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Abstract

The food retailers have to make their supply chains more customer driven to sustain in
modern competitive environment. It is essential for them to assimilate consumer’s perception
to improve their market share. The firms usually utilise customer’s opinion in the form of
structured data collected from various means such as conducting market survey, customer
interviews and market research to explore the interrelationships among factors influencing
consumer purchasing behaviour and associated supply chain. However, there is abundance of
unstructured consumer’s opinion available on social media (Twitter). Usually, retailers
struggle to employ unstructured data in above decision-making process. In this paper, firstly,
by the help of literature and social media Big Data, factors influencing consumer’s beef
purchasing decisions are identified. Thereafter, interrelationships between these factors are
established using big data supplemented with ISM and Fuzzy MICMAC analysis. Factors are
divided as per their dependence and driving power. The proposed frameworks enable to
enforce decree on the intricacy of the factors. Finally, recommendations are prescribed. The
proposed approach will assist retailers to design consumer centric supply chain.

Keywords: Big Data, Interpretive Structural Modelling (ISM), Fuzzy MICMAC, Beef
Supply Chain, Twitter

1. Introduction

The main objective of modern industry is to please consumers. Usually, supply chains are
designed using customer driven approach. The businesses are framing their operations to
become more efficient in terms of time and money to meet the expectations of consumers.
The implementation of these policies becomes complicated in food industry considering the
perishable nature of food products (Aung and Chang, 2014). The food products reaching the
consumers should have the virtue of good taste, quality, ample shelf life, high nutrition,
appearance, good flavour in minimum cost or else the food retailers and their suppliers might
lose their market share (Banovi¢ et al., 2009; Bett, 1993; Killinger et al., 2004b; Neely et al.,
1998; Oliver, 2012; O'Quinn et al., 2016; Sitz et al., 2005; van Wezemael et al., 2010; van
Wezemael et al., 2014; Verbeke et al., 2010). After the horsemeat scandal, major retailers are
in pressure to assure the food safety, quality and precise labelling to reflect the actual content
of beef products by strengthening the relation with their key suppliers (Yamoah and Yawson,
2014). There is a lot of pressure from government legislation and consumers about the carbon
footprint generated in producing the food products (Weber and Matthews, 2008). The



aforementioned factors influence the consumer’s purchasing decisions. In the past, studies
have been conducted to examine the impact of these factors individually (Lewis et al., 2016;
Morales et al., 2013; Clark et al., 2017) or in a group of two to three factors (Hocquette et al.,
2014) on consumer’s buying preferences. However, literature lacks the documentary
evidence on how these factors collectively impact consumer’s purchasing behaviour and their
interrelationship among each other. The food industries are aware of these factors. However,
they do not have the insights of the linkage among the factors and the knowhow to assimilate
these factors in their operations to achieve a consumer centric supply chain. Incorporating
consumer’s perception is very crucial for food retailers to survive in today’s competitive
market. Food retailers make an attempt to receive consumer feedback via market surveys,
market research, interview of consumers and providing the opportunity to consumers to leave
feedback in retail store and use this information for improving their supply chain strategy.
However, the response rates for these techniques are quite low, often the responses are biased
and consists of false information; consumers are reluctant to participate due to privacy issues.
Therefore, these techniques give limited outlook of the expectation of majority of customers.
There are plenty of useful information available on social media. Such information includes
the true opinion of consumers (Katal et al., 2013; Liang and Dai, 2013). The rapid
development in information and technology will assist business firms to collect the online
information to use it in developing their future strategy. On the contrary, the social media
data is qualitative and unstructured in nature and often huge in terms of velocity, volume and
variety (Mishra & Singh, 2016; Hashem et al., 2015; He et al., 2013; Zikopoulos and Eaton,
2011).

Outcome of operation management tools and techniques are usually based on limited data
collected from various sources such as surveys, interviews, expert opinions, etc. Decision
making could be more precise and accurate if these analyses are supplemented by social
media data. This study attempts to incorporate social media data using Interpretive Structural
Modelling (ISM) and fuzzy MICMAC to develop a framework for consumer centric
sustainable supply chain. The involvement of information from social media data will give
consumers ‘sense of empowerment.” There is no mechanism mentioned in the literature for
using Twitter analytics to explore the interrelationships among factors mandatory to achieve
consumer centric supply chain. This article explicitly investigates the interaction among these
factors using big data (social media data) supplemented with ISM and fuzzy MICMAC
analysis. A systematic literature review was conducted to identify the drivers influencing the
consumer’s decision of buying beef products and supply chain performance. Thereafter, ISM
is developed to investigate factors influencing the beef purchasing decision of consumers and
the relationships between them. Usually, structural models are composed of graphs and
interaction matrices, signal flow graphs, delta charts, etc., which do not provide enough
explanation of the representation system lying within. In this article, using ISM and fuzzy
MICMAC techniques, the variables influencing consumers’ decision are segregated into four
different categories: driving, linkage, autonomous and dependent variables and generate the
hierarchical structure to represent the linkage between the variables for interpretive logic of
system engineering tools. Based on the findings, the recommendations have been prescribed
to develop a consumer centric sustainable supply chain.

The organisation of the article is as follows: Section 2 consists of literature review. In Section
3, cluster analysis and ISM methodology are described in detail. Section 4 introduces and



analyses ISM fuzzy MICMAC Analysis. Section 5 includes discussion, managerial
implications and theoretical contribution. Finally, Section 6 provides conclusion and
recommendations for future research.

2. Literature review

Food supply chain consists of all the operations that explain how food is transferred from
farm to fork. It includes various processes like production, processing, distribution,
marketing, retailing, consumption and disposal. The beef supply chain is composed of
various segments viz. farmers, abattoir, processor, logistics and retailer. The beef farmers
raise the cattle in beef farms from the age of three to thirty months based on the breed and
demand of the cattle within the market. The cattle are transferred to abattoir and processor
when they reach their finishing age. Then, they are butchered and cut into primals, which is
followed by processing them into beef products like joint, steak, mince, burger, veal,
dicer/stir-fry etc. The packaging and labelling of these fine beef products are performed and
then they are transferred to retailer by employing logistics. In order to flourish in the
competitive environment, food retailers have to provide excellent quality products at minimal
cost, at precise time in right condition by incorporating virtues like food safety, eco-friendly
products, good flavour, high nutrition etc.

Using systematic literature review, different variables influencing customer’s buying
behaviour of beef products are identified. The research papers were extracted from prominent
databases like ScienceDirect, Springer, Emerald, Taylor and Francis and Google Scholar. The
articles considered in this study were published in the duration of 2000-2016. The keywords
utilised for searching the aforementioned databases are shown in Table 1. Initially, 3295
articles are obtained using these keywords, which included leading journal articles,
international conference proceedings and reputed government reports predominantly in the
domain of food quality, meat safety, marketing, meat sciences, environmental sciences and
animal sciences. A preliminary screening was performed on these articles by assessing the
title and abstract of article to filter the articles based on relevance to this study. The articles in
non-English language and duplicates were also eliminated. The preliminary screening
generated 374 articles. A deeper analysis of these articles was performed to limit the system
boundary of the articles to retail beef cuts only, which are sold to customers in retail stores.
The full text analysis of these studies revealed that some of them were not directly related to
our domain of study as they were based on processed beef products and meals cooked from
beef. Also, some of the articles were repetitive in nature considering the similarity in their
findings. The elimination of the aforementioned studies via full text analysis yielded 87 most
relevant articles to our research.

<<Include Table 1>>

The exhaustive analysis of these studies along with interviews of consumers of beef products,
supermarket technologists monitoring the performance of beef products and prominent
academics working in the domain of beef supply chain generated eleven drivers as shown in
Table 2, which influence the consumer’s decision to purchase beef products and are essential
to achieve consumer centric supply chain. The extracted drivers are described as follows:



<<Include Table 2>>

2.1 Quality of the meat — International Organization for Standardization (ISO) has
defined food quality as the entirety of traits and characteristic of a food product that
has the capability to appease fixed and implicit requirements (ISO 8402). The eating
quality is the foremost thing taken into account by customers while purchasing beef,
which includes tenderness, juiciness, freshness, minimum gristle and free from bad
smell or rancidity and absence of infections (Banovic et al., 2009; Brunsg et al., 2005;
Krystallis et al., 2007; Koohmaraie and Geesink, 2006). Good quality beef products
boost the customer satisfaction and consequently raise the rate of consumption of beef
products. It will lead to the increase in revenue of beef industry, which is crucial in
modern era of economic crisis, uncertainty in food prices and intensive competition
(Acebron & Dopico, 2000; Verbeke et al., 2010). The determinants of quality as
mentioned above are normally assessed after cooking of beef products (Grunert,
1997). Some consumers also consider credence characteristics of beef products while
evaluating their quality (Geunert et al., 2004). Sometimes, the quality is also judged
by the labels associated with reputed farm assurance schemes such as Red Tractor. It
confirms that appropriate animal welfare procedures or farm assurance schemes have
been implemented in the beef farms associated with beef products in the retail stores.
Therefore, the quality of beef products plays a vital role in deciding whether a
particular beef product consumed by a consumer will be bought again or
recommended by him or her to their friends and relatives.

2.2 Taste — Certain consumers give equal preference to the flavour profile of beef
products rather than to the aggregate sensory experience (Neety et al., 1998). Flavour
of beef products often becomes the most crucial determinant for eating satisfaction if
the associated tenderness is within tolerable range (Killinger et al., 2004a). The
flavour associated with beef products is not easy to anticipate and define (Mcllveen
and Buchanan, 2001). The determinants of beef flavour have been recognised as
cooked beef fat, beefy, meaty/brothy, serum/bloody, grainy/cowy, browned and
organ/liver meat (Bett, 1993). Many of these determinants are unfavourable for
customers. O'Quinn et al. (2016) revealed that customers prefer the beef with high
cooked beef fat, meaty/brothy, beefy and sweet flavour whereas organ/livery, gamey
and sour flavour were disliked. In most of the cases, customers assess the aggregate
intensity of the flavour. Although the studies based on consumer’s sensory have
revealed that beef customers have distinct priorities for a certain attribute of beef
flavour (Oliver, 2012; Killinger et al, 2004b). These individual flavour priorities are
emulated in their decisions regarding purchase of beef products (Sitz et al., 2005).

2.3 Packaging — Packaging is one of the crucial visual determinants affecting the
customer’s decision to purchase beef (Issanchou, 1996). Packaging plays a vital role
in increasing the shelf life of beef products and impedes the deterioration of food
quality and insures the safety of meat (Zakrys et al., 2009). Brody and Marsh (1997)
and Kerry et al. (2006) have further defined the role of packaging as to prevent from
microbial infection, hamper spoilage and provide opportunity for activity by enzymes
to boost tenderness, curtail loss of weight and if relevant to maintain the cherry red
colour in beef products at retail shelves. Various packaging methods are followed by



supermarkets, all of them have distinct characteristics and modes of application. Some
of the major packaging systems followed are: overwrap packaging designed for
chilled storage for shorter duration, Modified Atmosphere Packaging (MAP) intended
for storing at chilled temperature or display at retail shelves for longer duration and
Vacuum Skin Packaging (VSP), which is capable for storage at chilled temperature
for a very long time (Kerry et al., 2006). As the packaging used has a great influence
on colour of beef products, the packaging method used also have a great impact on
consumer’s approach towards beef products (Grobbel et al.,, 2008). A close
association has been documented among the preference of colour and making a
decision to purchase beef product (Carpenter, Cornforth and Whittier, 2001).
Packaging of beef products also plays a crucial role in terms of marketing such as a
mode of differentiation among products, value adding and a bearer of brands, labels,
origin, etc. (Bernués, Olaisola and Corcoran, 2003). Visual cues like packaging and
packaging associated traits considerably affect the decision of customers for
purchasing beef products (Grobbel et al., 2008; Verbeke et al., 2005).

2.4 Colour — It is considered as one of the important determinants of quality of beef
products (Issanchou, 1996). Colour of the meat gives an intrinsic cue to the customers
regarding the freshness of beef products (Mcllveen and Buchanan, 2001). Customers
attempt to judge the tenderness, taste, juiciness, nutrition, and freshness from the
colour of the beef products prior to purchase (Grunert, 1997; Font-i-Furnols and Luis
Guerrero, 2014). Most of the customers prefer the fresh red cherry like colour in their
beef products (Brody and Marsh, 1997; Kerry et al., 2006). Customers are very
reluctant to buy beef products if the fresh red colour is missing despite the fact its
shelf life has not expired. Modified Atmosphere Packaging (MAP) is very popular
among them where they could see the colour of beef products to make a decision to
buy or not to buy beef products. The discoloration of meat hampers the shelf life post
preparation at retail, which is an important financial concern in beef industry
(Jeyamkondan and Holley, 2000). Dark cutting beef products have always been
rejected by customers and have caused significant loss to the beef industry (Viljoen et
al., 2002). Usually, the colour of beef products has significant impact on consumer’s
perception.

2.5 Carbon footprint — Beef products contain one of the highest carbon footprints
among the agro products (Singh et al., 2015). Therefore, sustainable consumption is
considered to be of vital significance (Nash, 2009). The cost of food product rises in
order to reduce their carbon footprint. Price is considered as the major obstacle for the
purchase of sustainable product by consumers (Grunert, 2011; R66s and Tjarnemo,
2011). Sustainable consumption can be encouraged by involvement of consumers,
recognizing the impact of sustainable products and by increasing the peer pressure in
society (Veremeir and Verbeke, 2006). Consumers are increasingly demonstrating
their awareness towards sustainable consumption by doing eco-friendly shopping
especially food products including beef (Grebitus et al., 2013; Onozaka et al., 2010).
It was observed that if low carbon footprint alternative exists for products with high
carbon footprint at similar or lesser prices then consumers would be prioritising the
low carbon footprint option (Lanz et al., 2014; Vlaeminck et al., 2014). The carbon



footprint associated with beef product will be an important driver for the consumers to
purchase beef products.

2.6 Organic/Inorganic — Consumers buy organic food because of various reasons like
nutrition value, eco-friendly nature of organic products, welfare of animals, safety of
food products etc. (Hughner et al., 2007). The organic beef is assumed to be derived
from livestock raised by free-range procedures (Mesias et al., 2010). It was found that
consumers were happy to pay extra for organic beef if sufficient information about
organic farming is provided (Napolitano et al., 2010). The literature suggests distinct
behaviour of consumers towards organic food products bases on social demographics
(Padilla et al., 2013; Squires et al., 2001). Consumers are persuaded by social
identification while purchasing organic food products (Bartels and Reinders, 2010).

2.7 Price — Price plays a crucial role in assessment of products by consumers (Marian
et al., 2014). Price could be perceived as an amount of money spent by consumers for
a particular transaction (Linchtenstein and Netemeyer, 1993). It is usually considered
as a determinant of quality i.e. high price products are often associated with better
quality (Erickson and Johansson, 1985; Volckner and Hofmann, 2007). Price could
also be a barrier for low income consumers to buy high quality or organic food
products (Marian et al., 2014). Price of beef product is affected by the packaging
system used as well. Kukowski, Maddock and Wulf (2004) observed that consumers
gave similar ratings to beef products in terms of prices based on their overall liking of
the beef products. Price is a crucial factor affecting the customer’s decision to
purchase beef products.

2.8 Traceability — Traceability labels are considered to be the most potent means
for developing trust among consumers regarding quality and food safety (Becker,
2000). Consumers are laying more emphasis on food traceability because of the rising
concern associated with food safety (Zhang and Wahl, 2012). Especially after
horsemeat scandal, customers are more conscious of traceability of food products.
Consumers gave equal importance to traceability as quality certificate (Ubilava and
Foster, 2009). It was revealed that people were ready to pay considerable amount of
premium for traceable beef products as compared to conventional beef products (Lee
et al.,, 2011). Apart from assisting customers in speculating the quality of beef
products, tractability labels affect the complete attitude of consumers towards
purchasing of food products, preparation of dishes, contentment and forthcoming
buying decision (Brunsg et al., 2002; Grunert, 2005).

2.9 Nutrition — Consumers have mixed perceptions about the nutrition value of beef
products (Van Wezemael et al., 2010). Some customers have concerns about the
amount of fat in beef products and its consequences on their cholesterol levels (Van
Wezemael et al., 2014). However, the beef is a very rich source of good quality
protein, minerals like zinc and iron, Vitamin-D, B12, B3, Selenium and essential
Omega-3 fatty acid, all of which are essential components for healthy human body
(McAfee et al., 2010; De Smet and Vossen, 2016; Egan et al., 2001; Pethick et al.,
2011). Nutrition labelling has a good influence over consumer decision of buying



food products (da Foneseca and Salay, 2008; Nagya, 2008; Rimal, 2005). Some
consumers who are conscious about their health also refer to the nutritional labelling.
Food and health are interrelated to each other and they have a direct impact on body
functions and disease risk reduction. Both nutrition and health claims are based on
nutrition labelling and usually consumers process this information during decision
making process (Lahteenmaki, 2012; Lawson, 2012). During the study, it was found
that health claims outperform nutrition claims (Barreiro-Hurlé et al., 2009).

2.10. Promotion — Promotion is a valuable tool for marketing to make an impact on
consumer’s purchase behaviour (Kotler and Armstrong, 2006). Food promotion could
be defined as sales and marketing promotions utilised on food packaging for the
purpose of alluring consumers to buy food products at the retailer’s point of sale
(Hawkes, 2004). It may comprise of prime deals like discounts, contests and advocacy
by celebrities (Hawkes, 2004). Basically, marketing promotion has a precise function
of developing awareness of a brand, benign perception towards a brand and encourage
desire to purchase (Belch and Belch, 1998; Rossiter and Percy, 1998). As beef
products are usually expensive in nature, promotions and deals play a crucial role in
prompting consumers to purchase beef products in larger quantities.

2.11. Advertisement — Advertising is an effective tool for retailers to promote their
products and develop into persuasive brand (De Chernatony and McDonald, 2003).
There are some barriers in promoting beef products via advertising. They are
increased expenses, unreliability of advertisements and intangibility of content of
advertisement messages (Dickson and Sawyer, 1990; Quelch, 1983). Advertisement
via different channels such as newspapers, radio, television influences consumer’s
buying behaviour. Sometimes, retailers attempt to launch their new products at farm
festivals, food shows etc. (Mason and Nassivera, 2013). Retailers launch their new
products like organic beef products, high nutrition low fat products via these channels.
During the study, it was found that festivals help food industries to raise awareness
about quality and satisfaction of food products and consequently help them to gain
broader market share.

To investigate the association among the above identified variables, consumer’s perception
from social media data along with experts’ opinions have been combined and analysed using
ISM and fuzzy MICMAC, which is explained in detail in following section.

3. Methodology

Initially, consumers’ opinion is extracted from social media (Twitter), which is rich in nature
and provides unbiased opinion unlike consumer interviews, surveys, etc. Social media data is
true representation of consumers’ attitude, sentiments, opinions and thoughts. Cluster
analysis is performed on the data collected from Twitter to find out the relation among above
identified eleven variables. Thereafter, ISM and fuzzy MICMAC have been implemented to
develop a theoretical framework. In the next subsection, firstly, the social media and cluster
analysis are explained. Thereafter, ISM and fuzzy MICMAC are implemented to develop
frameworks with the factors interlinked to each other at the various levels.



3.1 Social media data and cluster analysis

In order to capture, real time observation of consumers’ reactions, attitudes, thoughts,
opinions and sentiments towards the purchase of beef products, social media data from
Twitter has been utilised. Using NCapture tool of NVivo 10 software, tweets were extracted
using keywords shown in Table 3. In total, 1,338,638 tweets were extracted from Twitter.
These tweets were filtered so that only English tweets will be captured. Then, they were
further refined so that tweets corresponding to only our domain of study i.e. ‘factors
influencing purchasing behaviour or disappointment of beef products of consumers’ are
selected. After refining, 26,269 tweets were left for analysis, which are associated with the
domain of this study. These tweets were then carefully investigated by the experts in the area
of marketing management, supply chain management, meat science and couple of them as the
Big Data professionals. Content analysis has been performed. In the initial stage, conceptual
analysis is employed to determine the frequency corresponding to each factor. Thereafter, the
collected tweets have been classified into eleven clusters as mentioned above. The
association among these clusters is examined using total linkage clustering method. Pearson
correlation coefficient is used to evaluate the relationship between variables. The distance
between the clusters is calculated based on frequency and likeness of occurrence. The results
of the analysis are depicted in Table 4. The pairs of variables having score 0.9 or above are
considered to be interrelated. The remaining pairs of variables or clusters are not related to
each other. The results of Pearson correlation coefficient test suggested that consumers are
looking for good quality beef products at reasonable price while purchasing meat. They put
great emphasis on taste and nutritional value associated with it as they are the significant
drivers for the purchase of beef products. The traceability of beef products is also sought by
consumers because of the food safety concern along with the carbon footprint generating in
producing them considering the rising environmental concern. Finally, the packaging of the
beef products and the organic/inorganic label have a significant influence on consumers’
preferences while purchasing beef products.

The outcome of cluster analysis is transferred to ISM to identify the driver, dependent,
independent and linkage variable and interrelationships between them. The detailed
description of ISM is illustrated in the following subsections.

<<Include Table 3>>

<<Include Table 4>>

3.2 Interpretive Structural Modelling (ISM) methodology

ISM is a methodology for identifying and summarising relationships among specific items,
which define an issue or a problem (Mandal and Deshmukh, 1994). The method is
interpretive in a sense that group’s judgement decides whether and how the variables are
related. It is primarily intended as a group learning process. It is structural in a sense that an
overall structure is extracted from the complex set of variables based on their relationships. It
is a modelling technique to depict the specific relationships and overall structure in the
digraph model (Agarwal et al., 2007). The ISM methodology helps to enforce order and



direction on the complexity of the relationships among the variables of a system (Haleem et
al. 2012; Purohit et al., 2016; Sage, 1977). For problems, such as understanding the factors
considered by the customers while purchasing beef, several of them may be impacting each
other at different levels. However, the direct and indirect relationships between the factors
describe the situation far more precisely than the individual factors considered in isolation.
ISM develops insights into the collective understanding of these relationships. ISM
methodology has been successfully implemented in various domains. Hughes et al., (2016)
have employed ISM to identify the root causes of failure of information systems project and
interrelationship between them. Gopal and Thakkar, (2016) have used ISM and MICMAC
analysis to investigate the critical success factors (and their contextual relationships)
responsible for sustainable practices in supply chains of Indian automobile industry. Kumar
et al., (2016) have utilised ISM to identify barriers for implementation of green lean six
sigma product development process. Haleem et al., (2012) have applied ISM techniques to
develop a hierarchical framework for examining the relationship among critical success
factors behind the successful implementation of world leading practices in manufacturing
industries. Mathiyazhagan et al., (2013) have used ISM to identify the barriers in
implementing green supply chain management in Indian SMEs manufacturing auto
components. Mani et al., (2015a) have employed ISM to explore different enablers and the
interactions among them in incorporating social sustainability practices in their supply chain.
Mani et al., (2015b) have developed ISM model to investigate the barriers (and their
contextual relationships) to adoption of social sustainability measures in Indian
manufacturing industries. Dubey and Ali, (2014) have applied ISM, fuzzy MICMAC and
Total Interpretive Structural Modelling (TISM) to explore the major factors responsible for
flexible manufacturing systems. Sindhu et al., (2016) have used ISM and fuzzy MICMAC to
identify and analyse the barriers to solar power installation in rural sector in India. Singh et
al., (2007) used ISM for improving competitiveness of small and medium enterprises
(SMEs). Agarwal et al., (2007) used ISM to understand the interrelationships of the variables
influencing the supply chain management. Similarly, Pfohl et al., (2011) used ISM to perform
the structural analysis of potential supply chain risks. Talib et al., (2011) used the ISM to
analyse the interaction among the barriers to total quality management implementation. The
application of ISM typically forces managers to reassess perceived priorities and improves
their understanding of the linkages among key concerns (Singh et al., 2007).

ISM starts with identifying variables, which are pertinent to the problem and then extends
with a group problem-solving technique. A contextually significant subordinate relation is
chosen. Having decided on the element set and the contextual relation, a structural self-
interaction matrix (SSIM) is developed based on pair-wise comparison of variables. In the
next step, the SSIM is converted into a reachability matrix and its transitivity is checked.
Once transitivity embedding is complete, a matrix model is obtained. Then, the partitioning
of the elements, development of the canonical form of the reachability matrix, driving power
and dependence diagram and an extraction of the structural model, called ISM is derived
(Agarwal et al., 2007). The execution process of ISM is shown in Figure 1.

<<Include Figure 1>>



In this research, ISM has been applied to develop a framework for the factors considered by
the consumers while purchasing beef to achieve the following broad objectives: (a) to derive
interrelationships among the variables that affect each other while consumers make decisions
to purchase beef, and (b) to classify the variables according to their driving and dependence
power using a 2x2 matrix, which represents the relationships between different factors that
decide the consumers’ intention to purchase beef.

3.2.1. Interpretive logic matrix

Although, the Pearson correlation coefficient test has revealed the association between
factors, it is not clear what kind of association or relationship they have among themselves. In
order to identify the relationship, the experts’ opinion has been collected. Experts having
considerable experience and operating at crucial stages in food supply chain were
approached. The results obtained from Big Data analysis have been circulated to the experts
and session was organised to establish the relationships between each pair of variable. The
brainstorming session was conducted for several hours and then final consensus was reached
on the SSIM matrix as shown in Table 5. To express the relationships between different
factors (i.e. Price, quality, packaging, taste, organic/inorganic, promotion, advertisement,
carbon footprint, traceability, colour and nutrition) that decide the consumers’ intention to
purchase beef, four symbols were used to denote the direction of relationship between the
parameters i and j (here i <j):

V — Construct i helps achieve or influences j,

A - Construct j helps achieve or influences i,

X — Constructs i and j help achieve or influence each other, and

O - Constructs i and j are unrelated

The following statements explain the use of symbols V, A, X, O in SSIM:

[1] Quality (Variable 1) helps achieve or influences quality (Variable 4) (V)
[2] Packaging (Variable 3) helps achieve or influences quality (Variable 1) (A)

[3] Promotion (Variable 5) and advertisement (Variable 7) help achieve or influence each
other (X)

[4] Advertisement (Variable 7) and traceability (Variable 10) are unrelated (O)

Based on contextual relationships, the SSIM is developed as shown in Table 5.

<<Include Table 5>>
3.2.2 Reachability matrix
The SSIM has been converted into a binary matrix, called the initial reachability matrix, by

substituting V, A, X, and O with 1 and 0 as per the case. The substitution of 1s and Os are as
per the following rules:



[1] If the (i, j) entry in the SSIM is V, the (i, j) entry in the reachability matrix becomes 1 and
the (j, i) entry becomes 0.

[2] If the (i, j) entry in the SSIM is A, the (i, j) entry in the reachability matrix becomes 0 and
the (j, 1) entry becomes 1.

[3] If the (i, j) entry in the SSIM is X, the (i, j) entry in the reachability matrix becomes 1 and
the (j, i) entry becomes 1.

[4] If the (i, j) entry in the SSIM is O, the (i, j) entry in the reachability matrix becomes 0 and
the (j, 1) entry becomes 0.

Following these rules, the initial reachability matrix for the trustworthiness factors
influencing the beef purchasing decision is shown in Table 6.

<<Include Table 6>>

We used ‘transitivity principle’ to develop the final reachability matrix (Dubey and Ali, 2014;
Dubey et al., 2015a, 2015b; Dubey et al., 2016). This principle can be clarified by the use of
following example: if *a’ leads to ‘b’ and ‘b’ leads to ‘c’, the transitivity property implies that
‘a’ leads to ‘c’. This property assists to eliminate the gaps among the variables if any (Dubey
et al., 2016). By following the above criteria, the final reachability matrix is created and is
shown in Table 7. Table 7 also shows the driving and dependence power of each variable.
The driving power for each variable is the total number of variables (including itself), which
it may help to achieve. On the other hand, dependence power is the total number of variables
(including itself), which may help in achieving it. As per Dubey and Ali (2014), driving
power is calculated by adding up the entries for the possibilities of interactions in the rows
whereas the dependence is determined by adding up such entries for the possibilities of
interactions across the columns. These driving power and dependence power will be used
later in the classification of variables into the four groups including autonomous, dependent,
linkage and drivers (Agarwal et al., 2007; Singh et al., 2007).

<<Include Table 7>>

3.2.3 Level partitions

The matrix is partitioned by assessing the reachability and antecedent sets for each variable
(Warfield, 1974). The final reachability matrix leads to the reachability and antecedent set for
each factor relating to consumer’s purchase of beef. The reachability set R(si) of the variable
si Is the set of variables defined in the columns that contained 1 in row s;. Similarly, the
antecedent set A(si) of the variable si is the set of variables defined in the rows, which contain
1 in the column s;. Then, the interaction of these sets is derived for all the variables. The
variables for which the reachability and intersection sets are same are the top-level variables
of the ISM hierarchy. The top-level variables of the hierarchy would not help to achieve any
other variable above their own level in the hierarchy. Once the top-level variables are
identified, it is separated out from the rest of the variables. Then, the same process is repeated
to find out the next level of variables and so on. These identified levels help in building the
digraph and the final ISM model (Agarwal et al., 2007; Singh et al., 2007). In the present



context, the variables along with their reachability set, antecedent set, and the top level is
shown in Table 8. The process is completed in 3 iterations (in Tables 8-11) as follows:

In Table 8, only one variable price (Variable 4) is found at level | as the element (i.e.,
Element 4 for Variable 4) for this variable at reachability and intersection set are same. So, it
is the only variable that will be positioned at the top of the hierarchy of the ISM model.

<<Include Table 8>>

In Table 9, maximum seven variables including 1 (i.e., quality), 2 (i.e., taste), 5 (i.e.,
promotion), 7 (i.e., advertisement), 8 (i.e., colour), 9 (i.e., nutrition) and 11 (i.e., carbon
footprint) are put at level Il as the elements (i.e., elements 1, 2, 6, 9 and 11 for variable 1;
elements 1, 2, 9 and 11 for variable 2; elements 5 and 7 for each of the variables 5 and 7;
element 8 for variable 8; elements 1, 2, 9 and 11 for variable 9; and elements 1, 2, 6, 9 and 11
for variable 11) for these variables at reachability and intersection set are same. Thus, they
will be positioned at level Il in the ISM model. Moreover, we also remove the rows
corresponding to variable 4 from Table 9, which are already positioned at the top level (i.e.,
Level I).

<<Include Table 9>>

The same process of deleting the rows corresponding to the previous level and marking the
next level position to the new table is repeated until we reach to the final variable in the table.
In Table 10, variable 3 (i.e., packaging), variable 6 (i.e., organic/inorganic) and variable 10
(i.e., traceability) are kept at Level I1l as the elements (i.e., element 3 for variable 3; element
6 for variable 6; and element 10 for variable 10) at reachability set and intersection set for all
these variables are same. Thus, it will be positioned at Level 111 in the ISM model.

<<Include Table 10>>

3.2.4 Developing canonical matrix

A canonical matrix is developed by clustering variables in the same level, across the rows and
columns of the final reachability matrix as shown in Table 11. This matrix is just the other
more convenient form of the final reachability matrix (i.e., Table 7) as far as drawing the ISM
model is concerned.

<<Include Table 11>>

3.2.5 Formation of ISM

From the canonical form of the reachability matrix as shown in Table 11, the structural model
is generated by means of vertices and nodes and lines of edges. If there is a relationship
between the factors i and j considered by the consumers while purchasing beef, this is shown
by an arrow that points from i to j. This graph is called directed graph or digraph. After



removing the indirect links as suggested by the ISM methodology, the digraph is finally
converted into ISM-based model as depicted in Figure 2.

<<Include Figure 2>>

In the ISM methodology, binary digits (0 and 1) are considered. If there is a linkage then
relationship is denoted by 1 and if there is no linkage then, O is used to denote the
relationship. The strength of relationship between two factors is not being taken into account
in this methodology. The relationship among two factors could be no relationship, very weak,
weak, strong and very strong. The shortcoming of this methodology is addressed by using
ISM fuzzy MICMAC analysis, which is described in the next section.

4. ISM fuzzy MICMAC analysis

In the ISM model, we have considered binary digits i.e. 0 or 1. If there is no linkage between
the variables, then the relationship is denoted by 0 and if there is linkage then the relationship
is denoted by 1. However, there is no scope for discussion in this matrix about the strength of
relationship. The relationship between any two variables in the matrix could be defined as
very weak, weak, strong and very strong or there is no relationship between them at all. To
overcome the limitations of ISM modelling, a fuzzy ISM is used for MICMAC analysis
(Gorane and Kant, 2013). The steps for ISM fuzzy MICMAC analysis are performed as
follows:

4.1 Synthesis of Direct Relationship Matrix (DRM)

Making diagonal entries zero and ignoring transitivity in the final reachability matrix
generate DRM (see Table 12). In the current context, it is essentially the calculation of direct
relationships among the variables influencing consumers’ beef purchasing behaviour.

<<Include Table 12>>

4.2 Developing Fuzzy Direct Relationship Matrix (FDRM)

A fuzzy direct relationship matrix (FDRM) was constructed by putting a diagonal series of
zero values into the correlation matrix (Table 13), and, by ignoring the transitivity rule of the
initial RM. The traditional MICMAC analysis considers only a binary interaction and
therefore to improve the sensitivity of traditional MICMAC analysis, fuzzy set theory has
been used. The investigation is more enhanced as it considers the “possibility of
reachability/achievement” in addition to the simple deliberation of reachability used thus far.
According to the theory of fuzzy set, the possibilities of additional interactions between the
variables on the scale 0-1 (Qureshi et al., 2008) are constructed using the specifications: No -
0, Negligible — 0.1, Low - 0.3, Medium — 0.5, High - 0.7, Very High — 0.9 and Full -1. By
using these values, again the judgments of same experts are considered to rate the
relationship between two key variables influencing consumers’ beef purchasing behavior.
Fuzzy direct relationship matrix (FDRM) for key variables influencing consumers’ beef



purchasing behavior is presented in Table 13.

<<Include Table 13>>

4.3. Developing fuzzy stabilised matrix

The concept of fuzzy multiplication is used on FDRM to obtain stabilization (Saxena and
Vrat, 1992). This notion states that matrix is multiplied until the values of driving and
dependence powers are stabilized (Qureshi et al., 2008). Driving and dependence power are
obtained by adding row and column entries separately. The stabilized matrix for fuzzy
MICMAC for variables influencing consumers’ beef purchasing behaviour is obtained in
Table 14,

<<Include Table 14>>

4.4. Classification of categories of variables using MICMAC analysis

The classification of variables has been divided into four categories based on dependence and
driving powers by using fuzzy MICMAC analysis. Figure 3 shows that there are four
categories in which these 11 variables are assigned as per their new driving and dependence
power. The first region belongs to autonomous variables, which have less driving and less
dependence power. These variables lie nearby origin and remains disconnected to entire
system. Three variables 5 (i.e. promotion), 7 (i.e. advertisement) and 8 (i.e. colour) falls
under this cluster. The second region belongs to dependence variables, which have high
dependence and low driving power. The only variable falls under this cluster is 4 (i.e. price),
which indicates price as the ultimate dependent variable as it can be visualized from the
previous MICMAC analysis as well. The third region belongs to linkage variables, which
have high driving and high dependence power. In the modified MICMAC analysis, highest
five variables including 1 (i.e. quality), 2 (i.e. taste), 6 (i.e. organic/inorganic), 9 (i.e.
nutrition) and 11 (i.e. carbon footprint) fall in this category. The fourth and final category of
variables belongs to independent variables, which have high driving and low dependence
power. Two variables 3 (i.e. packaging) and 10 (i.e. traceability) fall under this region. These
are the key driving variables and are generally found at the bottom of the ISM model.

<<Include Figure 3>>

4.5. Integrated 1ISM model development

An integrated ISM model is developed using the driving and dependence powers obtained
from fuzzy stabilized matrix. The value of dependence power is subtracted from driving
power to obtain the effectiveness of each variable, which is shown in Table 15. The variables
having low value of effectiveness are placed at the bottom levels in the model. The integrated
model of variables influencing consumers’ beef purchasing behaviour is drawn from the
values of effectiveness as shown in Figure 4.



<<Include Table 15>>

<<Include Figure 4>>

4.6 Comparison of ISM and ISM-Fuzzy MICMAC based models

This research first identified factors influencing consumer’s beef purchasing decisions using
literature survey and social media Big Data analysis and implemented ISM based model to
understand the interrelationships between these factors across different levels. In the ISM
model, we have considered binary digits i.e. 0 and 1, however this methodology does not
provide any further details about the strength of relationship. The relationship between two
factors could be very weak, weak, strong or very strong or there is no relationship. To
overcome the limitations of ISM model, the Fuzzy ISM is used for the MICMAC analysis
(Dubey and Ali, 2014). The ISM model splits the factors only into three levels whereas
integrated ISM expands it into eight levels. The ISM model shown in Figure 2 shows the
contribution of factors such as packaging (3), organic/inorganic (6) and traceability (10) at
Level 3 and form the foundation of the ISM hierarchical structure for the factors influencing
consumer’s beef purchasing decisions. However, in the integrated ISM model only
traceability (10) is shown to be at the very bottom level indicating it as a key driving factor to
identify other factors influencing consumer’s beef purchasing decisions whereas the other
two factors i.e. packaging (3) and organic/inorganic (6) were found at Level 7 and Level 3
respectively. This clearly indicates that factors 3 (i.e. packaging) and 10 (i.e. traceability)
have higher effectiveness in terms of drivers in the integrated ISM as well. However,
organic/inorganic factor has been found more toward the upper level (i.e. Level 3) in the
integrated ISM model. There are six variables in the ISM model at Level 2, which have got
scattered over five different levels in between the top and the bottom levels (i.e. from Level 2
to Level 6) in the integrated ISM model. In other words, the integrated ISM model (see
Figure 4) provides more detailed levelling of each one of the factors shown in Level 2 in the
ISM model (see Figure 2). However, from the integrated ISM model, it can be understood
that a factor placed at a definite level will not aid in accomplishing any other factor placed at
the level above it. For example, the factors placed at Level 5 such as promotion (5) and
colour (8) would not facilitate in accomplishing any other factors such as taste (2), quality
(1), carbon footprint (11) and nutrition (9) which are placed above them and were not
distinguished at different levels in the ISM model. As far as the key dependent variable (i.e.
price (4)) is concerned, it remains same for both ISM and integrated ISM models. This
indicates that all middle level variables, no matter what levels they are placed at, can
influence price, which has the highest influence on the consumer’s willingness to purchase
beef products.



5. Discussion

During the investigation, it was found that consumers’ buying preferences while purchasing
beef products are vastly dependent on their price. The variable “price’ has high dependence
and low driving power. It is dependent on nutritional value and ongoing promotions. The beef
derived from grass-fed cattle is higher in nutrition in terms of omega-3 fatty acid, conjugated
linoleic acid (CLA) and have lower amounts of saturated and monounsaturated fats as
compared to grain-fed cattle (Daley et al., 2010). The grass-fed cattle takes more time to
reach finishing age (Profita, 2012) and are more expensive than grain-fed cattle (Gwin,
2009). The ongoing promotions in retail stores have a direct influence on the price of the beef
products (Darke and Chung, 2005).

The variables like quality, taste, carbon footprint, organic/inorganic and nutrition have high
dependence and high driving power in terms of influencing consumer’s decision for
purchasing beef products. Quality and organic/inorganic are interrelated variables as depicted
in Figure 4. The organic/inorganic label in beef products reflects the sustainable practices
used in the production of beef products and are associated with high quality, lower carbon
footprint, higher nutrition, better taste and colour stability for longer duration of
time (Fernandez and Woodward, 1999; Kahl et al., 2014; Nielsen and Thamsborg, 2005;
Zalecka et al., 2014; Zanoli et al., 2013). Organic food is usually sold at a higher price than
their conventionally produced counterparts. However, still, some consumers are ready to pay
extra because they are worried about the food safety, impact on environment and use of
pesticides, hormones and other veterinary drugs in beef farms. Organic food assists in solving
the problems of animal welfare, rural development and numerous issue of food production
(Capuano et al., 2013). Organic/inorganic and carbon footprint also have an interrelationship.
The organic beef products associated with higher nutrition are derived from grass-fed cattle,
which took more time to reach finishing age (Ruviaro et al., 2015). Hence, the beef products
derived from grass-fed cattle have higher carbon footprint. Similarly, the beef products
having higher carbon emission are associated with beef products derived from grass-fed cattle
(organic beef) as majority of the carbon emission is generated in terms of cattle taking longer
time to reach finishing age (Capper, 2012). Nutrition of beef products is found to be
dependent on taste, organic/inorganic and carbon footprint as depicted in Figure 4. Excellent
flavour and organic beef are considered to be a determinant of the nutritional value of beef
products (Yiridoe et al., 2005). Beef products having high carbon footprint (grass-fed) have
better nutritional value (Profita, 2012).

The variables promotion, advertisement and colour have low driving and dependence power.
Advertisement via television, radio, social media etc. has a direct impact on promotions in
retail stores. Colour of beef products is significantly influenced by the variant of packaging
used. For instance, beef products in Modified Atmosphere Packaging (MAP) have shelf life
of around eight to ten days where as Vacuum Skin Packaging (VSP) provides shelf life of up
to 21 days (Meat Promotion Wales, 2012).

Traceability and packaging have the highest driving power and have very low dependence.
The beef products produced with strict traceability procedures are often attributed with better
taste, nutrition, and quality (Giraud and Amblard, 2003; Verbeke and Ward, 2006; van
Rijswijk et al., 2008a; van Rijswijk and Frewer, 2008). During the study, it was found that



traceability helps consumers to find different information related to animal breed,
slaughtering, food safety and quality. Generally, retailers use traceability information to boost
consumer confidence (van Rijswijk and Frewer, 2008). The variant of packaging employed in
beef products affects the carbon footprint. Vacuum Skin Packaging (VSP) are lightweight,
requires fewer corrugate for logistics, gives longer shelf life and thereby reduces retailer food
loss and consumer food waste and requires less fuel in transport as compared to Modified
Atmosphere packaging (MAP) (Mashov, 2009).

The bottom level variables viz. traceability and packaging have high driving power but no
dependence on them. They strongly affect the middle level variables like promotion,
advertisement, colour, quality, taste, carbon footprint, organic/inorganic and nutrition. The
middle level variables in turn affect the price, which has the highest influence on the
consumer’s willingness to purchase beef products. Therefore, it can be concluded that two
variables traceability and packaging influence the price of the beef products, which in turn
has an impact on consumer’s decision for purchasing beef products.

This study reveals two factors: traceability and packaging, which needs to be improved and
maintained throughout the supply chain of beef retailers in order to allure consumers. For
instance, many retailers utilise superior quality packaging for the beef products, however, it
gets damaged within the supply chain, which could be due to mishandling at logistics,
warehouse or in the retailer’s store. Hence, a strong vertical coordination should be
developed within the whole beef supply chain so that the quality of packaging is retained till
the beef products are sold to consumers. The strong vertical coordination among all
stakeholders of beef supply chain viz. farmer, abattoir, processor, logistics and retailer would
also assist in achieving the traceability of beef products, which is another crucial driving
factor influencing consumer’s buying preferences.

Nowadays, consumers are very conscious about their health and nutrition (Van Wezemael et
al., 2014; Cavaliere et al., 2015; Van Doorn and Verhoef, 2015). They are looking for food
products having high nutrition and safe to consume (Liu et al., 2013; Van Wezemael et al.,
2014). During the ISM fuzzy MICMAC analysis, it was found that customers makes a trade-
off between price and quality, taste, food safety, nutrition, colour while purchasing the beef
products. Using proper packaging, labelling information, retailers can boost customer
confidence. Further, the beef industry could utilise modern technology like cloud computing
technology to bring all the stakeholders on one platform (Singh et al., 2015) and can manage
the information flow effectively which will result in high quality beef products at lower
carbon footprint in minimum cost and can get maximum market share.

In modern era, food industries struggle to anticipate the quantity and quality of food products
to meet the expectations of consumers, which lead to overproduction of food products and
reducing market share of food companies (Corrado et al., 2017; Silvennoinen et al., 2014;
Garrone et al. 2014). This scenario is a mutual loss to both food industries and consumers. In
order to fulfil this gap, major food retailers have taken lots of attempts to receive consumer
feedback via market survey, market research, interview of consumers and providing the
opportunity to consumers to leave feedback in retail store and use this information for
improving their supply chain strategy (Mishra and Singh, 2016). Still, they cannot get the
inputs from the larger audiences and sometimes the information gathered by these methods
are biased and inaccurate. The current study utilises the social media data, which covers



larger audience and consists of real time true opinion of consumers. The amalgamation of
Twitter analytics and ISM has identified the most crucial factors (and their inter-
relationships) needed to achieve consumer centric supply chain. It will assist business firms
to have an edge over their rivals and enhance their market share. The analysis of the crucial
factors and their interrelationships will assist business firms in prioritising their actions,
appropriate decision making in terms of where to start making modification to achieve
consumer centric supply chains.

The current study provides some new insights into developing consumer centric beef supply
chain. In the past, price and quality of beef products used to be the detrimental factors for
consumers purchasing beef products (Acebron & Dopico, 2000; Kukowski et al., 2005;
Brunsg et al., 2005; Becker, 2000). However, during the study, it was observed that apart
from quality and price, traceability has emerged as a high driving factor and it influences
consumer’s buying behaviour. After the horsemeat scandal in Europe in 2013, traceability of
beef products has gained vital significance among the consumers (Henchion et al., 2017;
Clemens & Babcock, 2015; Menozzi et al., 2015). Apart from traceability, packaging also
appeared as one of the prime driver influencing the consumer’s beef purchasing behaviour
(Verbeke et al., 2005; Grobbel et al., 2008). Along with visual cues, it has great impact on the
shelf life of beef products (Grobbel et al., 2008). Experts working in beef industry also
unequivocally rated it as a crucial factor affecting choices made by the consumers. This study
will help beef industry to restructure their priorities to develop an efficient, resilient, and
sustainable supply chain in longer run.

5.1 Managerial implications and theoretical contributions

The proposed framework is vital for both academia and industry in streamlining the supply
chain and improving participation of all stakeholders. The revealing of interaction of various
mandatory factors to achieve consumer centric supply chain would assist in improving
vertical and horizontal collaboration within the supply chain. Consequently, an efficient
strategy would be developed by taking the drivers into account for increasing market share of
a business firm, having advantage over their rivals and developing a consumer centric supply
chain. This mechanism will assist in appropriate partner selection within the supply chain to
improve sustainability. It will assist the managers of small and medium size stakeholders in
the supply chain, who lacks awareness about consumer priorities, such as farmers lack
awareness of consumers seeking traceability in meat products.

The paper has a two-fold contribution to the literature on the consumer interest in beef.
Firstly, although many research studies (e.g., Reicks et al., 2011; Robbins et al., 2003;
Thilmany et al., 2006) in the beef industry have focused on the motivational factors affecting
consumers’ purchasing decisions while purchasing beef, none of them have offered an
alternative approach to theory building emerging from the various quality characteristics and
other factors that could be considered while purchasing beef. This research undertakes a
comprehensive review of literature generating the most important eleven factors or clusters
and devises a theoretical framework based on the interrelationships of those variables
emerging from the consumers (social media data) and experts’ opinion using ISM and fuzzy
MICMAC analysis. Secondly, this research further extends the existing literature on



consumers’ decisions toward purchasing beef by offering a strategic framework, which is not
only based on literature but also validated using the big data clustering technique that divides
all such potential variables in the most important clusters that influence consumers’ beef
purchasing decisions. In current research, the number of such clusters coincides to eleven
factors. Therefore, the proposed theoretical framework extrapolates eleven factors at eight
different layers and their interrelationships highlighting the specific roles of these variables.

6. Conclusion and future research

Food is a significant commodity for enduring human life as compared to other essentials. In
today’s competitive market, consumers are very selective. To sustain in this competitive
scenario, retailers have to investigate the purchasing behaviour of consumers and the factors
influencing it. They must investigate how these factors are linked with each other and which
of the factors belong to the category of driver, dependent, linkage and autonomous
respectively. It will help the retailers in waste minimisation, streamlining their supply chain,
improving its efficiency and making it more consumer centric.

In this study, initially, systematic literature review was conducted to identify the factors
influencing the consumers’ decision for buying beef products. Then, cluster analysis on
consumers’ information from Twitter in the form of big data was conducted. It assists in
finding how the variables determining the consumers’ beef products buying preferences are
influenced. Then experts’ opinion, ISM and fuzzy MICMAC analysis are used to classify
eleven variables into: linkage, dependent, driver and independent variables and their
interrelationships are explored. During the study, it was observed that price of the beef
product is the most important criteria driving the purchasing decision of consumers. It is
followed by nutrition, quality, organic/inorganic, carbon footprint, taste, promotion, colour
and advertisement. Based on the findings, recommendations were given for making consumer
centric supply chain. Future studies can be performed to develop a theoretical mechanism for
sustainable consumer centric supply chain by assimilating some more aspects. Furthermore,
confirmatory investigation of variables could be conducted to validate the theoretical
framework developed. The proposed model could be validated by using Systems Dynamic
Modelling (SDM) and Structural Equation Modelling (SEM). The factors identified to
develop consumer centric beef supply chain could be quantified by employing Analytical
Network Process (ANP) and Analytical Hierarchical Process (AHP). These factors could be
further ranked by utilising Interpretive Ranking Process (IRP) to develop consumer centric
beef supply chain.
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Table 1 Keywords used for extracting research articles from prominent databases

S. No. Keywords

1. | Priority OR Attitude OR Perception OR Intention OR Behaviour AND Customer AND Beef OR
Steak

2. | Expectations OR Experience AND Beef OR Steak AND Consumer

3. | Quality cues OR quality attributes AND Beef OR Steak AND Consumer

4. | Preference OR Choices AND Beef OR Steak AND Consumer

5. | Like OR Dislike OR Prefer AND Beef OR Steak AND Consumer

6. | Driver OR Enabler OR Purchase behaviour AND Beef OR Steak AND Consumer

7. | Carbon footprint OR Sustainability OR Greenhouse gases OR Emissions OR Global Warming AND
Beef OR Steak AND Consumer

8. | Colour OR Discoloured OR Grey OR Red OR Brown AND Beef OR Steak AND Consumer

9. | Price OR Cost OR Expensive OR Cheap AND Beef OR Steak AND Consumer

10. | Taste OR Flavour OR Delicious AND Beef OR Steak AND Consumer

11. | Advertisement OR Campaign OR Media OR Marketing AND Beef OR Steak AND Consumer

12. | Nutrition OR Fat OR Protein OR Vitamins OR Minerals OR Healthy AND Beef OR Steak AND
Consumer

13. | Packaging OR MAP OR VSP AND Beef OR Steak AND Consumer

14. | Organic OR Premium OR Animal Welfare AND Beef OR Steak AND Consumer

15. | Promotion OR Deal OR Offer OR Bargain AND Beef OR Steak AND Consumer

16. | Traceability OR Labelling OR Food safety OR Origin AND Beef OR Steak AND Consumer

17. | Smell OR Odour OR Aroma AND Beef OR Steak AND Consumer

18. | Tenderness OR Chewy OR Maturation AND Beef OR Steak AND Consumer




Table 2. List of variables influencing consumer’s beef purchasing behaviour

S. No.

Variables

Sources

Quality

Banovi¢ et al. (2009); Becker (2000); Brunsg et al. (2005); Acebron &
Dopico, (2000); Grunert et al. (2004); Krystalli et al. (2007); Verbeke et
al. (2010); Koohmaraie and Geesink, 2006

Taste

Killinger et al. (2004a); Killinger et al. (2004b); Mcllveen & Buchanan
(2001); Oliver (2012); O'Quinn et al, (2016); Sitz et al. (2005)

Packaging

Zakrys et al. (2009); Kerry et al., 2006; Grobbel et al. (2008); Carpenter et
al. (2001); Verbeke et al. (2005); Bernués et al. (2003)

Price

Acebrén & Dopico (2000); Hocquette et al. (2015); Kukowski et al.
(2005); Liu & Ma (2016); Marian et al. (2014); Volckner & Hofmann
(2007)

Promotion

Cairns et al. (2009); Eertmans et al. (2001); Elliott (2016); Hawkes
(2004); Kotler & Armstrong (2006)

Organic/inorganic

Bartels & Reinders (2010); Bravo et al. (2013); Guarddon et al. (2014);
Hughner et al. (2007); Mesias et al. (2011); Napolitano et al. (2010);
Ricke (2012); Squires et al. (2001); Srednicka-Tober et al. (2016)

Advertisement

De Chernatony and McDonald (2003); Jung et al. (2015); Mason &
Nassivera (2013); Mason & Paggiaro (2010); Simeon & Buonincontri
(2011)

Colour

Guzek et al. (2015); Jeyamkondan et al. (2000); Kerry et al. (2006);
Mcllveen & Buchanan, (2001); Realini et al. (2015); Savadkoohi et al.
(2014); Suman et al. (2016); Viljoen et al. (2002); Font-i-Furnols and Luis
Guerrero, (2014)

Nutrition (Fat label)

Barreiro-Hurlé et al. (2009); da Fonseca & Salay (2008); Lahteenmaki
(2013); Lawson (2002); McAfee et al. (2010); Nayga (2008); Rimal
(2005); van Wezemael et al. (2010); van Wezemael et al. (2014); De Smet
and VVossen, (2016); Egan et al., (2001); Pethick et al., (2011)

10

Traceability

Becker (2000); Brunsg et al. (2002); Clemens & Babcock (2015); Giraud
& Amblard (2003); Grunert (2005); Lee et al. (2011); Menozzi et al.
(2015); Ubilava & Foster (2009); van Rijswijk & Frewer (2008); van
Rijswijk et al. (2008a); Verbeke & Ward (2006); Zhang et al. (2012)

11

Carbon footprint

Grebitus et al. (2013); Grunert (2011); Lanz et al. (2014); Nash (2009);
Onozaka et al. (2010); R66s & Tjarnemo (2011); Singh et al. (2015);
Vermeir & Verbeke (2006); Vlaeminck et al. (2014)




Table 3. Keywords used for extracting consumer tweets

Beef#disappointment

Beef#Rotten

Beef# rancid

Beef#was very chewy

Beef#taste awful

Beef#tunhappy

Beef#packaging blown

Beef#twas very fatty

Beef#Odd colour beef

Beef#discoloured

Beef#Plastic in beef

Beef#Gristle in beef

Beef#complaint

Beef#Beefgrey colour

Beef#Oxidised beef

Beef#Taste

Beef#tcomplaint

Beef#Beefgrey colour

Beef#Oxidised beef

Beef#Taste

Beef#Flavour Beef#Smell Beef#Rotten Beef#Funny colour
Beef#Horsemeat Beef#Customer support Beef#Bone Beef#Inedible
Beef#Mushy Beef#Skimpy Beef#Use by date Beef#Stingy

Beef#Grey colour

Beef#Packaging

Beef#Oxidised

Beef#0Odd colour

Beef#Gristle Beeft#Fatty Beef#Green colour Beef#Lack of meat
Beef#Rubbery Beef#Suet Beef#Receipt Beef#Stop selling
Beef#Deal Beef#Bargain Beef#discoloured Beef#Dish
Beef#Stink Beef#Bin Beef#Goes off Beef#Rubbish
Beef#Delivery Beef#Scrummy Beef#Advertisement Beef#Promotion

Beef#Traceability

Beef#Carbon footprint

Beef#Nutrition

Beef#Labelling

Beef#Price

Beef#Organic/ Inorganic

Beef#MAP packaging

Beef#Tenderness

Table 4. Pearson Correlation Test of the Cluster Analysis (Partial Results)

S. No. | Variable | Variable 11 P.C.C. Score
1 Quality Taste 0.99
2 Promotion Advertisement 0.98
3 Quality Nutrition 0.92
4 Price Nutrition 0.95
5 Colour Packaging 0.95
6 Organic/ Inorganic Quality 0.95
7 Organic/inorganic Carbon Footprint 0.92
8 Price Quality 0.94
9 Organic/ Inorganic Taste 0.94
10 Packaging Quality 0.94
11 Quality Carbon footprint 0.95
12 Packaging Price 0.93
13 Price Traceability 0.96
14 Price Promotion 0.93
15 Price Colour 0.93
16 Price Carbon footprint 0.93
17 Packaging Taste 0.93
18 Price Taste 0.92
19 Quality Traceability 0.92
20 Price Organic/inorganic 0.94

[Legend: P.C.C: Pearson Correlation Coefficient S. No.: Serial Number]




Table 5. Structural Self-Interactional Matrix (SSIM)

VIl 12 [ 10 | 9 [ 8 [ 7 [ 6 [ 5 ] 4321
1 | X | A X|o]JolA]JOoO[V]AX
2 oo |o|Jo]Jo[AJO|[V]A
3 o] o|o|VvV]o|lo|o]l|V

4 | A A[AAJO[A]A

5 oo |o|lo[Xx]o

6 | X | o |o|o]o

7 o] o |o]lo

8 | o] oo

9 [ 0] o

10 | O

11

[Legend: [1] Quality, [2] Taste, [3] Packaging, [4] Price, [5] Promotion, [6] Organic/Inorganic, [7]
Advertisement, [8] Colour, [9] Nutrition, [10] Traceability and [11] Carbon Footprint, V[i/j] = Variable
i/Variable j]

Table 6. Initial Reachability Matrix

VIifj]

OO |IN|O(OTA|WIN|F-

10
11
[Legend: [1] Quality, [2] Taste, [3] Packaging, [4] Price, [5] Promotion, [6] Organic/Inorganic, [7]
Advertisement, [8] Colour, [9] Nutrition, [10] Traceability and [11] Carbon Footprint, V[i/j] = Variable
i/Variable j]

N R

R O|0|0|0O(k|O|0|0(0(o|o

O O|0|r|Ol0|0O|0O|Fk|(O|O]|

ol |o|olo|o|ojo|o|olo|5
+lo|lo|o|o|r|olo|olo|— R

Rl o|lolk|lolo|k|k|k|-
olo|o|lo|o|r|o|lo|k|rk|-|N
olo|lo|lo|lo|lo|o|o|r|o|o|w
olo|lo|lo|r|o|r|lo|lolo|o|uo
olo|lo|lo|r|o|r|lo|lolo|lo|w
olo|r|lo|lo|lo|o|lo|o|o|r|wv

Table 7. Final Reachability Matrix

VI [ 1 2 | 3] 4567809 [10]11 [DRP
1 1 1 o[ 1]o[1[olol1lo0o]1 6
2 1 1 ol 1]olololol1x[o0]1*] 5
3 1 1 |1 [ 1o lolo 110 1] 7
4 0 0 o[ 1]o0o]olof[olo]o]o 1
5 0 0 o1 [1[ol1[olofo]o 3
6 1 1 o010 1]o0olo 1[0/ 6
7 0 0 [o[1*[1[o[1[o0olofo]o 3
8 0 0 o[ 1]lofolo[1]o]o]o 2
9 1 |1 o 1]o0o]oJolol1]ol1][s
10 1 [1* o[ 1]o0o]olo ol [1]|1][
11 1 |1 o[ 1]o[1]ofolr[o]1 6

DNP | 7 7 |1 |1l 232271111750

[Legend: 1*: shows transitivity, DNP: Dependence Power, DRP: Driving Power, V: Variable]



Table 8. Partition on Reachability Matrix: Interaction |

Element P(i) E?g?)hab'“ty Set: Antecedent Set: A(Pi) g(’u;r)s%(;u(()lbr]i)Set. Level
1 1,2,46,9,11 1,2,3,6,9,10,11 1,2,6,9,11
2 1,2,49,11 1,2,3,6,9,10,11 1,2,9,11
3 1,2,3,4,8,9,11 3 3
4 4 1,2,3,4,5,6,7,8,9,10,11 4 I
5 4,57 57 57
6 1,2,46,9,11 16,11 16,11
7 4,57 57 57
8 4,8 3,8 8
9 1,2,49,11 1,2,3,6,9,10,11 1,2,9,11
10 1,2,4,9,10,11 10 10
11 1,2,46,9,11 1,2,3,6,9,10,11 1,2,6,9,11
Table 9. Partition on Reachability Matrix: Interaction Il
Element P(i) Reachgt();)lil)ty Set. Antecedent Set: A(Pi) In}t{e(r;ie)cr':lzrgpsi)e t Level
1 1,2,6,9,11 1,2,3,6,9,10,11 1,2,6,9,11 1
2 1,2,9,11 1,2,3,6,9,10,11 1,2,9,11 1
3 1,2,3,8,9,11 3 3
5 5,7 57 5,7 1
6 1,2,6,9,11 16,11 16,11
7 5,7 57 5,7 1
8 8 3,8 8 1
9 1,2,9,11 1,2,3,6,9,10,11 1,2,9,11 1
10 1,2,9,10,11 10 10
11 1,2,6,9,11 1,2,3,6,9,10,11 1,2,6,9,11 1
Table 10. Partition on Reachability Matrix: Interaction 111
Element P(i) Reachabil_ity Set: Antecede_nt Set: Inters_ection Spt: Level
R(Pi) A(Pi) R(PHNA(PI)
3 3 3 3 "l
6 6 6 6 "l
10 10 10 10 "l




Table 11. Canonical Form of Final Reachability Matrix

Vil | 4| 1|2 |5 |7 |8|9|11] 3|6 |10Vt
4 1/0|0j0]jO0O|O0]O]|O 0 0 0 I
1 171]1}(0]0(0]1 1 0 1 0 1
2 171]1}(0]0(0]1 1 0 0 0 1
5 170|011 j0]|O0]|0O 0 0 0 1
7 170|011 j0]|0}|0O 0 0 0 I
8 110|0j0]O0O|1]O0]|0O 0 0 0 I
9 171]1}(0]0(0]12 1 0 0 0 I
11 171]1}(0]0(0]1 1 0 1 0 1
3 171100 (1]1 1 1 0 0 i
6 171]1}(0]0(0]1 1 0 1 0 i
10 171]1}(0]0(0]12 1 0 0 1 i
LVL | Lo
[Legend: LVL: Level, V: Variable]
Table 12. Binary direct relationship matrix
V[/f]|1[2|3]|4|5|6]|7|8]9]10]| 11
1 0/1|]0]|1]|0]|0f0JO]|1]0]1
2 1|{0|0j1|0|j0]|0O|0O0]|0|jO ]| O
3 1|1]0j1|j0j0]|0O|1]0fj0] O
4 0/0|0]|0O|0O]|0OfOJO]|O|O] O
5 0/0|J0O]1]|0]0f1|0|0O|O] O
6 1|1]|0j1|0j0]|0|0]0|j0O |1
7 0/0|J0O]|0O|1]|0|0JO]|O|O] O
8 0/0|J0]|1]|0]|0f0OJO]|O|O] O
9 1|{0|0j1|0|j0]|0O|0O0]|0|jO ]| O
10 |1|0|0|1|0|0]|0O]|O]|0O|JO] O
11 |1|0|0j1|0|1]j0]|0O0]0|lO] O

[Legend: 1-Quality, 2-Taste, 3-Packaging, 4-Price, 5-Promotion, 6-Organic/Inorganic, 7-Advertisement, 8-
Colour, 9-Nutrition, 10-Traceability, 11-Carbon Footprint]

Table 13. FDRM for variables influencing consumers’ beef purchasing behaviour

Vil 1 | 2 [3] 4 5] 6] 7] 89 10]11
1 |0 o9/ojo7/0 0] 0] 0]07]0]05
2 |09/ 0 |0J/o5/0 0] 0| 0]0]|0]O
3 [05/03/0[05/ 0] 0| 0]07/0]0]0
4 |o|ojo/o0o|o0]o0|O0]O0o]0o]0]oO
5 |o|o|olol]0 o0 ]o0l|] O] 0|0 O
6 |05/05/0/05| 0] 0] 0] 0] 0]0]07
7 |olo|o/loJol|o0o]| 0| 0|00 O
8 |o|o|olol|o|o0|O0|O0]|O0]|0]O
9 |05/ 0 0/05/ 0 0] 0| 0]0]|0]oO
10 (07| 0 |ojoo9lo o000 ]0]oO
11 |05/ 0 |0lo3| 0|07/ 0 0] 0]0]O

[Legend: 1-Quality, 2-Taste, 3-Packaging, 4-Price, 5-Promotion, 6-Organic/Inorganic, 7-Advertisement, 8-
Colour, 9-Nutrition, 10-Traceability, 11-Carbon Footprint]



Table 14. Stabilized matrix for variables influencing consumers’ beef purchasing behaviour

V[ilj] 1123 |4a|5|6|7]|8]|9]10]1|Prving

Power

1 09|05 0 |05 0 |05| 0| 0 |05|0|05| 34

2 05/09| 0 07| 0 |05| 0| 0 07| 0 |05] 38

3 05/05| 0 05| 0 |05] 0 | 0 05| 0 |05] 30

4 0ojlo|o0|0|o|Oo|O0O|]O0|O|O]| O] 00

5 0ojlo|o|ofollo|o]o0o]0|O0]| 0] o1

6 05/05| 0 |05 0 |07| 0] 0 05| 0 |05| 32

7 0|lo0|o0jol|o|o|o1] 0|00 O] 02

8 ojlo|o0|0|o|o|]O0O|]O0|O0O|O]| O] 00

9 05/05| 0 |[05| 0 |05] 0| 0 |05] 0 |05]| 30

10 05/07| 0 |[07| 0 05| 0| 0070 |05| 36

11 05/05| 0 |05 0 |[05| 0] 0 |05[ 0 |07 32

Dependence | 59| 41 | 00| 40|0.1[37|01|00|39|00]|37]| 235
Power

Table 15. Effectiveness and ranking of variables

. Drivin Dependence | Effectiveness

VIAL | power (DgR) Power ©P) | (DR-DP) | &V
1 3.4 3.9 -0.5 I
2 3.8 4.1 -0.3 v
3 3.0 0.0 3.0 VIl
4 0.0 4.0 -4.0 I
5 0.1 0.1 0.0 \Y
6 3.2 3.7 -0.5 I
7 0.2 0.1 0.1 VI
8 0.0 0.0 0.0 \Y
9 3.0 3.9 -0.9 I
10 3.6 0.0 3.6 VIII
11 3.2 3.7 -0.5 I




Nishikant Mishra is a Professor in Operations and Supply Chain
Management at Hull University Business School, University of
Hull. Prior to that he was Senior Lecturer in Operations &
Supply Chain Management and Director of Post Graduate
Research at Norwich Business School, University of East
Anglia, Norwich. He worked as a Senior Lecturer and Director
of Research at School of Management & Business, Aberystwyth
University. He has worked on numerous consultancy projects

funded by British Council, Biotechnology and Biological
Sciences Research Council (BBSRC), British Academy (BA),
Innovate UK, Department for Environment, Food and Rural
Affairs (DEFRA), Higher Education Academy (HEA) and Meat
Promotion Wales (HCC). His research articles have been
published in various renowned journals of Operations Research
and Operations & Supply chain Management.

"N Akshit Singh is a Lecturer in Management Sciences at
Alliance Manchester Business School, University of
Manchester. His PhD is in Operations and Supply
Chain Management at University of East Anglia,
Norwich. He did his M.Sc. from University of
Nottingham, UK and Bachelor’s degree from National
Institute of Technology, Kurukshetra, India. His
research is close to implementation side and he is also
involved in consultancy work. His research articles
have been published in renowned journals such as
International Journal of Production Economics,
Annals of Operation Research and Robotics and
Computer-Integrated Manufacturing.




Nripendra P. Rana is an Associate Professor in the School of Management at
Swansea University, UK. With an academic and professional background in
Mathematics and Computer Science and with PhD in Information Systems, his
current research interests focus primarily upon adoption of emerging and cutting
edge technology, e-government, m-government, e-commerce and m-commerce
systems. His work has been published in leading academic journals including
European Journal of Marketing, Information Systems Frontiers, Government Information Quarterly,
Production Planning & Control, Journal of Business Research, Public Management Review and
Computers in Human Behavior. He has also presented his research in some of the prominent
international conferences of information systems across the world.

Yogesh K. Dwivedi is a Professor of Digital Marketing and Innovation,

Director of the Emerging Markets Research Centre (EMaRC), and Director
% of Research in the School of Management at Swansea University, Wales,
52 UK. His research interests are in the area of Information Systems (IS)
4 including digital and social media marketing particularly in the context of
emerging markets. He has published more than 250 articles in a range of

leading academic journals and conferences. He has co-edited/co-authored
more than 20 books; acted as co-editor of fifteen journal special issues; organised tracks, mini-tracks
and panels in leading conferences; and served as programme co-chair of 2013 IFIP WG 8.6
Conference on Grand Successes and Failures in IT: Public and Private Sectors and Conference Chair
of IFIP WG 6.11 I13E2016 Conference on Social Media: The Good, the Bad, and the Ugly. He is an
Associate Editor of European Journal of Marketing and Government Information Quarterly and
Senior Editor of Journal of Electronic Commerce Research. More information about me can be
obtained from: http://www.swansea.ac.uk/staff/som/academic-staff/y.k.dwivedi/.



http://www.swansea.ac.uk/staff/som/academic-staff/y.k.dwivedi/

