest e-commerce company in China, 

exemplified how digital transformation allowed it to fulfil rapidly escalating consumer demand 

while being able to adapt to continuously evolving conditions amid the COVID-19 pandemic. 

Before COVID-19, Alibaba had a complex e-commerce ecosystem and emerging logistics 
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network. In the case of Alibaba, AI models were able to help predict changes in consumer 

behaviour, thereby informing delivery route optimisation as well as how to allocate inventory 

across warehouses to mitigate delays stock stockouts. 

Furthermore, Scott et al. (2025) state that Alibaba drastically applied IoT technology through 

nearly all components of its logistics operation. Using IoT sensors, stock ranges, and warehouse 

conditions, cars operated, etc., have been constantly monitored to permit for real-time 

adjustments to distribution plans, and have brought the advantage of ensuring higher popularity 

for perishable products. One of the most important ameliorations at some point of the pandemic 

became Alibaba`s acceleration of deploying self-sufficient shipping robots and drones. Robots 

and drones have now become an effective device for mitigating hard work shortages because of 

lockdowns, however additionally decreased and removed human contact, which has become a 

concern for delivery chain protocols for transmission risk reduction (Kandhare et al., 2025). 

Likewise, the usage of blockchain furnished a degree of consideration and authenticity in 

recording transactions. In the car industry, Toyota, the biggest carmaker in Japan, offers an 

instance of the way corporations leveraged virtual transformation to mitigate the dangers related 

to their preceding lean, just-in-time manufacturing model. Before the COVID-19 pandemic, 

Toyota`s delivery chain changed its idea to be near best given the working understanding and its 

near-0 reliance on stock. However, this technique left Toyota prone to foremost disruptions, in 

particular, while felony mandates to close down provider networks and the breakdown of 

worldwide logistics occurred.  

As per the study by Goswami et al. (2024) Toyota employed AI-enabled analytics to track 

supplier performance, predict supplier disruptions, and identify alternative suppliers early on. 

Through data on transportation delays, geopolitical risk, and suppliers’ financial stability, AI-

derived models provided Toyota with actionable insights that allowed them to diversify suppliers 

and create strategic buffers for key components. This predictive capability resulted in Toyota 

being able to restore operational stability faster than many of its competitors. Furthermore, 

Internet of Things (IoT) sensors have been systematically hooked up all through their factories, 

distribution centers, and motors to determine and track the location and status of each piece of 

equipment, deliveries, and inventories (Chen and Biswas, 2021). As a result, managers have been 

capable of dynamically manipulating bottlenecks, system failures, or transportation problems 
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with real-time data, growing their agile talents and visibility.  The case studies of Pfizer, Alibaba, 

and Toyota showcase varied ways digital transformation allowed organisations to address 

vulnerabilities brought to light during the COVID-19 pandemic. Pfizer embraced AI and 

blockchain sources to predict demand, facilitate distribution, and create transparency all vital 

elements of success in an industry that prioritizes rapid, accurate, and transparent responses. 

Alibaba utilized available AI logistics platform technologies, IoT enablement visibility, and 

autonomous delivery systems, to meet unprecedented demand with logistical cordiality; and 

simultaneously served to promote and protect public health.  

Company & 

Industry 

Pre-COVID-19 Post-COVID-19 

Pfizer 

(Pharma, 

USA) 

Lean inventory, limited real-time 

visibility, reactive demand 

planning. 

AI-enabled forecasting, blockchain for 

transparency, proactive and adaptive 

supply chain. 

Alibaba 

(Retail, 

China) 

E-commerce with growing 

logistics, moderate automation, and 

human-dependent delivery. 

AI & IoT-enhanced logistics, drones & 

robots for delivery, blockchain for 

trust. 

Toyota (Auto, 

Japan) 

Just-in-time with minimal buffers, 

rigid supplier networks, and limited 

risk anticipation. 

AI-driven risk prediction, IoT-enabled 

monitoring, cloud-based collaboration, 

and greater flexibility. 

Table 1: Comparison of Pre-Pandemic and Post-Pandemic Impact 

(Source: Self-Created) 
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The desk also emphasizes how country-specific contexts influenced every company's digital 

transformation journey. For example, in the United States, Pfizer benefited from the countries 

more competitive technological environment and stronger focus on innovation, which allowed 

for the rapid deployment of AI and blockchain in healthcare. Meanwhile, in China, Alibaba 

could apply the government's support for digital infrastructure and its pre-existing investments to 

champion intelligent logistics and independent technology nationally.  

2.3 Theoretical Framework 

In order to understand how digital transformation affects supply chain resilience and efficiency 

after the COVID-19 pandemic, we must ground the analysis in sound theoretical perspectives. 

The ‘Resource-Based View (RBV)’, ‘Dynamic Capabilities Theory’, and ‘Supply Chain 

Resilience (SCR) Theory’ are three dominant theories that facilitate an analysis of how. 

Resource-Based View (RBV) 

The resource-based view (RBV) proposes that long-term competitive advantage is reached by 

firm set of resources that are valuable, rare, inimitable, and non-substitution (VRIN)-centric. 

Unique to RBV is the notion that a company`s internal resources and capabilities are key to the 

firm's ability to compete, unlike more conventional economic models, which focus strictly on 

external market circumstances (Wartini et al, 2024). In this post-pandemic era of supply chain, 

digital technologies, including those of AI, IoT, and blockchain are strategic assets to capitalise 

on the performance and resilience. 
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Figure 3: RBV Theory 

(Source: Cho and Linderman, 2020) 

Companies that fully leverage AI, IoT, and blockchain are able to redefine the value proposition 

through bespoke, distinctive capabilities such as real-time insight into the supply chain, 

predictive analytics, and secure, audited transactions. For example, AI-based forecasting systems 

have increased the capacity of firms to respond to demand variability, while the honesty between 

buyers and suppliers is facilitated through the use of blockchain-supported transparent records 

(Beamish and Chakravarty, 2021). These capabilities satisfy the VRIN requirement because they 

are both technologically better (valuable), not commonly applied (rare), hard to reproduce 

(inimitable), and generate specific supply chain advantages (non-substitutable). 

Dynamic Capabilities Theory 

‘Dynamic Capabilities Theory’ expands in this view by explaining how companies respond and 

rearrange their sources to satisfy fast adjustments of their environment (Chari et al., 2022). The 

concept considers dynamic competencies because of the potential to understand possibilities and 

threats, capture possibilities through funding and aid reconfiguration, and rework organizational 

procedures to stay competitive. During the COVID-19 pandemic, delivery chains confronted 

extraordinary disruption, requiring companies to increase dynamic competencies to live to tell 

the tale and prosper. Digital technology performed a crucial function in setting up those 
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competencies. AI and predictive analytics proved beneficial in assisting companies to make 

adjustments in call for or deliver conditions.  

 

Figure 4: RBV Theory 

(Source: Wang and Liu, 2023) 

IoT sensors and related gadgets allowed companies to capture possibilities through enhancing 

manufacturing or transport in real time. Lastly, blockchain and cloud structures helped 

companies rework current procedures into extra agile, transparent, and collaborative strategies 

for doing business (Xu and Hou, 2024). ‘Dynamic Capabilities Theory’ underscores the reality 

that simply owning virtual equipment is insufficient; companies have to constantly learn, 

integrate, and reconfigure their technology to conform to evolving challenges. For instance, 

corporations that unexpectedly shifted to omnichannel retailing, leveraged virtual twins for 

digital manufacturing, or brought self-sustaining logistics structures verified the dynamic 

competencies essential to outperform the competition in a risky post-pandemic environment. 

Supply Chain Resilience (SCR) Theory 

The ‘Supply Chain Resilience (SCR) Theory’ affords a greater precise lens that is centred on the 

delivery chain. Supply chain resilience is because of the potential of a delivery chain to put 

together, respond to, and recover from operational disruptions whilst ensuring continuity of 

operations and performance (Hossain et al., 2024). SCR concept locations make a specialty in 

the four traits that help resilient delivery chains: ‘Agility, flexibility, redundancy, and visibility’.  
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Figure 5: RBV Theory 

(Source: Zhu and Wu, 2022) 

Digital transformation affords tangible help for those traits. AI and large information analytics 

enhance agility, permitting corporations to proactively perceive capability disruptions and 

respond in real time. IoT gadgets offer growth flexibility, offering real-time inventory, 

transportation, and manufacturing tracking and reallocating as needed (Bayramova et al., 2021). 

Blockchain affords redundancy and believes that through permitting secure, decentralized 

sharing of information, such that even supposing the event of disruptions, corporations can 

interact with opportunity providers or routes. 

The SCR applies to the post-pandemic context, wherein corporations now face not only health-

associated disruptions but also geopolitical, environmental, and financial uncertainties. Firms 

that embraced virtual transformation have been better capable of preserving operations in the 

course of the pandemic and at the moment are higher organised for destiny shocks.  
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2.4 Conceptual framework 

 

Figure 6: Conceptual framework 

(Source: Self-Created) 

Utilising concepts discussed previously, the conceptual framework for this study proposes that 

digital technologies (AI, IoT, blockchain) are strategic resources (they form dynamic capabilities 

that boost supply chain resilience and efficiency), plus dynamic capabilities. The framework also 

incorporates organizational readiness, environmental pressures, and institutional pressures to 

assess the determinants of technology adoption outcomes. 

2.5 Literature Gap 

The prevailing studies do understand the opportunity of the usage of virtual transformation to 

enhance delivery chain resilience; there are limits to this frame of literature. First, a majority of 

research journals isolates one generation in place of thinking about their integrated nature. 

Second, the qualitative studies on practitioners` views and lived experiences throughout the 

pandemic are limited. Third, cross-United States of America comparative research is rare; this 

means that the massive cultural and institutional separation has now no longer been explored. 
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Lastly, a variety of modern-day frameworks of studies are centred on one enterprise, dismissing 

the wider applicability of findings throughout sectors. 

2.6 Summary 

This chapter has reviewed the literature associated with the impact of virtual transformation on 

the delivery chains due to the pandemic. The literature assessment engaged with the literature to 

be had at the impact of virtual transformation on resilience-primarily based totally efficiencies 

and sustainable deliver chains, empirical proof throughout sectors and international locations 

thru examples and case research, theories, and thoughts such as ‘RBV’, ‘Dynamic Capabilities’, 

‘TOE and SCRES’ frameworks, and conceptualisations of a conceptual framework on virtual 

transformation in deliver chains. 
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Chapter 3: Research Methodology 

3.1 Introduction 

This chapter acquaints the reader with the ‘methodological approach’ used to understand the 

current state of global supply chains and their improvement in efficiency and resilience after the 

pandemic era, as a result of their digital transformation through technologies such as ‘AI, 

Blockchain, and IoT’. The matter is capricious and multipartite, qualitative research was decided 

to be a better choice to enlighten the participants' experiences and industry practices. The 

methodology chapter draws upon the ‘Research Onion model’ that offers a well-balanced outline 

for creating sound research designs. The chapter covers the ‘ontological position’ that gives 

direction to the study, the strategy used for theory creation, the ‘research design’, the 

‘quantitative strategy, and the data collection and data analysis methods. 

3.2 Research Onion 

The research design used in the example is by the well-recognised Research Onion model 

developed by Saunders et al. (2019), which segments the research process into different stages 

such as ‘philosophy, approach, strategy, choice of method, time horizon, and 

techniques/procedures. This provides an uninterrupted way that makes sure that there is 

continuity in terms of logic and that there is alignment between the research problem and the 

applied methodology. The ‘research philosophy’ is the outermost layer of the research process 

discussed in the article. It represents the assumptions about the way the knowledge is produced. 

‘Interpretivism’ has been utilised in this investigation as it allows an in-depth study of 

professionals lived experiences and their strategic choices in supply chain disruptions and digital 

technologies (Saunders et al., 2019). The subsequent layer moving towards the center is the 

research approach.  
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Figure 7: Research onion 

(Source: Saunders et al., 2007) 

This study will utilise ‘qualitative research’, using ‘semi-structured interviews and closed-ended 

questionnaires’ (Lim, 2024). This is flexible and detailed in following the use in practice of 

specific digital tools such as ‘AI, Blockchain, IoT, and the reason for qualitative research’ is to 

provide evidence of what others have produced or used in this research by examining ‘qualitative 

data’. The point of ‘methodology’ for this study is ‘mono-method, qualitative, consistent’ with 

the exploratory aspect of the purpose of the research. ‘Mixed methods’ were included because 

the study does not attempt to statistically measure but just interpret the subjective meanings of 

others (Guergov and Radwan, 2021). The advised time horizon is ‘cross-sectional’ in order to 

obtain a snapshot of the digital transformation strategies post-pandemic.  

A ‘longitudinal study’ can yield temporally descriptive information. Finally, ‘surveys and 

interviews’ as ‘data collection and analysis methods’ are the main techniques. The ‘data 

collection techniques’ are ‘semi-structured interviews’ with ‘supply chain managers’ and 

‘closed-ended surveys’ conducted through ‘Google Forms’ (Pathak et al., 2023). The data will be 

analysed using thematic analysis on ‘NVivo software’ to support the systematic identification of 

themes and patterns. Overall, the utilisation of ‘Saunders' Research Onion model’ to shape the 
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framework for this research approach, such that all ‘methodological decisions’, including 

philosophical orientation and data analysis, are linked and justified. 

3.3 Research Philosophy 

The ‘philosophical approach’ to a research investigation has a considerable impact on the design 

of research, the ‘methodology’, and the ‘interpretation of findings. For this dissertation, looking 

at how ‘digital transformation’ improves the resilience and efficiency of global supply chains 

after the pandemic, a use of an interpretivist approach was used. This is because disruptions 

within the supply chain and digital integration are social constructs, based on experience, which 

can be deeply understood using quantitative and qualitative measurements. ‘Interpretivism’ is the 

belief that reality is not a constant. People build it through human relationships and thus can only 

interpret it from the standpoint of those who experience it (Junjie and Yingxin, 2022). This 

research will aim to fathom the reasons and the process through which professionals in the 

supply chain field are adopting ‘AI, Blockchain, and IoT technologies’, as well as the benefits 

they get by using them as their strategy. It allows researchers to consider the personal contexts of 

respondents and diverse individual experiences. 

‘Supply chain management’ is the field where the usage of this philosophical standpoint will be 

the most beneficial, as the challenges brought about by the ‘COVID-19’ era and the 

corresponding way companies responded were not only different in industry but also greatly 

varied across firms and locations (Bille and Hendriksen, 2022). Different from the ‘positivist’ 

stance that aims to verify premises with mutually agreed-upon, empirical data, the interpretivist 

stance accepts that participants' perceptions, choices, and reflections are related to their situations 

and the social constructs in which the events happen. This is especially important for studying 

changes in technology in inscrutable marketplaces. 

The ‘interpretivism’ accepts the researcher as a constitutive participant in the knowledge 

construction process. In this research, the researcher must interpret the meaning in participants' 

responses, determine themes from responses, and relate them to the existing literature. This is in 

order to maintain some reflexivity to be aware of prejudices and to make clear how the 

researcher analysed the data. ‘Interpretivist philosophy’ is the correct use of the methodology 

within the research aims and qualitative approach, as it allows the study to consider the 
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underlying meanings, motivations, and strategic thinking supporting digital transformation 

within global supply chains. 

3.4 Research Approach 

‘Research methods’ describe how the researcher relates theory and data. There are two major 

research methods such as ‘deductive and inductive. In this dissertation, an ‘inductive research 

method’ is applied, with the focus on ‘qualitative data collection’ and the intention of developing 

theory or drawing insight from the ‘qualitative data’ collected (Pilarska, 2021). The ‘deductive 

research method’ begins with a ‘theory or hypothesis’ and then seeks to test it using empirical 

data. 

The ‘inductive method’ is one that will provide the most favourable results, given that the study 

is essentially exploratory. In other words, the topic is still being investigated. The topic of supply 

chain digitalisation has not yet been vastly explored, especially in the wake of the COVID-19 

health crisis (Yang et al., 2023). Though there is already some literature on technology like AI, 

Blockchain, and IoT in supply chains, the capabilities of these tools, the users, and the match of 

the tools to a particular problem or situation in reality are the subjects of the study.  

The study follows a process where themes and patterns emerge naturally from the data by using 

the inductive method. Especially when dealing with the complex and multiple aspects of such 

organisational events as shifts in strategy, technology integration, and managerial choices, it 

becomes a necessity. Also, the real-life experiences of the participants are actually the source of 

the data that the researcher has to work with. Thus, a full understanding of these events is 

obtained (Tiwari et al., 2024). Moreover, the ‘inductive approach’ improves validity in the 

research findings, particularly when applied in conjunction with ‘thematic analysis’, since it 

allows the ‘qualitative data’ to be fully explored in its complexity and richness. The emergent 

findings can lead to new frameworks or theoretical perspectives that are outside those anticipated 

in existing frameworks.  

3.5 Research Strategy 

The research design, using a ‘interpretivism philosophy’ and a combined ‘inductive-deductive 

method’, opts for a ‘mixed-methods research strategy’ with the collection of ‘qualitative and 
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quantitative data’. The ‘hybrid design’ allows sufficient room for the study of complex, many-

sided problems, such as the digital transformation impact on supply chain resilience and 

effectiveness. In the research project, a converged parallel design is employed in that the growth 

of the qualitative and the ‘quantitative research’ is done at the same time but yet apart. The data 

were later merged and were also analysed collectively in order to reach more valid and 

comprehensive results (Handema et al., 2023). The first strand of the research approach 

comprises the conduct of ‘semi-structured interviews’ with supply chain executives of global 

companies. ‘Semi-structured interviews’ allow the researcher to go into depth without losing 

track of the research objectives. 

The ‘quantitative component’ uses a ‘schedule-based, closed-ended questionnaire survey’. The 

‘survey’ is conducted online and is aimed at ‘supply chain managers’ and digital transformation 

officers in any industry. The survey captures information on the uptake of technology, the way it 

is used, and the perceived impact on ‘operational resilience’ (Panya and Nyarwath, 2022). This 

enables the study to infer general trends and examine the relationships among variables. The use 

of a ’mixed-methods design’ helps to answer the research question from a variety of viewpoints, 

offering ‘statistical generalisability’, as well as a qualitative understanding of the context. It also 

compensates for the weaknesses of each approach individually and improves the general 

strength and validity of the study. The ‘mixed-methods methodology’ is best consistent with the 

‘interpretivism’ worldview and the research objectives. It guarantees that both ‘quantitative 

patterns and qualitative observations’ are employed to respond to the central research query with 

strength and significance. 

3.6 Research Design 

In this study, a convergent ‘mixed-methods design’ has been employed, thus merging together 

the ‘qualitative and quantitative data’ in one research phase to give a complete understanding of 

the role of post-crisis digital transformation in global product chain resilience and effectiveness 

(Imran, 2024). In a ‘convergent design, both qualitative and quantitative data’ are collected 

separately but in parallel. The ‘qualitative aspect’ is based on ‘semi-structured interviews’, which 

means it is open to the interpretation of the interviewee, and it is personalised. The topics that 

will be covered include human learning, and these, on a virtual fixer or on a real virtual reality 
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that the employee feels, all of them are relevant issues, and the researcher must tell the direction 

of his questions to figure out the need for special training. The ‘quantitative’ part will be 

conducted using structured ‘online surveys’ that can easily reach a large sample of people and 

enable the determination of the intensity of adoption, the level of perceived impact, and the 

differences between sectors. 

Each set of data collection is analysed seriatim ‘thematic analysis for interview’ data and 

descriptive and inferential statistics for survey data. The findings are then synthesised in the 

following chapter, in which they are compared and discussed in conjunction with one another in 

order to develop a storyline. ‘Triangulation of data’ helps the researcher to authenticate and 

corroborate the conclusions about the topic under study. The purpose of the selection of this 

design also relates to the purpose of the research. Understanding how digital transformation 

reshapes supply chains is related to knowing not only how often certain technologies are used, 

but also why and how they are implemented in practice, or the essence of the digital 

transformation process. The schema came to provide both depth and breadth for connecting 

research questions. Efficient collection of suitable data through systematic study can be 

combined with sound analysis, compared to longitudinal studies, considering timeframes for 

processing the respective researcher and practitioner information. 

3.7 Data Collection Method 

This study delved into the extent to which the ‘digital transformation’ is responsible for the 

success of the global supply chain in terms of the post-pandemic growth of resilience and 

efficiency by employing a ‘mixed-methods data collection approach’ that merged ‘qualitative 

and quantitative methods. The combination of these two ‘methods’ makes it possible for the 

research to not only investigate the critical elements of the issue but also validate the findings 

amongst a larger population. 

‘Semi-structured interviews’ with five supply chain managers who work for multinational 

organisations were used to collect qualitative data. Recruitment was done using purposive 

sampling after their involvement in digital transformation programs had been established. Each 

of such ‘interviews were performed by asking seven open-ended questions, which were designed 

to explore how the participants view the use of AI, Blockchain, as well as ‘IoT in their SC 
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operations’ (Adeoye‐Olatunde and Olenik, 2021). Issues broached were so broad as to range 

from motives for going digital to implementation challenges to effects seen to plans for the 

future. The ‘interviews’ were conducted remotely (via Zoom or Microsoft Teams) and lasted 

from 30 to 45 minutes. The ‘interviews’ were audio-recorded after obtaining informed consent 

and transcribed for analysis afterwards. 

The ‘quantitative data’ was collected through an online survey consisting of 13 questions with 

fixed answer choices, sent to 53 supply chain experts drawn from ‘manufacturing, logistics, 

pharmaceutical, and technology sectors. The ‘survey’ was disseminated via ‘Google Forms’ and 

in the form of ‘multiple-choice and Likert-scale questions. Ultimately, the main issues surveyed 

were the number of digital tools being used, how the firm perceived efficiency and resilience, the 

types of technology humans used, and the readiness of the organisation (Kircher and Zipp, 

2022). The ‘questionnaires’ were based on studies from the literature and were pre-tested by 

administering them to a small group before dissemination. The combination of ‘interviews and 

questionnaires’ allowed the research process to obtain both narrative understanding and 

quantitative data. This mix of depth and generalisability created better reliability of the study and 

validity of the output. 

3.8 Data Analysis Method 

The research used a ‘mixed-methods design’, and two distinct analytic methods were used such 

as ‘thematic analysis’ for the ‘qualitative interview data and descriptive statistical analysis’ for 

the ‘quantitative survey data’ (Ghorbanian et al., 2021). They were discovered in isolation from 

one another; however, were linked at the ‘interpretation’ stage to allow for a balanced 

understanding of how digital transformation has impacted supply chains. 

In order to conduct qualitative interviews, thematic analysis was used for data analysis. Here, 

‘Braun and Clarke's six-stage model’ was utilised, namely familiarisation, initial code 

generation, search for themes, review of themes, theme naming and defining, and report writing. 

Signs of the ‘six themes’ were detected. The ‘NVivo software’ was chosen as a computer 

program through which the code has been generated along which the descriptive analysis can be 

developed. Thus, the participants' responses were organised, concepts that reappeared were 

detected, and the themes that included all the others were formed (Allsop et al., 2022). The initial 
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coding phase was inductive so that the themes could be richly drawn from the data without 

forcibly forced. The labels were not determined before the coding; that is, they were not pre-

determined. Awareness of the main topics includes ‘Advancing visibility through IoT’, 

‘Automation through AI,’ ‘Trust and traceability through Blockchain’, and ‘Organisational 

Adaptability’. ‘NVivo’ yielded rigour and trustworthiness to the analysis as it offered clarity and 

consistency that was necessary for multiple coders by logically assembling and managing the 

small datasets. 

The analysis of the ‘quantitative survey responses’, 53 responses were exported from ‘Google 

Forms’ into ‘Microsoft Excel’ for some basic structuring before analysing the data through 

descriptive statistics. Using ‘frequency, percentages, and cross-tabulation’, it was able to 

examine any patterns that occurred in responses to the 13 ‘closed-ended questions. It then began 

considering the degree of uptake of digital technology, changes in resilience, levels of 

satisfaction with technology investment, and challenges to the implementation of change. The 

‘statistical analysis’ allowed generalised conclusions to be made over a broader population and 

informed richer narratives about the ‘interviewees’ stories (Goyal and Deshwal, 2022). Output 

from each analysis was then collated and compared to look for overlap and divergence. The 

‘method of triangulation’ increased the trustworthiness of the study through an examination of 

two separate data sources. Overall, the ‘meta-synthesis’ provided in-depth ‘qualitative insights’ 

as well as quantitative generalisability in support of robust and actionable conclusions. 

3.9 Sampling 

Participants with relevant experience in supply chain processes and digital transformation were 

selected purposively for this study. Five practitioners were chosen from international companies 

that have already engaged technologies, including ‘AI, Blockchain, and IoT’ in their supply 

chain systems. These were supply chain managers, digital transformation leads and so their 

inputs would be relevant and experiential. 

In the ‘quantitative survey’, 53 individuals had been randomly selected from numerous 

industries, consisting of manufacturing, logistics, healthcare, and retail. All individuals needed to 

have at least years of experience in delivering chain control and modern or current enjoy in 

virtual transformation projects (Chauhan and Sahoo, 2024). ‘Inclusion’ standards warranted that 
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everybody answering had something significant to mention approximately the study's question, 

and ‘exclusion standards' precluded individuals’ without an on-the-spot or current enjoy of 

deliver chain digitalisation. This unique sampling approach extended the relevance, credibility, 

and validity of facts gathered. 

3.10 Ethical Consideration 

The research was carried out according to the ethical guidelines for the National College of 

Ireland and in line with the general principles of academic honesty. Ethical permission from the 

appropriate research ethics committee was sought and granted before the data collection. All 

participants received an information sheet and consent form that presented in clear and explicit 

language the purpose of the research, the voluntary nature of the participation, and the right of 

the participants to withdraw at any point in the study without any penalty. Anonymity and 

confidentiality were maintained throughout the process of research process. During the 

transcription process, the interview data were anonymised, and no named data was associated 

with respondents to the surveys. All data were securely stored, using encrypted password-

protected devices, with access afforded only to the researcher. Furthermore, the participants were 

informed how their data would be used, in compliance with the ‘General Data Protection 

Regulation (GDPR)’ (Vlahou et al., 2021). Ethical considerations ensured that the participants 

were treated with dignity, their privacy respected, and that the research was conducted 

responsibly and ethically. 

3.11 Summary 

This chapter has presented a comprehensive research methodology used to investigate ‘digital 

transformation’ for the enhancement of resilience and efficiency of ‘international supply chains’ 

in the ‘post-pandemic’ scenario. The study adopted an interpretivism approach, using both 

‘qualitative semi-structured interviews’ and ‘quantitative closed-ended questionnaires (mixed 

methods)’. Thus, the richness of context could be combined with empirical generalisation. 

The research ‘philosophy, approach, strategy, and design’ choices were systematically clarified 

with the help of the ‘Research Onion model’ in this study. ‘Theory’ building from ‘interview 

data’ was ‘inductive’, and ‘deductive research’ was employed to investigate assumptions 
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through survey returns. Rigorous analysis of diverse data types was made possible through 

‘thematic analyses in ‘NVivo (for interviews) and descriptive statistics (for surveys)’. ‘Sampling 

techniques’ ensured that industry participants have relevant, “real-world” experience in 

activities within the ‘digital supply chain’. Ethical issues describe that informed consent, privacy, 

and confidentiality were sufficiently addressed to ensure ethical research practices. Collectively, 

the implemented approach provides a robust foundation for ‘modelling complex’, ‘dynamic 

supply chain’ tasks. The openness permits research to include in-depth practitioners’ perspective, 

as well as being measurable by industry trends, and provides a basis from which a complete, 

credible analysis can be conducted in the following chapter. 
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Chapter 4: Findings and Analysis 

4.1 Introduction 

The present chapter is going to analyse the effects of COVID-19 on supply chain practices, 

predict the role digitalisation will play in efficiency, visibility and sustainability, and propose the 

obstacles and facilitators of the former. In addition, the chapter will discuss the information 

obtained after interviewing the industry specialists using a quantitative and qualitative tool and 

thus interpret it according to the research goals. The analysis shall create a profound exposition 

of how the use of digital tools is going to transform the supply chains in order to make them 

more resilient and competitive in the long-term perspective. 

4.2 Data Findings and Analysis 

Quantitative Analysis 

 

Figure 8: Gender Distribution Graph 

(Source: Retrieved from MS Excel) 
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The graph has revealed that 40 respondents are male, and 23 respondents are female. This 

indicates a male-dominated sample, possibly reflecting broader gender trends in the supply chain 

workforce. 

 

Figure 9: Age Distribution Graph 

(Source: Retrieved from MS Excel) 

From this graph, it has been shown that most respondents have fallen within the 25-34 age group, 

followed by 35-44 and under 25. This suggests that mid-career professionals have predominantly 

participated in the survey. 
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Figure 10: Working Period in Supply Chain Field 

(Source: Retrieved from MS Excel) 

This plot indicates that 21 respondents have been working for 3-5 years in the supply chain field. 

17 respondents have been working for 5-10 years, and 15 respondents have been working for less 

than 1 year in this field.  

 

Figure 11: Digital Technology in the Supply Chain 
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(Source: Retrieved from MS Excel) 

According to this graph, it can be said that 31 respondents believe that blockchain technology 

has the most impact on the organisation’s supply chain. 20 respondents believe that AI can have 

an impact on the organisation’s supply chain operation. 
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digital 
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supply chain 
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Mean 4.52 3.73 3.83 3.85 3.79 3.76 3.89 3.76 3.82 

Median 5 4 4 4 4 4 4 4 4 

Mode 5 4 4 4 4 4 4 4 4 

Standard 

Deviation 

0.66 0.81 0.81 0.83 0.85 0.91 0.79 0.82 0.89 

Kurtosis -0.05 2.87 1.64 3.56 1.84 2.38 4.92 2.66 1.84 

Skewness -1.04 -1.39 -0.91 -1.56 -0.81 -1.37 -1.76 -1.22 -1.10 

Table 2: Descriptive Statistics 
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(Source: Retrieved from MS Excel) 

The descriptive statistics have informed that the majority of the respondents have agreed to all 

the statements, with the median and mode values always coinciding with 4. The highest mean 

score of 4.52 for Q5 has shown high perceived preparedness against the occurrence of supply-

chain disruptions in the future. The standard deviations have been relatively low, which indicates 

an apparent respondent consistency. Particularly, Q11 has recorded the most kurtosis of 4.92, 

which suggests that a more peaked distribution will have extreme agreement with the role of 

Blockchain in trust and transparency. This data has been a positive interpretation of the attitude 

towards digital transformation and its contribution to the supply chain resilience and efficiency. 

SUMMARY OUTPUT     

Regression Statistics    

Multiple R 0.397548323    

R Square 0.158044669    

Adjusted R Square 0.144889117    

Standard Error 0.764998522    

Observations 66    

ANOVA     

 df F Significance F  

Regression 1 12.01353381 0.000948563  

Residual 64    
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Total 65    

     

 Coefficients Standard Error t Stat P-value 

Intercept 1.605319149 0.653995919 2.454631754 0.016832471 

Q5. Is the organisation prepared for 

future supply chain disruptions? 

0.496808511 0.143335458 3.466054502 0.000948563 

Table 3: Regression Analysis 

(Source: Retrieved from MS Excel) 

Dependent Variable: Q8. Do digital technologies strengthen post-pandemic supply chain 

resilience? 

Independent Variable: Q5. Is the organisation prepared for future supply chain disruptions? 

Level of Significance (p-value): 0.05 

Obtained Significance Level: 0.00094 (Statistically Significant) 

This analysis has shown that there exists a statistically significant positive correlation between 

the organisational readiness to be prepared for the possible disruptions occurring in the future 

and the perceived post-pandemic supply chain resilience brought about by digital technologies. 

The 0.497 presented as a coefficient has also implied that as preparedness increases by 1 unit, 

resilience has also gone up by almost 0.5 units. The statistically significant result has been 

determined with a p-value of 0.00094, as it is much lower than 0.05, which is the level of 

significance. Model simplicity has been taken into consideration by the adjustment of the R-

squared, which supports reliability. This outcome has shown that disruption-ready organisations 

also felt a higher level of post-pandemic resilience due to the digitally transformed supply chain. 



Page 47 of 81 
 

SUMMARY OUTPUT     

Regression Statistics     

Multiple R 0.370982051    

R Square 0.137627682    

Adjusted R Square 0.124153114    

Standard Error 0.762661237    

Observations 66    

ANOVA     

 df F Significance F  

Regression 1 10.21388495 0.002165676  

Residual 64    

Total 65    

 Coefficients Standard Error t Stat P-value 

Intercept 2.449367089 0.443100759 5.527788067 6.386E-07 



Page 48 of 81 
 

Q6. Has the organisation widely adopted AI, 

Blockchain, and IoT in its supply chain? 

0.371308017 0.116181999 3.195916919 0.0021657 

Table 4: Regression Analysis 

(Source: Retrieved from MS Excel) 

Dependent Variable: Q7. Does digital transformation improve operational efficiency? 

Independent Variable: Q6. Has the organisation widely adopted AI, Blockchain, and IoT in its 

supply chain? 

Level of Significance (p-value): 0.05 

Obtained Significance Level: 0.002 (Statistically Significant) 

In this analysis, a statistically significant outcome has been found in a positive correlation 

between digital technology adoption and achieving operational efficiency with digital 

transformation. R-Square stands at 0.138, which means that 13.8% of the variability in the 

efficiency of operations has been described by the use of the AI, Blockchain, and IoT. The 

coefficient 0.371 indicates that operational efficiency has improved by nearly 0.37 with every 

one-unit increase in the adoption of digital. The p-value of 0.002, which is quite a long way 

below 0.05, has also revealed that the relation is not less than significant. It has been shown that 

the model is consistent since the adjusted R Square has taken into consideration the simplicity of 

the model. The intercept value of 2.449 implies that, despite the poor adoption, there has been a 

moderate level of efficiency. It can be said that the higher embracement of digital technologies 

has enhanced operational efficiency in the supply chain operations. 

Regression Statistics     

Multiple R 0.337242321    
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R Square 0.113732383    

Adjusted R Square 0.099884451    

Standard Error 0.807014508    

Observations 66    

ANOVA     

 df F Significance F  

Regression 1 8.212950991 0.005622115  

Residual 64    

Total 65    

 Coefficients Standard Error t Stat P-value 

Intercept 2.474683544 0.468869694 5.277977176 1.66106E-06 

Q6. Has the organisation widely 

adopted AI, Blockchain, and IoT 

in its supply chain? 

0.352320675 0.122938671 2.865824662 0.005622115 

Table 5: Regression Analysis 

(Source: Retrieved from MS Excel) 
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Dependent Variable: Q9. Does the organisation provide sufficient training for digital 

adaptation? 

Independent Variable: Q6. Has the organisation widely adopted AI, Blockchain, and IoT in its 

supply chain? 

Level of Significance (p-value): 0.05 

Obtained Significance Level: 0.005 (Statistically Significant) 

Regression analysis has proved a statistically significant positive correlation between the 

implementation of digital technologies and the relevant training of the personnel on digital 

adaptation. The R Square value of 0.114 indicates that 11.4% of the variation in training support 

has been explained by the level of digital adoption within the organisation. The coefficient of 

0.352 indicates that the change in the training support at the one-unit output of a higher degree of 

adoption of digital technology increased by about 0.35 units. The p-value of 0.005, which is less 

than the significance level of 0.05, has ascertained that the model is statistically significant. The 

adjusted R Square depicts the validity of the model after considering explanatory simplicity. The 

intercept value of 2.47 has reflected a baseline level of training even in the absence of 

widespread digital adoption. This result has revealed that organisations that embrace progressive 

technologies have also been inclined to offer more training in order to guarantee effective 

embrace of digitalisation. 

Qualitative Analysis 

Theme 1: Impact of COVID-19 on the supply chain 

 

Figure 12: Word Tree 
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(Source: Retrieved from NVIVO) 

Findings indicate that the COVID-19 pandemic significantly and extremely affected the 

operations of supply chains of business organisations, as observed by all five managers of 

disruptions in supply chains. One of the common aspects of responses is the extreme logistical 

impact of factory closures and port congestion, as well as decreased air freight resources, 

contributing to long lead times and transportation costs. Managers 1 and 2 highlighted the lack of 

inventory and rising freight prices to show how global supply chains were under pressure due to 

operational and financial pressure. Moreover, the issue of demand unpredictability was identified 

as a serious concern, as Manager 1 reported the rapid changes in consumer behaviour, and 

Manager 3 mentioned the appearance of demand jumps in goods that are in demand and 

significant drops in other categories. Another major problem that was identified by Managers 1, 

3, and 4 was the absence of real-time visibility and integration of all supply chain partners, thus 

hampering planning and coordination. The fact that reporting was done manually and no digital 

tracking systems existed also contributed to the slowness of responses (Manager 4). Moreover, 

the observation made by Manager 5, regarding the vulnerabilities of the suppliers, suggests the 

dangers of being too dependent on the suppliers of certain regions, and the inaccuracy of 

increases in the inventory indicates the operational inefficiency due to the crisis.  

Comprehensively, the information shows that the pandemic strategically brought out the 

shortcomings of the supply chains, such as reliance on international suppliers, under-

digitalisation, and a lack of risk mitigation programs (Shen and Sun, 2023). Such results 

underline the necessity to invest more in digital tools to enhance real-time visibility, diversify 

insights on sourcing strategies, and create resilience. With the issue of challenges addressed, 

organisations will be able to prevent further disruptions in the future and establish more 

technology-driven and agile supply chains. 

Theme 2: Ways digital transformation improves operational efficiency, visibility, and 

sustainability in supply chain management. 
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Figure 13: Word Tree 

(Source: Retrieved from NVIVO) 

The results show that operational efficiency and visibility throughout the supply chain have 

improved significantly due to digital transformation, as all five managers have confirmed. 

Automation and even artificial intelligence (AI) have been so instrumental in facilitating ease in 

operations. Manager 1 also emphasised the ability of AI-driven demand forecasting and 

automated inventory management that helped to optimise overstocking and out-of-stock 

scenarios, and that real-time tracking of shipments was able to eliminate transportation blind 

spots, resulting in more efficient decision-making and reduced operations costs. Equally, 

Manager 4 highlighted the application of AI-powered demand-planning tools and automated 

warehouses that led to a 15% decrease in operational expenses and turned the supply chain into a 

proactive mode. 

Cloud was identified as a factor directly causing visibility, as it allows to retrieve the information 

on the full supply chain in real time, thus creating good conditions to conduct predictive 

analytics and prevent disruption proactively. Manager 3 continued that the IoT sensors and 

blockchain technology have enhanced transparency, increased the accuracy of the inventory, 

decreased the number of disputes, and the digital dashboards provided monitoring of the 

performance metrics in real-time, increasing responsiveness. To a further extent, Manager 5 
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highlighted the relevance of digital twins and machine learning, helping to simulate multiple 

scenarios and minimise forecasting errors by 20% which enhanced risk mitigation and operations 

resilience. All these findings prove that digital transformation has transformed supply chains into 

networks where they were once disintegrated and reactive systems (Stroumpoulis and Kopanaki, 

2022). The enhanced efficiency and visibility that comes with the integration of AI, IoT, 

blockchain and cloud-based platforms will increase resilience by allowing organisations to 

predict, prevent and respond to disruptions within an organisation and be able to provide a 

competitive edge. 

Theme 3: Main barriers and enablers  

The involvement of organisational and technological issues in the implementation of digital 

transformation in supply chains has been identified in the analysis. Four out of the five managers 

named funding restrictions as one of the major problems, especially when it comes to SMEs. A 

similar experience has been described by Manager 2, who said that it was very challenging to get 

the executive buy-in since the ROI of investing in AI or blockchain is not clear. On the other 

hand, Manager 3 and Manager 5 pointed to the fact that legacy systems are incompatible with 

modern technologies, which reflects the problems of integration. Another common theme has 

resistance to change among employees who feared losing their jobs, or employees who did not 

have skills in digital. In contrast, Manager 4 mentioned quality of data and cybersecurity as 

technological challenges that hampered the process of implementation. 

 

 

Figure 14: Word Tree 
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(Source: Retrieved from NVIVO) 

Nevertheless, the interviews also identified a couple of enablers that contributed to the process of 

digital transformation. Manager 1 named the commitment of leadership as one of the key factors 

that facilitated certain successful outcomes and assisted in attracting the required investments. It 

has discussed implementation involving pilot programs that demonstrated an initial value and 

made the acquisition of organisational buy-in possible. Apart from this, training programs and 

third-party logistics provider alliances have also been considered as a facilitating factor since 

they minimise the technical complexity of implementation. On the whole, these observations 

indicate the effectiveness of digital transformation and reveal that every organisation will need to 

have an internal culture, a clear plan of action, and good leadership to remove both operational 

and psychological challenges. 

Theme 4: Effective strategies for improving supply chain management. 

The interviews have identified several functional strategies that firms are incorporating to 

enhance the management of the supply chain in the face of digital transformation. According to 

Manager 1, the implementation of predictive analytics resulted in the opportunity to plan the 

demand better and prevent shortages as well as stockouts. Besides, Manager 2 claimed the 

implementation of cloud-based dashboards to combine information on data from various 

suppliers, which led to making better decisions and increased speed of actions. In contrast, 

Manager 4 suggested that IoT-based real-time monitoring tools have greatly enhanced the 

visibility of transport and the warehouse processes. 
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Figure 15: Word Tree 

(Source: Retrieved from NVIVO) 

Manager 5 focused on the need to construct digital twins to create simulations of various 

conditions in the supply chain, thereby preparing to respond to a disruption and added that the 

process of responding to the risk improved by 20 per cent. It has outlined the implementation of 

blockchain to monitor the work of suppliers and guarantee compliance with the requirements of 

environmental regulations, predominantly in the context of locating raw materials. Some 

managers also concurred that cooperation with technology vendors, as well as joint digital 

initiatives with logistics partners, as these are contributing to achieving successful 

implementation. The mention of training employees and cross-functional teams as some of the 

major steps to maintain the improvements was made. These will enable a transition to take place 

from reactive to proactive supply chain management, with organisations having the capabilities 

to anticipate disruptions, enhance responsiveness, and develop long-term resiliency with the 

integration of technology and continuous learning. 

The best approaches to the problem of optimising supply chain management refer to the adoption 

of digital tools, including AI, IoT, and blockchain, to strengthen the supply chain’s real-time 

visibility, forecasting power, and decision-making. Companies need to come up with effective 

roadmaps involving pilot projects in areas that have a significant impact, followed by the 

expansion of the change processes. Enhanced data governance will guarantee security and 

accurate information, whereas the tech partners and suppliers will enhance transparency and 

integration. Such resistant behaviour should be overcome through workforce training and change 

management. Furthermore, sustainability initiatives, like carbon tracking and energy 

optimisation, can be incorporated to create resilience in the long term. As the performance is 

measured regularly with the help of KPIs, continuous improvement and alignment with the idea 

of organisation's objectives can be maintained. 

4.3 Discussion 

Supply chain functionalities of business entities in the world were badly interrupted by the 

COVID-19 pandemic, demonstrating a structural weakness in the current logistics and 
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procurement systems (Magableh, 2021). Shipping and freight movement were delayed in 

unprecedented ways due to lockdowns, restrictions in the border area, and problems with port 

congestion. Organisations experienced shortages in materials, and this hit mainly organisations 

with single-source suppliers located in highly affected areas like China and Southeast Asia. 

Shortage of labour related to health restrictions additionally contributed to ineffectiveness in 

operations, especially in warehousing and transportation. Shifts in demand were also highly 

disruptive, and some industries thrived (healthcare and e-commerce), whereas others plunged in 

terms of demand (automotive and luxury goods).  

Another severe issue was that the multi-tier supply chain lacked visibility in real-time and was, 

therefore, a drawback in decision-making before they occurred (Hammerer, 2024). Most firms 

have realised that they were highly dependent on manual procedure-driven systems and old 

legacy systems, which hindered their capability to be dynamically responsive to disruptions. This 

created a situation where there was a stockout where it was not needed, and lots of stockouts 

where there was an end need. There was also increasing pressure on the cost of freight, container 

shortages and unexpected changes in the regulations governing the trade. Nevertheless, the 

pandemic was used as an agent of change as it made organisations review their supply chain 

approaches. The companies started to diversify their supply chain, with nearshoring being a top 

priority to minimise their reliance on a specific area and double down on digitalisation. Finally, 

COVID-19 also transformed the global supply chain by not only focusing on cost-efficiency but 

also on creating resiliency, agility, and technology integration against future disturbances. 

Digital transformation has become one of the foundations of modern supply chains' 

modernisation in the post-pandemic world. Organisations also have massive potential to improve 

the efficiency and visibility of their operations by incorporating new technologies like artificial 

intelligence (AI), Internet of Things (IoT), blockchain and cloud-based platforms. Automation in 

the fulfilment context could entail using robotic process automation (RPA) or a warehouse 

management system to accelerate the order fulfilment process and reduce human error by 

automating mundane tasks (Chakraborty and Mateen, 2025). With the use of predictive analytics 

based on AI, forecasting the demand can be accurate, leading to companies balancing their 

stocks, preventing oversized production, and saving working capital. To illustrate, machine 

learning programs can be used to process past sales, market dynamics, and exogenous factors in 
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order to ensure procurement and manufacturing cycles work with optimal efficiency. More than 

that, digital twins, virtual models of the supply chain process, enable the study of the supply 

chains, provide opportunities to simulate the events, and work out bottlenecks to provide data-

driven decisions to increase the effectiveness. 

Real-time data integration has transformed the way things are seen in the supply chain. Supply 

chain management systems allow managers to monitor shipments and vendor performance and 

view inventory volumes worldwide using cloud-based dashboards. The visibility is also 

improved through the use of IoT devices to give real-time tracking of the location and state of 

goods during transport (Adeusi et al., 2024). The Blockchain technology provides the 

stakeholders with an immutable, transparent record of the transactions, guaranteeing them in the 

role of trusting each other, as well as minimising their disputes concerning the delivery schedule 

or quality factors. It is actually because of this end-to-end visibility that there is a way to make 

decisions more quickly and more informed decisions in the end, which reduces risks and 

postponements. 

Digital tools are vital as far as sustainability is concerned in terms of less impact on the 

environment. With advanced analytics, one can be able to cut down transportation routes, 

reducing fuel consumption and emissions. Energy monitoring in the warehouse with the help of 

IoT contributes to the elimination of useless energy consumption, and demand planning that is 

carried out by using AI helps to avoid waste by synchronising production with the real pattern of 

consumption (Ayoola et al., 2024). In addition, blockchain increases the traceability of the 

suppliers so that the environmental and ethical standards can be met, especially in the food and 

apparel industries. Carbon tracking tools and sustainability dashboards have since enabled 

companies to report and measure their environmental performance and align with the regulatory 

stipulations and the social responsibility aspirations of a company. Efficiency, visibility, and 

sustainability incorporated into digital transformation not only enhance the daily work of supply 

chain operations but also create resilience and competitive values in the long term, using the 

constantly changing global market as leverage. 

As good as it sounds, the implementation of digital transformation in supply chains has its issues. 

Among the major obstacles, there is a lack of funds to adopt technology. Small and medium-
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sized enterprises (SMEs) may not find it easy to attach an ROI to the preliminary investment 

expenditure of AI, blockchain or IoT infrastructure (Khan et al., 2023). Another major challenge 

that awaits integration with legacy systems, many organisations still use old ERP systems, which 

may not be compatible with the newer technologies. The other barrier is organization resistance 

to change. Traditional workers who are more used to the old-fashioned ways of doing things in 

the supply chain can also be reluctant to adopt new technology due to the fear of job loss or 

encountering difficulties along the way because of skills shortages. The quality of data and 

security is also a question. Ineffective analytics and forecasting tools are compromised by poorly 

managed data, whereas the potential of the breach of data breaches through digital connectivity 

in the supply chain network escalates with the rates of connectivity. 

Nevertheless, there are various enablers that can propel effective digital transformation. There 

needs to be great leadership commitment and a sensible digital strategy to overcome the 

resistance and get stakeholders aligned (Reynolds, 2024). Pilot programmes and staged 

implementations aid in proving that new technologies are worth the investment and support by 

making it easier to get buy-ins. Moreover, government incentives, industry collaborations may 

add financial and technical assistance, particularly to SMEs. The training and change 

management plans are also important facilitators. With the proper training of employees and the 

development of a culture of innovation, it is possible to accelerate the process of digital adoption. 

Furthermore, alliances with tech providers and third-party logistics providers (3PLs) with 

established high-level digital capacities can help decrease the scale of the transformation and 

associated complexity. 

In the case of companies that want to enter the new era of supply chain modernisation and make 

it sustainable following the pandemic, systematisation and a long-term plan for implementing 

digitalisation are essential concepts. The initial approach is to commence with a proper roadmap. 

Businesses ought to undertake a proper evaluation of the current operation of their supply chain, 

identify points of pain and prioritise where digital tools will be of maximum value (Mohsen, 

2023). Instead of trying to overhaul with an all-out change, companies ought to first put in place 

pilot projects in areas where the change will have the greatest impact, like forecasting demand or 

tracking shipments. In case of success, such initiatives will be able to be scaled throughout the 

organisation. 
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Secondly, data governance will have to be made a priority. All digital implementations, whether 

AI-powered analytics or blockchain tracking, need to produce and process clean, reliable data. 

To protect sensitive information in supply chains, companies ought to invest in an intelligent 

data management system, set quality standards on data and also adhere to specific cybersecurity 

measures (Osunkanmibi et al., 2025. Third, it is critical to cooperate with technology partners. 

The implementation can be faster and less expensive by taking advantage of software providers 

and cloud providers, as well as logistics technology firms. Moreover, cooperation with suppliers 

on common online platforms enhances trust and transparency, which is extremely important, as it 

increases risk management efficiency. Fourth, organisations should invest in developing their 

workforce. The resistance can be defeated by training the employees on how to use the digital 

tools efficiently and in a manner possible to involve them in the process of change. More 

effective decision-making can also be achieved by forming cross-functional teams that integrate 

the skills of IT, operations and procurement. Fifth, sustainability should also be part and parcel 

of the digital transformation strategy of the organisation.  

Carbon tracking dashboards, energy optimisation systems, and supplier compliance monitoring 

tools not only work to make companies perform better regarding environmental performance but 

also help boost the brand image and comply with regulations (Zampou et al., 2022). Lastly, 

performance measurements must be defined. In order to measure the effectiveness of digital 

transformation, every business should monitor the effects that it makes in terms of cost 

reduction, lead times, inventory evolution and green indices. Continuous improvement activities 

and regular reviews will help ensure that digital transformation is not out of the way of elevating 

business objectives and adjusting to market conditions. Such strategies enable organisations to 

create effective, adequate, and efficient supply chains that are able to withstand any upcoming 

disruptions.  

Although digital technologies have improved supply chain visibility, responsiveness and 

sustainability, this has not been equal with consideration to all organisations. In addition, larger 

firms, including Pfizer and Alibaba, should implement emerging tools, such as blockchain and 

digital twins, as digital maturity and infrastructure accompanied by organisational performance 

and productivity (Chen et al., 2024). Conversely, smaller firms encountered obstacles in the form 

of funding, technical expertise and system integration, underlining the significance of 
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organisational preparedness, which is evidenced by the Technology-Organisation-Environment 

(TOE) framework. Moreover, one of the issues that is increasingly being raised is the issue of 

excessive use of computer systems. Since AI and IoT have enhanced forecasts to be more 

accurate and observation, the use of only AI without human supervision can potentially fail or 

commit mistakes in predicting, as well as be biased. This is an indication that hybrid systems to 

be used that involve automation and human judgement. In addition, the supply chain strategies of 

the future have to consider the possible external shocks, including ESG regulations and 

geopolitical changes. These results lead to the idea that digital transformation is not a magic 

bullet, but a dynamic ability in which we have to keep up with both market and environmental 

forces. It will take efforts and sustained investments to create sustainable resilience, strategic 

complementarities, and an investment in a proactive learning culture that will be the core of 

supply chain operations. 

4.4 Summary 

This chapter indicated that COVID-19 has affected supply chains with logistical delays, 

inventory shortages and unpredictable demand that exhibited vulnerabilities of supply chain 

operations and a failure to digitally integrate. The use of AI and IoT, blockchain, and cloud 

platforms and technology were demonstrated to improve efficiency, visibility, and sustainability 

associated with digital transformation. Some obstacles, like costly barriers, legacy system 

integration, and employee opposition, have been mentioned, whereas the main enablers were 

leadership support, training, and going on a pilot. There were strong correlations between 

resilience, operational efficiency, and digital adoption via regression analysis. In general, the 

chapter underlined the significance of technology-based strategies to develop an agile, 

sustainable and competitive supply chain in the post-pandemic period. 
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Chapter 5: Conclusion and Recommendations 

5.1 Differences Between the Literature Review and Research Findings 

The regression analysis has contributed to the study that there was a statistically significant relationship 

between improved efficiency and decisions on digital adoption (p = 0.002), preparedness and resilience (p 

= 0.0009). On the other hand, the review of published studies demonstrated that emphasised that AI 

increased the accuracy of demand forecasts, IoT made it possible to monitor the location of inventory and 

logistics in real-time, and Blockchain helps to get more information about the suppliers. On the other 

hand, the review has also demonstrated that supplier concentration is a critical factor considered in the use 

of digitalisation in the supply chain. In contrast, the literature review has highlighted that AI-driven 

demand forecasting as well as smart tracking systems usually lead to effective and seamless operations 

within organisations, due to the involvement of emerging technologies and their abilities to perform in a 

more efficient manner. Altogether, it has also attributed digital twins and predictive analytics to the 

shortening of lead times and improvement of risk response. Therefore, organisations that had clear 

roadmaps with strong leadership tendencies usually gain the ability to neutralise barriers such as old 

systems, skills and cultural challenges with increased capacity.  

5.2 Similarities between the Literature Review and Research Findings 

The primary research has concluded that digital transformation is highly valuable towards improving the 

resilience and efficiency of global supply chains, especially due to pandemic-related disturbances. The 

survey of 53 responses has highlighted that there were high scores on the perception of the digital tools on 

the enhancement of decision-making, transparency, and operational performance. Besides, the means of 

descriptive results have also indicated high scores (more than 3.7) in important variables of transparency, 

inventory tracking, and strategic alignment. 

From these perspectives, it can be established that these qualitative findings using NVivo and thematic 

analysis have resonated and enriched the outcomes concerning the role of digital transformation in global 

supply chain practices, especially in the post-pandemic era. The demonstration of its core original idea of 

digital transformation no longer being a choice but a strategic imperative serves to legitimise the general 

research of the basic study. Nowadays, companies that holistically implemented those technologies have a 

better record in terms of the recovery process after a crisis, cost management, and sustainability, which 

has been supported through both primary qualitative and quantitative findings. 

The interview findings have demonstrated that the use of digital technologies, such as digital twin, aids in 

delivering supply chain scenario simulation to improve risk identification and mitigation on a timely 

basis. Similarly, the review of published literature has proven that digitisation provides supply chains 

with the ability to be agile, transparent, and intelligent to survive the volatile global environment, as well 

as to adapt and lead from a global perspective. 
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5.3 Overall Summary and Implications of the Research 

Both the primary quantitative and qualitative research findings have contributed to creating the pathway 

to achieve the first objective, regarding the impact of the pandemic on global supply chain operations. 

Manager 1 reported to the first question that the lack of visibility of real-time data is a key cause behind 

the disruption, whereas Manager 3 referred to the sequence of delays due to supplier dependence in global 

supply chain operations. Such disturbances could also be found in the survey, as a high degree of 

agreement indicated that the largest number of organisations are only relatively ready. From this aspect, it 

has been highlighted that there are worries regarding future disruptions, as confirmed by descriptive 

statistics (mean = 4.52). This collective evidence has proven that COVID-19 revealed structural weak 

points; for this reason, modernisation and resilience-building in global supply chains are direly needed in 

the post-pandemic era. 

The interview questions Q2 and Q3 are significantly aligned second objective, as these findings have 

indicated that the AI, IoT, and Blockchain are used to enhance major elements of supply chain operations. 

Concerning this, Manager 1 told the story of how AI-aided forecasting decreased lead times, whereas 

Manager 3 opined that IoT sensors enhanced inventory tracking capability. Apart from this, the results of 

a survey demonstrated a high degree of congruence with those advantages, with the help of descriptive 

statistics (mean score 3.76-3.89). Regression analysis has also shown that there is a highly statistically 

significant positive correlation (p = 0.002) between digital adoption and operational efficiency. Other 

enhancements in sustainability have also been explained, such as carbon monitoring, waste reduction, 

which illustrate that digital tools assist the performance as well as the environment-related objectives. 

The third objective has been achieved by harnessing both primary sources of data, more so Interview Q4, 

which had probed the barriers and enablers. In regard to that, Manager 5 mentioned the cultural 

resistance, but Manager 2 suggested that legacy systems posed significant integration problems. Besides, 

Manager 3 mentioned financial constraints that would slow down progress in the beginning. Nevertheless, 

the enabling activities of good leadership (Manager 1), pilot tests (Manager 3), and cooperation with 

cloud vendors (Manager 2) have also been identified as the major motivators. The results of the survey 

are consistent, meaning that the level of digital preparedness is moderate, where an average achievement 

of the training being 3.79. The results have indicated that even though digital tools are very promising, 

effective use requires people, mentality, and strategic vision, as well. 

The fourth milestone has been fulfilled by focusing on Interview question Q5, which explicitly gave out 

practical suggestions. In this perspective, Manager 1 suggested one would write a structured roadmap and 

discussing pilot tests of digital solutions to gain competitive success from a broader perspective. On the 

other hand, Managers 2 and 3 recommended focusing on the integrity of data to get quality analytics and 

training of personnel, respectively. The results of the survey have presented a realistic and actionable way 
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forward, backed by an affirmative assessment of tools effectiveness of digital tools. They can be 

combined to give organisations a blueprint to operate modernised processes with greater resilience and to 

benefit from supply chain balanced and secure operations. 

In regard to that, a list of recommendations concerning the role of digital transformation in the post-

pandemic is mentioned below. 

● Development of a strategic roadmap for digitalisation 

Organisations are advised to pursue a phased digital roadmap emphasising operational gaps where there is 

a need, mainly in forecasting, tracking, or inventory management. This roadmap should ensure that the 

digital initiatives are in line with long-term goals. Besides, the results of the survey and regression 

showed that efficiency gains only emerged in response to the tactical deployment of digital tools and not 

in isolation and non-integration of the tool. 

● Workforce training and prioritising change management 

In order to address the internal resistance and fill capability gaps, companies have to create obligatory 

digital upskilling and cross-level training programs. Themes and interviews coded in NVivo have 

revealed that employees were often not certain and did not understand requirements due to a lack of 

digital knowledge and excellence. Integration of such efforts with the organisational culture will enhance 

system uptake and realisation of all benefits associated with digital solutions. 

● Enhancement of data governance and system integration 

Companies need to update old systems and use interoperable real-time digital platforms. Concerning this, 

the NVivo themes of system indicated that the AI and IoT tools perform to increase supply chain 

resilience, as they boost efficiency of overall operations and activities globally, specifically in the post-

pandemic era. Businesses need to focus on the free flow of connectivity between platforms, allowing 

them to have precise forecasts, quicker decision-making and entire supply chain visibility. 

● Boosting investment in emerging technologies 

Organisations ought to select the digital technology that facilitates both the performance of the operations 

and the environmental targets. The expense reductions in waste discourse, altogether with the monitoring 

of emissions, have been demonstrated in interviews as well as NVivo data via tools such as IoT and AI. 

Companies have to invest in platforms that promote sustainable objectives, but at the same time increase 

their resilience, making them able to respond to stakeholder and regulatory requirements. 

● Utilisation of performance KPIs and continuous monitoring 

In order to properly gauge the effects of transformation, businesses need to settle down and track 

important digital KPIs, including time of leadership, demand fidelity, and carbon emissions. In regard to 

that, the NVivo observations and interview results have proved that ongoing assessment creates 
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accountability and enables on-time changes. Reviews and performance dashboards will keep long-term 

digital performance focused. 

Research Limitations 

This research has been restrained by the small sample size, which has been employed in the semi-

structured interviews, thus limiting the diversity of opinions sought in the context of the role of digital 

transformation in the post-pandemic period. Moreover, it has also failed to involve secondary data sources 

like industry reports or case studies, which would have added more depth to analytics. These weaknesses 

have hindered the applicability and situational depth of the results in the larger context of supply chains 

and across industry classifications. 

Future Scope 

The study has identified avenues where there is a need to conduct further research to explore upcoming 

technological advancements with a lens on both secondary and primary data. Secondary data, including 

industry reports and benchmarking studies, can also be added to future research to enhance contextual 

data in the same or a relevant field of research. This is possible by increasing the sample size to other 

industries and regions worldwide, which would enhance generalisability. Other possibilities may include 

investigating new technologies such as robotics or digital twins, and researchers may consider a 

longitudinal study to measure the effects of digital transformation on supply chain resilience and 

sustainability on a long-term basis. 
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Appendix 

Interview Questions and Reponses 

1: How did the COVID-19 pandemic affect your supply chain operations, and what were 

the most significant challenges faced? 

Manager Response 

Manager 

1 

COVID-19 caused unprecedented disruption in global logistics. Factory shutdowns 

and port delays significantly extended lead times. We faced severe inventory 

shortages, particularly for critical components sourced from Asia. Demand 

unpredictability was another major challenge, as consumer behaviour shifted rapidly. 

The lack of real-time data visibility across suppliers worsened the situation. We had 

to increase safety stock and diversify suppliers to mitigate risks.  

Manager 

2 

The pandemic led to major supplier delays and cost escalations. With air freight 

capacity reduced and sea freight congested, transportation costs doubled. Limited 

visibility made it difficult to forecast demand accurately. Workforce restrictions and 

social distancing requirements slowed warehouse operations. Our biggest challenge 

was balancing cost efficiency while maintaining service levels.  

Manager 

3 

We struggled with raw material shortages, particularly from overseas suppliers. The 

closure of manufacturing hubs caused cascading delays across our network. Demand 

spikes for essential goods added to the pressure, while non-essential product lines 

faced a sharp decline. The lack of integration between our suppliers and logistics 

providers made coordination harder.  
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Manager 

4 

COVID-19 disrupted every stage of our supply chain. Procurement faced long 

delays, logistics costs surged, and sudden changes in customer demand created 

significant planning issues. Manual reporting processes slowed our response times. 

We realised that we lacked end-to-end visibility, making it difficult to manage 

supplier performance or identify risks early.  

Manager 

5 

The pandemic exposed vulnerabilities in our global supplier base. Key suppliers in 

heavily affected regions were unable to deliver, forcing us to find alternatives at 

higher costs. Logistics bottlenecks delayed shipments for weeks. Inventory 

inaccuracies compounded the problem.  

 

Q2: In what ways has digital transformation improved operational efficiency and visibility 

within your supply chain? 

Manager Response 

Manager 

1 

Digital transformation allowed us to automate demand forecasting and inventory 

management. AI-driven tools predict future demand with higher accuracy, reducing 

overstock and stockouts. Real-time shipment tracking has eliminated blind spots in 

transportation. Our warehouses now use automated picking systems, which have 

improved efficiency and reduced errors. This level of visibility has empowered faster 

decision-making, ultimately reducing lead times and operational costs significantly. 
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Manager 

2 

The use of cloud-based platforms gave us real-time visibility of our entire supply 

chain, from suppliers to customers. Predictive analytics helped us anticipate 

disruptions and reroute shipments proactively. Automation of repetitive tasks like 

order processing freed up resources for strategic initiatives. 

Manager 

3 

We implemented IoT sensors for monitoring inventory and equipment status. This 

technology reduced downtime and enhanced supply accuracy. Blockchain-based 

supplier tracking has improved transparency and reduced disputes over delivery 

timelines. Digital dashboards now allow our teams to monitor key performance 

indicators instantly, speeding up response times during disruptions. 

Manager 

4 

AI-powered demand planning tools have optimised procurement schedules and 

minimised excess stock. Automation in our warehouses has cut operational costs by 

15%. Enhanced visibility across suppliers using integrated platforms allows for 

better coordination, reducing delays and improving customer service. Digital 

transformation has turned our supply chain from reactive to proactive. 

Manager 

5 

We now leverage digital twins to simulate supply chain scenarios and mitigate risks 

in advance. Machine learning algorithms have reduced forecasting errors by 20%. 

End-to-end visibility has improved supplier compliance and reduced inefficiencies. 

This data-driven approach has significantly strengthened our operational resilience 

and efficiency. 

 

Q3: How can digital tools help in building a sustainable and environmentally responsible 

supply chain? 



Page 79 of 81 
 

Manager Response 

Manager 

1 

IoT sensors track energy usage across our warehouses, helping us identify ways to 

reduce power consumption. Digital route optimisation tools minimise fuel usage and 

emissions in transportation. Blockchain ensures that our suppliers meet ethical and 

sustainability standards, which strengthens our compliance reporting. 

Manager 

2 

Digital tools provide real-time data on carbon emissions across our supply chain. We 

use this information to optimise shipping routes and consolidate loads. Additionally, 

AI-based demand forecasting reduces waste by ensuring we only produce what is 

needed, contributing to sustainable operations. 

Manager 

3 

We implemented sustainability dashboards to track environmental metrics, such as 

emissions and resource consumption. By integrating these into our ERP systems, we 

can identify high-impact areas for improvement. Our blockchain solution also 

verifies the sustainability credentials of our suppliers, ensuring responsible sourcing. 

Manager 

4 

Through the use of big data analytics, we analyse environmental risks and develop 

strategies to mitigate them. Digital collaboration platforms also allow us to work 

with partners on sustainability initiatives. This approach has helped us meet 

government regulations while reducing operational waste. 

Manager 

5 

AI and machine learning have enabled us to predict excess inventory and repurpose 

it before it becomes waste. Our digital compliance tools ensure every supplier meets 

our sustainability benchmarks, creating a greener and more ethical supply chain. 
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Q4: What are the main barriers and key enablers your organisation encountered while 

implementing digital transformation in the supply chain? 

Manager Response 

Manager 

1 

The biggest barrier was employee resistance to new technology. Many were 

comfortable with manual processes. Strong leadership support and targeted training 

sessions were key enablers in driving adoption. 

Manager 

2 

Integration with legacy systems was the toughest challenge. However, partnering 

with experienced technology vendors and adopting scalable cloud solutions enabled 

us to overcome this barrier. 

Manager 

3 

Budget constraints initially delayed the project. The turning point was demonstrating 

clear ROI through pilot programs, which convinced stakeholders to invest in full-

scale digital adoption. 

Manager 

4 

Data quality was a major barrier. We tackled it by implementing robust data 

governance policies and using automated data-cleansing tools, which became a 

strong enabler for success. 

Manager 

5 

Cultural change was our primary challenge. We overcame it through continuous 

communication, change management workshops, and involving employees early in 

the transformation process. 
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Q5: What practical recommendations would you give to organisations looking to 

modernise their supply chains using digital tools to enhance resilience and security? 

Manager Response 

Manager 

1 

Start with a clear roadmap. Identify critical pain points and pilot digital solutions 

before scaling. This reduces risks and builds confidence among stakeholders. 

Manager 

2 

Invest in high-quality data management. Reliable data is the backbone of effective 

digital transformation and predictive decision-making. 

Manager 

3 

Focus on employee training and change management. Digital tools are only effective 

if your workforce understands how to use them efficiently. 

Manager 

4 

Partner with technology providers who offer scalable, secure, and customizable 

solutions. This ensures smooth integration and long-term adaptability. 

Manager 

5 

Measure success with clear KPIs. Track cost savings, lead-time reductions, and 

sustainability metrics to ensure that digital transformation delivers tangible value. 
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