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Abstract

Big data analytics (BDA) has emerged as a relevant topic in the supply chain
management (SCM) area. Many studies in SCM show the benefits and challenges
induced by BDA implementation. However, there is a lack of empirical evidence
besides the great consent among researchers on the positive impact. This paper aims to
fill this gap conducting a systematic literature review to find the academic literature
focusing on empirical studies. The empirical evidence from those papers is discussed
regarding benefits and challenges comparing them to the theory. Most of benefits and
challenges from empirical studies corroborate the theory.
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Introduction

Big data has gained increasing interest both in industry and academic research (Mishra
et al., 2017). The 5V (volume, variety, velocity, value, and veracity) are the elements of
a general description of big data. The big data definition is a holistic approach to
generate, gather, store, manage, process, and analyze large datasets with high velocity
and variety (Demchenko et al., 2013; Sanders, 2014; Wamba et al., 2015; Gandomi and
Haider, 2015). Big data analytics (BDA) is the application of advanced analytical
techniques in big data with an enormous potential to impact positively on business and
academic scenarios (Russom, 2011). The BDA application can provide valuable insight



for decision makers, leading to a multitude of benefits that will lead towards a
competitive advantage (Wamba et al., 2015).

Similarly, researchers from the field of supply chain management (SCM) have
gained interest in BDA. Brinch et al. (2017) argue that big data can benefit the supply
chain of physical products and service deliveries. According to Waller and Fawcett
(2013) and Wang et al. (2016), BDA can provide value for the improvement of supply
chains by maximizing productivity, improving operations and the decision-making
process, reducing process variability and risks, support the demand and production
planning, and choosing qualified suppliers.

However, it is not a trivial task to achieve those benefits. Many scholars have
identified multiple challenges hindering the implementation of big data (Sanders, 2016).
They also proposed frameworks to overcome these challenges (Dutta and Bose, 2015).
For example, Chen and Zhang (2014) identified principles for designing big data
systems and challenges of handling big data.

Although there is a consent among researchers on the positive impact of big data in
SCM and the proposed approaches towards implementing big data appear reasonable
and well-considered, many scholars did not back up their research through practical
application, resulting in a lack of empirical foundation of their claims. The literature can
provide the first evidence on the effectiveness of BDA in SCM. Then, a systematic
literature review (SLR) was conducted to gather data about the BDA application in
SCM.

This paper aims to review the academic literature on empirical studies concerning
BDA implementation in SCM and to compare the results to theory. The comparison
focuses on the challenges and benefits of each implementation. Therefore, the following
research questions are addressed in this paper: What are the benefits and challenges of
BDA implementation in SCM in conceptual and empirical studies?

This paper is organized as follows. Initially, the state-of-art of BDA application in
SCM is present. Next section, "Research Design" gives insight into the SLR process,
including search keywords, database, and inclusion criteria. The section "Big data
analytics application in Supply Chain Management" contains the description of benefits
and challenges related to BDA implementation in SCM, in theoretical and empirical
works, resulted from the SLR. Additionally, similarities and differences between the
theoretical and empirical findings, and future research suggestions are discussed in the
section "Discussion and Future Research”. Finally, the section "Final Remarks" offers
the final considerations and outcomes of this work.

Theoretical Background

The development of faster, smaller and cheaper computing devices has made digital
communication ubiquitous in business (Addo-Tenkorang and Helo, 2016; Wamba and
Akter, 2015). Such computational environment enabled the creation of new digital
services and products for consumers, such as social media, cloud storages, Internet of
Things (loT) devices, online retailers, streaming services, and mobile apps (Brinch,
2016; Wamba and Akter, 2015). In the business environment, the digitalization is
increasingly replacing the manual processes, and entirely new business models, which
would not have been possible just a few years ago, are arising (Bharadwaj et al., 2013).
An increasing amount of data have been generated and stored as a consequence of
ongoing progress in information technology and digitalization. Diverse devices like
sensors, smartphones, and computer systems increase the quantity of gathered data
(Addo-Tenkorang and Helo, 2016).



Volume, velocity, variety, veracity, and value are known as the 5 Vs characterize big
data. Volume refers to the massive amount of available data. Velocity refers to the
speed of these data are generated, processed and analyzed. Variety is related to the
different data types (e.g., structured and unstructured) which are collected from different
sources. Veracity describes the reliability of data and in which extend data can be
trusted. Finally, value can add value to the business (Demchenko et al., 2013; Wamba et
al., 2015; Gandomi and Haider, 2015).

Is it widely recognized that big data contains valuable information that benefits a
variety of domains and application areas (Yin and Kaynak, 2015). The benefit will
come true when applies BDA in a large amount of data to derive actionable
knowledgeBDA. The use of BDA can provide opportunities aiming to support faster
and more data-driven decisions, leverage advanced analytics to measure trends more
precisely, and optimize business processes (Hazen et al., 2016; Addo-Tenkorang and
Helo, 2016; Brinch, 2016).

The SCM is one of the domains affected by the increase of digital infrastructure. A
variety of data sources can provide more information about the supply chain operations,
the market situation, and the financial activities of the company (Brinch, 2016; Jain et
al., 2017). According to Hazen et al. (2014), “supply chain managers are increasingly
reliant upon data to identify trends in costs and performance, and support process
control and inventory monitoring”.

Examples for applications of BDA in SCM include: the use of predictive
maintenance to avoid unforeseen breakdowns (Jain et al., 2017); the tracking of delivery
vehicles to identify and mitigate potential problems earlier (Mani et al., 2017); the
prediction of price changes on products to adjust order size and order time (Chipizda et
al., 2016); the performance measurement of current suppliers for sourcing decisions in
the future (Wang et al., 2016); and the analysis of product usage from loT devices at the
customers location for marketing and product development purposes (Zaslavsky et al.,
2013).

The findings from a Delphi study conducted by Brinch et al. (2017) "reveal that big
data is more about data collection than data management and utilization, and that
service, logistics, and planning processes are more applicable processes for adapting big
data applications than manufacturing, sourcing, and return processes"”. Therefore, BDA
application in SCM can help to increase efficiency and effectiveness in many areas of
the supply chain to create a competitive advantage (Wamba and Akter, 2015).

Research Design
The research design was an SLR application in two stages. First, the authors have
looked up the literature reviews to identify the theoretical and technological aspects of
BDA for SCM. Instead of developing an SLR, the authors decided to take advantage of
a tertiary study conducted by Mello et al. (2017) on six literature review papers. We
updated Mello et al. (2017) adding Tiwari et al. (2018). So, seven theoretical papers,
which conducted a literature review of big data applications in SCM, were analyzed.

The purpose of the second stage was to identify academic papers with empirical
studies of BDA implementation in SCM. The SLR followed the steps proposed by
Thome et al. (2016): planning and formulating the problem; searching the literature;
data gathering; data analysis and synthesis; interpretation; and presenting results. The
outcome is empirical papers related to BDA for SCM.

The search, realized in January 2018, selected papers which have the combination of
the terms big data, supply chain or logistics, and one of the terms related to empirical
studies (i.e., implementation, implementing, application or empirical) in the field of title
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or abstract. Only journals and conference papers written in English were selected. The
Scopus database was selected because Mishra et al. (2016) argue such database includes
over 20,000 peer-reviewed journals and index relevant papers for the area of supply
chain and big data. In total, the initial search resulted in 168 papers.

The authors read and analyzed all title and abstract of selected papers aiming to find
those whose potentially describe the experiences of implementing BDA in SCM. The
inclusion criteria were papers which included empirical studies that are thoroughly
documented and contain descriptions of the challenges and benefits for implementing
BDA in SCM. Six articles filled the requisites for further investigation. Those papers
contain empirical findings from three case studies, one survey, and two Delphi studies.

Big Data Analytics Application in Supply Chain Management

This section first provides an overview of the BDA benefits and challenges in SCM
gathered from the theoretical and empirical studies found in the two stages of the SLR.
Afterward, the similarities and differences between the theoretical and empirical
findings are discussed in the Section “Discussion and future research”.

Theoretical Studies

All authors of seven identified theoretical papers agree that the BDA implementation in
SCM will lead to an improved capability to make decisions. The BDA application can
enhance speed and flexibility of making decisions. The real-time data streams can
improve the decision response time. Finally, these decisions can be more strategic data-
oriented (Addo-Tenkorang and Helo, 2016; Tiwari et al., 2018; Brinch, 2016). The
improved decision-making capability will realize benefits for SCM on all levels. The
different decision levels, i.e., strategic, tactical and operational, made on a day-to-day
basis are affected, leading to a more effective and efficient SCM (Mishra et al., 2016;
Wamba and Akter, 2015).

On a strategic level, BDA can help designing a new supply chain by selecting
locations for warehouses through the analysis of transportation and customer data as
well as the improvement of strategic sourcing by assessing and selecting the best
potential suppliers (Tiwari et al., 2018; Wang et al., 2016). Data from various sources,
like loyalty card programs, social media activity, sales data or 10T data generated by
their products, can improve the understanding of customers' demands providing
insightful information to development of new products and services or create
personalized offers (Mishra et al., 2016; Brinch, 2016; Wamba and Akter, 2015). On a
tactical level, the newly available data also enables the definition of new and more
detailed performance metrics that managers can use to closely monitor both the supplier
and employee performance to take appropriate actions (Addo-Tenkorang and Helo,
2016; Mishra et al., 2016; Tiwari et al. 2018). Monitoring the supply chain more closely
also helps to identify potential fraud or malfeasance and bottlenecks (Wamba and Akter,
2015). The demand planning can also be enhanced using improved forecasting, and the
real-time traffic data can incorporate into delivery planning for reducing carbon
emission (Tiwari et al., 2018).

Overall, BDA in SCM leads to an enhancement of productivity (Mishra et al., 2016),
a more agile supply chain that flexible and responsive to changes and problems
(Rozados and Tjahjono, 2014; Wand et al., 2016), a higher level of end-to-end visibility
(Mishra et al., 2016; Tiwari et al., 2018), and improved supply chain stakeholder
relationships (Mishra et al., 2016; Wamba and Akter, 2015).

There are challenges to achieve those benefits and successfully implement BDA in
SCM. Due to the massive changes in SCM required by the BDA implementation, the
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active involvement of all supply chain stakeholders to change the organizational culture
and the strategy to the new circumstances is imperative (Rozados and Tjahjono, 2014;
Wang et al., 2016). Furthermore, the employees who have adequate analytical
capabilities to conduct the BDA are essential and hard to find (Tiwari et al., 2018).
Before the BDA implementation, integrating the organizational processes, information
systems and possible data silos within single departments are required to reduce
redundancies in development and maintenance efforts (Wamba and Akter, 2015;
Rozados and Tjahjono, 2014). From a technological point of view, it is also a challenge
to implement BDA because it requires advanced hardware and software, and complex
architecture of algorithms (Tiwari et al., 2018). Finally, the big challenge for a
successful implementation is the validation of theoretical frameworks that decrease the
risk of failures (Addo-Tenkorang and Helo, 2016; Rozados and Tjahjono, 2014; Brinch,
2016).

Empirical Studies

After applying the SLR, we selected six papers which posed empirical evidence related
to BDA application in SCM. Mani et al. (2017) explain the implementation of a delivery
vehicle tracking system in an Indian co-operative milk-processing organization.
Chipidza et al. (2016) describe the case of a grocery wholesaler pursuing the BDA
implementation for price prediction within their supply chain. Dutta and Bose (2015)
conducted a case study in a company of the cement manufacturing industry.
Furthermore, Schoenherr and Speier-Pero (2015) present the results of a survey with
practitioners that already worked on implementing big data in SCM. Kache and Seuring
(2017) carried out a Delphi study among 20 consultants with a background either in
technology or management. Finally, Jain et al. (2017) also employed Delphi technique
aiming to identify issues of SCM which can be resolved using BDA.

BDA can be used during the design phase to build a supply chain that is more
collaborative and integrated with its partners. At runtime, the available data can be
analyzed to improve the understanding of the customer requirements to improve the
products or to introduce new, innovative solutions (Kache and Seuring, 2017). Demand
data can be used to identify underdeveloped markets or improve customer segmentation
to provide personalized offers and better target individual marketing efforts at
customers, leading to improved sales at lower marketing prices (Dutta and Bose, 2015;
Jain et al., 2017; Kache and Seuring, 2017).

Overall, the availability of more information leads to more data-oriented, informed
decision-making (Dutta and Bose, 2015; Schoenherr and Speier-Pero, 2015; Jain et al.,
2017). The availability of large amounts of data from multiple sources allows for the
definition of new metrics, enabling improved monitoring of the entire supply chain
(Mani et al., 2017; Dutta and Bose, 2015). Due to a more granular and timely overview
of deliveries, production planning, and demand, BDA helps to optimize inventory levels
and improving the availability of goods while reducing costs at the same time
(Schoenherr and Speier-Pero, 2015; Jain et al., 2017; Kache and Seuring, 2017).
Furthermore, the availability of real-time operational data allows for the timely
detection and prevention of unwanted events that could lead to expensive repercussions
(Mani et al., 2017; Kache and Seuring, 2017).

Generally, BDA enables the improvement of supply chains' operational efficiency
(Schoenherr and Speier-Pero, 2015; Kache and Seuring, 2017) and a reduction of costs
through a speedup of unload times, a reduction of penalties, damages or demurrages
(Dutta and Bose, 2015), the ability to perform real-time route rescheduling, and an
improved understanding of how the operational practice impacts the overall costs
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(Kache and Seuring, 2017) and customer satisfaction (Dutta and Bose, 2015). Predicting
price developments enables resellers to pick the right time to order to increase their
profit margin (Chipidza et al., 2016). BDA in SCM enhances the visibility and
responsiveness to change and problems (Schoenherr and Speier-Pero, 2015; Kache and
Seuring, 2017). Besides, BDA enables predictive maintenance which can prevent
unnecessary and unplanned maintenance (Jain et al., 2017).

There is a bundle of challenges to be overcome to achieve these benefits. Introducing
a BDA in a company requires employees to adapt and use the new tool in their daily
working practice. They need to develop a mindset that focuses data and facts. These
changes within the culture must be managed and enforced. Using BDA in a supply
chain across functional departments or firms also requires a high level of collaboration
and a change in organizational structure (Dutta and Bose, 2015; Schoenherr and Speier-
Pero, 2015; Kache and Seuring, 2017). Introducing the new software solutions is also a
high technical barrier. There might be a lack of a robust IT infrastructure, or the existing
one is unstandardized and fragmented and needs to be integrated to make all relevant
information available throughout all IT systems. Therefore, massive and expensive
changes in the infrastructure might be necessary to prepare it for the introduction of the
analytical system.

The analytical system availability requires expensive investments (Schoenherr and
Speier-Pero, 2015; Kache and Seuring, 2017). Also, an appropriate technological
solution might be unavailable at the market (Chipidza et al., 2016; Schoenherr and
Speier-Pero, 2015). Using the system requires a high level of analytical and
technological expertise which imposes a challenge on balance human and analytics
management style (Schoenherr and Speier-Pero, 2015; Kache and Seuring, 2017). Other
factors that could inhibit the decision for an introduction of BDA in SCM are time
constraints, the lack of a clear business case or the impression of stakeholders and
managers that introducing and managing analytics in the company is overwhelming and
too complicated (Schoenherr and Speier-Pero, 2015; Kache and Seuring, 2017). After
the introduction of the analytical system, governance and compliance rules need to be
created and enforced by the company. The complexity of the newly available
information requires careful information management. The information security
becomes a greater issue due to the deeper insights into the company that could also
cause harm if it became available to unauthorized parties. (Kache and Seuring, 2017).
Finally, even if BDA provides great insight into every detail of the supply chain,
managers need to be able to balance a data-driven and a human-oriented managerial
style (Kache and Seuring, 2017).

Discussion and Future Research

Comparing the potential benefits foreseen by the authors of theoretical papers to those
by authors of the empirical papers, we come up with some clear matches. Both sets of
authors argue the companies which implement BDA in their SCM will obtain an
improved data-driven decision-making capability. Empirical data also support the
hypothesis the BDA provides a better understanding of customers, enabling the new
products and services development adjusted to the customer's demands. Marketing
profits from the ability to create market niches and precisely appeal to individual
customers through targeted advertisement and offers. The empirical findings support the
hypothesis the newly available data might be used to create new metrics to support the
SCM to improve the operational efficiency. The availability of real-time information
can indeed reduce the time to react to ongoing events to prevent undesired
consequences such as delays because of traffic. Conceptual and empirical works
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highlight the benefits such as increased visibility, cost reduction, and improved demand
planning.

The predictive maintenance to avoid breakdowns and reduce maintenance costs is an
important benefit only mentioned by the authors of empirical. Another benefit,
according to only to the authors of theoretical papers, is the possibility to identify the
optimal warehouses' locations and suppliers when designing a supply chain. The
empirical data, however, show the BDA implementation across firms during the design
phase of supply chain improves the collaboration and integration of the involved
companies.

Regarding the main challenges to implement BDA in SCM, the authors of the
empirical papers have been facing the same threats by the authors of the theoretical
papers. The implementation requires extensive changes in culture, organizational
structure, governance, and processes. Further, integrating and extending the existing IT
infrastructure require high investments even before the BDA itself is introduced.
Finally, it is hard to find the required skilled employees with a technological and
analytical background.

The authors of empirical papers, especially Kache and Seuring (2017), highlight
more challenges than the ones of theoretical papers. It seems the reality of implementing
BDA is very complicated. Hence, further research on the barriers and challenges of
implementing BDA appears to be a promising and beneficial endeavor (Rozados and
Tjahjono, 2014). The future studies could enrich the findings of this paper by
conducting case studies among companies which use BDA in SCM to verify the
benefits and challenges to enrich the studied field. As the BDA application in SCM is a
recent topic and the interest in it has been increasing since 2013 (Mishra et al., 2016),
we recommend repeating this investigation one or two years later aiming to include new
theoretical and empirical works to increase the knowledge of the applications of BDA in
SCM.

Final Remarks

Although many papers are focusing on the topics BDA and SCM and a high interest in
those issues, the empirical studies remain sparse. From the 168 identified papers during
the SLR process, only six papers contain detailed information about the benefits and
challenges of BDA in SCM from real-world experiences. This paper compared the
findings of theoretical and empirical papers. It is necessary to consider studies in those
topics conducted together with practitioners, for example, case studies and Delphi
studies, to fill the gap of information.

Only Dutta and Bose (2015) provided both a comprehensive framework on how to
implement big data in SCM and tested it in a real-world case. So, it is necessary more
implementations to generalize the findings. Dutta and Bose (2015) emphasize the need
for a clear roadmap that combines both data management and change management to
enable an organization to not only use the required software but also to make use of big
data in their day-to-day business actively.

This paper identified several benefits for SCM provided through the implementation
of BDA as increased visibility, reduce costs, and demand planning. Likewise, there are
challenges as information technology infrastructure and acceptance by employees.
Therefore, this paper provides insights from empirical and theoretical studies regarding
the benefits and challenges using BDA in SCM.
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