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Introduction 

 

In a society that has made the Web a necessity, the process of digitization is now 

considered a fundamental element and present in every company's foundation.  

Therefore, digitization is strictly necessary to be able to ensure that each company 

achieves an optimum level of competitiveness. For this reason, supply chains are 

increasingly attracted to this issue. For a supply chain to be considered digital, it isn't 

enough to convert documents and all the information contained in paper format to 

digital format. On the contrary, the digitization process requires considerable 

investment both in terms of cost and in terms of structural and managerial changes. 

Therefore, it is important for each company to be able to analyze its own starting 

condition, highlighting the critical issues on which action needs to be taken. 

Having clarified the importance attached nowadays to the digitization process, this 

research work aims to study the application and its influences of a particular technology 

in the supply chain environment. This is a very recent technology called Big Data. In 

order to be able to delve into what activities and areas of the supply chain are impacted 

by Big Data, a literature review was performed using a particular research technique, 

namely Snowballing. In general, it was thus found that Big Data has a great influence on 

demand forecasting and customer relationship, and to achieve excellent results in the 

activities just mentioned, it is also important to share information among the various 

actors in the supply chain. Not coincidentally, Big Data plays a great role in the latter 

area of the supply chain. The following lines describe the structure that characterizes 

this thesis. 

This research paper is divided into four chapters. Chapter 1, following an introduction 

of the concept of Supply Chain and Industry 4.0, proceeds to explore the enabling 

technologies of Industry 4.0 until it presents the concept of Digital Supply Chain and 

consequently the application of the star technology of this thesis, namely Big Data, in 

the supply chain environment. Thus, it is deduced how the first chapter aims to provide 

the right tools for the reader to be able to better understand the results that emerged. 

Chapter 2, on the other hand, sets out and describes in detail the methodology through 

which the results were achieved. In this case, too, the chapter provides a brief 
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introduction on Systematic Literature Review and Snowballing before discussing the 

research method in detail. Chapter 3 is completely focused on exposing the results of 

this research work and the critical analysis to which they were subjected. 

In conclusion, in order to know what are the benefits, limitations and future research 

opportunities of this study, it is possible to read Chapter 4. 
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1. Applications of Industry 4.0 to the supply chain 

 

The chapter aims to provide to the reader the main notions regarding the dominant 

topics of this research thesis in order to facilitate the understanding of the results 

exposed in Chapter 3. In fact, in addition to the introduction of the general concept of 

supply chain, the theme of the chapter also revolves around the concept of Digital 

Supply Chain, Industry 4.0 and its enabling technologies. Finally, there is an in-depth 

analysis of the focus of this study, namely Big Data and its influence on the supply chain. 

 

1.1 Supply Chain 

 

In order to understand the concept of a supply chain (SC) and what activities are 

included, it is necessary to know its definition. The supply chain can be defined as:  

 

A system of organizations, people, activities, information, and resources involved in the 

process of transferring or providing of a product or service from supplier to customer [1]. 

 

This is a rather complex process, in which raw materials play a key role in the initial 

stages. Then there is the realization of the finished product and its warehouse 

management. The process ends with the supply of the finished product to the customer. 

Each step involves different professional figures, in fact it is possible to define them as 

actors of the supply chain. 

From the supply chain concept derives the concept of supply chain management (SCM). 

Supply chain management is therefore the coordination of the various phases that 

compose the supply chain and aims to improve performance and the entire flow of 

resources and products. The three main flows of the supply chain are in fact the product 

flow, the information flow and the financial flow [2]. Supply chain management (SCM) 

coordinates and integrates these flows, both internally and between companies. 

Many people equate supply chain with logistics, but logistics is really only one 

component of the supply chain. 
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Supply chain activities include procurement, product lifecycle management, supply 

chain planning (including inventory planning and maintenance of production lines and 

company assets), logistics (including transportation management), and order 

management.  

Logistics is exclusively concerned with the management of goods, in particular their 

movement. Supply chain management includes many other activities, for example: 

marketing, supplier relations, procurement, inventory management and storage, 

production, purchasing management, delivery management, customer relationship 

management, etc. 

The supply chain concept is quite dated. Supply chain management has continued to 

receive attention from managers, researchers and consultants since the early 1980s.  

Many people identify the work Supply Chain Management: Logistics catches up with 

strategy published in 1982 by R. K. Oliver and M. Webber, as the first time that the term 

supply chain management was used [3]. It is possible to demonstrate the strong 

diffusion of the topic through the analysis of the trends of the main databases (EBSCO, 

Scopus, Google Scholar...) that show, starting from the end of the 1980s, an increase in 

the number of citations related to SCM. For many years, supply chain management was 

viewed as a linear function, managed by supply chain experts. Due to progressive 

changes, especially in technology, SCM systems have become increasingly sophisticated 

and complex. The Internet, the evolution of technological systems, and the advent of 

the demand-driven global economy have hindered the consideration of the supply chain 

as a simple linear function [4]. 

Nowadays, the supply chain is viewed as a complex set of networks. The key players in 

these networks are consumers, who, given the vastness of the marketplace, expect their 

orders to be processed within fairly short time periods. Thus, demand-driven supply 

chain management models, that can combine information, technologies and processes 

with high accuracy and speed, are needed. Although supply chain management has 

always been considered a very important issue for companies, today this importance 

seems to be tripled. The supply chain can be considered as an indicator of business 

success, in fact, only companies characterized by an effective SCM and able to adapt 

quickly to continuous technological changes, can be considered successful companies 

and able to survive the perennial volatility of today's world. An efficient and well-
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organized supply chain can certainly be considered a source of competitive advantage, 

as it allows to optimize available resources, avoid wastefulness and satisfy or anticipate 

customer requests.  

In summary, there are basically three causes that drive researchers and managers to 

focus on supply chain management [3]: 

 

• Added value, in recent times, is progressively increased and technological 

development has led to the need for an efficient supply chain for a company in 

order to survive; 

• Technological development, that has improved a company's ability to control 

every stage of the supply chain, allowing each of them to be constantly updated; 

• Price control, which is no longer a sufficient activity to guarantee the satisfaction 

of the market, only careful management of the supply chain can ensure all this. 

 

Since its origin, supply chain management has been focused on the concept of efficiency. 

This priority has gradually become increasingly important over the years but, recently to 

support this priority, there is the role of the customer. Customer loyalty is based on the 

company's ability to satisfy their expectations and orders with precision and reasonable 

time. For this reason, companies need to analyze supply chains from the perspective of 

customers. 

A new necessity that companies need to pay attention, for continuous evolution, is 

agility [4]. This is an aspect of the supply chain that is necessary for it to be considered 

efficient. For example, to date, consumers generally have greater purchasing power 

because there are different channels through which they can access the market (shops, 

websites, etc.). They also have higher expectations about the degree of customization 

of a product. An agile supply chain can address these necessities.  
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1.2 Industry 4.0 

 

In order to respond to the priorities of the supply chain, for example the role of client, 

described in Section 1.1, it is important to seize the development opportunities offered 

by each technology. These technologies characterize Industry 4.0. 

As it can be observed in Figure 1, the fourth industrial revolution was preceded by three 

other revolutionary changes, namely: the first change (Industry 1.0) happened between 

1770 and 1870, with the introduction of the steam machine that allowed a 

mechanization of production. The second revolutionary change (Industry 2.0) occurred 

in the late 1800s and early 1900s with the discovery of electricity and the introduction 

of mass production. Then, the third revolutionary change (Industry 3.0) occurred 

towards the end of the 20th century with the computerization of production and 

organization, where the introduction of information and communication micro 

technologies accentuated the systematization of the production process [5].  

 

 

Industry 4.0 was born in 2011 in Germany. In detail, the term was first used at the 

Hanover Fair of automation and technology. The term was coined by a German working 

group with the goal of promoting an improvement of the manufacturing industry 

Figure 1 - A journey from the first to the fourth industrial revolution [5] 
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through technological innovation of the entire industrial production. In 2012, the group 

presented a plan for the implementation of Industry 4.0 to the German government [5]. 

Industry 4.0 is characterized by the introduction of new production technologies, which 

allow factories to have vertically and horizontally integrated production, flexible 

processes that enable individualized mass production, intelligent machines that 

exchange data with each other and control production and logistics processes 

independently. The technologies that appear in this latest version of industrialization 

are numerous, including artificial intelligence, machine learning, Internet of Things, 

automation and sensors. They are transforming the way in which companies produce, 

maintain and distribute new products and services. Industry 4.0 is based on the supply 

chain. Industry 4.0 has literally changed the way in which the supply chain is managed 

and analyzed. In other words, the use and application of technologies to the supply chain 

have undergone a revolution. It is possible to demonstrate this through a small example 

regarding the maintenance of production machines that make up the supply chain. In 

fact, while in the past technologies were used only in case of malfunction, today such 

malfunctions can be predicted [4]. It can be deduced that technologies help managers 

to deal with the risks of interruption to the SC and act quickly if necessary.  

Today's supply chain management is about using technology to make the supply chain 

and the company smarter. In addition, technology support improves demand 

forecasting and consequently production planning. In this way, companies can, not only 

meet the requirements of customers, but they can also achieve financial goals through 

production cost containment. Intelligent supply chain management also benefits 

employees, who can take advantage of the automation of the most repetitive 

production processes, focusing their attention on the most complex steps and 

consequently increasing the quality of the final output. 
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1.3 Industry 4.0 and Enabling Technologies 

 

Industry 4.0 represents a great opportunity of evolution for the supply chain, in fact the 

fourth industrial revolution allows to develop new business models able to generate 

smart and competitive products.  

Industry 4.0 is divided into nine pillars, each represented by a technology, as shown in 

Figure 2 [6]: 

 

• Advanced Manufacturing Solutions; 

• Additive Manufacturing; 

• Augmented Reality; 

• Simulation; 

• Horizontal/Vertical Integration; 

• Internet of Things; 

• Cloud Computing; 

• Big Data Analytics;  

• Cyber security. 

 

Figure 2 - Industry 4.0 enabling technologies [8] 



16 
 

In fact, although the Italian Ministry of Economic Development (MiSE) lists nine pillars, 

it is important to stress that this set of technologies is in continuous progress [7]. In fact, 

to this first list, it is possible to add two more fundamental pillars: 

 

• Artificial Intelligence and Machine Learning; 

• Blockchain. 

 

These technologies are known as key enabling technologies (KET). According to the 

European Commission's definition, KETs are: 

 knowledge-intensive technologies associated with high levels of R&D, rapid innovation 

cycles, substantial investment expenditure and highly skilled jobs [8]. 

These are resources and tools that, thanks to the interconnection between them and 

with the Internet, allow companies to make their production processes more efficient 

and, above all, allows them to add value. Consequently, it is important to remember 

that added value is a source of competitive advantage. The positive impact of these 

technologies on the supply chain and its actors is evident.  

In the following sections, each pillar of Industry 4.0 is briefly described.  

 

1.3.1 Advanced Manufacturing Solutions 

 
Advanced Manufacturing Solutions aren’t really just one single technology, but on the 

contrary, they can be defined as advanced production systems, that is, interconnected 

and modular systems that provide flexibility and high performance. This first pillar 

includes automated handling systems and advanced robotics, which today enters the 

market with collaborative robots or cobots [8]. Cobots are designed to support people 

in their workspace, so they are not technologies that completely replace the human 

figure. In general, robots are connected with software and systems and increase the 

efficiency and agility of more complex production systems. They reduce the probability 

of error, time and cost. 
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1.3.2 Additive Manufacturing 

 

Additive Manufacturing and 3D printers are often considered synonymous and can be 

defined as additive manufacturing systems that increase the efficiency of material use. 

They describe a set of technologies that can create three-dimensional objects from a 

design that takes shape in a very short time [8]. Additive Manufacturing allows, unlike 

traditional manufacturing which was based on the removal of material from a raw 

component, to add material through the technique of layering, or layer on layer. This 

technology allows to create complex and customized products, but the great advantage 

is represented by the possibility of reducing production time, less raw material used and 

lower storage costs. Raw materials may vary depending on the technology, while the 

common element in all manufacturing methods is the use of a computer with software. 

Additive Manufacturing and 3D printers are not recent, in fact, their origin dates back to 

1984 and, due to technological evolution, they have undergone great changes [9]. 

Today, finished products are made with a greater variety of raw materials and, above 

all, the cost of the machines has decreased in comparison to the early years. 

 

1.3.3 Augmented Reality 

 

Vision systems with Augmented Reality (RA) better guide and support operators in their 

daily activities. Augmented reality integrates the physical world with different types of 

fictional information, for example sound, visual, textual, etc. [8]. The most widely used 

devices are smartphones and tablets, but there are many others. This technological 

pillar brings many benefits for logistics: it facilitates picking and makes order control 

more dynamic and accurate [7]. There are many other benefits, for example, RA devices 

indicate machinery failures, allow the transformation of written information into vocal 

messages, graphically represent work processes in order to make them more intuitive 

for the operator. Augmented reality facilitates remote collaboration by providing expert 

assistance in solving problems, replacing the need for people to be physically present. 
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1.3.4 Simulation 

 

Simulations cannot be considered a real technology; on the contrary it constitutes a 

virtual representation of industrial production processes. In detail, Simulations offer the 

ability to carry out a process or service through digital tools. In this way, processes can 

be tested even before they are officially launched, allowing for a reduction in costs if 

physical machinery does not need to be installed [8].  

Production processes can then be improved to increase the quality of the final product. 

The simulations use a large number of data and information in real time coming from 

the production or logistic centers, in fact in order for this technological pillar to be used 

it is necessary the collaboration of many other technologies (Internet of Things, Cloud 

Computing, Big Data). Thanks to this last feature, simulations allow companies to be able 

to reconfigure their strategies in a shorter period of time. 

In order to allow effective simulations and to obtain updated data in real time, it is 

necessary to introduce the concept of Digital Twin. It is a logical-mathematical replica 

of a real process that composes, for example, the production process of the supply 

chain. In other words, Digital Twin is a mathematical model that translates into virtual 

terms what happens in a real process or system. In order to obtain an optimal 

mathematical model, it is essential to identify each component of the system; namely 

buffers, resources, transports, etc. By implementing the model in a code, it can be 

considered ready to use of benefits offered by simulations with Digital Twin [10]. 
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1.3.5 Horizontal and Vertical Integration 

 

A common keyword for all Industry 4.0 enabling technologies is definitely 

"interconnection". This term takes on greater importance in the case of 

Horizontal/Vertical Integration. In fact, Vertical or Horizontal Integration can be used 

only through interconnected technologies, which allow the creation of a real-time data 

sharing network. Vertical integration involves customers and suppliers, on the contrary, 

horizontal integration involves all companies in the same sector. The exchange of 

information and the digitalization of this communication between the above-mentioned 

parties facilitates the production process, reducing costs and increasing the added value 

of the final product. For this reason, vertical and horizontal integration don't really 

represent a technology, on the contrary they are  a structural and organizational 

evolution of the supply chain on which digitization can have a strong impact. This fifth 

pillar of Industry 4.0 can be defined as a set of strategies used by companies that belong 

to the same sector or production process [11]. In particular, Industry 4.0 vertical 

integration provides a great competitive advantage to the company: it allows to detect 

and respond very quickly to continuous changes in the market, offering the possibility 

to capture new development opportunities. Thanks to this aspect, companies can 

advance faster within a market that seems to be increasingly competitive. In practice, 

vertical integration refers to the integration of technologies that facilitate 

communication between machines and equipment among factories. This leads to 

greater availability of production data and subsequent process improvement due to the 

ability to monitor parameters in real time. In addition, in order to respond to more 

complex manufacturing processes, horizontal integration involves Cyber Physical 

System (CPS) networks that increase the levels of automation, flexibility, and agility in 

the supply chain [11]. CPSs represent a set of systems of different nature that aim to 

achieve control over the physical process [12]. 
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1.3.6 Internet of Things  

 

The Internet of Things (IoT) represents a set of devices connected to the Internet. These 

devices are not only TVs, tablets or smartphones, but it is also necessary to think of all 

those that take part in the production process or even more simply in an office. For 

example, IoT enables the improvement of the new product development process 

through data derived from previous versions of related products or improvement of 

product quality control or workplace safety. Thanks to the use of IoT, it is possible to 

monitor the entire distribution process of the supply chain, thus promoting the 

movement of goods from the producer to the final customer under the established 

conditions [13]. Moreover, the introduction of IoT in an office ensures customized 

workplaces according to the work needs, this allows for easily adjustable lighting or 

heating systems hence reducing consumption and business costs [14].  

In other words, the term Internet of Things refers to the application of technological 

components within physical objects, making them smart and able to communicate with 

each other through the use of the internet and a common language [8]. Communication 

between the customer, actors in the design and production phase, and suppliers is one 

of the benefits provided by IoT.  Moreover, logistics is an area of the supply chain that 

benefits most from the use of such technology. In fact, it is useful for predictive 

maintenance, effective inventory management, improved lot traceability and safer 

operations in the product lifecycle. 

 This technological pillar presents a criticality. On the one hand, any device connected 

to the internet offers the advantage of being able to receive and use a large amount of 

data in real time, but on the other hand it represents a risk concerning the management 

of data. This data could be subject to cyber-attacks and it is important that each 

company uses appropriate solutions to mitigate the risk and ensure its protection. It's 

no coincidence that the goal of the Internet of Things is to empower the company and 

not compromise it. 
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1.3.7 Cloud Computing 

 

The term cloud computing refers to the technology that makes it possible its operation, 

that is, an IT infrastructure, useful for sharing data and applications via the Internet. The 

continuous evolution of today's world drives companies towards business models 

capable of managing a huge amount of information [8]. Given the current state of the 

majority of supply chains and the fragmented sharing of information, cloud technologies 

offer a fair solution to these issues. There are cloud applications on the market that are 

useful for transportation management, equipment maintenance and repair. For 

example, there are systems that can automate the management of shipments, providing 

critical delivery and pickup data needed to reduce transportation costs. Through these 

solutions, more efficient suppliers can be identified. In conclusion, automating 

processes allows all parties involved to more easily access information and therefore 

take more "informed" decisions. The use of a cloud in a company optimizes logistics and 

encourages synergistic collaboration between the various human parts, makes data 

archives accessible at any moment, and finally reduces the costs connected to hardware 

and software [15]. 
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1.3.8 Big Data Analytics 

 

Traditional databases that were used to support businesses are no longer considered 

suitable for containing the large volume of data that needs to be tackled today. In this 

regard, it is possible to introduce the term Big Data, which identifies the large set of 

available data that companies have. In particular, the term Big Data Analytics represents 

the set of processes and technological systems that facilitate the analysis of data 

through which it is possible to make predictions. Big Data is therefore a key enabling 

technology (KET), which since the 1990s is no longer a simple support for business 

managers, but a real starting point for making more effective decisions. The future 

perspectives for each company using this technology are quite significant and positive, 

so it is necessary to have state-of-the-art architectures and adequately trained 

employees in order to take full advantage of the benefits [7]. Only through the 

acquisition of appropriate skills, companies can customize their path related to Big Data 

and obtain added value, as well as competitive advantage. The benefits guaranteed by 

the use of this enabling technology in the supply chain are discussed in the following 

subchapters. 

 

1.3.9 Cyber security 

 

The technologies described so far have shown great potential, especially in accessing, 

sharing and storing data. However, data is not only a source of competitive advantage, 

it also exposes companies to risk. In a world constantly connected to the internet, these 

risks increase not only in terms of volume but also in terms of entity. It is for these 

reasons, that cyber security can be considered the main pillar of Industry 4.0. The term 

cyber security identifies the set of technologies required to ensure that the company 

and the entire supply chain can protect the information relevant for their business [8]. 

In order for an adequate level of data defense to be used, each supply chain must be 

able to identify and assess risks. In addition, there are cyber security technology 

solutions that do not necessarily require the installation of software, so this is definitely 

a benefit to the supply chain, consisting of reduced IT costs [19]. 
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1.3.10 Artificial Intelligence and Machine Learning 

 

The term Artificial Intelligence (AI) indicates machines or systems that use human 

intelligence to perform and improve tasks. Artificial intelligence aims to enhance the 

capabilities of human resources without replacing them completely, for this reason this 

technology is useful in order to improve the production process and automating all 

those repetitive steps that previously required the expenditure of human energy. The 

use of AI in supply chains has been constantly increasing in recent years. The positive 

results brought by AI in SC are numerous and cover different aspects: extraction of 

important data from customers and suppliers, simplification of supply, demand and 

inventory management, accurate demand forecasting, optimization of logistics and 

warehouse management, automation of vehicles in distribution centers [16]. To justify 

these benefits there is machine learning, which is another aspect of artificial 

intelligence. It analyzes highly complex data and develops useful models for predicting 

future trends. The ability to manage data from different sources enables AI to effectively 

control the flow of information. AI thus uses a wide spectrum of knowledge, necessary 

for warehouse management and digitization of the vehicles. 

Machine Learning (ML) is a subset of artificial intelligence that creates systems in order 

to improve performance depending on the data used. Often ML and AI are used as 

synonyms but, in reality, they do not indicate the same thing and do not have the same 

meaning. In detail, everything that indicates Machine Learning is part of artificial 

intelligence, the same can’t be said for AI. Machine Learning bases its learning mode on 

human intervention for data processing [17]. There are various examples of application 

of ML in the corporate world, such as computer voice recognition or conversion of 

speech into written text, digitization of customer service (online chatbots are replacing 

human resources in customer support through the proposal of automatic answers to 

frequently asked questions), promotion of algorithms capable of proposing 

complementary or alternative products to customers through the analysis of their 

previously made purchase data [17]. 
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1.3.11 Blockchain 

 

The blockchain or block structure is a digital ledger containing data that is shared 

securely between the various blocks that make up the structure. The data is protected 

through the use of cryptography, in fact, the blockchain can be considered a useful 

technology because it ensures the protection of the registry and avoids the presence of 

duplicate information. The data store can be shared but not modified. In case of 

modification all parties are informed and can trace the author, for this reason to modify 

the registry it is necessary to receive consent from each component. Depending on the 

type of blockchain, transactions between different blocks can be of different types, for 

example money, information or documents [18]. There are mainly three aspects of the 

supply chain affected by blockchain: decentralization, collaboration and traceability. As 

explained in the previous lines, the blockchain is a structure composed of multiple 

nodes, each having access to information. This decentralization of data means that the 

supply chain is able to deal with any disruptions due to the malfunction of a node. In 

addition, the new data storage methods associated with blockchain implementation 

allow top management to be able to modify the governance of existing collaborations 

with other entities, such as suppliers. Finally, this technological pillar makes traceable 

any information exchange that takes place between both internal and external actors in 

the supply chain. The increased traceability facilitates the identification of possible risks 

or problems, consequently allowing for more immediate resolution [18]. 
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1.4 Digital Supply Chain 

 

In addition to the supply chain priorities mentioned in Section 1.1, there is also agility, a 

necessary prerequisite for each company to gain competitive advantage. In order to 

acquire an agile supply chain, it is necessary to adopt the digital technologies that, with 

Industry 4.0, have revolutionized the market. In this regard, people talk about Digital 

Supply Chain (DSC). In fact, with the advent of the fourth industrial revolution, the supply 

chain has undergone a digitization process. The main applications of the Digital Supply 

Chain concern [20]: 

 

• Inventory;  

• Product logistics; 

• Electronic tracking. 

 

Digital Supply Chain therefore includes a large number of activities relating to the 

traditional supply chain and it is of fundamental importance for the optimization of 

resources and reduction of business wastefulness. Only with an excellent understanding 

of the analog supply chain, the new digital version of the supply chain can be effectively 

managed. 

Given the rapid changes in technology, there are mainly two strategic approaches 

adopted by the top management of Digital Supply Chain [20], namely: 

 

• Lean approach, a strategy whose main objective is to streamline processes and 

reduce wastefulness (use of materials, machines or labor that does not add value 

to the product); 

• Agile approach, a strategy whose main objective is to give flexibility and 

vulnerability to the supply chain, ensuring the ability to adapt in a short time to 

the continuous changes that characterize the competitive market. 

 

The role attributed to the many technological pillars that compose Industry 4.0 within 

the supply chain affects many aspects. 
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Nowadays, the complexity of the supply chain has increased and this can be attributed 

to several reasons, including the increasing number of actors interacting with the supply 

chain. The increase in interactions leads to the growth in the number of information, 

which automatically makes transparency necessary. It, in fact, makes the supply chain 

able to react in real time to external incentives and even anticipate them. Digitization 

promotes manufacturing transparency and makes the supply chain more efficient in 

meeting customer needs [21]. In reality, applying digitization to all supply chain activities 

is not so simple. This difficulty can be explained by the large number of facets that 

characterize supply chain processes. Not all manufacturing companies have already 

digitized their supply chains; some organizations have only undertaken this path at 

certain levels of the supply chain [21]. It is important that, all companies aiming to 

compete on a global scale, understand the need to anticipate this process and thus play 

in advance of their competitors. 

Another positive impact conferred on the supply chain through digitization concerns the 

installation of new production machines [21]. In fact, having up-to-date machines makes 

the SC more efficient in the production phases; for example, making more products in 

less time. This translates into economic advantages and better response to the client. 

Technological advances in machines also bring advantages in the handling (unloading, 

packaging, picking up) of goods, avoiding the physical effort previously required by 

human resources. 

Industry 4.0 has introduced new approaches to product distribution that can reduce lead 

times and avoid inventory management losses. Through advanced forecasting 

techniques, such as predictive data analytics, supply chains are more flexible and 

durable than planning times [21]. The Digital Supply Chain is able, through its 

capabilities, to focus its attentions also on the relationship with the customer, which 

today is the protagonist of the market. Real-time knowledge of information allows the 

supply chain to respond to customers' requests for product customization. In fact, in 

contrast to some years ago, when customers were willing to wait up to a week to receive 

a standard product, today this is no longer possible. With the inclusion of colossus like 

Amazon, customers are making their decisions depending on the degree of 

customization and speed with which they receive their product. 
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In this digital age, companies must shift their focus from cost reduction and function 

management toward how their supply chains can generate real value from innovative 

new technologies to meet new customer expectations, enable new processes, and make 

their organizations more integrated, transparent, and agile. 

Due to the many benefits related to supply chain digitization, companies often rush into 

initiating this transformation without giving too much importance and attention to the 

initial analysis of their starting point. In fact, thinking that this process will necessarily 

lead to success, almost always results in not being the right approach to take [21]. All of 

the enabling technologies described above have different cost implications, different 

skill requirements, different technology requirements, and different implementation 

times. It is necessary to understand which of the technologies are most crucial and 

should receive the most attention. In order to achieve a solid business strategy, with 

positive results in the medium to long term, a customized transformation must be 

undertaken taking into consideration the needs of the company's business. It is essential 

to execute a real scanner that brings to light the initial criticalities and clarifies which are 

the final goals. 

In substance, in this first phase, top management assumes the role of protagonist. In the 

majority of cases, companies have difficulties in managing data, which therefore 

represent the first frontier to be addressed in order to start a valid digitalization project. 

Many companies have difficulties in monitoring inventory, controlling production 

phases and consequently tracking the entire product life cycle [22]. The solution is to 

assign more importance to data. This requires a system capable of collecting, analyzing 

and storing all information, without neglecting any node of the supply chain. The 

difficulty in optimizing processes often comes from inconsistent data [22]. It is therefore 

important to leverage quality and, above all, meaningful data. It can be deduced that 

the effectiveness of the Digital Supply Chain depends on the updating and accessibility 

of data, which is often only accessible to a limited number of people. This aspect is the 

source of a major limitation, because the data could be useful to different departments 

in the supply chain; such as sales team, purchasing team, maintenance team, etc. As 

anticipated, it is necessary that not only a digital transformation of everything material 

takes place, but on the contrary, it is important that there is a change in the company 

culture [22]. 
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1.5 Big Data and Supply Chain 

 

In a contemporary business environment, where market forces drive economic 

performance, competitiveness in a company has become strictly necessary. 

Competitiveness enables a company to establish itself in new markets, achieve superior 

performance and overcome the competition. So far, the concept of Digital Supply Chain 

has been described, highlighting what are the benefits of Industry 4.0. In reality, these 

benefits mainly revolve around a particular enabling technology, namely Big Data (BD). 

This study aims to identify what are the impacts of Big Data on the supply chain and in 

particular what aspects of the supply chain are affected by Big Data analytics (BDA). 

 

1.5.1 Big Data Analytics Definition 

 

BDA, usually defined as the application of advanced analytical techniques, helps an 

organization analyze huge amounts of data [23].  In reality, there are many other 

definitions (Cetindamar et al., 2021): 

 

BDA is defined as the process of using advanced technologies to examine BD, to reveal 

useful information, for making better decisions across business processes among 

functions or companies (Waller and Fawcett,2013). 

 

BDA is defined as applying tools (e.g., database and data mining tools) and techniques 

(e.g., analytical methods) that a company can employ to analyze large-scale, complex 

data for various applications intended to augment firm performance in various 

dimensions. 

 

BDA is defined as the application of multiple analytic methods that address the diversity 

of BD to provide actionable, descriptive, predictive, and prescriptive results. 

 

BDA is defined as applying tools and processes to large and disperse datasets to obtain 

meaningful insights.  
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However, despite the existence of multiple definitions, each of them highlights the great 

benefits obtained through the use of BDAs, without ever mentioning the resources 

needed to transform BDs into managerial actions. It is for this reason that the acronym 

Big Data Analytics Capability (BDAC) is often mentioned when discussing Big Data. BDAC 

refers to a firm's capabilities to obtain information from BDs. In 72% of cases, scholars 

describe BDAC with different human capabilities, particularly technical and managerial 

skills, and technological and relational knowledge (Cetindamar et al., 2021). 

Through BDA, it is possible to gain insights that are relevant to the company's business. 

This improved knowledge supports the company in exploring new markets, increasing 

its operational and economic efficiency, and facilitating new product development. In 

conclusion, Big Data Analytics can be considered an asset for organizations. 
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1.5.2 From 3V Model to 6V Model 

 

Due to the continuous evolution of production machines, there is no specific number 

that can identify the exact size of the dataset, not surprisingly, Big Data is continuously 

growing. 

In 2001, analyst Doug Laney defined this growth model as a three-dimensional model, 

known as the 3V Model. 

The 3V acronym identifies the three main factors - Volume, Velocity and Variety - that 

have characterized Big Data from the beginning. To date, BDs have been associated to 

5V [24]: 

 

• Volume, not coincidentally the name Big Data is associated with a huge amount 

of data and in order to determine its value, it is important to assess its size. This 

volume of data can' t be analyzed with traditional technologies and especially 

there is a strong growth in this regard. For this reason, researchers have difficulty 

in determining the threshold above which it is possible to speak of Big Data. 

• Velocity, it is an aspect related to the speed with which data is accumulated. As 

with volume, in recent years there has been an increase in the speed with which 

data is acquired. Each technological device has sensors that can accumulate data 

in real time, so organizations not only face the difficulty of storing a high volume 

of data, but they must at the same time be able to analyze it in a rather limited 

amount of time. 

• Variety, refers to the nature of structured, semi-structured and unstructured 

data. In fact, the sources from which they are derived are heterogeneous. 

Organizations manage data not only from internal sources, but also from 

external sources such as social media. 

• Veracity, refers to the degree of inconsistency that sometimes characterizes 

data, which must be of high quality and accurate to ensure optimal analysis. 

Despite the increasing volume, speed and variety that characterizes them, Big 

Data cannot ignore an essential prerequisite: quality. 
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• Variability, in fact, means considering how quickly the structure or form of the 

data is changing. It is important to give the right attention to this aspect, since it 

is responsible for the interpretation of the data. 

 

After the 5V just described, a sixth V was added. In this case the V represents the initial 

of the term Value. In recent times Big Data are considered as a source of wealth for 

organizations, in other words a source of value [24]. Often the terms data, information 

and knowledge are used interchangeably with each other, in reality they are not exactly 

the same thing. By definition, the term data is an encoded elementary description of 

information, an entity, a phenomenon, a transaction, an event or something else [25]. 

Only through the analysis of a datum, information can be obtained. Finally, knowledge 

is obtained when a person uses information to make decisions [24]. The value is 

therefore generated in the passage involving these three phases, which are based on a 

process of analysis and use of data. 

 

1.5.3 Data categories and their analysis 

 

As mentioned before, data can be classified into three categories: 

 

• Structured data; 

• Semi-structured data; 

• Unstructured data. 

 

As noted by their name, structured data follows a set of rules and can be of various types 

(number, date, address, etc.). In this case, the data can be represented in a spreadsheet 

program such as Excel and can be organized using rows and columns. The set of rows 

and columns form a table and in the presence of multiple tables it is possible to create 

links between them. Links between columns form relational databases. Databases are 

processed using SQL (Structured Query Language). Finally, structured data is easy 

enough to analyze due to its quantitative nature [26]. Next, there is the semi-structured 

data, which is not suitable for a relational database. They are usually represented with 
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labels, graphs, or tree structures. Examples of semi-structured data are emails or files 

with HTML extension, used to transmit data between a server and a web application 

[27]. Unstructured data cannot be organized into rows or columns (e.g., images, audio, 

video). They do not have a predefined schema; in fact, they are more flexible. Despite 

the vastness of existing software, the analysis of unstructured data is quite complicated 

due to its qualitative nature. Since they make up most of the data owned by 

organizations, they represent a major obstacle. The commonly used database is NoSQL 

(not only SQL). It is a database with higher data processing capabilities [26]. 

Basically, given the enormous amount and type of data that companies need to know 

how to manage in today's market, they can be considered officially immersed in the Big 

Data era. The increase in data availability has led to an increase in data processing 

activities. Obviously, Big Data Analytics activities help organizations to realize superior 

performance and to gain competitive advantage. In reality, it is not sufficient to own 

technologies that deal with such activities, but it is necessary to integrate BDA within 

the value chain (Bameland Bamel, 2020). In fact, the technologies can be easily imitated 

by competitors, who would not be able to duplicate the effectiveness with which a 

company uses its resources. In addition, BDA offers a great advantage: those who make 

decisions without consulting data, have only a partial vision of the market. In general, 

Big Data analysis is divided into two macro areas: qualitative and quantitative [28]. 

Quantitative analysis mainly uses numerical data and describes a phenomenon in detail, 

while qualitative analysis identifies in broad terms the methods and causes of 

development of the phenomenon. There are three types of data analysis: descriptive 

analysis, predictive analysis and prescriptive analysis.  

Descriptive analysis, as its name suggests, describes and synthesizes raw data. It focuses 

on analyzing past events, from which companies can learn and identify solutions for 

possible future influences.  Descriptive analysis includes simple reports, such as 

inventory, workflow. These are useful documents to describe the state of a company's 

operations [28]. However, this type of analysis has a limitation: it does not identify 

future trends, but simply allows raw data to be translated into useful information [29]. 

Predictive analytics focuses on understanding future events. In other words, it tells what 

will happen in the future. It provides intuitive information and requires a large volume 

of data to do this. It is obvious that what is predicted by this type of analysis does not 
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have a 100% probability of happening. The results of predictive analytics are intended 

to support the decision-making process of business managers [28]. 

Prescriptive analytics supports users in prescribing different actions to drive activities 

toward a solution. It aims to measure the effect of future decisions in a way that avoids 

unpleasant outcomes. It is a complex analysis and still not widely adopted by companies 

[28]. 

 

1.5.4 Big Data Application 

 

Following this brief overview of each type of data analysis, it is possible to identify the 

areas of the supply chain where there are positive results. For example, thanks to data 

analytics, managers can learn in detail about customer preferences and tastes, thus 

aiming at product refinement and manufacturing improvement. In addition, Big Data 

provides a comprehensive overview of the market condition and consequently helps in 

the identification and evaluation of risks, which can be more easily mitigated in this way. 

BDA provides useful suggestions for strategies and decision-making processes to be 

faced. As explained in the previous paragraph, the customer is becoming increasingly 

important, so often feedback is requested on purchased products. The analysis of this 

information can reveal useful signals in the functioning of the product. So once again, 

Big Data enables customer monitoring and facilitates the refinement of the final output. 

In summary, thanks to the 6Vs that characterize Big Data, it can positively influence the 

supply chain in the planning, procurement and development phase, execution phase, 

and product management phase [30]. 

The data of the supply chain together with statistical models help to obtain an accurate 

forecast of the demand and to contrast the phenomenon of the inventories in excess 

(phase of planning), guaranteeing in this way also economic benefits due to the 

reduction of the costs of stocking. The availability of the data supports the management 

in the evaluation and selection of the suppliers (phase of supplying), aiming to products 

more and more of high quality, gaining consequently the trust and the so-called 

willingness to pay of the customer. In other words, such aspect contributes to customer 

loyalty. The use of real-time data benefits failure prediction and maintenance planning 
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(execution phase), leading to a more effective and responsive production process. 

Multiple benefits are also found in the selection of optimal routes for product delivery, 

lowering transportation costs. In addition, a higher degree of information provides 

greater accuracy and security in the product return phase, for example, customer 

transaction tracking enables the archiving of feedback issued (product management 

phase). Integrating BDA into supply chains develops an organization's capabilities for 

information exchange, intra- and inter-company integration, and responsiveness to 

macro- and micro-company changes in supply chain management [30]. 

Another effect that can be focused on is the Bullwhip Effect (BWE). This effect, which 

was initially found by Forrester in 1958 through a case study in supply chain 

management, can be effectively alleviated after the application of digital technologies 

(DT). Thus, it is inferred that Big Data also alleviates BWE through the improved demand 

forecasting mentioned above (Ran et al., 2020). It is also found that decision science 

models based on big data provide optimization for sustainable technologies. We often 

talk about Green Data, but before delving into this concept, it is important to understand 

what precedes it. In most cases, incomplete and unstructured data is collected, and even 

not correlated with each other. This represents a major obstacle that organizations face. 

Starting from this premise, it is possible to talk about Green Data, a term that identifies 

the need to perform a digital cleansing necessary to initiate digital sustainability. This is 

a method of data collection that generates valuable and useful information to launch 

sustainable strategies [31]. 
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There are numerous goals that can be achieved through Big Data Analytics [31], for 

example: 

 

• Reduction in energy consumption; 

• Minimization of carbon dioxide emissions through the study of vehicle travel; 

• Ecosystem health monitoring; 

• Analysis of customer welfare useful for the improvement of services and quality 

offered; 

• Reduction of water consumption within the production process. 

 

Regarding sustainability, this concept is often expressed in terms of a triple bottom line 

- financial, social and environmental performance. So, when talking about sustainable 

supply chains, it should not consider exclusively environmental issues. If the company 

undertakes data-driven decisions, then this will certainly have consequences for its 

organizational and strategic capabilities, which in turn will impact sustainability 

initiatives. In fact, BDA affects several supply chain management issues, such as 

providing skills and capabilities to employees (Chalmeta et al., 2021). In order to achieve 

a good level of BD utilization, it would be necessary to provide employees with an 

adequate level of knowledge regarding this new technology. Such an aspect would help 

organizations to fulfill social goals. To support a sustainable supply chain, the concept of 

Big Data and Predictive Analytics (BDPA) needs to be used. These are useful tools to 

improve business performance. Originally the acronym BDPA was closely related to the 

financial domain, in reality BDPA can have several impacts on the triple bottom line 

(Hazen et al., 2016). For example, BDPA could be used to study climate change or BDPA 

initiatives could bring useful financial benefits for sustainable supply chain 

management. In this regard, each organization could implement a datawarehouse to 

facilitate the collection of economic data, such as fuel consumption and its associated 

expenses, costs, revenues, etc. In this way, it would be possible to obtain the financial 

ratios necessary to improve the level of sustainability of the supply chain. For example, 

overspending on fuel could make top management think and stimulate them towards 

more cost-effective and environmental friendly transportation solutions. 
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Finally, considering the potential advantages that the supply chain could obtain from the 

use of Big Data and considering the continuous evolution to which today's market is 

subjected, the study proposes in the following chapters an analysis of the papers, 

obtained through a particular research technique called Snowballing. In order to 

highlight what are the current conditions of manufacturing companies regarding the use 

of Big Data and its impact on the supply chain, the main results emerging from the 

snowballing papers are reported. 
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2.Research method 

 

This chapter aims to describe in detail each step addressed during the study. In 

particular, Section2.2 will outline the research methodology applied to the set of articles 

selected in the first phase of the literature analysis, which represented the starting 

point. Following this first step, the research methodology that has largely characterized 

the entire study was carried out and hence led to the results described in Chapter 3. This 

second part will be analyzed in Section 2.4. 

 

2.1 Systematic Literature Review 

 

This research thesis basically consists of two major steps: 

 

• Searching papers with applications of all digital technologies to the supply chain; 

• Searching papers with applications of Big Data to the supply chain. 

 

It is important to specify that they were implemented in the order in which they are 

listed. In fact, the second step is completely based on the first. This section focuses on 

the first step, which was performed through a Systematic Literature Review (SLR). 

SLR is recognized as a fundamental research methodology to achieve efficient analysis 

of a large number of different sources (Frehe et al., 2014). In fact, several researchers 

argue that by performing a synthesis of research in a systematic and transparent way, 

an SLR can be considered high-quality evidence. Therefore, on the one hand the review 

process increases methodological rigor for academics, and on the other hand it supports 

practitioners in developing a solid knowledge base through the accumulated knowledge 

from a series of studies (Meriton et al., 2021). 

For such reasons, this methodology was considered useful in achieving the objectives of 

the present study. 
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Typically, a Systematic Literature Review consists of various steps [33]:  

 

1. Definition of the team of work; 

2. Development of the research protocol; 

3. Data collection; 

4. Database selection; 

5. Selection of studies; 

6. Assessment of bias; 

7. Evaluation of unpublished studies; 

8. Summary of results; 

9. Review; 

10. Update. 

 

They represent the entire process that needs to be carried out in order to obtain the 

desired results. In reality, the real research activity is between step 3 and step 10, which 

can be summarized in four macro phases represented in figure 3. 

 

 

 

Selection 
of studies

Results 
analysis

Update

Data 
Collection

Figure 3 - Macro phases of Systematic Literature Review 
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A brief description of each step follows. 

The process starts with the definition of the working team, in fact, the presence of a 

research group allows to compare different points of view, thus bringing out any 

criticalities of the working method. It is not by chance that this method requires a well-

defined research protocol, able to clarify to each team member the research methods. 

Like all research methodologies, the Systematic Literature Review produces data. It is 

important to have the objectives of the study in mind in order to select articles that are 

relevant to the research area. It is possible to extrapolate these articles from a variety 

of databases, so the databases to be used during the research should be defined. It is 

essential that the articles collected are also of high quality to obtain a high-quality study. 

The researcher must carefully select the articles, for example, by reading the abstracts 

or identifying appropriate keywords. Regarding the sixth step, the term bias properly 

means "oblique" or "slanted" [34]. In statistical terms, it identifies the tendency to 

deviate from the average value. Thus, there are publications in which such bias cannot 

be eliminated, so this aspect definitely limits the results. In addition, these limitations 

may also be due to the presence of unpublished studies. At the end of these 

considerations made about the results, it is necessary to make a synthesis of them. The 

term synthesis doesn't simply refer to the elaboration of a summary of all the articles, 

on the contrary it is appropriate to perform a critical analysis of each of them so as to 

produce a not banal discussion, on the contrary, organic and well articulated. Finally, as 

in all research methodologies, it is appropriate to perform a review and update. This last 

phase is important in order to avoid the exclusion of articles relevant to the research 

and that have been published only recently. 
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2.2 Systematic Literature Review application  

 

The discussion of the steps that typically characterize an SLR, performed in Section 2.1, 

is followed by a description of the application of those steps to the research process in 

question.  

 

 

As it can be noted in Figure 4, first of all, the research team was defined, composed by 

three students from Politecnico di Torino and teachers Anna Corinna Cagliano and 

Mahsa Mahdavisharif. Then, the objectives and the working methods were identified: 

each student was associated to specific Industry 4.0 technologies and through weekly 

meetings the team was constantly updated on the progress of the research. Regarding 

data collection, however, it was performed in two phases, listed at the beginning of 

Section 2.1. In this first phase, two databases were selected, namely Scopus and Google 

Scholar. Considering that the main objective of this first step was to identify articles 

having as topic the applications of Industry 4.0 digital technologies to the supply chain, 

the following keywords were used for the selection of articles: 

 

• “additive Manufacturing” and “supply chain”; 

• “Big data” and “supply chain”; 

• “Blockchain” and “supply chain”; 

• “Block chain” and “supply chain” 

• “cloud computing” and “supply chain”; 

• “Digital supply chain”; 

• “Digital supply Chain”, “lean”; 

• “digitalization” and “supply chain”; 

• “IoT” and “supply chain”. 

 

Research Team: 

Five components

Working Method:

Weekly meetings

Data collection:

SLR & Snowballing

Results: 

Critical Analysis

Figure 4 - Steps of SLR 
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A total of 338 papers were extrapolated. To them has been associated the name of Basic 

Paper (BP). In order to execute best the steps ranging from number 6 to number 10, the 

Basic Papers were classified through the definition of the following points characterizing 

each article: 

 

• Authors; 

• Title; 

• Year of publication; 

• Reading date; 

• Journal; 

• Impact Factor; 

• Quartile (Q); 

• Citations number; 

• Database; 

• Keywords used to find the paper; 

• Information regarding the topic discussed. 

 

Concerning the last point, that is, the information regarding the treated topic, details 

were reported regarding the topic area, the technology and methodology adopted, the 

data collection used by the author, the research questions (RQ), the research gaps, the 

main results, the limitations and also the future perspectives. Finally, the critical points 

derived from each article, a small summary and an evaluation regarding the impact of 

the topics discussed in the Basic Paper on the research objectives were also noted. This 

evaluation was assigned through a score contained in a range from 1 to 10. 

This first phase of research provided a starting point for the second phase of research, 

which the object of the present thesis. In fact, the first phase was exclusively performed 

by the thesis supervisors Anna Corinna Cagliano and Mahsa Mahdavisharif. Moreover, 

since the second research phase is exclusively focused on Big Data technology, the 338 

Basic Papers were reduced to 105. 105 is therefore the number of BPs concerning Big 

Data. 
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2.3 Snowballing 

 

As anticipated in Chapter 1, the concept of Digital Supply Chain has become more 

emphasized in recent years, so there are still numerous literature gaps to be filled, 

scattered articles, and lack of a collection of publications from which the main critical 

issues emerge (Zekhnini et al., 2021). A literature review helps researchers to analyze 

the literature that is considered interesting, to recognize the conceptual content, and to 

contribute to the development of publications. To achieve the objectives of the study, 

the review methodology is based on a particular research method, called Snowballing. 

As its name suggests, this technique is based on so-called snowball sampling. This 

method is part of the SLR research methodology described extensively in Section 2.1. It 

is a non-probabilistic method that consists of several phases [32]. The first phase sees 

the researcher dealing with a sample of previously selected articles, after which, this 

sample is destined to increase in size with the continuation of the research. For this 

reason, the sample is said to grow over time like a rolling snowball. 

Often, this technique is used to undertake research in the social field, so it is a different 

application than the focus identified in this research. In fact, the commonality between 

these two different areas of application of snowballing is the reason that drives the 

researcher to opt for this method. In fact, this sampling technique is primarily used by 

social scientists who want to work with a population that is difficult to locate or identify 

[32]. In the case of this study, on the other hand, rather than talking about a population 

of individuals, it is a set of publications that are useful in filling literary gaps and 

describing results that are still not widespread due to only recent attention given to this 

technology and the impact or influence that Big Data can have on the supply chain. It is 

deduced that snowball sampling is an excellent technique to be able to process 

exploratory research. 
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This research method can be classified into two categories (Jalali and Wohlin,2012): 

 

• Backward snowballing, that is the identification of papers through the list of 

references included in each starting article; 

• Forward snowballing, identification of papers that cited the articles in the 

starting sample. 

 

Thus, Snowballing represents a manual process based on a series of papers or 

publications to identify multiple studies on the basis of the references and citations 

contained in them.  

If the researcher follows both snowballing methods, backward and forward, snowball 

sampling primarily consists of three steps that are iterated until satisfactory results are 

found. The three steps are as follows (Jalali and Wohlin,2012): 

 

• Step 1: Start searches of major databases to obtain a set of source articles. This 

is the phase described in Section 2.2. 

• Step 2: Go backward (backward snowballing), into the source articles identified 

in Step 1, to analyze the reference articles considered relevant. This step is 

iterated until new documents are identified. 

• Step 3: Go forward (forward snowballing), to identify and analyze articles cited 

from the source set (step 1). 

 

As noted, the time required to be able to perform this procedure is quite high. 

Another potential disadvantage could be given by the finding of articles published by 

the same authors and this would cause a distortion of the results if there is a high 

number of repeated authors. In this case the search would be restricted to specific 

authors only (Jalali and Wohlin,2012). 

Despite these first major limitations, the snowballing method also offers some 

advantages. Indeed, it could be considered as a complementary method for a systematic 

literature review. Moreover, unlike a traditional SLR, snowballing sampling does not 

explicitly require the use of a multiplicity of databases. The snowball approach is rather 

simple and easy to understand (Jalali and Wohlin,2012). 



44 
 

2.4 Snowballing application  

 

In the present research, from a set consisting of 105 articles, mentioned in Section 2.2, 

seventy-six snowballing papers were found.  

Also in this case, in order to identify and analyze the widest possible scope of the 

academic productions, two databases were used: Scopus and Google Scholar. All articles 

not viewable through the abovementioned databases were declared inaccessible. In 

fact, only those articles deemed relevant to the research objectives were analyzed using 

the Snowballing technique, namely the study aims to analyze and bring out critical 

findings related to the impact of Big Data on the supply chain. 

To address the research purpose, the review methodology was based on the following 

content analysis approach. This study uses both methods, backward and forward, of 

snowball sampling. In both cases, various keywords found in the title or abstracts were 

used to select articles considered relevant to the research: 

 

• “Big Data”; 

• “Big data analytics”; 

• “Supply Chain”; 

• “Supply Chain 4.0”; 

• “Digital Supply Chain”; 

• “Logistics”; 

• “Supply chain management”; 

• “Digitalization of supply chain”; 

• “Data-driven”; 

• “Data analytics” 

• “Industry 4.0”. 

 

In addition, the selection wasn’t only based on keyword research, but also on the 

description of the article content present in the abstract of each of them. A further 

criterion for the exclusion of articles concerns the year of publication, in fact all articles 

published in a period prior (2010) to the emergence of Industry 4.0, don’t represent a 
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source of interest. The same is true for all publications that are results of conferences or 

congresses. Finally, as it is easy to presume, all articles that didn't have Big Data, 

digitization or supply chain management as their main topic were also discarded. 

The selected articles, or snowballing papers, were defined in the same way as previously 

described in Section 2.2. In fact, also in this case, information regarding the following 

topics was reported for each snowballing paper: 

 

• Authors; 

• Title; 

• Year of publication; 

• Reading date; 

• Journal; 

• Impact Factor; 

• Quartile (Q); 

• Citations number; 

• Database; 

• Keywords used to find the paper; 

• Information regarding the topic discussed. 

 

Following this first stage of selection, articles considered relevant were analyzed from a 

content perspective. To facilitate the tracking of this analysis and more easily obtain 

quantitative and qualitative results, the articles were categorized into tables, depending 

on their content. 

In fact, this classification has been carried out according to the type of supply chain 

activities argued, the supply chain areas described, the research methodology followed 

in each article, the theories used by the authors, and according to the type of 

technologies discussed simultaneously in the same article . The dimensions of analysis 

were defined during the first phase of the SLR, that is the one previously conducted by 

the thesis supervisors Anna Corinna Cagliano and Mahsa Mahdavisharif. 

In particular, it can be shown which categories characterize the main macro areas. 
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The table regarding supply chain activities presents the following categories: 

 

• Transportation; 

• Inventory Management; 

• Manufacturing; 

• Procurement; 

• Warehousing; 

• Demand forecasting, marketing and pricing; 

• Customer relationship; 

• Overall supply chain/logistic. 

 

The categories that constitute supply chain areas, on the other hand, are: 

 

• Information sharing; 

• Revenue/cost sharing; 

• Risk; 

• Performance assessment; 

• Sustainability; 

• Financial; 

• Scheduling; 

• Business model. 

 

The possible research methodologies used in each snowballing paper are as follows: 

 

• Optimization/mathematical modeling; 

• Simulation; 

• System Dynamics/ Agent Based modeling; 

• Survey/case study; 

• Literature Review; 

• Conceptual/Framework; 

• Hypothesis test; 
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• Model/Architecture development; 

• Development of Tool/Platform/Computer system; 

• MCDM methods. 

 

Possible technologies combined with Big Data are: 

 

• Augmented Reality; 

• Cloud Computing; 

• Robotics; 

• Sensor Technologies; 

• Internet of Things; 

• Self Driving Vehicles; 

• Unmanned Aerial Vehicles; 

• 3D Printing; 

• Blockchain; 

• Artificial Intelligence and Machine learning. 

 

Finally, as explained above, the theories used in the snowballing papers have also been 

traced. 

The results derived from this executed research method are illustrated and discussed in 

the Chapters 3. 
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3.Results and Discussions 

 

This chapter highlights the main results resulting from the application of the research 

methodology described in Chapter 2. In particular, it doesn't aim exclusively to list the 

main points that emerged, but, on the contrary, the results are analyzed from multiple 

perspectives. Thus, it is a true critical analysis, highlighting which main aspects of the 

supply chain are affected by Big Data technology. In addition, the critical analysis is 

amply supported by a thorough discussion of the results. This gives the reader ample 

opportunity to think on the causes and consequences of the application of Big Data in 

the supply chain environment. 

 

3.1 Snowballing Results 

 

As anticipated in Section 2.4, through careful categorization of articles considered 

important from the point of view of results, it was possible to subject these articles to 

critical analysis. The evaluation criteria used can be classified into two distinct 

categories: 

 

• Quantitative evaluation criteria; 

• Qualitative evaluation criteria. 

 

The first criteria presuppose an extrapolation of quantitative data concerning, for 

example, the number of citations, the number of articles in a given category, etc. Thanks 

to this first extrapolation of quantitative data, it is possible to study and analyze the 

possible relationships or correlations present among the various data. This second 

scenario is referred to precisely as qualitative evaluation criteria. 

All articles that presented in their results an interesting relationship present between 

the analyzed technology, Big Data, and the Supply Chain, were defined as Snowballing 

Papers, as already discussed in Section 2.4. Before going into detail, from the general 
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results regarding these articles, it can be noted that at the end of the literature review, 

addressed by the two search modes, that is, backward snowballing and forward 

snowballing, seventy-six snowballing papers were found. 

With more precision, it can be seen, as shown in Figure 5, that only twenty percent of 

snowballing papers were found through backward snowballing, while the remaining 

eighty percent came from the searching mode called forward snowballing. 

 

 

A further point of analysis is provided by considering the number of starting papers that 

were the source of origin for the new snowballing papers. 

Indeed, as shown in Figure 6, fifty-three percent of the one hundred and five starting 

basic papers provided snowballing papers of interest for the purpose of this research, 

while the remaining forty-seven percent provided no papers of potential interest. These 

percentages suggest a new research trend toward this new topic. Through the 

observation of these initial results, therefore, it is inferred that Big Data and its 

application in the supply chain environment can be considered a topic of interest. 

 

 

 

 

 

Figure 5 - Percentages of snowballing papers found according to the two searching modes 
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As described in Section 2.4, snowballing papers were classified according to the point of 

view analyzed, namely, according to the type of supply chain activity, according to 

supply chain areas, according to the research methodology followed in each paper, and 

according to the type of technologies discussed simultaneously in the same paper or 

theories used by the authors. This procedure then allowed the extrapolation of 

quantitative data, which was useful in answering the main objectives of this bibliometric 

analysis. 

The main question, which this research study attempts to answer, is: 

 

• What effects does the use of Big Data produce in the supply chain environment? 

 

In reality, in order to answer this question, the critical analysis addressed in this research 

thesis attempted to capture many other aspects, answering, for example, the following 

questions: 

 

• What are the main supply chain areas affected by the use of Big Data? 

• What are the main supply chain activities influenced by the use of Big Data? 

• Which research methods have led to greater results? 

• Does Big Data need the support of other technologies in order to produce 

positive supply chain results? 

Figure 6 - Percentage of basic paper with or without snowballing papers 
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These research questions are addressed in the following sections. 

 

3.1.1 Bibliometric indexes and three analysis perspectives 

 

It is possible to answer the research questions listed in Section 3.1 and many other 

questions through the analysis of the various bibliometric indices, shown in Figure 7. 

 

 

Bibliometric indicators are used within the scientific community to be able to precisely 

measure and analyze scientific publications and their impact [36]. As shown in Figure 7, 

bibliometric indicators measure the impact of individual authors, journals or articles. For 

this reason, the critical analysis regarding snowballing papers was performed 

considering these three different perspectives. In reality, as can be deduced from the 

sections into which this research work is divided, only two perspectives were used in 

order to approach the critical analysis, namely article and journal. This choice is mainly 

related to the absence of relevant results in the author's perspective.  In addition, they 

differ depending on the reference database. These indices are a great support for 

obtaining quality results, as they not only lead to quantitative assessments, such as the 

Figure 7 - Summary of key bibliometric indices [35] 
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number of citations received by an article, but also to qualitative assessments, such as 

the Impact Factor associated with a journal. 

 

3.2 First analysis perspective: the article 

 

This section addresses the first of the three perspectives, announced in Section 3.1.1, 

namely the article. The critical analysis therefore focuses primarily on all aspects closely 

related to the seventy-six snowballing papers, analyzing their reasons for rejection, the 

supply chain areas and activities argued, the methodologies and theoretical lenses used, 

the year of publication, and the combined use of the various technologies found in each 

paper. 

 

3.2.1 Critical analysis of rejected papers 

 

Before focusing exclusively on the articles that were analyzed, it is appropriate to 

examine the articles that were rejected so that any limitations arising from the existing 

literature on the study of Big Data related to the supply chain can be highlighted. A total 

of 15709 articles were rejected, and the reasons for this rejection, previously discussed 

in Section 2.4, are shown in Figure 8. 

Considering that each article may have been rejected for more than one reason among 

those shown in the figure, it can be seen that in each case the predominant factor among 

the various exclusion criteria is due to the lack of focus in the articles on Big Data or the 

lack of connection between Big Data and supply chain. Next, most of the 15709 articles 

were rejected due to the lack of treatment regarding supply chain management. In 

addition to these first two main reasons, there are two other criteria that led to the 

exclusion of other articles. In detail, fourteen percent of the articles were rejected 

because they were published in a period (2010) prior to the emergence of Industry 4.0, 

and eleven percent of the articles were defined as duplicate, i.e., they were discarded 

because they were already present among the basic papers and therefore would not 

have led to new results but only caused research bias. Only a small number of the studies 

in the literature, i.e., two percent, don’t concern applications related to the 
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manufacturing sector; in particular, a large proportion of these articles in fact concern 

the food and humanitarian sectors. Finally, the remaining articles were rejected because 

they were inaccessible or the result of conferences. Thus, it can be deduced that 

although the application of Big Data in supply chain is a trending topic, the literature still 

has some limitations in this regard. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 - Number of rejected snowballing papers 
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3.2.2 Critical analysis of three categories: SC activities, SC areas, 

methodologies 

 

Further insight, regarding the perspective of the article, can be provided by analyzing 

the number of snowballing papers present in each of the activities or supply chain areas 

argued, or in each methodology used. Not surprisingly, as explained in Section 2.4, the 

snowballing papers were classified into three tables each corresponding to a category, 

namely: supply chain activities, supply chain areas, and methodologies. 

Regarding the supply chain activities addressed in the various snowballing papers, as 

noted in Figure 9, in general, most of the papers addressed the application of Big Data 

on the supply chain without focusing on processes in particular. Instead, going into more 

specifics, there are two main activities that are affected by the use of Big Data. They are 

respectively named: Customer relationship and Demand forecasting, marketing and 

pricing. These first two activities are followed by Procurement, which has only six fewer 

items than the other two activities mentioned above. It is also important to note that 

Manufacturing is the only supply chain activity that didn't receive attention in any of the 

snowballing papers analyzed. 

 

 

Regarding the supply chain areas, it can be seen from Figure 10 that the areas with the 

highest number of snowballing papers are Perfomance assessment and Information 

Figure 9 - Number of snowballing papers related to supply chain activities 
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sharing. The areas that next have a smaller number of snowballing papers than the 

previous ones, but still relevant, are Sustainabilty and Risk. Finally, the only area that 

has no snowballing papers instead is Scheduling. 

 

Figure 10 - Number of snowballing papers related to supply chain areas 

 

From this first step, it is clear in what macro activity or macro area, Big Data can influence 

supply chains. In addition to providing a general benefit to the entire supply chain, with 

the constant increase in the volume and complexity of data that characterizes supply 

chains, it is easy to infer how among the main activities to which Big Data can lend 

support emerges demand forecasting, customer relationship and the procurement 

process. Data computerization, ensured through the use of Big Data, facilitates data 

sharing, making every actor in the supply chain participate. Such sharing enables the 

study of consumer behavior and choices. In addition, all this facilitates the observation 

of demand trends, ensuring its good forecasting. Big Data analysis supports, for 

example, the evaluation of various suppliers and consequently improves the 

procurement phase. Overall, these aspects ensure that the supply chain is well 

managed, leading to its good performance. 

Regarding the activity called Customer relationship, the importance of which was 

discussed extensively in Chapter 1, there should be no doubt about the result that 

emerged from Figure 9. In fact, it is now certain that the customer is a priority for the 

entire supply chain and is also considered an external driver that drives companies to 
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adopt digital technologies (Yang et al., 2021). Due to the continuous growth in demand 

for digitized products and processes, companies are forced to adapt to this need in order 

to meet customer requirements. The latter aspect explains the reason for that a large 

part of the items present in the Demand forecasting, marketing and pricing activity is 

also present in Customer relationship. Infact, these two activities are closely related. Big 

Data procures necessary information for companies regarding demand processes, so a 

supply chain based on this new technology can more accurately forecast demand, 

reduce shipment delays, and ensure effective supply chain operation in organizational 

terms (Thekkoote, 2021). A further result that simply confirms expectations concerns 

the large number of snowballing papers in the Information sharing area. Indeed, it is 

easy to imagine how the Big Data that characterizes today's supply chains is a source of 

a large amount of information and how sharing this information can reduce information 

asymmetry and consequently also the transaction cost supported by companies. In 

contrast, an unexpected result is the presence of only one item within the activity called 

Warehousing. With the advent of technology, the volume of data and computing devices 

within this activity has certainly increased, just think for example of the barcodes 

associated with the various products or robots that support warehousing activities. In 

fact, because of such a high volume of data, one would expect a large literature base, 

but in reality, this didn’t emerge. 

Regarding the methodologies used by the authors in the snowballing papers, the results 

can be seen in Figure 11. It can be seen that the most frequently used methodologies 

are Survey/case studies. This is followed by Conceptual/framework, Literature reviews 

and Hypothesis tests. With far fewer snowballing papers than the methodologies just 

mentioned, there are Optimization/mathematical model, MCDM methods and 

Simulation. Focusing on the most widely used methodologies, it is possible to describe 

some of their limitations. For example, Survey/case studies might lead to results that are 

not always valid because they are closely related to the respondents. The same goes for 

Conceptual/framework or Hypothesis tests, which might turn out to be related 

exclusively to the situation or data analyzed. Finally, Literature review could be limiting 

in terms of temporal validity, as over time the literature could expand and lead to new 

findings and evidence. 
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Figure 11 - Number of snowballing papers related to methodologies 
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3.2.3 The comparison of the three categories 

 

In order to achieve a robust and well-articulated critical analysis, in addition to analyzing 

the results from the separate study of the three categories, as done in Section 3.2.2, an 

elaboration of the results regarding the combination of the three categories was also 

addressed. The goal of this comparison is to find any relationships that exist between: 

 

• Supply chain activities and supply chain areas; 

• Supply chain activities and methodology; 

• Supply chain areas and methodology. 

 

Figure 12 shows a greater concentration of supply chain areas at three activities: Overall 

supply chain, Customer relationship and Demand forecasting, marketing and pricing. An 

additional activity on which supply chain areas are predominantly concentrated is 

Procurement. These initial results confirm what is anticipated in Section 3.2.2. In fact, 

through this graph it is possible to understand not only which activities are impacted by 

Big Data, but it also provides insight into which areas of the supply chain materialize this 

influence. Furthermore, while Transportation and Inventory Management show a small 

concentration of supply chain areas, Manufacturing does not report any snowballing 

papers regardless of the supply chain area considered. This lack is due to the total 

absence of snowballing papers in this activity as shown in Figure 9. The four most 

relevant activities share the following characteristic: two areas prevail in each of them, 

namely Information sharing and Performance assessment. This second result also 

confirms what emerged from the analysis addressed in Section 3.2.2. This aspect can be 

further confirmed through the content analysis of the snowballing papers. 

Each activity in the supply chain causes the movement of goods, starting from raw 

materials to finished products supplied to customers. This also necessarily involves a 

transfer of information associated with the goods, which is why it is important to provide 

for the integration of such information (Jayender and Kundu, 2021). Information is very 

useful for the collaboration of the various partners in the supply chain, and proper 

integration of this information enables early prediction of consumer preferences. 

Nowadays, such preferences change very rapidly, so Information sharing also ensures 
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the achievement of customer satisfaction. What has been discussed so far explains why 

a majority of the snowballing papers that present a correlation between Demand 

forecasting, marketing and pricing and Information sharing, consequently show a 

connection between the area just mentioned and Customer relationship. The aspects 

addressed so far and influenced by Big Data, have a consequence on supply chain 

performance. In fact, it mainly depends on supply chain management. 

Looking at Figure 12 in more detail, it shows that the supply chain areas analyzed so far 

are followed by Sustainability. This area prevails mainly in Overall supply chain. In fact, 

this topic is not necessarily related to one supply chain activity, but can cover different 

fields in the supply chain. Finally, the area that has an albeit small relevance is Risk. It is 

related exclusively to the four most important activities examined earlier. In this regard, 

reconnecting with the importance of information sharing, it is possible to point out that 

if this information is not carefully integrated and organized, decisions may involve risks. 

Therefore, Big data analysis can help remove risks (Jayender and Kundu, 2021). 

 

 

Further quantitative and qualitative results can be obtained through analysis of the 

relationship present between supply chain activities and methodology, shown in Figure 

13. The methodologies that are characterized by more supply chain activities are: 

Conceptual/framework, Survey/case studies and Literature Review. It represents a 

confirmation in relation to what is argued in Section 3.2.2. These three methodologies, 

Figure 12 - Number of snowballing papers obtained from the intersection of activities and supply chain areas 
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besides being widely used in the activity called Overall supply chain, are also widely 

adopted with Demand forecasting, marketing and pricing, and Customer relationship. In 

addition, all three methodologies register a small relevance in Procurement.  

The methodologies that, in contrast, were used less frequently are Hypothesis Testing, 

Optimization/Mathematical modeling and MCDC methods. In all three, no supply chain 

activity stands out. Interestingly, none of the methodologies in the Figure 13 legend 

have a connection to all supply chain activities. System Dynamics/Agent Based modeling 

and Development of Tool/Platform/Computer system have no connection with supply 

chain activities given the lack of articles with these methodologies. In conclusion, it is 

noted that the only article using Simulation methodology reports a link to Demand 

forecasting, marketing and pricing, and Customer relationship; while the article using 

Model/Architecture development is about supply chain in general. 

 

 

Are there any relationships between the methodologies usually used by the authors and 

the supply chain areas? In order to answer this question, Figure 14 can be observed. 

Also in this case, the methodologies that show a higher concentration of supply chain 

areas are: Conceptual/framework, Survey/case studies, and Literature Review. Once 

again, the areas where these methodologies were most frequently used are 

Performance assessment and Information sharing. Following these first two prevalences 

Figure 13 - Number of snowballing papers obtained from the intersection of supply chain activities and 
methodologies 
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is the Sustainability area. The methodologies that, instead, were used less frequently 

are Hypothesis Test, Optimization/Mathematical modeling and MCDC methods. In all 

three, the area called Performance stands out in particular. In addition, none of the 

methodologies in the legend in Figure 14 has a link to all areas of the supply chain. As 

explained in the previous lines, System Dynamics/Agent Based modeling and 

Development of Tool/Platform/Computer system have no connection with the supply 

chain areas given the lack of articles with these methodologies. In conclusion, it can be 

seen that the only article using the Simulation methodology reports a connection to 

Information sharing and Revenue/cost sharing; while the articles using 

Model/Architecture development are about Information sharing and Risk. 

 

 

 

 

 

 

 

 

 

Figure 14 - Number of snowballing papers obtained from the intersection of supply chain areas and 
methodologies 
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3.2.4 The theoretical perspective and its critical analysis 

 

Another aspect traced through the categorization of snowballing papers concerns 

theoretical lenses. In total, there are twenty-seven theoretical lenses identified, and in 

addition to these there is the so-called No theoretical lens, i.e., this category refers to all 

those papers that didn't present any theoretical lens.  

Most of the twenty-seven identified theoretical lenses have only one snowballing 

papers. For this reason, in order to be able to obtain more detailed results, only those 

theories used more than once were considered, thus reducing the twenty-seven 

theoretical lenses to only nine theoretical lenses. Premising that some snowballing 

papers have multiple theoretical lenses, each theory is characterized by a certain 

"relevance" expressed in percentage terms depending on the number of papers in which 

it was adopted.  

As shown in Figure 15, just over fifty percent of the authors didn't use theoretical lenses 

in order to argue the impact of Big Data on the supply chain.  

Focusing instead on snowballing papers using theoretical lenses, it is noted that the 

authors' most favored theory is Resource Based View (RBV) with a relevance of fourteen 

percent. Following with a difference of only three percentage points there is Dynamic 

Capability. Among the least relevant are Information Processing Theory (IPT), Game 

Theory, Technology, Organization and Environment Framework (TOE), and Lean 

strategy. Finally, the theoretical lenses characterized by an absolute low percentage are 

Stakeholder Theory, Absorptive Capacity, and Resource Dependence Theory. In fact, the 

latter three theoretical lenses have a relevance of only two percent. 

 



63 
 

 

To confirm what has already emerged in Figure 15, there is the percentage of the 

number of authors who didn’t use theoretical lenses equal to just over fifty percent.  

In detail, focusing on the authors who represent the minority, that is, the authors who 

used more than one theory, it is interesting to note that on average they adopted about 

3 theories each.  

In order to make the critical analysis of the theoretical lenses further interesting, it is 

possible to go in search of any links present between the theories and supply chain 

activities. However, this represents only one starting point around which considerations 

can be developed. 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 - Percentage of snowballing papers related to theories used more once 
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As can be seen from Figure 16, the activity known as Overall supply chain is present in 

almost all the theories analyzed, this is because perhaps the lack of focus of the 

corresponding articles on a specific aspect of the supply chain makes them more 

compatible with the different theoretical lenses. 

In addition, the theoretical lenses with a greater variety of supply chain activities are 

those characterized by greater relevance: Resource Based View, Dynamic Capability, and 

Information Processing Theory. To be precise, this last theory is characterized by lower 

relevance than the first two, but it is still significant compared to the remaining theories. 

The supply chain activities included in all three theories just mentioned are Demand 

forecasting, marketing and pricing, Customer relationship and Procurement. Regarding 

the No theoretical lens category, on the other hand, there is a strong predominance of 

the activity called Overall supply chain, and this is followed by the activities already 

mentioned with the three most relevant theories. 

To better understand what incentivized the authors to favor a particular theory, it is 

necessary to search for any connections present between the theoretical lenses and the 

various areas of the supply chain. These results can be analyzed through Figure 17. It not 

only again confirms the three theoretical lenses considered relevant already in Figure 

16, namely Resource Based View, Dynamic Capability and Information Processing 

Theory, but also highlights the presence of an additional theory with wide variety of 

supply chain areas. This is the theory called Game theory. Unlike Game theory, in the 

Figure 16 - Number of snowballing papers obtained from the intersection of supply chain activities and 
theories 
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case of the three aforementioned theoretical lenses it is possible to identify a 

predominance of the Performance assessment area, and following it there is Information 

sharing. 

Consistently with the Resource Based View, Big Data can be considered a resource of the 

company as it is unique and difficult to replicate. To date, a supply chain has a large 

volume of data, which is useful for driving its performance, but in order to achieve 

supply chain effectiveness and efficiency, it is necessary to access data from different 

functional areas and different partners, both internal and external to the organization. 

Therefore, information must be shared in order to maximize profits, improve product 

quality, cost, speed, timeliness and flexibility (Chavez et al., 2017). In addition, data 

analytics capabilities improve an organization's procurement and management 

competitiveness. In detail, internal data analytics capabilities positively impact 

performance, while external data analytics capabilities positively impact digital 

procurement capabilities (Hallikas et al., 2021). The latter aspect also explains the 

presence of the Procurement activity in the three most relevant theories examined in 

Figure 16. 

Looking closely at Figure 17, it is evident that the supply chain area called Revenue/cost 

sharing is contained exclusively in Game Theory. The presence of this area may be 

motivated by the additional costs each firm faces in order to obtain timely consumer 

information and more accurately forecast demand. For this reason, in order to balance 

the effects due to the additional costs, many decision makers adopted the cost-sharing 

model, which involve role-playing among different actors in the supply chain (Liu Pan, 

2021). Overall, what has been discussed so far also motivates the supply chain activities 

mentioned at Figure 16. 
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One area, which isn't mentioned and appears overall in most of the theories in Figure 

17 although to a small measure, is Sustainability. In fact, sustainable development has 

become a strategic goal. It has not only environmental but also economic and 

reputational implications for the company. All this requires a new approach, so-called 

Sustainable Supply Chain Management (SSCM), which includes Lean Strategy (Chalmeta 

et al., 2021). Equally little relevant among the theoretical lenses is the area of Risk. There 

are numerous risks, caused by external or internal sources, that supply chains must be 

able to address. One important characteristic that enables the supply chain to do this is 

resilience. The Resource Based View theory provides a relevant starting point on which 

to base strategic decision making for a resilient supply chain (Bag et al.,2021). 

Considering the key criteria of the Resource Based View theory, it can be concluded that 

Big Data Analytics (BDA) tools represent very valuable resources: they ensure rather 

efficient procurement and bid management processes, to the point of making the supply 

chain ready to face unpredictable risks. This last aspect clarifies the direct link present 

between Resource Based View and Risk in Figure 17. 

Finally, regarding the No theoretical lens category, the areas of supply chain already 

discussed extensively in the previous lines prevail in it, namely: Information sharing, 

Performance assessment and Sustainability. 

In conclusion, the study regarding the number of snowballing papers resulting from the 

intersection of theories used more than once and methodologies can be observed in 

Figure 17 - Number of snowballing papers obtained from the intersection of supply chain areas and 
theories 
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Figure 18. Again, what emerged in Section 3.2.2 can be confirmed, in fact, it is precisely 

the most adopted methodologies that have a greater variety of theories. These are 

Survey/case studies, Conceptual/framework and Literature Review methodologies. 

While all three show a predominance of the No theoretical lens and Resource Based 

View, only two of these show a peak, albeit a small one, in correspondence with the 

Dynamic Capability theory. In essence, beyond the considerations just made, nothing 

more can be added given the failure to recognize a connection between the 

methodologies and theoretical lenses adopted by the authors. 

 

 

 

 

 

 

 

 

Figure 18 - Number of snowballing papers obtained from the intersection of methodologies and theories 
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3.2.5 Critical analysis of articles' years of publication 

 

The seventy-six snowballing papers, subjected by this research thesis to critical analysis, 

were published in a time interval between 2013 and 2021. This new aspect represents a 

potential starting point from which to derive new observations. 

From Figure 19 it is possible to see a not entirely increasing trend over the 

aforementioned time interval. There is a peak at the last year of publication. 

 

 

 

In detail, looking at the line that connects the number of snowballing papers published 

over the years, an increasing trend can be seen only from 2013 to 2016 and onward to 

2019. Thus, it can be inferred that in recent years the literature manifests an increased 

focus on the study of the influence of Big Data in the supply chain environment, and 

consequently the term Big Data can be seen as a recent and significant trend for 

practitioners and academics (Frehe et al., 2014). 

As anticipated in Section 3.1.1, in order to be able to develop an overall assessment of 

snowballing papers from an article perspective, it is possible to take advantage of a 

bibliometric index called Citation Index. As its name implies, it provides the number of 

citations related to an article, and this information is useful to know its level of notoriety. 

Following this brief introduction, a further point of view to be analyzed concerns 

precisely the Citation Index. The information suggested by this index can be analyzed 

Figure 19 - Number of snowballing papers related to their years of publications 
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through a comparison with the years of publication belonging to each article. Is there a 

correlation present between these two types of information? Is it possible to 

extrapolate qualitative information from such quantitative data? 

The number of citations is, as observed from Figure 20, between 0 and 683, and about 

twenty-four percent of the articles have no citations. Included in this newly expressed 

percentage are articles published exclusively in 2021, with the exception of one 

published in 2020. In conclusion, it can be deduced from the results obtained that the 

number of citations seems to be negatively affected by the year of publication. In fact, 

depending on how recent an article may be considered, its number of citations varies. 

An article that is older in time shows a higher number of citations. This can also be easily 

guessed since with the passage of time each snowballing paper increases its probability 

of being cited. 
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3.2.6 Critical analysis on the combined use of technologies 

 

Following the analysis of the years of publication regarding the various snowballing 

papers, an ulterior aspect to which attention can be drawn concerns the combined use 

of multiple technologies. As repeatedly stated, the focus of this thesis is on supply chain 

digitization and places its concentration on one particular technology, namely Big Data. 

This is why all the snowballing papers analyzed feature content regarding Big Data. 

Despite this, more than fifty percent of the articles used or mentioned multiple 

technologies. In Figure 20 it is possible to observe in detail the percentages regarding 

the number of snowballing papers characterized by a combination of technologies and 

the number of snowballing papers characterized by the absence of a combination of 

technologies. 

 

 

The objective of this type of critical analysis focusing on the combined use of multiple 

technologies is to know the existence of any links present between the various 

technologies in the case of their application in the supply chain environment. Such an 

objective in fact would also allow to understand what are the causes that pushed the 

authors towards the combined use of multiple technologies.  

Figure 20 - Percentage of snowballing papers with or without combination of technologies 
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Before a conclusion can be reached and thus satisfy this goal, an attempt is made to 

outline a general framework that can clarify which connections or combinations were 

the most popular. 

Figure 21 focuses exclusively on the combination of technologies that occurred between 

Big Data and the remaining technologies. 

 

 

It is observed that Big Data has been mainly combined with Internet of Things (IoT). Next, 

an equal number of snowballing papers present the connection between Big Data and 

Cloud Computing (CC) and Big Data and Blockchain. Finally, Artificial Intelligence (AI), 

Robotics, and 3D Printing follow. The only technologies that don't present combinations 

with Big Data are Sensor technology and Self Driving Vehicles.  

So, what links Big Data to the three most relevant technologies that emerge from Figure 

21? The need to raise the degree of digitization of the supply chain is increasing more 

and more. In addition, consumers, thanks to greater supply and more technological 

channels of access to the market, appear to be increasingly aware and attentive, for 

example, to the timing of delivery. As a result, it is important that supply chains know 

how to digitize effectively and efficiently, and to do so, Big Data should be combined 

with other technologies. The findings from Figure 21 confirm what was learned through 

the content analysis of the snowballing papers: the Internet of Things, Big Data 

Analytics, and Blockchain technology are the most important enablers for supply chain 

digitization (Agrawal and Narain, 2021). From a management perspective, Internet of 

Figure 21 - Snowballing papers with combination of Big Data and other technologies 
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Things can increase supply chain transparency and consequently ensure clarity and 

timeliness for the flow of information. Moreover, this technology can help identify a 

problem before it occurs or facilitate updated decision making through real-time data 

collection. Blockchain technology, instead, as anticipated in Section 1.3.11, represents a 

turning point for the supply chain because it is useful for the exchange of digital 

information. Such information, thanks to Blockchain, would be constantly protected. On 

the other hand, the fear of losing confidential information represents one of the most 

feared risks for any organization. In conclusion, it is inferred that organizations must first 

possess structures to capture data (Internet of Things), which must be able to be 

analyzed (Big Data Analytics) and shared. Finally, speaking of sharing, it is important to 

ensure a high level of data protection (Blockchain). 

Equally important is Cloud Computing technology, introduced in Section 1.3.7. Indeed, 

in order for information obtained from Big Data to be communicated and shared within 

the supply chain, the presence of this additional technology should be provided. Cloud 

computing thus facilitates collaboration, reduces software installation costs, and 

optimizes inventory chain management (Agrawal and Narain, 2021). 

Thus, this information is useful in answering the goal anticipated in the previous lines. 

In conclusion, in order to get an overall framework, which therefore also includes the 

possible combinations present among all other technologies outside of Big Data, it is 

possible to look at Figure 22. 

The thickness of the line connecting two technologies in Figure 22 is related to the 

number of snowballing papers that presented the considered technology combination. 

In other words, a greater number of snowballing papers with the combination of 

technologies in question corresponds to a greater thickness. The graph again confirms 

what has been said in the previous lines. In fact, it is precisely the most important 

enabling factors that count more connections with the other technologies. 
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Figure 22 - Combination of all technologies 
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3.3 Second analysis perspective: the journal 

 

This section addresses the second of the three perspectives announced in Section 3.1.1, 

namely, the journal. In fact, new bibliometric indices are introduced in the following 

sections, from which quantitative data useful for qualitative information processing can 

be derived. Thus, these are indices closely related to the paper. In this regard, the 

chapter focuses not only on the analysis of the indices but also proposes a comparison 

of them, an observation of them from the point of view of the three categories. 

 

3.3.1 Journal distribution 
 

Before delving into the analysis of the results regarding the quality of the journals in 

which the snowballing papers were published, it is appropriate to provide some general 

information regarding the journals and the number of snowballing papers associated 

with them. Premising on the fact that several snowballing papers may have been 

published in the same paper, it was found that the number of different papers is forty-

nine. Thus, it is confirmed that one journal doesn't necessarily correspond to one 

snowballing paper. 

Figure 23 shows that the most popular journal is International Journal of Production 

Research. The snowballing papers associated with this first journal were found by 

forward snowballing except for one. In addition, the journal mainly includes the most 

relevant supply chain activities: Customer relationship, Demand forecasting, marketing 

and pricing, and Procurement. The same applies to the most relevant supply chain areas, 

i.e., the journal includes snowballing papers mainly concerning Information sharing and 

Performance assessment. The remaining supply chain areas argued include Risk and 

Sustainability. 

This first journal is followed with three fewer articles by International Journal of 

Production Economics. In this case the articles were found using the backward 

snowballing technique, with the exception of one. As happened with the previous 

journal, the articles reconfirmed the most relevant supply chain areas and activities. The 

only exception is the presence of the Inventory management activity and the Financial 
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area, argued in two separate articles, respectively. The remaining journals count 

between one and three snowballing papers. 

The results obtained confirm the high relevance argued so far regarding the most 

popular supply chain areas and activities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23 - Number of snowballing papers related to the journal 
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3.3.2 Journal quality and its critical analysis: 5-Impact Factor 

 

As announced in the first lines of this chapter, it is possible to conduct critical analysis 

through the use of bibliometric indices that provide quantitative information, which in 

turn, are sources of qualitative considerations. In order to be able to deepen the critical 

analysis from the perspective of the journal, it is necessary to introduce a new index, 

called the 5-Impact Factor. This information was obtained through the official website 

of each journal, specifically in the section called Indexing & Ranking. 5-Impact Factor 

measures the average number of citations received, in the reference year under 

consideration, by articles published by a scientific journal in the previous five years [37]. 

5-Impact Factor expresses the impact or popularity of a publication on the reference 

scientific community. It represents the unit of measurement that "weighs" the value of 

scientific publications. However, in order to understand what prompted the author of 

this thesis toward the use of this index when evaluating journals, it is necessary to do a 

little background about scientific publications and their importance. 

When an author completes his research paper, he sends it to a scientific journal. Several 

steps follow at this point. In general, a majority of journals, in order to decide whether 

or not to publish the research, perform a peer-review. Several experts from around the 

world are asked to evaluate the paper, and only if it is successful can the publisher 

proceed with publication [38]. The Impact Factor represents the "goodness" of a journal 

and that is why the higher its value, the more positively the journal is considered. So not 

all journals have equal importance, and to measure this importance, it is strictly 

necessary to know this index.  

Having extensively defined this index and its importance in assessing the reliability of 

the results of this research thesis, it is possible to define the general situation regarding 

journals associated with snowballing papers. 

It is premised that just under fifty percent of journals don’t present this information. It 

is important to clarify that only Impact Factors derived from Scopus were considered 

valid and no other sources, such as Clarivate. 

From the twenty-seven journals presenting the 5-Impact Factor, an average of 4.7 is 

obtained for this index. This is certainly a very good result since a 5-Impact Factor equal 
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to 1 indicates that on average there was one citation in the reference year for each 

article published by the journal in the previous five years. 

As can be seen from the graph in Figure 24, Journal of Supply Chain Management is the 

journal that represents the highest 5-Impact Factor at 8.647. 

 

The journals having an index rather near the value just reported are: International 

International Journal of Production Economics and Technological Forecasting and Social 

Change. The latter two include the journal mentioned in Section 3.3.1. Next, journals 

report successively lower values, until they reach a value of 0.755. 

However, there are other insights that the impact factor offers. They are useful for the 

analysis of journals and consequently for the analysis of snowballing papers. In fact, 

there is an additional reason that recognizes the support of impact factor in evaluating 

the journals in which articles are published. It is believed that journals with a higher 

impact factor are more selective in choosing papers for publication [39]. Therefore, 

through assessing the degree of "hospitality" of each journal, it is possible to 

qualitatively rank snowballing papers from the perspective of their content.  

Not surprisingly, Journal of Supply Chain Management, which has the highest 5-Impact 

Factor, is associated with an article that argues the most relevant supply chain area, 

namely Information sharing. Regarding supply chain activities, it doesn't identify one in 

particular, rather it talks about Overall supply chain. In general, the fact that such 

Figure 24 - 5-Impact Factor of journals 
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articles, with high impact factor, discuss the most relevant supply chain areas and 

activities is highly significant to the results of this research. However, the presence of a 

rather high percentage of journals without 5-Impact Factor might be somewhat limiting 

for the considerations elaborated in this section. 

 

3.3.3 Journal quality and its critical analysis: Q-index 

 

Alongside the Impact Factor, there is another bibliometric index useful in evaluating the 

journal and the article contained in it. This is the Scimago Journal Ranking (SJR), an index 

considered much more complex than the Impact Factor. In fact, the Scimago Journal 

Ranking is also calculated on the basis of citations received by a journal, however it 

"weighs" citations according to the prestige of the citing journal [40]. 

In order to look up the Scimago Journal Ranking, simply enter the journal title on the 

Scimago Journal & Country Rank platform, from which it is possible to view the quartile 

of the category rank in which a journal ranks. 

The quartiles are denoted by Q1, Q2, Q3, Q4, respectively. Quartile information could 

not be obtained for only about five percent of the cases, as shown in Figure 25, that is, 

five snowballing papers out of a total of seventy-six. 

 

 

Figure 25 - Number of snowballing papers related to quartiles 
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The remaining snowballing papers are included in journals with quartiles that are in most 

cases relevant. In fact, the most "reliable" journals belong to quartile Q1. Thus, it is easy 

to deduce that the degree of reliability of journals decreases with Q2 and so on. A high 

quartile in Scopus is certainly a good result for the journal. In that case, it would be a 

journal that can determine research trends and whose authors can be considered 

experts in their field [41]. Moving on to the information shown in Figure 26, it is evident, 

as anticipated, that just over fifty percent of the papers report a Q1 quartile. In contrast, 

almost thirty percent report a Q2 quartile, and ten percent of the snowballing papers 

report a Q3 quartile. Only one snowballing paper presents a Q4 quartile. 

 

 

Given the results obtained, it is concluded that since a large proportion of the 

snowballing papers were published by a journal with quartile Q1 and Q2, the critical 

analysis conducted in this research paper is based on significant outcomes. These results 

can therefore be considered as a potential springboard for future researchers despite 

the presence, albeit small, of snowballing papers that were not classified from a quartile 

perspective. 

In summary, the Q-Index ,discussed in this Section, and the 5-Impact Factor, discussed 

in Section 3.3.2, define the quality of the journals in which the snowballing papers were 

published. Apparently, these two indices would seem to be connected through a direct 

link. In other words, a high Impact Factor value corresponds to a relevant quartile. In 

Figure 26 - Percentage of snowballing papers related to quartiles 
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reality, what makes the reliability of these considerations limited is the rather high 

percentage of papers that don't have information on the Impact Factor. The same can't 

be said about quartile information. In fact, the percentage of missing data, shown in 

Figure 26, is quite small, so even if there were such information, the results wouldn't be 

completely skewed. 

 

3.3.4 Q-index and three categories 

 

The Q-Index, more properly called quartile, can be analyzed from an additional 

perspective, namely the three categories. This insight would identify a possible link 

present between journal quality and areas, supply chain activities, or methodologies. 

For example, do journals with higher quartile Q1 prefer the most relevant supply chain 

areas or activities? What topics are mainly addressed by journals with higher quality? 

Starting with the supply chain activities and looking at Figure 27, it can be seen that no 

particular new correlations can be revealed. In fact, from the bar graph it can be seen 

exclusively that the highest quartiles, i.e., Q1 and Q2, argue mainly for the most popular 

activities and previously discussed in Section 3.2.2.  

 

 

 

Figure 27 - Number of snowballing papers grouped by quartile and related to supply chain activities 
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Recalling that, as anticipated in Section 3.3.3, a journal with high quartile is able to 

determine research trends, the fact that these most relevant activities are argued in 

snowballing papers included in journals with quartile Q1 and Q2 means that the 

activities also represent a potential focus on which academics will further concentrate 

in the future. The result therefore is not only significant in terms of reliability, but also 

in terms of future research prospects. The same results, even if with reduced numbers 

of snowballing papers, occur at quartile Q3. Quartile Q4, on the other hand, because it 

has only one snowballing paper is not relevant for critical analysis. Finally, the absence 

of columns in the graph corresponding to Manufacturing activity is noted, and this is 

intuitively due to the absence of snowballing papers in that category. 

Turning to the supply chain areas, it can be seen from Figure 28 that again the Q1 and 

Q2 quartiles mainly argue the most popular supply chain areas. 

 

 

For this reason, what was discussed in the previous lines with supply chain activities can 

also be considered valid for the Performance assessment and Information sharing areas. 

Indeed, this result not only confirms the relevance of the aforementioned areas but also 

announces a potential focus on which future research can concentrate. Moreover, the 

areas are also confirmed to be dominant in the case of quartile Q3. Quartile Q4 isn’t  

considered relevant for qualitative considerations because it has only one snowballing 

Figure 28 - Number of snowballing papers grouped by quartile and related to supply chain areas 
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paper. The Scheduling area has no columns in the graph given the absence of 

snowballing papers in that category. 

The third and final category, against which the quartiles of papers and the snowballing 

papers contained in them are analyzed, is methodology. It is possible to observe its 

details in Figure 29. 

 

 

Finally, Figure 29 also reports nothing new and doesn't show any particular correlations, 

other than the prevalence of the most relevant methodologies at the Q1 and Q2 

quartiles. Therefore, it is assumed that the authors, who will delve into the influence of 

Big Data on the supply chain in the future, will continue to predominantly use these 

methodologies. At quartile Q3, the same prevalences occur, with the exception of the 

Literature review methodology. Reiterating what was said with the previous categories, 

again quartile Q4 is not relevant because it contains only one snowballing paper. System 

Dynamics/ Agent Based modeling and Development of Tool/Platform/Computer system 

have no columns in the graph given the absence of snowballing papers in those 

categories. 

Thanks to the considerations made in the previous lines, it can be seen that papers with 

higher quartiles argue and present the categories that are already currently most 

popular in the literature. This aspect, not only outlines what might be future research 

Figure 29 - Number of snowballing papers grouped by quartile and related to methodologies 
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trends, but at the same time affirms the relevance of most of the snowballing papers 

subjected to critical analysis. 

In conclusion, the results that emerged in this section can be considered remarkable 

given even the small percentage of snowballing papers for which there is no quartile 

information. 
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3.4 Final Considerations 
 

The objective of this research work is, as reported several times on the various pages, 

to study the influence of Big Data on the supply chain. Not only that, it also seeks to 

motivate and demonstrate how the use of Big Data can effectively support supply chain 

actors in various areas or activities, thereby incentivizing future researchers to 

overcome the limitations of the literature and obstacles that still characterize the 

transition of the traditional supply chain to digitization. 

Before reviewing what are the actual results that have emerged from this thesis, 

therefore, it is to show how Big Data represents a trending technology. Not surprisingly, 

through an analysis of google trends, which allows to examine how frequently the term 

Big Data has been searched around the world, it emerges that there is a real upward 

trend from 2010 to 2017. In more recent years, on the other hand, there is no real trend. 

It is possible to observe this in Figure 30. 

 

 

In particular, it is interesting to see which countries have contributed most to the rise in 

the number of searches for the term Big Data. More details can be found in Figure 31. 

The map includes values calculated on a scale from zero to one hundred, where one 

hundred indicates the location with the highest frequency of searches in proportion to 

the total number of searches for that location, and the value fifty indicates a location 

with half as many searches. The value zero, in contrast, indicates a location for which 

Figure 30 - Google trends of term “Big Data” [42] 
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insufficient data were collected. By reporting only the top five rankings, it is therefore 

inferred that the largest contribution is associated predominantly with the Asian 

territory.  

 

 

In reality, it is also necessary to emphasize the need to attach importance to another 

country as well, namely India. It, in fact, isn't only the country of origin for most of the 

authors of the snowballing papers analyzed, but it is also the country that the 

literature has often focused on, highlighting the applications of Big Data in Indian 

manufacturing chains. 

So, it is a matter of a developing country, India is the fastest growing economy in the 

world but at the same time it has a large number of inhabitants with a rather high 

poverty level [43].  

For this reason, this result shouldn't suggest that India is the first country to apply the 

use of Big Data to the supply chain world, but it simply indicates a strong interest in the 

topic. There are many barriers that limit the implementation of Big Data Analytics in 

Indian manufacturing supply chains. 

 

 

 

 

 

 

Figure 31 - Map of Google trend for term “Big Data” [42] 
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From the literature, it is learned that the most critical obstacles are (Raut, R.D. et al., 

2021): 

 

• Lack of top management support; 

• Lack of financial support; 

• Lack of expertise; 

• Lack of techniques or procedures. 

 

In light of this situation, final considerations are offered below that allow the reader to 

be able to draw conclusions about what are the real benefits of Big Data on the supply 

chain. 

As shown by the articles with higher relevance scores, Data-Driven Supply Chain (DDSC) 

allows for improvement in complex supply chain management, and most importantly, 

data-driven supply chains are positively correlated with multiple dimensions of 

production that consequently lead to improved customer satisfaction (Chavez et al., 

2017).  Production dimensions include the following aspects: quality, delivery, flexibility 

and cost. It is easy to imagine that a quality supply chain guarantees excellent results 

and incentivizes customer loyalty, which usually requires very short lead times. The 

supply chain must be able to demonstrate flexibility in case of changes in production 

volume or special requirements. Finally, organizations must be able to set the right cost 

level that allows products to be priced appropriately and that ensures a profit. 

Big Data supports each of the aspects just described; in fact, data sharing enables 

product defects to be minimized through early product simulation. In addition, data 

sharing incentivizes collaboration among the various supply chain actors, which reduces 

design time and improves manufacturability and on-time delivery. Knowledge of the 

data enables demand forecasting or knowing customer needs in time, and through this, 

supply chains can be flexible. Improved manufacturability and demand forecasting 

results in reduced inventory and consequently reduced cost. 

Overall, Big Data makes it possible to improve the relationship organizations have with 

customers and suppliers, thereby reducing inventory. Suppliers therefore can be more 
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easily evaluated and selected (Zekhnini et al., 2021). It is inferred that Big Data is also 

useful in inventory and logistics management. 

In conclusion, because Big Data affects many aspects of the supply chain, it impacts the 

performance of organizations. In fact, Big Data and Big Data Analytics influence Supply 

Chain Performance (SCP) based on three roles: supportive facilitator, source of 

empowerment and game-changer (Xu et al., 2021). Indeed, as a supportive facilitator, 

Big Data aims to facilitate process improvement, which consequently improves SCP 

performance. As a source of empowerment, Big Data enables new processes, while as a 

game-changer it aims for radical changes by integrating new goals. 

The aspects discussed so far, on which Big Data impacts, thus without a doubt recall all 

the supply chain areas and activities discussed extensively in Chapters 3.2, 3.3. and 3.4. 

However, this is not sufficient to conclude the discussion of the results. In fact, one very 

important and widely influenced by Big Data hasn't yet been mentioned: supply chain 

agility. Agility, introduced in Section 1.4, can be considered as the key factor for a chain 

to survive in uncertain and highly fluctuating markets. Therefore, it is necessary to 

possess it in order to achieve competitive advantage. In this regard, Big Data supports 

and facilitates real-time supply chain monitoring and this consequently improves the 

speed and agility of organizations' decisions (Jayender and Kundu, 2021). 

A final aspect anticipated in Section 1.5, but not yet discussed, is Bullwhip Effect (BWE). 

It refers to the phenomenon of demand amplification affecting the entire supply chain. 

The use of Big Data technology has a significant impact on Supply Chain Management 

(SCM) (Raman et al., 2018) and consequently on operational aspects such as demand 

signal processing, order batching, and price changes. All these aspects are in fact sources 

of the Bullwhip Effect. 
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4.Conclusions 

 

The fourth and final chapter of this research thesis presents the conclusions of the 

work, highlighting its benefits and limitations. In addition, the chapter is intended to 

serve as a starting point for future researchers through exploring aspects that could be 

further discussed in the literature. 

 

4.1 Benefits of the present study to the literature state of the art 

 

Today, companies are immersed in the information age, which in turn is accompanied 

by a major digital revolution. The increasing evolution of this phenomenon has caused 

an increase in the amount of data that supply chains must be able to manage. So, in 

detail, it is possible to speak of an era of Big Data. For this reason, the goal of this 

research paper, as anticipated several times, is to study the applications of Industry 4.0 

digital technologies to the supply chain. The various technologies were assigned to 

different members of the research team, so this thesis was devoted exclusively to Big 

Data. It is, as demonstrated extensively in Chapter 3, a very recent technology. Although 

it has in fact attracted the attention of literary scholars and supply chain managers only 

in recent years, Big Data can be considered one of the most important technologies. Big 

Data represents a technology that companies can't do without. Not surprisingly, the 

sheer volume of big data is leading supply chain digitization to no longer be considered 

a desire but a necessity. Thus, it is easy to deduce that the first benefit of this thesis is 

precisely its focus on the most important technology for companies. In fact, Big Data is 

able to improve the daily life of the company not only because of the large volume of 

information it provides, but also because of the possible decisions that can be made 

after the data analysis.  
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For example, data can be evaluated from different aspects: 

 

• Cost reduction; 

• Time reduction; 

• Product development; 

• Consumer preferences; 

• Strategic decisions. 

 

Big Data can revolutionize a company's methods of organization. In this regard, it is 

important to specify the fact that the application and use of Big Data actually involves 

two business revolutions and not just one. In fact, before Big Data can be used, it is 

necessary to subject the supply chain to a digital transformation. Such change requires 

a large investment in time, money and structure (Agrawal and Narain, 2021). Therefore, 

it is crucial for each organization before embarking on such a big change to analyze what 

its critical aspects are and what enabling factors the digitization process requires more 

attention. Additionally, after preparing the suppy chain for the application of this new 

technology, it revolutionizes strategic decisions and the entire performance due to its 

benefits. Making known the importance and magnitude of the changes that this 

technology requires of companies is an additional benefit brought by this thesis work 

through the content analysis of snowballing papers. 

In no article analyzed was an overview presented that delved into the current state of 

Big Data application in all areas and activities of the supply chain. In this regard, this 

research paper fills the literature gap just described, providing the reader with the 

opportunity to explore topics and findings that have not been discussed until now. In 

fact, all seventy-six snowballing papers were categorized, as described in Section 2.4, 

according to the type of supply chain activities argued, according to the supply chain 

areas described, according to the research methodology followed in each paper, and 

according to the type of technologies discussed simultaneously in the same paper or 

theories used by the authors. This work therefore facilitates and directs future analysis 

of specific aspects of the supply chain. 

The study turned its attention only to articles focused on the manufacturing sector. This 

further supports the reader and researchers in understanding the influence of Big Data 
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closely related to the supply chain, unlike the previous literature containing only very 

general articles. 

 

4.2 Limitations 

 

Despite the benefits brought by this research work, discussed at length in Section 4.1, it 

is good to expose the limitations of the paper too. 

As explained in Section 2.4, all literary articles resulting from the application of 

Snowballing passed a selection process in order to then be definitively considered 

snowballing papers and subjected to critical analysis. Exclusion criteria include 

inaccessibility and the presence of any conferences associated to the article. Further 

details in this regard can be observed in Figure 8. It can be inferred that the presence of 

articles excluded for the above-mentioned reasons may be a possible limitation towards 

the results obtained. In this regard, this limitation could have been eliminated or at least 

reduced with the use of more databases. Not surprisingly, the databases used as a 

source for searching articles were two: Scopus and Google Scholar. This aspect, 

therefore, is also a limitation for research. 

As anticipated in Section 4.1, the study focused exclusively on the manufacturing sector 

and this limits the results. In fact, they could have included other sectors as well and 

thus would have allowed the reader more generalized conclusions that are valid for any 

type of supply chain. 

Moving on to content analysis, the following are the main gaps that emerged from the 

seventy-six snowballing papers. From the most recurring gaps, it emerges that the 

literature lacks an explanation that can support and explain to companies the transition 

from the traditional supply chain to a digitized supply chain. No paper in fact exists on 

the way enabling factors are applied. In addition, few studies have investigated the 

impact of Big Data and Predictive Analytics (BDPA) on social and environmental 

sustainability in supply chains. The research findings discussed in Chapter 3 do not fill 

these gaps. 

In order that Big Data can be implemented and analyzed in a supply chain, extensive 

knowledge is required, but as noted in the article entitled Data science, predictive 
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analytics, and big data: A revolution that will transform supply chain design and 

management: 

 

Typically, there is no single individual that can possibly have all of what is needed by a 

data scientist (Waller et al., 2013). 

 

Indeed, the articles reveal an almost complete absence of individuals capable of filling 

the role of Data Scientist or Chief Data Officer, and, in this regard, the study doesn't fill 

that gap by providing good tools for training staff who support the supply chain. 

In conclusion, one last limitation that can be highlighted concerns a particular supply 

chain activity, namely Warehousing. This is an activity that is highly influenced by the 

use of Big Data, and despite this, only one article related to this category was found. 

Therefore, it can be inferred that the research work didn't report great results in this 

regard. 
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4.3 Future Research 

 

Sections 4.1 and 4.2 provide a cue for future researchers to explore or undertake new 

research. It is therefore recommended that future researchers, in the event of a new 

systematic literature review, expand the number of databases used, extend the critical 

analysis to the non-manufacturing sector, develop a framework that can support supply 

chain actors in digitization, delve deeper into the influence of Big Data in warehousing, 

and above all, provide useful tools for training corporate figures similar to the Data 

Scientist or Chief Data Officer. In addition, as the critical analysis revealed, the citations 

associated with an article may increase with the passage of time, and this may represent 

the possibility of finding new snowballing papers. It is recommended, therefore, to 

resume systematic literature review in the future. 

Future researchers, in order to further investigate aspects of the supply chain influenced 

by Big Data, could better study all the activities that have recorded a limited number of 

snowballing papers in current research. These are Transportation, Inventory 

Management, Manufacturing and Warehousing. The same applies to areas and 

methodologies little mentioned in the analyzed papers, namely Revenue/cost sharing, 

Financial, Business model and Scheduling. The methodologies with little in-depth study, 

on the other hand, are: Simulation, Dynamic system/agent based modeling, 

Model/architecture development, Tool/platform/computer system development. 

In conclusion, speaking instead of technological combinations, in the future scholars 

may further explore the connections between Big Data and technologies not mentioned 

so far. In fact, Big Data to date has no connections with the following technologies: 

Augmented Reality (AR), Sensor Technology (ST), Self Driving Vehicles (SDV), and 

Unmanned Aerial Vehicles (UAV). Therefore, it would be useful to understand whether 

the total absence of such technological combinations is due to the lack of compatibility 

of Big Data with the aforementioned technologies, or simply the lack of relevant articles 

with respect to this topic. 
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