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Abstract. Supply chain activities generate massive amount of data by several
actors such as, suppliers, manufacturers, warehouses, distributers, and
wholesalers. Visual analytics (VA) plays a key role in knowledge discovery and
insight generation from this data and helps various players to enhance their
operational and strategic decision making. This is more essential for Fast moving
consumer goods (FMCG) industry, given the size of the industry and its
sensitivity to the diverse market uncertainties. In this paper, we present a PhD
research plan that responds to the requirements of a FMCG supply chain VA
system by means of a comprehensive framework. In this regard, the information
flow throughout the supply chain is a significant factor for developing a reliable
and efficient VA solution and a proper information flow throughout the supply
chain can be enhanced with the help of the framework consisting of modules
including Data Generation, Data Integration and Management , Data Analytics,
Data Visualization, and Data-driven decision making. The aim of the study is to
explore the development of a VA framework that acts as a guideline for supply
chain players to improve their analytical capabilities.

Keywords: Data Analytics, Decision support, Information flow, Supply chain,
Visual analytics.

1 Introduction and Problem Statement

Fast moving consumer goods (FMCGQG) sector is among the largest industries in the
world. This is where everyday consumer products are produced and supplied.
Meanwhile, it requires a well operating supply chain to respond to the increasing needs
of consumers. Indeed, flexible production and delivery of goods is significant to fulfil
the needs of consumers in an efficient manner [1]. The flexibility helps both the
consumers and enterprises to have a reliable and sustainable supply chain. At the same
time, the enormous amount of data created from various FMCG supply chain sectors
provide the ability to ground the supply chain processes based on the knowledge gained
from these data [2]. In these regards, the need for a data-driven supply chain process
through real-time analysis of the available data emerges [3].

One of the tools to analyse supply chain heterogenous data and generate insights and
knowledge dynamically is Visual Analytics (VA) [4]. VA is defined as the “the
formation of abstract visual metaphors in combination with a human information
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discourse (interaction) that enables detection of the expected and discovery of the
unexpected within massive, dynamically changing information spaces” [5]. FMCG
supply chain activities involve the procurement process, production of goods,
transportation to distributers and wholesalers, and finally, retailing and delivery of
products to the hands of consumers. Within these activities, market analysis and
forecasting, selling strategy selection, pricing, supplier selection, production planning,
inventory planning, logistic management, warehouse planning, and business ecosystem
analysis are some of the applications of VA systems in FMCG supply chain. In general,
Enterprises are using VA in their decision support systems and nowadays, it is becoming
an integral part of every supply chain decision support systems.

However, to integrate VA into the decision support systems in various points of a
supply chain, a proper information flow within partners is required. In this process, vast
amount of data need to be ingested and consolidated from several sources and to be made
ready for further analysis. Although the FMCG supply chain is data rich, the exchange
of information within supply chain partners are poor due to the lack of an underlying
standard framework providing and particularizing various aspects of the information
flow. The existence of a reliable framework can facilitate the process of establishing an
operational and tailored VA solution for FMCG supply chain by explicating the
requirements for future development and implementations. Some of the aspects required
for a useful supply chain VA system that the desired framework should cover are as
follows:

e The ability to view and consolidate data from different sources to create what-if
scenarios

e Big data analysis of trends, dynamics and performance indicators across multiple
dimensions

e Root cause analysis to identify reasons for faults within an existing system -
enhanced with Machine Learning (ML) techniques

In order to achieve these requirements the following three activities are planned
based on which Research Questions (RQ) are also defined:

1. Exploring data collection and information sharing for VA: This activity satisfies the
first aspect of the framework by collecting the sufficient amount of data from
industrial partners of the project.

2. Exploring big data analytics techniques for VA: This activity is toward satisfying
the second and third aspects of the framework by exploring the adequate data
analytic techniques for the use in supply chain activities.

3. Exploring the development of a framework for VA: This activity satisfies the overall
goals of the project by providing a conceptual reference model for development of a
visual analytic system in the supply chain context.

Overall, in this paper, we outline a PhD work-in-progress in developing a conceptual
framework for a customized VA for FMCG supply chain industry. In what follows, we
presented the project background and scientific basis for the research area, we then
formulated and presented the research questions with explanations on how to address
them. Later on, we presented the planed methodologies for the research, followed by
the current progress and the works lying ahead.
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2 Project Background and Scientific Basis

Over the past two decades, with the advancements of data engineering and analytics,
supply chain analytics has become an integral part of every supply chain management
system [6]. Supply chain analytics is to extract meaningful information and insights from
the available data sources within supply chain processes to support supply chain decision
makers [7]. In this regard, VA plays a significant role in enhancing the analytical
capabilities of the firms and it is crucial for companies to have an adequate and reliable
visual analytic solutions to use in their supply chain management activities. Given the
availability of massive amount of data from different sources of the supply chain [§], an
established, integrated, and functional VA system helps both manufacturers and
distributers to have a better understanding of their processes and to make better decisions
in their marketing, sales, production, and procurement planning [9].

On the other hand, VA is even more essential for the Fast Moving Consumer
packaging Good (FMCG) industry [2]. Indeed, FMCGs may have a short shelf life as
well as being prone to various sale’s uncertainties, therefore, requires its supply chain
decision-makers to have reliable analytical tools to understand and analyse the supply
chain data dynamically and efficiently [10]. This is where VA can be used.

VA at its core, is the combination of data visualization with advanced analytical
techniques that support decision makers to make better judgements by making sense of
related data visually [11]. The underlying disciplines that encompass activities around
developing visual analytic solutions are varying as follows: Information Systems (IS),
Data and Knowledge Management (DKM), Business Intelligence (BI), Artificial
Intelligence (AI), and Human-Computer Interaction (HCI), hence, making it to be a
multi-disciplinary domain. Therefore, it is required to study the topic from different
aspects. The conjunction of supply chain VA and IS occurs when we are dealing with
the information flow throughout various points of the supply chain which requires
various stakeholders of the supply chain to share information both downstream and
upstream, that is, information flow integration [12]. DKM activities involve with the
data discovery to identify hidden knowledge using VA, which also requires extensible
explanatory data analysis for predictive, prescriptive and descriptive analysis [13].
Activities regarding the conjunction of BI and VI deals with combining business
information with business management decisions manifested through visualization [14].
Al includes the ML supported VA to provide automated analytical capabilities for
features such as what-if scenario analytics [15]. Finally, HCI deals with questions of
human perception, cognition, intelligence, decision-making and interactive techniques
of visualization [16].

Therefore, there is a need to develop a framework that embody various aspects of a
comprehensive supply chain VA system. In general, there are three categories of
frameworks that can be considered in relation to the VA [11], including:

1. Frameworks that describe human sensemaking: These frameworks illustrate the
complex procedures human use to gain knowledge from the data, which should be
considered when developing sensemaking systems.

2. Frameworks that describe interaction and information design: These models
demonstrate how data transformation and analytic computation are utilized and
integrated in providing the visual representations of data analysis in embedded tools.
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3. Frameworks that describe improvement of ML techniques: Basically, these
frameworks use visualization of ML processes in various steps in order to provide
the capability to the user to participate in the ML process and enhance the result of
the ML with different type of interactions.

Since the objective of this project is to explore methods for consolidating,
processing, and analysing the collected data from multiple sources for the purpose of
VA, the second frameworks within abovementioned types should be considered. In this
regard, such a framework conceptually consists of the following modules [17]:

1. Data Generation (DG): Data Generation relates to the ability of the VA system in an
organization to obtain, ascertain, generate and access the required data from
heterogeneous sources across the supply chain.

2. Data Integration and Management (DIM): DIM is the aspects corresponding to the
underlying potentials of various actors of the supply chain in utilizing the tools and
methods for the collection, transformation, storage, and integration of the
heterogeneous data. In fact, it deals with both the potentials and limitations of the
organizations to comply and handle the real-time data collection and processing.

3. Data Analytics (DA): Data analytics part of the framework deals with the analytical
techniques and methods that organizations can utilize to analyze supply chain data
to gain significant insights for providing knowledgeful information to decision
makers.

4. Data Visualization (DV): This aspect of the framework considers the potential of the
organizations for using the proper tools and techniques for visual presentation of the
data-driven insights to the decision makers.

5. Data-driven Decision Making (DDM): These are the essential strategic thoughts and
behaviors that forms the culture of the company to be data-driven decision making
oriented.

Given the multidisciplinary nature of the problem, a conceptual framework consisting
of interlinked concepts from various disciplines provides an understanding of the
construct of a supply chain VA system and its processes [18]. Therefore, a holistic
framework covering the underlying concepts and processes for developing a supply
chain VA system is highly desirable. Eventually, the aim of the research is to propose
a framework that provides a comprehensive guideline covering various activities and
procedures required to integrate VA into supply chain analytics.

3 Research Agendas and Questions

Generally, a potential supply chain VA framework should be developed based on the
previous literature, expert opinions of supply chain managers, business intelligent
experts, and data analysts. The framework should cover various activities including,
identification of decisions and tasks that should be supported with the help of data
analytics, collection of required data for the corresponding data analytics tasks,
characterization of the required team of visual analysts, defining the supply chain
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analytic task as a VA problem, implementation of VA technique and tactics, and
interpretation of the VA results for decision support.

Based on the objectives of the study and the scientific basis previously presented,
following research questions are formulated. Since the main objective of this project is
to create a framework, the research questions are generated towards identifying the
requirements in various modules of the framework presented in section II. Each
research question formulated are presented along with a prospective plan towards
answering them:

1. What is the desired data flow to integrate VA into supply chain decision making and
what are the existing obstacles within the supply chain data flow and how to
overcome those obstacles? This question can be answered with the help of
investigating the current literature, interviewing the participating companies, and
data mapping strategies. The answer to this question contributes to the data
generation and data integration and management parts in the formulation of the
framework design.

2. How can the big-data analysis techniques and tools be adapted for processing the
supply chain big data for VA? This question can be answered by investigating the
cons and pros of the current available tools and techniques with experiments and
identifying the opportunities for tailoring and adapting them into the context of
FMCG supply chain. The answer to this research question contributes to the Data
Analytics and Data-driven decision-making parts of the framework.

3. How can the visualization tools and techniques be implemented for providing data-
driven decision support? The answer to this question is handled by investigating the
current visualization tools and techniques, both from the literature and the industry,
and formulating a future road map perspective for the supply chain to deploy
efficient and reliable visualization solutions. The answer to this question contributes
to the Data Visualization and data-driven decision-making part of the framework.

4 Scientific Research Method

The main research strategy for this project is planned based on adopting the Design
Science approach, which revolves around identifying the organizational problems and
creating and evaluating artifacts that can address those problems [19]. It should be noted
that, this PD project is part of a bigger project which has its objective in exploring the
road towards a sustainable food supply chain in Norway, and some of the Norway’s
food product manufacturers are among the industrial partners of the projects, namely,
Brynild Gruppen AS [20] and Mills AS [21]. In this regard, the industrial partners of
the project will contribute with their potentials to act as focal companies for
implementing and evaluating the artifacts.

In general, design science research method includes three main cycles of activities
[22]: The relevance cycle that identifies the problems and requirements along with
opportunities in a given problem domain and environmental context, the rigor cycle
that identifies the grounding of the research based on the scientific theories, methods,
and domain experts experience and expertise, and finally, the design cycle that involves
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with the design of artifacts and evaluating them through development and
implementation of prototypes. Following this approach, the research process consists
of the following five phases.

1. Phase 1 constitutes of mapping and analyzing the current situation to identify
problems/weaknesses and improvement potentials. Here, the main constructs of the
research are identified, and the research hypotheses and questions are formulated,
by reviewing current literature and requirement analysis. A systematic literature
review is intended to identify state of the art regarding the topic. This phase
expresses the relevance cycle of the research.

2. Phase 2 focuses on the determination of conceptual solutions and research paradigms
after a careful study of available techniques and solutions. In this phase, we will
conduct interview studies to obtain the experience and expertise of the people
involved with supply chain analytical activities. It is also intended to conduct a
number of case studies [23] to better recognize the fit of a possible solution in the
corresponding context. This phase corresponds to the rigor cycle of the research.

3. Phase 3 establishes the constructs for prospective specific solution in close
collaboration with researchers and practitioners participating in the project. This
phase includes the main activities toward developing the objective framework.
Designing the framework as an artifact that addresses the problems identified in
previous phases are carried out in this phase. The idea is to apply research through
design methodology [24] towards proposing a design artifact for a VA framework.
This phase is the first part of the design cycle.

4. Phase 4 includes the analysis and evaluation of the proposed framework by
deploying and testing selected elements of the solution from phase 3 in the form of
demonstrators and prototypes [25]. Here, we collaborate with our industrial partners
of the project to implement and evaluate prototypes in real environments. This phase
completes the design cycle of the research.

5. Phase 5 amalgamates the findings towards answering the research questions and
fulfilling the project objectives.

5 Project progress and timeline

The progress of this project started with conducting a Systematic Literature Review
(SLR) in connection with the intersection of VA and supply chain. The aim of the SLR
was to investigate the state of the art in VA systems applied in supply chain decision
making progress. The main objectives of the SLR were to identify the current types of
VA used for supply chain activities, to recognize different supply chain activities and
decisions that can be supported with VA, and to identify different types of data that can
be used in VA system. As the result, a categorization of VA techniques and methods
has been proposed based on various supply chain processes. It is then mapped to the
need for specific data for each of the applications and the decisions they intend to
support.

Based on the results of SLR, 8 decision areas have been identified to be the main
objectives of VA systems to be addressed including, sales management, network
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design, collaborative forecasting, demand management, network integration and
visibility, transportation management, and operation management. These decision areas
are to be used to address the first part of the framework, that is, identification of
decisions and tasks that should be supported with the help of data analytics. Adding to
that, required visualization techniques and tactics towards achieving each of the
analytical goals have been identified. The results of the SLR, provides the ability to
understand the decision areas that VA can support, following with specific data
requirements for each of the tasks along with the appropriate visualization techniques
need to be implemented. One of the gaps that needs to be further considered are
providing the ability to analysts to interact with the system and logging the interactions
for future reviews and comparisons. Furthermore, given that sales data are the main
data used for analysis and the spatio-temporality nature of such data, the visualization
techniques to be used should possess the ability to provide analysis against time and
location attributes.

The 1st Year of the of the project was dedicated to the conducting of the literature
review study and investigating existing commercial solutions to identify various fields
of study in the context of the project. This year will cover the phase 1 and 2 of the
project by identifying the main constructs of the research based on the examining of a
broad range of literature and available commercial solutions and mapping them with an
understanding of the requirements of the project.

The next step of the research in progress is to conduct an interview study with supply
chain manager, business intelligent experts, and data analysts within our project
partners and some external participants. The aim of this study is to understand the
requirements of the industry in the data analysis tasks they perform, the current tools
they use, the gaps in data availability, and the extent to which data-driven decision
making are integrated into their activities based on analysis. Eventually, we aim at
providing a mapping between the requirements and gaps from the industry and
proposals of the literature. This participates extensively to the development of the
framework. Currently, we are conducting interviews with stakeholders from the
industrial partners of the project to identify the available data sources, the existing
limitations of their current solutions and to identify the opportunities for future
development of the framework. Later, we will map the requirements of the industry
identified through the interview study to the proposals found in the systematic literature
review.

The 2" Year of the project devotes to the design and development of the framework
based on the knowledge, requirements, and solutions acquired in the 1% year. A number
of scientific publications are to be expected in this year regarding various aspects of the
framework.

The 3™ Year of the project mostly devotes to the implementation of the framework
by deploying one or more case studies either for whole the framework or some of its
element and evaluating the performance of the framework. The framework is to be
employed in the case study with the help of our project partners.

The documentation and dissemination of the findings and the project progress are to
be carried out during all the project stages scientifically and professionally in various
publication channels such as scientific journals and magazines, national and
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international conferences, workshops, seminars, and media. All of which will
contribute to the production of the final PhD thesis.
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