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ABSTRACT

Increasing competition due to globalization, product diversity and technological breakthroughs stimulate
independent firms to collaborate in a supply chain that allows gaining the mutual benefits. This requires a
collective coordination framework and migration path to synchronize and to integrate the information
systems and also organizational activities of the supply chain partners. However, existing research in
supply chain integration has paid little attention in identifying and developing a migration path to know the
present level of supply chain among the supply chain partners. Hence, the objective of this paper is to
develop a framework for supply chain integration. In the proposed research, the informational,
organizational and information technology integration is operationalized for the development of Supply
Chain Integration framework for manufacturing industries. Further, this paper includes a comprehensive
understanding of supply chain integration in general and specifically organizational, informational and IT
integration. The developed framework for supply chain integration is validated by a pilot study and it helps
the organizations to know the present level and provides a migration path to move to the next level of
supply chain integration. This paper will add onto the contribution of authors who have ventured study in
the area of supply chain integration.

KEYWORDS: Supply Chain Management (SCM); Supply Chain Integration (SCI); Organisational
integration; Information Technology (IT); Original Equipment Manufacturers (OEM).

supply chains [3]. A key feature of present day
business is the idea that it is supply chains (SC)
that compete, not the companies [4] [5][6]. In an
integrated supply chain, the entire process across

1. Introduction
The term “supply chain” “supply chain
management” (SCM), “supply chain integration
(SCI)” is not well-defined constructs [1]. They

have different meanings to different people and
organizations [1]. Supply chain is described as a
chain linking each element from customer and
supplier through manufacturing and services so
that flow of material, money and information can
be effectively managed to meet the business
requirements [33]. SCM has evolved as a
solution to all scales of industries to improve the
productivity of the total supply chain beyond the
company’s border [2]. The conventional wisdom
in most SCM literature is that “the more
integration-the better the performance of the
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the supply chain is designed, managed and
coordinated as a unit [7]. Supply chain integration
(SCI) is defined as the scope and strength

of linkages of supply chain processes across
organizations. Supply chain integration is
generally complex and it involves management of
different flows and poses interesting challenges
for effective integration [6]. Supply chain
integration (SCI) is facilitated by information,
operational and relational integration. SCI can be
an effective behavioral response to some types of
uncertainty, by facilitating lateral relations that
aid collaborating, coordinating and controlling
materials and information [34] between
members of a supply chain to develop the
capability to respond to rapidly changing
conditions. In this sense, integration of a supply
chain is an operational plan for integration of
supply chain members for improving system
profit and responsiveness [6]. To achieve
seamless and boundaryless flows, supply chain
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members must work towards a unified system [8].
When supply chain members are separate and
independent economic entities, this action plan
has to include frame-work for migration path for
their integration [1] [10]. The study of supply
chain management has emerged as a prominent
field in providing Organizations with strategies to
build long-term competitiveness. Supply chain
management has the ability to promote the
integration of organizations which was previously
independent, for improving in organizational
collaboration [28]. Research shows that
organization collaboration enhances
organizational performance.

1.1. Research background

Supply chain integration (SCI) is recognized as
strategic process management that can be
instrumental for creating positional advantages
associated with improved firm performance
[29].Supply chain integration is a complex
process and requires consistent involvement and
commitment of all the partners of the supply
chain. [12], [11], [1]. To date supply chain
integration has been studied as a very limited
concept and there is a need for more
comprehensive frameworks in integration. [11],
[6]. Majority of current research on supply chain
integration like: [13] [12], [14] [16] focuses on
establishing a relationship between integration
and performance. Further, few researchers like:
[17], [5], [19], [20] have concentrated on IT and
supply chain integration. Limited researchers
like: [21] have studied barriers for supply chain
integration. Within the areas of supply chain
management, literatures highlight the need to
understand supply chain management practices
(SCMPs) which have become an essential
requisite to remain competitive in the global race
with profitable growth. SCMPs will improve the

performance of an individual organization and
also performance of the entire supply chain.
Supply chain management seeks close integration
of internal functions within the firm and external
linkages with suppliers, customers and other
channel members. Although some organizations
have realized the importance of implementing
supply chain management, they often do not
know exactly what to integrate [28]. In the
literature, no research is documented for
developing a framework for setting a way to
achieve integration in practice. Establishing a
guidelines and framework for identifying the
level of supply chain integration is however
challenging as many of integration variables are
interrelated and hence achieving an integration is
thus a complex[11][9][3]. Researchers like: [1]
have demonstrated a lack of integration in real
life supply chains. One reason for the lack of
integration is the lack of knowledge and how to
achieve integration in practice [11] [1]. Thus,
there is a clear need for developing a framework
and a migration path for SCI. Therefore, the
objective of this paper is to develop a framework
for supply chain integration. In the proposed
research the informational, organizational and
information technology integration is
operationalized for the development of supply
chain integration framework for manufacturing
industries. The remainder of the paper provides a
comprehensive understanding of supply chain
integration in  general and  specifically
organizational, informational and IT integration.
This is followed by the extent of integration,
development of the integration framework and at
the end a pilot study for conceptual and analytical
validity of the framework is presented. This is
followed by conclusions and references. Figure 1
explains the mapping of the research
methodology followed in this study.

Literature Review |—» Objective: Design and
Development of Frame work for:

<+ [Esper Options]

Informational
Integartion

r |
Organizational ]
Integration | IT Integration

Literature Review > | Identification of Elements

and Measuring Parameters

l Development of Frame work for SCI I

I Pilot case study to validate the frame work

Fig. 1. Mapping of the Research Methodology
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2. Supply Chain Integration
A basic enabler for effective supply chain
management is the integration of the supply
chain. Reference [22] originally identified four
stages of integration: baseline integration,
functional integration, internal integration. Since
then integration has moved towards a broader
channel or network perspective. The focus of
integration has shifted from functional integration
(Departments) towards integration of various
partners in the supply chain [23]. That is from
internal integration towards external integration.
John T Mintzer [8] views supply chain
integration as the synchronization of various
flows in a supply chain. Lee [7] outlines three
dimensions of supply chain integration:
information, coordination and organizational
linkage. Information integration refers to the
sharing of information and knowledge among the
members in the supply chain [8] and coordination
refers to the realignment of decisions and
responsibility in the supply chain [6].
Organizational linkages include communication

channels between the members in the supply
chain, performance measurement, and sharing of
common visions and objectives [7]. Reference [1]
[3] [9] \views the integration through
informational and organizational.

John T Mintzer [8] proposes three scopes of
supply chain integration: dyadic integration,
triadic integration or an extended integration. A
dyadic integration involves focal companies and
their customers or suppliers. A triadic integration
involves focal companies and their customers and
suppliers. An extended integration refers to
integration of more than three parties along the
supply chain and can involve focal company,
customer, supplier and customers’ customer and
suppliers’ supplier etc. In this study, two
dimensions: informational and organization
integration is operationalized for triadic scope of
integration which involves focal companies, their
suppliers and customers for the development of
framework. Figure 1 shows the scope of
integration in the proposed study.

Suppliers = company | Customers

Fig. 2. Scope of Integration

2.1. Informational integration

Information is a key aspect of the supply chain
[14]. One of the reasons for uncertainties in the
supply chain is that perfect information about the
system cannot be secured. While every single
member has perfect information about itself,
however, every member in the supply chain lacks
perfect information about other members of the
supply chain [14]. If the members of the supply
chain are willing to share accurate information
with the other members of the supply chain, then
each member will have more information about
others. This cooperation mode or increasing
information sharing among supply chain
members can be called a supply chain partnership
or supply chain informational integration [14],
[13], [12]. Information sharing among partners is
a basic enabler for the effective management of a
supply chain [12]. Looking at the information
flow direction, the information sharing in the
supply chain is a two way communication
between the Down-stream and Up-stream
organizations on the supply chain [8]. Flow of
information like orders, forecast, and planning
from customer to suppliers are typical flows
involved in the backward flow that is between

manufacturing industries and their suppliers [8].
Whereas, forward flow involves the flow of
information related to capacity, availability and
delivery  schedules between manufacturing
industries to customers [13], [12]. In addition,
information sharing also includes performance
criteria, such as production quality data and early
complete date, etc. and production capacities
among the partners. Information sharing in
supply chain context refers to the extent to which
crucial and/or proprietary information is available
to members of the supply chain [12]. With
relevant information available, for example, when
accurate information on demand levels are
provided, firms are able to project how much is
desired, produce it on time, making it possible to
deliver on time and eliminate the bullwhip effect,
creating a supply chain with a good performance.
Availing accurate information on inventory
minimizes costs incurred due to stock outs and
over stocking and ensures that deliveries are
made on time.

Prior research on the importance of formal and
informal information sharing between trading
partners has shown that effective information
sharing enhances transparency and reduces
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uncertainty [5]. It has been reported by several
authors like [12], [13], [1] that sharing of right
information at right time has close relationship
with the supply chain performance, reduces
bullwhip effect and reduces wastage and
decreases lead time. The ability to access
important information across the supply chain can
help the supply chain members to modify existing
actions or plan future operations.

In the literature, researchers have identified
timeliness, accuracy, adequacy, completeness and
information  credibility are five specific
dimensions of information sharing. The various
attributes for information sharing are accuracy of
information shared, amount of information
shared, timeliness, quality and frequency of the
information sharing among both Up-stream and
Down-stream members of the supply chain. Lee
et al [16] argue that for information sharing to be
effective, it has to be shared with both down-
stream (customers) and up-stream (suppliers).

2.2. Organizational integration

SCI has three dimensions: internal integration,
customer integration and supplier integration.
Internal integration involves interaction and
collaboration that link a plant’s internal
functions into a cohesive system , sharing of
information across functions to enhance
collaboration and deepen understanding of
customers . SCI is the development of shared
meaning that channels the vision, strategies
and operations of different supply chain
members in the same direction so that they
function effectively as an interdependent
system[31]. Organizational linkages include
communication channels between the members in
the supply chain, performance measurement, and
sharing of resources, common visions and
objectives [1] [3] [12]. Organizational integration
between the supply chain members encourages
suppliers and customers to become more
entrenched members of the network and instills a
sense of belonging to the supply chain [1]. It
becomes easier to generate trust among partners
in an integrated supply chain. Organizational
integration promotes collaboration and decision
delegation, reduces irrational behavior and
“second guessing” among supply chain members
thereby reducing the need for safety stocks [1]
[6]. The objective of organizational integration is
not merely to resolve conflicts should they arise,
but rather to recognize and avoid potential
conflicts and/or divergence of interest in advance
and device governance structure to forestall or
avoid it. True organizational integration helps the

supply chain  members to behave more like a
unified entity sharing ideas, skills and culture
alike[1][6]. Supply chain integration may fail to
blossom  without organizational integration
among supply chain partners [1] [6]. Supply
chain management requires various members at
all levels of hierarchy in multiple organizations to
work together for achieving a common goal.
Managing coordination among the supply chain
partners therefore assumes significant
importance. Reference [1] showed through
empirical study that a positive correlation exists
between performance and collaboration among
the supply chain members in areas such as supply
chain  design, inventory management and
Customer Relation Management.

2.3. Information technology integration

SCI in general and specifically information
sharing is facilitated by recent advances in
information technology (IT) like the Internet and
other communication devices [24] [25] [26].
Much of the literature suggests that IT tolls are
the main drivers for integration [5] [4]. The
emergence of the computers, the explosion of the
internet and World Wide Web helped the
industries to integrate their supply chains in real
time for coordinating the various flows in a
supply chain[20][25]. A reliable information and
communication technology paves the way for
timely and efficient information exchange among
partners. For example, using Electronic Data
Interchange (EDI) technology/Internet and
Extranet supply chain members can share up-to-
the-minute information about their production
needs by giving vendors access to the
production planning and control system and
vendors can arrange deliveries without the need
of any paper transactions. Similarly, timely
payments can be arranged using internet banking.
Reduction of information sharing lead time and
payment delays lowers the cost of doing business
significantly, makes supply chains more efficient,
and gives the users competitive advantage. The
integration of many IT-enabled electronic
commerce tools - bar coding, electronic
messaging, electronic data interchange, global
network management and Internet — is allowing
supply chain partners to attain significant
productivity gains. The fruits of information
technology integration such as reduced cycle time
from order to delivery, increased visibility of
transactions, better tracing and tracking,
reduced transaction costs, and enhanced customer
service offer greater competitive advantage for all
participants in the supply chain. Yet, despite all
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the classical virtues of information technology
(IT), many firms continue to face problems in
achieving seamless supply chain management.
Information and Communication Technology
(ICT) tools consist of both hardware and software
which can be used for integrating the supply
chains. IT tools help to gather, store, share and
analyze the information and makes the
information available to the right person at the
right time. In the literature, researchers have
defined three levels of IT integration [11]. Level
1: refers to low level IT integration where a small
amount of information is shared electronically.
Level 2: Moderate integration in which a
moderate amount of information is shared
electronically among the supply chain members
but ability to change the shared data and
documents is limited to few members in a supply
chain. Level 3: is defined as a high level of IT
integration which involves complete sharing of
information electronically and all members in the
supply chain can change and manipulate the
shared information.

3. Design of Migration path for
Supply Chain Integration
The details of design and development of supply
chain integration framework is discussed in this
section

3.1. Development of migration path for
informational integration

Information sharing involves sharing any type of
data or information that could influence the
performance of the supply chain members.
Consequently in this study we would like to know
the extent of sharing of the information related to
sales forecast, inventory levels, product design
development, market trends, companies future
plans, knowledge sharing, resource sharing and
sharing of the decisions among the supply chain
members in the both Up-stream and Down-stream
of the supply chain. In the literature informational
flow has been extensively described and
explored, but it is still difficult to find measures
for informational integration. The question of
what metrics should be used to evaluate the level
of integration in the supply chain still needs
further consideration [11]. Different aspects to
information integration exist in the literature.
These aspects in this study are referred to as
“elements” of information integration: each
element is being an integral constituent of the
notion of information sharing in a supply chain.
The literature distinguishes two aspects of
information sharing: level of information sharing

and quality of information sharing. Level of
information sharing implies the extent to which
the critical and important information is shared
among the supply chain members. In this study
the different types of information shared among
the supply chain members is considered as the
first element.

The characteristics of information shared in
supply chains include: type of information,
quality of information and availability of
information at the right time to the right person.
Especially, the suppliers depend on the type,
quality and accuracy of information passed on
them by their focal company (Customer). The
available information can be shared through
paper, fax or, electronically. Further, in the
literature four common factors are considered to
describe information quality and they are:
Accuracy, usefulness, reliability and
completeness of information shared. Accuracy
indicates the degree of conformity of the received
information compared to its actual content or in
other words whether the information is free from
the error or not. Inaccurate information may
result in misleading or harmful to its users.
Usefulness of information describes the
usefulness of the information for a certain or
specific purpose. Reliability of the information
refers to the probability that information is
correct. Reliability can be two types: Content
reliability and source reliability. Completeness of
the information refers to how complete the
information about the subject. Incomplete
information may be completely useless or have
reduced value to its users. Availability of
information refers to how often the information is
available when it should be. Information
availability supports better decision making at
strategic, tactical and operational level. An
integrated supply chain helps its members to
share accurate and quality information more
frequently.  Frequent  communication  and
interaction has been considered an important
mechanism  for efficient ~management of
information flow. In the literature different ways
to define and describe the extent of shared
information exists. The extent of information
shared can be none, partial and full information
sharing. Some describe the extent of information
shared as low to high. Few have described the
extent of information sharing through the concept
of transparency. They categorize the varying
degrees of transparency moving from opaque (no
information sharing) through translucent to
transparent. In this study we consider the extent
of information sharing as low to high.
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In the literature three concepts have been widely
used to describe supply chain integration and its
extent: Direction, Scope and Level. The direction
of integration describes whether the integration is
directed down-stream or up-stream or both in a
supply chain. Scope describes the dimension of
integration. Level refers to what extent the
activities are integrated within the direction and
dimension. Tablel presents the migration path
and framework for Informational Supply Chain
Integration and it has following characteristics:

1. Scope of Integration: Both Up-stream and
Down-stream of supply chain

2. Dimension of Integration: Informational
integration

3. Extent of Integrations: Low, Medium and High
level

4. Elements of Informational Integration: Types
of Information shared, Frequency of information
sharing, quality of information shared and
timeliness of information sharing

3.2. Organizational integration frame
work

The  collaboration among the  various
organizations in the supply chain members is
needed for increasing the performance. Because
of the impact of technological progress over the
supply chain operations, in the literature it can be
documented that there is a large and growing
number of studies exploring collaboration in the
SCI. These relate to either the joint efforts in
implementing such Technologies or the impact of
various technology systems on performance.
Involvement of customers and suppliers in
research and development, product design,
production planning activities, marketing and
sales promotion, supply chain design and
implementation, quality improvement, cost
reduction, long term and short planning of the
organization are considered in this study for the
development of migration path. Mutual trust
among the organizations involved in the supply
chain is a necessity for supply chain integration.
Sharing of resources and technical expertise
among the organizations helps the weak members
of the supply chain to improve their resources and
technical expertise. Table 2 presents the various
elements considered in this study for
Organizational Integration and it has following
characteristics:

1. Scope of Integration: Both Up-stream and
Down-stream of supply chain

2. Dimension of Integration: Organizational
Integration

3. Extent of Integrations: Low, Medium and High
level

4. Elements of Organizational integration:
Involvement of customers and suppliers,
Communication channels, Joint training programs
to train manpower and sharing of technical
knowledge, Joint cultural programs to achieve
bonding, Trust among the organizations, Vendor
managed inventory

3.3. Informational technology integration
Developments in  the Information and
Communication Technology (ICT) tools are the
enablers for information sharing. In the literature,
communication methods are divided into
traditional communication  methods  like:
telephone, fax, email, written communication and
face to face communication. Advanced
communication methods include: computer to
computer links, Electronic Data Interchange
(EDI), Enterprise Resource Planning (ERP).
Advanced communication tools broaden and
deepen the accessibility of information among the
supply chain members. IT tools increase the
frequency and reduce the lead time for
information sharing. Table 3 presents the
framework for Informational = Technology
Integration and has following characteristics:
Scope of Integration: Both Up-stream and Down-
stream of supply chain the supply chain to
improve their resources and technical expertise.
Table 2 presents the various elements considered
in this study for Organizational Integration and it
has following characteristics:

1. Scope of Integration: Both Up-stream and
Down-stream of supply chain

2. Dimension of Integration: Organizational
Integration

3. Extent of Integrations: Low, Medium and High
level

4. Elements of Organizational integration:
Involvement of customers and suppliers,
Communication channels, Joint training programs
to train manpower and sharing of technical
knowledge, Joint cultural programs to achieve
bonding, Trust among the organizations, Vendor
managed inventory

3.4. Informational technology integration

Developments in  the Information and
Communication Technology (ICT) tools are the
enablers for information sharing. In the literature,
communication methods are divided in to
traditional communication  methods  like:
telephone, fax, email, written communication and
face to face communication. Advanced
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communication methods includes like: computer
to computer links, Electronic Data Interchange
(EDI), Enterprise Resource Planning (ERP).
Advanced communication tolls broaden and
deepen the accessibility of information among the
supply chain members. IT tools increases the
frequency and reduces the lead time for
information sharing. Table 3 presents the frame
work for Informational Technology Integration
and has following characteristics:

1. Scope of Integration: Both Up-stream and
Down-stream of supply chain

2. Dimension of Integration: Informational
Technology integration

3. Extent of Integrations: Low, Medium and High
level

4. Elements of Informational Integration: IT and
communication tools, automation and IT

coverage

3.5. Calculation of level of supply chain
integration

The following steps are proposed to calculate
level of supply chain integration.

Tab. 1. Migration path for informational supply chain integration
Note: 1 for low integration and 5 for high integration

Dimensions of

Level of Integration(Up- stream) with suppliers

Level of Integration(Down- stream) with

i OEMs
SupyCrain Sleereof e o
integration Low Medium High Low Medium High
Sales
forecast
Inventory
levels
Product
Types of Design
Information development
sharing
among the Market Five point Likert scales ( lextremely low-5 Five point Likert scales (extremely low—
supply chain trends extremely high) extremely high)
members
Companies

Frequency of

future plans
Knowledge
sharing

Resource
sharing

Sharing of
the decisions

Five point Likert scales ( lextremely low
frequency -5 extremely high frequency)

Informat|_onal mform_atmn L.OW’ Five point Likert scales ( lextremely low
Integration sharing medium and frequency -5 extremely high frequency)
among high q Yy y hig q Y
supply chain frequency
members
Information Part of the All
Information is provided information information
availability when is put in real is available
demanded time in real time
Time related
information Lead time
Information . SIOW. Moderate close to_zero.
- information b Real time
lead time - lead time . .
sharing information
sharing
There are Accuracy, Accuracy,
S usefulness, usefulness,
deficits in o L
reliability reliability
accuracy, and and
. usefulness,
Quality of reliabilit completeness  completeness
information and Y of the shared  of the shared
completeness mformatlon mformatlon
isat the is at the
of the
. . acceptable acceptable
information
level level

Information Part of the All
is provided information information
when isput in real is available
demanded time in real time
Lead time
_ Slow_ Moderate close to_zero.
information h Real time
- lead time . .
sharing information
sharing
There are Accuracy, Accuracy,
S usefulness, usefulness,
deficits in o L
reliability reliability
accuracy, and and
usefulness,
reliability completeness  completeness
and of the shared  of the shared
completeness mformatlon mformatlon
isat the is at the
of the
. . acceptable acceptable
information
level level
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Tab. 2. Migration path for organizational supply chain integration
Note: 1 for low integration and 5 for high integration

Dimensions of
Supply Chain

integration

Elements of
Integration

Variables  of
Integration

Level of Integration(Up- stream) with
suppliers
Low Medium High

Level of Integration(Down- stream) with
OEMs
Low Medium High

Organizational
integration

Involvement of
customers and
suppliers

Communication
channels

Joint  training
programs to
train manpower
and sharing of
technical
knowledge

Joint  cultural
programs to
achieve
bonding

Trust among the
organizations

Vendor
managed
inventory

Research  and
Development
Product Design
Production
Planning
activities

Marketing and
sales

promotion
Supply  chain
design and

implementation

Quality
improvement
Cost reduction

Long term and
short planning
of the
organization

Low , medium
and high
frequency

Low , medium
and high
frequency

Five point Likert scales ( lextremely low
frequency -5 extremely high frequency)

Only at top Top At all
management  management levels
and
Managerial
levels

Five point Likert scales ( lextremely low
frequency -5 extremely high frequency)

Five point Likert scales ( lextremely low
frequency -5 extremely high frequency)

All Material Majority of Few of
from materials materials
suppliers are  from from
inspected suppliers are  suppliers
and then inspected and are
sent to then sent to inspected
production production and then
sent to
production
Not used Experimental ~ With

stage  with  majority
few suppliers  of
suppliers

Five point Likert scales ( lextremely low
frequency -5 extremely high frequency)

Only at top Top At all
management  management  levels
and
Managerial
levels

Five point Likert scales ( lextremely low
frequency -5 extremely high frequency)

Five point Likert scales ( lextremely low
frequency -5 extremely high frequency)

All Material Majority of Few of

are materials are  materials

inspected inspected are

and then and then inspected

sent to  sent to and then

production production sent to
production

Not considered
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Tab. 3. Migration path for information technology integration
Note: 1 for low integration and 5 for high integration

Dimensions  Elements of Level of Integration(Up- stream) with suppliers Level of Integration(Down- stream) with OEMs
of  Supply Integration Low Medium High Low Medium High
Chain
integration
Use of IT tools  Majority of Partly is  Fully shared  Majority of Partly is  Fully shared
for sharing the  information shared electronically information shared electronically
information sharing is paper electronically sharing is paper electronically
based/Fax or and partly by based/Fax or and partly by
informally informally and informally informally and
paper based paper based
IT coverage Some data and Most data and All data and Some data and Most data and All data and
information is  information information information is  information information
in the needed is in needed is in the in the needed is in needed is in the
files/folders the  systems systems and can files/folders the  systems systems and can
and much data and not be accessed by and much data and not be accessed by
Information is in the hard accessible to all. is in the hard accessible to all.
al copies all. copies all.
Technology
Integration Communicatio  Phone/Fax/ema  LAN/Electroni  Dedicated server Phone/Fax/fema  LAN/Electroni  Dedicated server
n tools il ¢ links with and extensive use il ¢ links with and extensive use
selected of selected of
suppliers EDI/Internet/XM customers EDI/Internet/XM
L links  with L links with
supply chain supply chain
members members
Automation Software  are Software are Software are Software are Software are Software are
used on used for  used for used on used for used for
functional basis  connecting connecting  all  functional basis  connecting connecting  all
related key suppliers suppliers for marketing key customers  customers
suppliers  and and CRM

SRM activities

1. The data for identifying the level of supply
chain integration can be collected from the survey
or through the case study and collected data are
converted in terms of five point Likert scale.
(Lextremely low and 5 extremely high)

2. Up-stream and Down-stream integration for all
the tree dimensions of supply chain integration is
calculated as: Up-stream Integration or Down-
stream Integration= [> measured numbers] +
Number of Up-stream or Down-stream elements
3. Three dimensions of supply chain integration is
calculated by using formula: Level Informational
integration= [, Up-stream integration and Down-
stream integration] + 2. Similarly, the level of
organizational and IT integration are calculated

4. Last step is to calculate a Supply chain
integration index = [> (Level of Informational
Integration + Level of Organizational Integration
+ Level of IT Integration)] + 3

The calculated supply chain integration index is
between 1 to 2 then organization is a low level, if
it is between 2 to 4 then medium and if it is
between4 to 5 then it is a high level of supply
chain integration. The different levels of
integration can be calculated by using this
framework and these levels help the organizations
to know the current status of integration and
provide them a migration path to improve the
integration level.

4. Pilot Study to Illustrate Supply
Chain Index

The proposed framework for identifying the level
of supply chain is validated by collecting the data
from the two pilot industries. The objective of the
pilot study is to check the migration path for
conceptual and analytical validation. The data is
collected by conducting a case study. The
structured questionnaire is prepared and data is
collected for all the variables discussed in the
study. The collected information is converted and
measured in five point Likert scale. ( 1 extremely
low and 5 extremely high). The details of the data
collected and their level of integration are shown
in Table 4, 5 and 6. From these data the level of
supply chain integrations/indexes are calculated.
Total Informational integration index for
Organization ~ Ol1=  (Average  Up-stream
integration + Average Down-stream integration)
+2. That is (2+1.90) +2=1.95 similarly for O2=
1.63
Total Organizational integration index for
Organization ~ Ol1=  (Average  Up-stream
integration + Average Down-stream integration)
+2 that is (2.4+2.33) +2=2.365 similarly for O2=
3.015
Total IT integration index for Organization Ol1=
(Average Up-stream integration + Average

International Journal of Industrial Engineering & Production Research, June 2021, Vol. 32, No. 2


https://www.iust.ac.ir/ijieen/article-1-887-fa.html

10 Design and Development of Migration Path for Supply Chain Integration for Manufacturing
Industries

Down-stream integration) +2 that is (2.75+2.75)
+2=2.75 similarly for 02=2.375

Supply chain integration index for
[>1.95+2.365+2.75] +3=2.355

Similarly for 02=2.34

O1=

5. Conclusion
In this paper, an effort has been made for
developing a migration path as Tabled in 1, 2
and 3 and to define a new term supply chain
integration index for identifying the level of
supply chain integration in the manufacturing

marginal changes in the elements and variables
detailed in the Table 1, 2 and 3, developed
migration paths can be used to know the state of
integration of a supply chain. Future research
should focus on implementing this migration path
in the manufacturing industries. So, the
developed  migration  path  should be
operationalized for different types of industries
like: Original Equipment Manufacturers (OEMs),
Auto Component Manufacturers etc. We believe
a larger study should be carried out and compared
with our work to obtain better understanding of

industries as Tabled in 4,5 and 6. Surely many
researchers will question its generalization and
elements considered here in this study. With

Supply Chain Integration index and migration
path for SCI.

Tab. 4. Calculation of level (Index) of informational supply chain integration
Note: 1 for low and 5 for high integration

Up-stream integration Down-stream integration

.
Informa s <S¢ c & 5 e s c c S
i S 2SS 68,206 S 28 68,386
tional Information sharing cE2 EE2 288 258 ) ) 82 EEE2ETO0ES
Integrat SEET TESE=ER QoS Information sharing S ES EESEERL IS
H 35 SsE8T=sc S5 SE8S SE8S8S=scoSP
ion SeH 2% 389 g6 2 oL d8l2G332¢TH 2
[ e (o= = £ L = o'E T2E =
I = ¥ = = < I = a.= = S
H <
[} = [} =
o 4 s 2 (L= = s 2
= = = S o > » S £ o
@ g ?5 25 g g 5o Sale 2 ?é e 3 E g 5o
g 2 o ¥, B £ s c L oc o B £ S
b= [a) 592 o % O S s 05 582 o 9 ©9
S S L83 o g o P g 228 0 9 o5
= S B8L T c—= o5 O c5 fore S B2 ©Tc= 5 O c5
0 2 5T X 2 o s =8 = ST X Q2 O 5 =8
L 5 5>2%2o = 3 &85 { 5 8z 52 = a3 &3
8 > Q%EE g » < cas > o3 EE g ? <
S a o e o 0 = a o e o 0
= o g & = o g
01 2 3 1 22 2 2 1 3 2 2 2 2 3 2 22 1 1 2 2 2 2 190
02 1 2 3 11 2 1 1 3 2 2 172 1 2 3 11 2 2 1 1 1 154

** |_ow number means more lead time

Tab. 5. Calculation of level (Index) of organizational supply chain integration
Note: 1 for low and 5 for high integration

Up-stream integration Down-stream integration

Involvement of Suppliers in decision Involvement of Customers in decision

making making
— (<5} —
c <8 S @ < - S <8 2 - S
. 8 s 2 g 2 € »~ S & 8 o 5 SBE 2 5 » ¥
S b5 = g o = =5 S = S s < £ B8 2 =2 =5 S g 8 S
= £ = £ 8 € c o2 @ T = 5 £ = £ S € c ol @ T 2 2
S & _ BB S c. @ 8 == = 85 & & o 8 5 c. © = 22 o 2§ £
g 2 & & &5 258 § § S go ” § 2 E € 5 & 5 25 5 5§ §< 5,2 & 2 ¢
b= S 5 2 o BE 3 = £ o s28% & o> = L 3 2 q a2 S S5 S50 828 & o> = £
= ) £ 3 928 3 3] S = << S2 5§ © £ > @ £ 2 L8 5 © 2= = £ S22 5 © s
— 8 [a] = = ©c = =1 £ ® [ R =i S o g < A 0O ¢ = T e = =1 8 9292 &S © g o
< c » (=3 Q. o “ N gg— g>'—5 2 [= o = » c o [=S =] o N QE— g>'—ag [= =
S & 8 k] - B E E e 275 c:.mg °2g & E 2 B 8 8 5 & E & £g a2 L5 <t & ]
= S [y S £ 9 - < o o o f S 2 o = c o = © 8 o S 88 o & c
=] S S O3 2 @ 2 228¢ =2 2 ¢ =3 B8 < [ Ss 2> 8 ©v2 2% - 2 ¢ =
N 5 2 5 o> >g = S Eo =& 8 S S § 2 § o >g £ 8§ o0 £ ¢ S 1<)
= S a = c SE£E = o = S o ] £ 5 S a g £ SE£E &© © © S o ] € 5 [a)
S < k3] = g =] 2 I3 = s 8 s ] S = < S e IS5 = s °
<) b > 2 3 o =) s 2 =] P I kS > [ S o = s 2 =] - < S
b=t @0 S o~ b3 =3 o 17} > = a8 o < L - O [=] n o g
S & s s ¢ 15 3 = 3 > 8 ¢ s 5 ¢ 5 ES2 & 23 §
a > — S S 5 [= < a > g S S 3 [ >
1S =3 S = = <
o1 3 2 3 2 3 3 2 2 2 3 2 24 2 2 3 2 4 3 2 2 2 2 2 233
02 3 3 4 4 3 4 3 3 3 2 3 3 32 3 3 3 2 3 4 3 2 2 3 3 3 28
Tab. 6. Calculation of level (Index) of information technology integration
Note: 1 for low and 5 for high integration
Up-stream integration Down-stream integration
Use of IT Average Use of IT Average
IT tools for IT Communication . g tools for IT Communication . Down-
) . - Automation  Up-stream . Automation
integration  sharing the  coverage tools . - sharing the  coverage tools stream
: : integration . - . -
information information integration
o1 3 2 3 3 2.75 3 3 3 2 2.75
02 2 3 2 2 225 2 3 3 2 25

[ Downloaded from www.iust.ac.ir on 2025-07-17 ]

International Journal of Industrial Engineering & Production Research, June 2021, Vol. 32, No. 2


https://www.iust.ac.ir/ijieen/article-1-887-fa.html

[ Downloaded from www.iust.ac.ir on 2025-07-17 ]

Design and Development of Migration Path for Supply Chain Integration for Manufacturing
Industries

11

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

References
Bagchi P K, Ha B C, Skjoett-Larsen T
and Soerensen, L B “Supply chain
integration: a  European  survey”,
International  Journal of  Logistics
Management, Vol. 16, No. 2, (2005), pp.
275-294.

Eyaa S and Ntayi J M “Procurement
Practices and Supply Chain Performance
of SMEs in Kampala”, Asian Journal of
Business Management Vol. 2, No. 4,
(2010), pp. 82-88.

Bagchi P. K and Skjoett-Larsen T “
Organizational Integration in Supply
Chains: A contingency Approach”,
Global Journal of flexible Systems
Management, Vol. 3, No. 1, (2002), pp.
1-10.

Damien Power “Supply chain
management integration and
implementation: A literature review”,
Supply  Chain  Management:  An
international Journal, Vol. 10, No. 4,
(2005), pp. 252-263.

R B Handfield and E L Nichols Jr.
“Introduction  to  Supply  Chain
Management” New Jersey: Prentice-Hall
(1999).

Rajesh K Singh “Developing the
framework for coordination in supply
chain for SMEs”, Business Process
Management Journal, Vol. 17, No. 4,
(2011), pp. 619-638.

H L Lee "Creating Value through Supply
Chain Integration,” Supply Chain
Management Review, September/
October, (2000).

John T Mentzer, William De Witt, James
S Keebler, Soonhong Min, Nnacy W Nix,
Cario D Smith and Zach G. Zacharia
“Defining Supply Chain Management”,
Journal Business Logistics, Vol. 22, No.
2, (2001), pp. 1-25.

Bagchi P. K and Skjoett-Larsen T “
Integration Of Information Technology

[10]

[11]

[12]

[13]

[14]

[15]

[16]

and Organizations in a Supply Chain”,
International  Journal of  Logistics
Management, Vol. 14, No. 1, (2003), pp.
89-108.

Naraimhan R, Kim “Effect of Supply
Chain Integration on The Relationship
Between Diversification and
Performance: Evidence from Japanese
and Korean Firms”, Journal of Operations
Management, Vol. 20, No. 3, (2002), pp.
303-323.

Sari Uusipaavaliniemi “Frame work for
analyzing and developing Informational
Integration: A study on steel industry
maintenance  service  management”,
Department of Industrial Engineering and
Management, University of Oulu (2009).

Lee H L and Whang S “Information
sharing in a supply chain", International
Journal of Technology Management, Vol.
20, No. 3/4, (2000), pp. 373-387.

V. C. Pandey, S. K. Garg, Ravi Shankar
“Impact of Information Sharing on
Competitive  Strength  of  Indian
Manufacturing  Enterprises, Business
Process Management Journal, Vol. 16,
No. 2, (2010), pp. 226-243.

Zhenxin Y, Hong Y and T C Edwin C
“Benefits of information sharing with
supply chain partnership”, Industrial
Management and Data Systems, Vol.
101, No. 3, (2001), pp. 114-119.

Pramod K Shahabadkar, Dr.K N
Nandurkar and Prashant K Shahabadkar
“Supply Chain Management and lIts
Integration”,  proceedings  of 2"
International Conference on
Manufacturing, (ICM-2002), Bangladesh
University  of Engineering and
Technology, during Aug. 9-11, Vol. 2,
(2002), pp. 249-258.

Lee C W, Kwon | G and Severance D
“Relationship between supply chain
performance and degree of linkage
among supplier, internal integration, and
customer’’, Supply Chain Management:
An International Journal, Vol. 12, No. 6,

International Journal of Industrial Engineering & Production Research, June 2021, Vol. 32, No. 2


https://www.iust.ac.ir/ijieen/article-1-887-fa.html

[ Downloaded from www.iust.ac.ir on 2025-07-17 ]

12

Design and Development of Migration Path for Supply Chain Integration for Manufacturing

Industries
(2007), pp. 444-452. building in e-enabled supply chain”,
Supply  chain Management- an

[17] Paul Cragg and Annette Mills “IT support International Journal Vol. 8, No. 4,

for business in SMEs”, Business Process (2003), pp. 324-334.

Management Journal, Vol. 17, No. 5,

(2011), pp.697-710. [26] Paul Childer house, Ramzi Hermiz,
Rachel Manson, Andrew Popp and Devis

[18] Lee H, Sok and Tang C “The value of R Towill, “Information flow in
information sharing in a two level supply automobile supply chains-present
chain”, Management Science Vol. 46, industrial practice”, Industrial
No. 5, (2000), pp.626-643. Management and Data Systems.

[19] Koh S C L, Saad S M and Arunachalam, [27] Sarah Eyaa, Joseph M, Ntayi and Sheila
S “Competing in the 21st century supply N “Collaborative relationship and SME
chain through supply chain Management supply chain performance”, World
and enterprise  resource  planning Journal of Entrepreneurship Management
integration’’, International Journal of and sustainable development, Vol. 6, No.
Physical Distribution and Logistics 33, (2010), pp.233-245.

Management, Vol. 36, No. 6, (2006), pp.
455-465. [28] Veera Pandiyan Kaliani Sundram VGR
Chandran Muhammad Awais Bhatti,

[20] Gunashekharan A and Nagi E W T "Supply  chain practices  and
“Information Systems in supply chain performance: the indirect effects of
integration and Management”, European supply chain integration", Benchmarking:
Journal of Operation Research Vol. 159, An International Journal, VVol. 23, No. 6,
(2004), pp. 269-295. (2016), pp. 1445-1471.

[21] C. M. Harland, N. D. Caldwell, P. Power, [29] W. Chang et al. / European Management
J. Zheng *“ Barriers to Supply chain Journal Supply chain integration and firm
Information integration: SMEs adrift of financial performance: A meta analysis of
elands”, Journal of  Operations positional advantage mediation and
Management”, Vol. 25, (2007), pp. 1234- moderating factors, No. 34, (2016), pp.
1254. 282-295.

[22] Stevens G “Integrating The Supply [30] Claudine Antoinette Soosay, Paul
Chains”, International Journal of Physical Hyland, "A decade of supply chain
Distributions and Materials collaboration and directions for future
Management, Vol. 19, No. 8, (1989), pp. research”, Supply Chain Management:
3-8. An International Journal, Vol. 20, No. 6,

(2015), pp.613-630.

[23] Bowersox D, Closs D and Stank “21%

Century Logistics: Making Supply Chain [31] Flynn, B. B., Koufteros, X., & Lu, G. On
a Reality”, Oak Brook: Council of Theory in Supply Chain Uncertainty and
Logistics and Management (1999). its Implications for Supply Chain

Integration. Journal of Supply Chain

[24] Hefu Liu, Weiling Ke, Kwok Kee Wei, Management, Vol. 52, No. 3, (2016), pp.
Jibao Gu, Huaping CH “Adoption of 3-27.
Internet-enabled Supply chain
Integration: Institutional and Cultural [32] Graham C. Stevensa and Mark Johnson,
Perspectives, Pacific Asia Journal of the Integrating the Supply Chain. 25 years
Association for Information Systems, on, International Journal of Physical
Vol. 2, No. 4, (2010), pp. 29-50. Distribution & Logistics Management

February (2016).
[25] Ashish A and Ravi S “On-line trust

International Journal of Industrial Engineering & Production Research, June 2021, Vol. 32, No. 2


https://www.iust.ac.ir/ijieen/article-1-887-fa.html

[ Downloaded from www.iust.ac.ir on 2025-07-17 ]

Design and Development of Migration Path for Supply Chain Integration for Manufacturing

. 13
Industries

[33] Pramod ShahabadkarDeployment of [34] Wong, C. W. Y, Lai, K. H. & Benroidey,
interpretive structural modeling E. W. N. The performance of
methodology in supply chain contingencies of supply chain integration:
management—an overview, International The roles of product and market
Journal of Industrial Engineering & complexity. International Journal of
Production Research, Vol. 23, No. 3, Production Economics, Vol. 165, (2015),

(2012), pp. 195-205. pp. 1-11.

Follow This Article at The Following Site:

Shahabadkar P, Shahabadkar P, Vanageri A. Design and Development of Migration
Path for Supply Chain Integration for Manufacturing Industries. IJIEPR. 2021; 32 (2)
:1-13

URL.: http://ijiepr.iust.ac.ir/article-1-887-en.html

International Journal of Industrial Engineering & Production Research, June 2021, Vol. 32, No. 2


https://www.iust.ac.ir/ijieen/article-1-887-fa.html
http://www.tcpdf.org

