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Abstract
Global businesses are leveraging their analytical capabilities to develop competence over others. This study uses Organization
Information Processing Theory (OIPT) in context to explain the relationship between the smart supply chain and information
system flexibility to achieve an overall greater supply chain flexibility. Also, this shows that correct deployment of information
processing leads to better diffusion of information throughout the system necessary for making the supply chain more adaptive in
nature. This study extends the application of OIPT theory and a better understanding of analytical data processing and theoret-
ically grounded guidance to managers in order to achieve a higher degree of flexibility in dynamic conditions. The Partial Least
Square Method based on Structural Equation Modeling is used to empirically test the theoretical framework. Results from the
analysis of 150 respondents indicate the strong relationship between the components of the smart supply chain and information
systems agility. The research shows a positive relationship between the characteristics of smart supply chain management and
modules of information system flexibility which leads to the achievement of a high level of supply chain flexibility.
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1 Introduction

As businesses are expanding their boundaries to global oper-
ations, they are simultaneously thriving to niche down their

technological competence. In the era of Factories 4.0 (Zhou
et al. 2015) most firms are competing through their supply
chain and aspiring to make it inherently smarter than ever
before. This has created a need to nurture an understanding
of the critical parameters of smart operations. We can use
previous research that investigates the new extent of connec-
tivity between the value chain and information system flow.
The current requirement has motivated scholars to investigate
the new characteristics of smart supply chains. Smart supply
chains are engineered to be agile and customized to be adap-
tive, which makes them responsive when there are challenges
and supply chain disruption (Butner 2010). Supply chain flex-
ibility is studied but mostly in the absence of a theory-driven
approach or only with a resource-based view (Manders et al.
2017). Pushing the boundaries in outbound directions, com-
panies are looking for concrete evidence of connectivity be-
tween the value chain (which is inherently smart in its nature)
and information flow (which should be flexible to comply
with the operational pace).

Previous research (Dubey et al. 2017a) has shown the rela-
tionship between the sustainable supply chain and new age in-
formation technologies through strategic supplier collaboration.
The relationship between the smart supply chain and informa-
tion system flexibility is still unknown regarding the extent of
their effect when directly proportional. Information asymmetry
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needs a flexible structure and a proper carrier to flow in an
organization. Past studies explicitly convey the importance of
digital infrastructure to achieve higher levels of responsiveness
(Lee 2004) and an agile supply chain structure which addresses
uncertain market conditions. These digital structures facilitate
the transformation of colonial boundaries into smart cities.
Chatterjee et al. (2018) showcases the importance of big data
sources such as the Internet of Things (IoT) in the development
of smart cities with the deployment of smart machines.

The current study is dedicated to investigating the direct
relationship between the characteristics of the smart supply
chain and information system flexibility in the presence of an
organization’s information processing capabilities. In their re-
search, Manders et al. (2017) highlight the missing link be-
tween supply chain flexibility and operational strategy.
Overall supply chain flexibility can be acquired through the
systematic and uniform processing of information throughout
the system. According to Galbraith (1973, 1977), higher levels
of information system flexibility can be achieved by avoiding
overload of information on hierarchical communication chan-
nels. Higher frequency of information processing results in
minimizing traffic at the hierarchical level of decision making
and increasing the responsiveness of the decision system (Peng
et al. 2014). With the multi-objective of the current piece of
work, it also helps to consider information agility as one of the
major drivers in the transformation of land boundaries into
smarter cities. Past studies (Janssen and van den Hoven 2015;
Dwivedi et al. 2017) demonstrate the contribution of big open
linked data (BOLD) in bringing innovation to the systemwhich
leads to the development of smart cities. Galbraith (1977) em-
phasizes on this point that firms should develop capabilities to
analyze information and that only after investigating the vitality
of this information should they invest in the technological ca-
pacity required for information processing at organizational
level, otherwise they should develop ‘mechanistic’ methods.
Insights gained through expanded information processing ca-
pacity help to reduce uncertainty, especially in the case of mar-
ket volatility, and the operational tasks are highly inter-related.
Closs et al. (2011) consider environment as one of the critical
dimensions for creating flexibility in operations.

This study finds its scope in developing a strong relation-
ship between the smart value chain and information system
flexibility to achieve operational excellence, but also in the
environmental capabilities of an organization in its informa-
tion processing. Also, this research further tries to address the
limitations (Manders et al. 2017) and will be conducted in the
context of a theory-driven approach.

2 Research Objective

This study examines the relationship between and the impor-
tance of the characteristics of the smart supply chain and

information system agility from the perspective of organiza-
tion information processing theory to achieve supply chain
flexibility. This study also examines the effect of the customer
and supplier relationship on achieving a high level of supply
chain flexibility. The paper is structured in five sections and
follows a set of sequence. Section (2) provides an understand-
ing of existing literature, presented in a systematic manner.
Next, section (3) comprehensively discusses the development
of the theoretical model according to the research objective by
addressing the gap in the existing literature. Section (4) inves-
tigates the proposed model and validates it using research
tools. Section (5) comprehensively discusses analysis output
supported by quantitative figures. Section (6) opens up new
possibilities for future research which this work cannot ad-
dress due to limitations.

3 Theoretical Background

3.1 Organizational Information Processing Theory
(OIPT)

Organizations must know how to organize and use their infor-
mation effectively, which enables them to make decisions in-
volving a high level of uncertainty and risk. According to
Galbraith (1973, 1977), a firm should be aware of its informa-
tion resources and the costs associated with them. The
processing capability of a firm is considered to be an asset
which can be utilized to compete in the market. But the cost
associated with the information and its processing is high,
which results in a high risk for the organization if
underutilized. Galbraith (1973, 1977) suggests that if an orga-
nization does not have means to process the information in the
right manner, it should use Bmechanistic^ methods, and if it
wants to optimize the information flow, it needs to nurture and
build the technological capacity process and analyze the
required information in time. Supporting the argument,
Janssen et al. (2012) advocates the use of open data for cost
optimization and clarifies the myths associated with this. For
instance, Trentin et al. (2012) propose, as cited in Liu et al.
(2006), that an organization may enhance its cost-
effectiveness and responsiveness of product customization
through use of the cross-training theory studies by Hyer and
Brown (1999), by means of which operators visually scan all
the workstations to respond quickly to hard-pressed situations.
This approach was coined as cellular manufacturing.

According to the market environment and organizational
orientation, the firm should take advantage of information
processing by deploying it in their vertical and horizontal hi-
erarchy of process. This leads to a more agile and adaptive
system.

Intelligent information processing leads to smart supply
chain decisions allowing an organization to remove problems
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such as buffer-stock and underutilized inventories, and helps
in the decision of capacity planning. Organizations should
monitor the frequency of information processing and need to
maintain a balance between the inflow and outflow of infor-
mation in the system (Bensaou and Venkatraman 1995; Peng
et al. 2014). Information processing leads to system flexibility
which directly reduces response time and helps to achieve
higher service levels (Srinivasan and Swink 2017).

3.2 Smart Supply Chain Management

The Council of Logistic Management coined the term Supply
Chain Management more than two decades ago (Cooper et al.
1997). Many authors have defined the supply chain in different
contexts. In simple terms, a supply chain is a systematic set of
monitored activities starting from procurement of raw materials
and ending with the delivery of finished goods (Council of
Supply Chain 2005). The new age supply chain is expected to
be smart enough to respond to abrupt changes in fluctuating
market conditions. Koo et al. (2017) while studying the tourism
industry advocated that Information & Communication technol-
ogy (ICT) transforms the supply chain into a smarter version. El-
Kassar and Singh (2018) put emphasis on green technological
innovations to create a smart supply chain in order to gain a
competitive edge and performance.With the increasing complex-
ity of the supply chain, firms are now investingmore in creating a
siloed (connecting physical capacity with digital infrastructure)
supply chain structure. Previously, the supply chain leg of a firm
was treated as the operational activity required to fulfil a particular
task. Now, in the era of big data and multi-channel information
flow, firms are nurturing their supply chains as a competitive
resource. Firms are taking bold strategic decisions in their tech-
nological investments. Kaur and Singh (2017) explain the impor-
tance of flexible but sustainable supply chain activities. Butner
(2010) explicitly explains the characteristics of the smart supply
chain while keeping in mind its agile and sustainable nature.

3.2.1 Instrumented Supply Chain

One of the key components for achieving agility in the supply
chain is the use of instruments. Since technology costs are
coming down, newer specialized machines are being de-
ployed into the system which sense information in a minimal
expected time. Butner (2010) strongly advocates the need to
create visibility in the supply chain by deploying cost-efficient
sensor-based technologies. These help the supply chain to
experience the events of all operational activities occurring
in the real-time flow. As the cost of acquiring and serviceabil-
ity of sensor-based technology reduces, firms are engaging
more in maximum leveraging of the specific features of a wide
variety of sensor-based technologies, such as IOTs, to drive
various service orientation and production businesses.
(Fescioglu-Unver et al. 2015; Ben-Daya et al. 2017).

3.2.2 Interconnected Supply Chain

A supply chain is a consolidation of interconnected events
occurring to complete a specific task. The inherent nature of
interconnections makes the supply chain more viable to con-
nect on a greater scale of functionality. Multi-echelon supply
chain structures are interconnected and are not mutually ex-
clusive. Their functionality exerts an effect on other agents in
the echelon. Inter-operability improves by deploying SCOR
(APICS 2015) when designing the supply chain (Stephens
2001) in a holistic view. For a higher-level performance, or-
ganizations must coordinate and integrate worldwide supply
chain networks (Butner 2010). Global supply chain partners
are willingly pooling their operations in horizontal business
flows and cumulatively sharing information in a vertical man-
ner, saving cost on both information processing and informa-
tion leak (Zhou and Benton 2007). Vickery et al. (2003) stud-
ied the implications of supply chain integration on firms’ per-
formance and customer satisfaction; and managing financial
performance by taking joint decisions via supply chain con-
tracts carried by the information flow management system
(Arshinder and Deshmukh 2008).

3.2.3 Intelligent Supply Chain

The inherent nature of smart supply chains makes them adapt
and react in a stipulated time (Lee 2004). The ability to sync
and reconfigure in real time, in such a way that it not only
takes decisions based on the current scenario but configures
itself for future operations, is the most attentive feature of the
smart supply chain. The need for an intelligent supply chain to
drive businesses to build a flexible structure for optimum in-
formation flow leads to acquiring a higher level of adaptive-
ness (Lee 2004) in the ever-changing dynamic business
environment (Christopher and Holweg 2011). The supply
chain architecture is important for information sharing and
achieving a reconfigurable supply chain for making smart
managerial decisions and increasing service levels (Liu
and Kumar 2011). With minimum or no human interven-
tion, a capable, intelligent supply chain takes its own de-
cisions in disruptive conditions and makes use of both the
physical and digital infrastructure (Butner 2010). Various
applications of smart technologies-enabled supply chains
that have revolutionized the business environment, have
been studied by scholars (Bendavid and Cassivi 2010;
Bowles and Lu 2014).

3.3 Information System Agility

3.3.1 Agile Project Management

The evolution of business strategies has given rise to a whole
new avenue of planning called ‘project management’. Since a
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large stake in operations is governed by information technol-
ogy, the organization finds a better way to plan, implement
and monitor the events occurring in the supply chain. Agents
(players in the multi-echelon supply chain) play a crucial role
in providing real-time information throughout the supply
chain. Agile project management is often leveraged as a
tool by managers to simultaneously address customers’
demands and to control the cost component associated
with the project (Cockburn 2001). Organizations with
smart managers often widen their vision of operations
to create agile projects. Simply adopting agile methods
does not produce a flexible system; it is the flexibility in
information system development which makes the system
more responsive as cognition amongst the team members
makes the system perform (Chan et al. 2017). Intelligent
information sharing brings visibility amongst team mem-
bers which leads them to perform multi-skilled jobs in an
interchanging job environment (Drury-Grogan 2014;
Bozionelos and Singh 2017). Rhee et al. (2007) explore
the fact that project management can be effectively car-
ried out by services which enhance agility in project
management.

3.3.2 Agile Software Development

In the age of open sourcing, even established firms are
investing a low fixed cost in software development, as the
functionality of software is a function of dynamic change in
the market. To respond in minimal time, a complementary
structure is needed which should be capable enough to imbibe
important information from the external environment. Over
the last decade, a growing number of companies have
employed agile software development methods (West et al.
2010). These include the subtle but essential control mecha-
nism to manage the progress as well as the quality of the
resulting software product (Harris et al. 2009). The high de-
gree of functionality demand is constrained by the lifespan of
software and becomes the reason for non-compatible intercon-
nectivity. Highsmith (2002) describes the importance of
the ecosystem in bringing agility into software develop-
ment. High costs of developing and acquiring software
create ambiguity when making strategic decisions for
both present lines of products as well as future demand.
Harris et al. (2009) suggest that software development
should be linked to dynamic market demand and should
consider uncertainty. Gill et al. (2016) studied the factors
required to scale up agility in software development.
Software developers require human management skills,
such as participating in activities beyond programming
for systems analysis and project management. Having
such skills likely increases their level of perceived job
autonomy and skill or task variety (Tripp et al. 2016).

3.4 Supply Chain Flexibility

Supply chain flexibility (SCF) is the capability of firms to
respond to unforeseen changes in customer needs/ ever-
changing customer demands and competitors’ moves in the
dynamic business environment. Many scholars have defined
flexibility as the key to competence and sustainability
(Beamon 1999; Duclos et al. 2003; Vickery et al. 1999; Das
2011). Charles et al. (2010) list five dimensions of supply
chain agility regarding flexibility, effectiveness, velocity,
reliability and visibility. Technology can be acquired, but
organizations need to nurture intelligence in their internal
environment which equips smart managers to extract critical
information out of multidirectional information flow and use it
for crucial decision making. Venkatesh (2008) argues that or-
ganizations are incapable of assessing and enriching users’
skills making it hard for them to use technology at an optimum
level. The information system capability of an organization
fosters structural flexibility, which leads to supply chain
adaptability to cater to the ever-changing business environ-
ment (Christopher and Holweg 2011). Many firms have
demonstrated their capacity to introduce a business intel-
ligence model in electricity markets to make the supply
chain agile and intelligent (Lukić et al. 2017). The two
crucial components for creating more flexible operations
are technological changes in the organization and attitudi-
nal changes amongst the people. Information and commu-
nication technologies (ICT) have offered many choices
and greater speed of interaction, but the additional dimen-
sion is the interaction of attitudes with the design and use
of technology (Sushil 2015). Further, Manders et al.
(2017) worked on the new dimensions of supply chain
flexibility. From a broad perspective, supply chain flexi-
bility can be achieved by deploying information technol-
ogy through flexible structure which gives room to ac-
quire the features of a smart supply chain through the
proper processing of information theory.

3.5 Importance of Supply Chain Flexibility
and Information Agility in Development of Smart
Cities

The diffusion of information technology has already
disrupted the way of operationalizing things. One of the
major pillars of smart cities is future-ready organizations
which promote sustainable performance and economic
stability. Popovič et al. (2018) study the contribution of
big data analytic capabilities to achieving high firm value
and business performance. Smarts cities offer quality of
services by providing a competitive ecosystem consisting
of a streamlined flow of information and facilitated by
emerging technologies/analytical tools. Recent studies in
healthcare (Plachkinova et al. 2018) motivate big data
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technologies to access quality healthcare through smart
infrastructure. Gupta et al. (2018a, b) studied and demon-
strated the positive relationship between big data and cog-
nitive computing. They further advocated that character-
istics of cognitive computing will drive future-ready smart
factories. Batty (2013) describes the use of big data with
emphasis on short term rather than long term planning,
facilitating more functional cities and accelerating them
to attain the status of smart cities. Considering the vital
role of smart organizations and digital infrastructure as a
cornerstone of smart cities, they are expected to transform
themselves with the help of digital tools. Grover and Kar
(2017) discuss tools such as Big data predictive analysis
(BDPA) platforms, data warehouses, programming lan-
guages and search tools which complement the digital
infrastructure and outperform it when needed.

4 Theoretical Model and Hypothesis
Development

Previous research reveals the interdependency of informa-
tion technology and system flexibility. As an extension of
this, a mechanism is needed which steers the flow of
information inside and outside the system. Srinivasan
and Swink (2017) investigated supply chain flexibility
and visibility from the perspective of organizational infor-
mation processing theory. Extending their work, this study
recognizes the importance of the information flow mech-
anism treated as an ecosystem accommodating the ave-
nues to connect the smart supply chain with the flexible
information system, resulting in achieving overall flexibil-
ity in supply chain operations. Organization information
processing theory (OIPT) cited by Galbraith (1973, 1974),
is the best fitting theory to be considered as a mechanism
of information flow. Operationalization of constructs can
be seen in Table 9 of Appendix 1.

4.1 Direct Relationship of the Smart Supply Chain
with Information System Flexibility

Figure 1 depicts the conceptual model based on the theo-
retical framework used for this study, with its foundations
in organization information processing theory (Galbraith
1974). This model also shows a strong relationship be-
tween smart supply chain management and information
system flexibility. Strong development and monitoring of
both lead to a higher level of supply chain flexibility. The
relationship between the smart supply chain and informa-
tion system agility is not always linear due to the moder-
ating effects of the customer and supplier relationship in
the system.

Based on the literature review, we have developed a hy-
pothesis which will be tested empirically in this paper. Smart
supply chains equipped with features of instrumented connec-
tivity provide visibility throughout the supply chain and in the
context of this study, providing more insight to members of
the project management team and helping them to manage
their projects flexibly. Chopra andMeindl (2013) express their
viewpoint on Internet of Things (IoT) applications from a
process-centric viewpoint. In the past, scholars (Ahmed et al.
2017) have studied the role of big data analytics while leverag-
ing the Internet of Things. Rhee et al. (2007) state that correct
project management methods increase interoperability
amongst heterogeneous information systems as well as supply
chain adaptability. According to Galbraith (1973), information
must be stored in vertical operational units and shared in lat-
erally connected operations. As an extension of this, this re-
search relates the instrumented supply chain to agile software
development, since it gives information on demand from the
market in real time, which helps the organization take invest-
ment decisions for new software development projects.
Fescioglu-Unver et al. (2015) studied the application of
RFID in the service industry. Fang et al. (2015) studied the
application of technology in the supply chain information
flow which is helpful for managing project snowmelt. Based
on the above literature review, we have proposed the follow-
ing hypothesis:

H1a: Instrumented supply chain is positively related to
agile project management in an organization
H1b: Instrumented supply chain is positively related to
agile software development in an organization

In the age of sharing production capacity and technology,
most organizations share their information through contracts
which help them to take decisions jointly in the context of cost
saving and to plan risk mitigations in disruptive conditions
(Hill and Omar 2006; Arshinder and Deshmukh 2008). Tan
et al. (2016) state that the risk associated with information leak
could be countered with monitored interconnections between
the operational functions of the supply chain. Some informa-
tion leakage such as individual leakage and organization
leakage causes major loss regarding market credibility and
brand visibility. Cai et al. (2010) find that trust plays a
crucial role in oriental culture and helps in exchanging
information in an interconnected supply chain which in
turn leads to management of joint projects with more vis-
ibility and flexibility. These arguments strongly advocate
the next two propositions:

H2a: Interconnected supply chain is positively related to
agile project management in an organization
H2b: Interconnected supply chain is positively related to
agile software development in an organization
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Electronic Data Interchange (EDI) facilitates informa-
tion sharing resulting in the rational alignment of opera-
tional activities which provides flexibility to the system
(Tan et al. 2016). The sensor enables the supply chain to
sync with real-time data and reconfigure its operations to
take the crucial decision in minimal time. This helps the
project management team or software development team
to work on new requirements and specifications quickly.
In this way, the collaborative strategy helps to cater to
the most uncertain disruptive conditions. Real-time infor-
mation processing capability helps in removing some of
the supply chain problems such as the bullwhip effect
which creates ambiguity when taking project manage-
ment decisions. Therefore, the next two propositions are
the following:

H3a: Intelligent supply chain is positively related to agile
project management in an organization
H3b: Intelligent supply chain is positively related to agile
software development in an organization

4.2 Direct Relationship of Agile Information Systems
with Supply Chain Flexibility

H4: Agile project management has a positive impact on
supply chain flexibility in an organization
H5: Agile software development has a positive impact on
supply chain flexibility in an organization

4.3 Moderating Effect of Supplier and Customer
Relationship on Supply Chain Flexibility

Customers have the most dominant influence on deci-
sions in agile project management teams as well as being
a decision maker in their own right (Beck 2000).
Information sharing throughout agile project management
teams increases visibility, since teams consist of a small
number of members with interchanging job roles (Drury-
Grogan 2014). Agile adoption does not merely depend
on the universal agile methods available. Core agility in
information system development is focused on the cog-
nition or mindsets of people involved in project manage-
ment (Cho and Chan 2015). Mani et al. (2016) examined
the weightage of social sustainability and its effect on
vendor management. Vendors and customers are an inte-
gral part of a social community and a smart supply chain
should be flexible enough to provide sustainability.
Therefore, their sustainability affects the overall function-
ality of operations.

H6a: Supplier relationship positively moderates the rela-
tionship between agile project management and supply
chain flexibility in an organization
H6b: Supplier relationship positively moderates the rela-
tionship between agile software development and supply
chain flexibility in an organization
H7a: Customer relationship positively moderates the re-
lationship between agile software development and sup-
ply chain flexibility in an organization

Fig. 1 Theoretical model after structural equation modeling
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H7b: Customer relationship positively moderates the re-
lationship between agile project management and supply
chain flexibility in an organization

5 Research Methodology

5.1 Survey

An online survey technique was used for this study. The re-
spondents are from a diversified domain and all the responses
were collected for the year 2018. The distance between any
two consecutive parameters was identical and a 5-point Likert
Scale (1- strongly disagree, 2- disagree, 3- neutral, 4- agree,
and 5- strongly agree) was used for the survey instrument
(Hair et al. 2014). The instrument was pre-tested on 12 respon-
dents to ensure the validity, reliability and appropriateness of
the questionnaire. The questionnaire was shared with approx-
imately 400 respondents working in the manufacturing sector
in South Africa. The response rate was 45% and after critically
examining all the survey responses, a total of 150 fully-filled
responses were considered for this research. Data was stan-
dardized and there was no case of missing data, no zero var-
iance, and no rank-related problems found in the data.

A wide age-range with different levels of academic quali-
fications is considered since every hierarchy represents

positions held by different respondents whose decisions create
a scope of flexibility in the system, which is shown in Table 1
below. From a total of respondents, 88%, i.e. 133 respondents
belong to the age range of 41 to 60.

Table 2 below provides details of the respondents’ work
and their relevant years of experience. For this study, respon-
dents from seven different sectors have been considered, a
majority of which, i.e. 83% of respondents, were from
‘Manufacturing / Manufacturing related services’. The re-
spondents were from different geographical ethnicities, and
the firm size varies according to their scale of operations.

Table 3 gives the different roles and the total number of
employees in that role. Out of the 150 respondents, a majority
of the responses were from Directors and Senior Level
Managers, i.e. 81%. The reason behind taking a large number
of respondents from this particular ‘Role’ is that since they
work at middle or senior management level they have author-
itative power in the system, which is required to implement
supply chain strategies.

5.2 Data Analysis

Structural Equation Modeling (SEM) is deployed amongst a
variety of research disciples starting from strategic manage-
ment, marketing and psychology over a large period of time
(Astrachan et al. 2014). Two types of SEM techniques are
used – Covariance-based (CB) SEM and Partial Least
Squares (PLS) based Structural Equation Modeling (Hair
et al. 2014). Partial Least Squares-Structural Equation
Modeling is used efficiently when the sample size is compar-
atively small, and the research is more exploratory in nature.
Also, there is no requirement of normally distributed data for
Partial Least Square-Structural Equation Modeling (Hair et al.
2011; Kock 2016). Partial Least Square based Structural
Equation Modeling is a more effective technique when there
is no established relationship between the dependent and in-
dependent variables (Hair et al. 2014).

Table 1 Age group of employees and their educational qualifications

Age-Group
(in years)

Diploma Graduate Post-Graduate PhD Total

20–30 – 1 1 – 2

31–40 3 9 1 2 15

41–50 2 51 15 – 68

51–60 1 47 17 – 65

Total 6 108 34 2 150

Table 2 Domain of work of
employees and their work
experience

Years of Work-Experience

Domain of Work 1–3 years 3–5 years 5–10 years More than
10 years

Total

Construction/ Real Estate/ Infrastructure – – 2 4 6

Consulting – – 1 2 3

Education/ Research – – – 1 1

Food & Beverage – – – 2 2

IT Services/ Software – – 5 4 9

Manufacturing/ Manufacturing
related services

1 5 22 97 125

Retail – – 2 2 4

Total 1 5 32 112 150
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Dubey et al. (2017b) employedWarp PLS to undertake the
Partial Least Square-Structural Equation Modeling analysis
for their research to examine the role of big data and predictive
analytics in improving social and environmental sustainabili-
ty. We have used Warp PLS software Version 6.0 in our study
to analyze the data. When the objective of the study is to
predict and explain the target constructs, Partial Least
Square-Structural Equation Modeling is a more suitable tech-
nique in such case (Hair et al. 2014; Henseler et al. 2014). In
case of Partial Least Square-Structural Equation Modeling,
the efficiency is higher for parameter estimation, and this en-

hances the likelihood that any relationship will be considered
as significant (Hair et al. 2014; Gupta et al. 2018a, b). In
Table 4, the model fit and quality indices can be seen.
All values, i.e. Average path coefficient (APC), average
R-squared (ARS) are significant as the p value is less
than 0.05 and average block VIF (AVIF) value is 4.476
which lies in the acceptable range, where less than 3.3
is an ideal case (Kock 2016).

To conclude the correctness of the model, causality assess-
ment indices are calculated and presented in Table 5. The
value of each of the indices ranges from 0 to 1 and acceptable

Table 3 Role of employee in the company/ institution and the number of employees

Number of Employees

Role in Company/ Institution Less than 10 10–50 50–300 300–500 500–1000 More than
1000

Total

AVP/ VP/ EVP – 1 5 – 3 – 9

Board Member 1 – – – – – 1

Consultant – – 1 – – – 1

Corporate Finance Executive/ Analyzt – – 1 – – – 1

Director/ CEO/ Founder 1 12 22 26 – – 61

Engineer – – 5 1 2 1 9

Manager/ Sr. Manager – 5 14 5 36 – 60

Sales/ Marketing Executive – 2 5 – – 1 8

Total 2 20 53 32 41 2 150

Table 4 Model fit and quality
indices Average path coefficient (APC) 0.319, P < 0.001

Average R-squared (ARS) 0.647, P < 0.001

Average block VIF (AVIF) 4.476, acceptable if <= 5, ideally <= 3.3

Table 5 Causality assessment
indices Simpson’s paradox ratio (SPR) 0.917, acceptable if > = 0.7, ideally = 1

R-squared contribution ratio (RSCR) 0.966, acceptable if > = 0.9, ideally = 1

Statistical suppression ratio (SSR) 0.833, acceptable if > = 0.7

Nonlinear bivariate causality direction ratio (NLBCDR) 0.958, acceptable if > = 0.7

Table 6 Latent variable
coefficients INSC ICSC ITSC APM ASD SR CR SCF

R-squared coefficients – – – 0.445 0.364 – – 1.131

Adjusted R-squared coefficients – – – 0.434 0.35 – – 1.137

Composite reliability coefficients 0.861 0.933 0.937 0.974 0.988 0.947 0.908 0.951

Cronbach’s alpha coefficients 0.878 0.934 0.937 0.974 0.988 0.946 0.909 0.95

Average variances extracted (AVE) 0.677 0.736 0.833 0.863 0.911 0.718 0.588 0.734

Variance inflation factors (VIF) 3.173 3.608 4.016 3.919 2.912 4.508 3.033 2.503

554 Inf Syst Front (2019) 21:547–564



www.manaraa.com

values are above 0.7. In Table 5 below it can be seen that the
value of all four of these indices is in the acceptable range.

Cronbach’s alpha is mainly used to assess the internal va-
lidity of the scale.Many types of research use it to check the
reliability of survey instruments. The accepted value is
0.7 or greater (Nunnally and Bernstein 1994; Tellis et al.
2009). In Table 6 below, most of the values are above the
threshold value of 0.7 and reflect the strong reliability of
the instrument. According to Hair et al. (2006), the aver-
age variance extracted (AVE) should be more than 0.5
which is also seen in the table below.

To check the multicollinearity among the variables,
Variance Inflation Factor (VIF) is used and should be less than
5 (Kock and Lynn 2012). Table 6 showcases that the VIF
value of all the variables is within the limit. The values of R-
squared coefficients show the extent to which the latent vari-
able can be explained by the constructs of each related vari-
able (Gupta et al. 2018a, b). Combined loadings and cross-
loadings can be seen in Table 10 of Appendix 2 and the

indicator weights of all the factors can be seen in Table 11 of
Appendix 3.

In Table 7 a discriminant validity test is employed to locate
whether the constructs are linked with the wrong variable. The
value of the square root of the average variance extracted for
each variable shown diagonally should be more than the con-
struct correlations (Fornell and Larcker 1981; Hair et al. 2006;
Gupta et al. 2018a, b).

Table 8 below shows the result and defines which hypoth-
eses are supported and which are not.

6 Discussion and Conclusion

This section explains the findings drawn from the outcome of
the data analysis. Also, this shows the validity of constructs in
the form of accepted or non-accepted hypotheses. The section
is divided into two parts, ‘Theoretical Contribution’ and
‘Managerial Implication’. Table 8 gives a summary of the
evidence provided by the study data to support or not support
the hypothesis generated in this study. The research findings
have theoretical contributions and practical implications and
open up a whole new scope for future research in a niche
domain.

6.1 Theoretical Contributions

This study uses the perspective of organization information
processing theory to explain the relationship between smart
supply chain management and information systems agility
combined to achieve overall supply chain flexibility. This re-
search is mostly valid in a relatively unstable market, as in a

Table 7 Correlations among latent variables with square root of AVEs

INSC ICSC ITSC APM ASD SR CR SCF

INSC 0.823

ICSC 0.731 0.858

ITSC 0.779 0.77 0.913

APM 0.45 0.515 0.514 0.929

ASD 0.455 0.435 0.45 0.755 0.954

SR 0.475 0.551 0.579 0.588 0.482 0.847

CR 0.555 0.593 0.67 0.57 0.451 0.625 0.767

SCF 0.411 0.405 0.45 0.593 0.505 0.701 0.6 0.857

Table 8 Results of hypotheses testing

Hypothesis β and p value Supported or
Not-Supported

H1a: Instrumented supply chain is positively related to the agile project management in an organization β = 0.35 p < .01 Supported

H1b: Instrumented supply chain is positively related to the agile software development in an organization β = 0.39 p < .01 Supported

H2a: Interconnected supply chain is positively related to the agile project management in an organization β = 0.10 p = 0.10 Not-Supported

H2b: Interconnected supply chain is positively related to the agile software development in an organization β = 0.02 p = 0.39 Not-Supported

H3a: Intelligent supply chain is positively related to the agile project management in an organization β = 0.29 p < .01 Supported

H3b: Intelligent supply chain is positively related to the agile software development in an organization β = 0.25 p < .01 Supported

H4: Agile project management has a positive impact on the supply chain flexibility in an organization β = 0.29 p < .01 Supported

H5: Agile software development has a positive impact on the supply chain flexibility in an organization β = 0.23 p < .01 Supported

H6a: Supplier relationship positively moderates the relationship between agile project management and the
supply chain flexibility in an organization

β = 0.99 p < .01 Supported

H6b: Supplier relationship positively moderates the relationship between agile software development and
the supply chain flexibility in an organization

β = 0.66 p < .01 Supported

H7a: Customer relationship positively moderates the relationship between agile software development and
the supply chain flexibility in an organization

β = 0.09 p = 0.14 Not-Supported

H7b: Customer relationship positively moderates the relationship between agile project management and
the supply chain flexibility in an organization

β = 0.16 p = 0.02 Supported
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stable environment, organizations mainly opt for conventional
supply chain management and information processing tools.

The study uncovers many interesting relationships between
the characteristics of the smart supply chain and modules of
flexible information systems. Organizations aspiring to
achieve the maximum degree of flexibility demonstrate an
adaptive nature throughout the system to respond in a minimal
time, achieve greater customer serviceability and lower oper-
ating costs. Previous research established theories related to
use of the information system to achieve the AAA of the
supply chain (Lee 2004). This study expands on the
established theories related to information system agility and
supply chain flexibility.

Butner (2010) and Majeed and Rupasinghe (2017)
studied the importance of the instrumented supply chain
for the development of a smart operational ecosystem
which homes supply chain flexibility. Drury-Grogan
(2014) and Tripp et al. (2016) studied the characteristics
of agile project management. As an extension of this
research, this study shows the positive relationship be-
tween the instrumented supply chain and agile project
management/ agile software development.

Clegg et al. (1995); Butner (2010) and Ben-Daya et al.
(2017) studied the positive side of the interconnected sup-
ply chain with IT as a medium of information processing.
But this study tries to portray the negative aspect of the
interconnected supply chain with information systems
agility, since more closely connected supply chains
governed through centralized systems result in a delay
and pile up of the information at vertical levels. This in
turn leads to more stringent processes resulting in ham-
pering supply chain flexibility. Also, information leakage
at both vertical and lateral levels creates extra costs which
form a barrier to achieving agility.

Digital infrastructure (technology and instruments)
needs to be synchronized and deployed in such a way that
it supports the organizational structure and strategy.
Extensive use of technology strengthens the organization
but, on the other hand, leads to underperformance of busi-
nesses when the technological infrastructure is unavail-
able or there are compatibility issues with other busi-
nesses, specifically in conditions of uncertainty. Butner
(2010), Bendavid and Cassivi (2010), and Bowles and
Lu (2014) contribute to the technological aspects of the
intelligent supply chain. This study shows the positive
outcome regarding supply chain flexibility, conditioning
the positive relationship between the intelligent supply
chain and information systems modules.

Supply chain visibility can be achieved by developing ex-
ternal lateral relations with customers and suppliers
(Srinivasan and Swink 2017). Suppliers and customers do
influence the supply chain by their interaction with the orga-
nization and sometimes intervene in the optimum operations

process. Previous studies (Srinivasan and Swink 2017) use the
positive relationship of suppliers/customers with organiza-
tions to achieve supply chain visibility. This study examines
the moderating effect of these relationships on determining
supply chain flexibility.

This study analyzes the fact that the supplier positively
moderates the relationship between the modules of informa-
tion system agility and supply chain flexibility. On the other
hand, due to their limited access to the supply chain, cus-
tomers do not have a high effect on moderating the relation-
ship between agile project management / agile software devel-
opment and supply chain flexibility.

Overall the study helps to consolidate the fragmented
established relationships between the flexible information
system, the smart supply chain and supply chain flexibil-
ity. Also, the relationship between sustainable organiza-
tions and smart cities is well established. The study ex-
amines various industries to capture all vertices of direct
connections between the technological and core compe-
tencies of an organization.

6.2 Managerial Implications

New age business managers always seek optimum deploy-
ment of technology and also to harness the internal strength
of their organization enabling them to differentiate themselves
in a league of technology-dependent organizations. Decision
makers are keen to reduce the overall cost of the system while
keeping in mind sustainability and the requirement of high
service levels and therefore want to strengthen their supply
chains in a manner that will be adaptive for dynamic require-
ments. Based on the findings, the study gives a clear picture of
the importance of linking the smart supply chain with infor-
mation processing strategies, which will help to make the
supply chain agile and aligned with cross-departmental oper-
ations. This research attempts to empirically test the positive
relationship between the characteristics of the smart supply
chain and information systems modules and their effects on
overall supply chain flexibility.

The implication for managers is to understand the level of
smartness they need to incorporate in their supply chain which
will complement the information systems with the help of
efficient analysis of available data through the available infor-
mation processing tools. The study looks in depth at the nature
of the supplier and customer relationship within organization-
al growth. The moderating effect of the supplier relationship
on information system and supply chain flexibility is analyzed
and proved, which should encourage decision makers to im-
plement an incentive mechanism, strengthening the supplier
relationship, and support more operations related to flexible
information systems.

In the business world, global consumers demand more cus-
tomized services irrespective of their knowledge of and
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exposure to technologies. The ability of a manager to maintain
the service level and meet customer expectations helps to
build an influential relationship between the customer and
the business. The study empirically proves that the customer
relationship has the least influence on information system
agility and supply chain flexibility due to its late penetration
in the supply chain.

7 Limitations and Future Scope of Research

Although the present work generates many insights into the
significant relationship of supply chain management and in-
formation system agility based on Organization Information
Processing Theory, some limitations do exist regarding sam-
ple populations, since the majority of respondents are from the

manufacturing sector and mostly work on a middle or higher
hierarchical level. In future, responses can be collected from
other industries and also, from lower level managers, since
their work is not specialized but they have multi-skills which
help them to process information more quickly and share it in
an efficient manner. Also, the sample size is one of the limi-
tations which can be increased by extending the reach to more
countries for the future purpose. Spillover of information
causes massive damage to existing operations. The effect of
these leaks can be studied by considering their direct and
moderating effect within the proposed theoretical framework.

Finally, Information transaction theory (Daft and
Lengel 1986; Huber 1990) can be used as an alternative
to organization information processing theory and can be
analyzed in the same manner to get more insight into
flexible information systems.

Appendix 1

Table 9 Operationalization of Constructs

Latent Variable Indicator Measurement Constructs Journal Paper Considered

Instrumented Supply
Chain (INSC)

Technology Integration Butner (2010); Majeed and
Rupasinghe (2017)INSC1 We have integrated technology in our supply chain

INSC2 Rapid technological changes are taken care by updating softwares
and systems on a regular basis

INSC3 We use RFID for factory automation to enhance efficiency

Interconnected
Supply Chain
(ICSC)

Connection Clegg et al. (1995); Butner (2010);
Ben-Daya et al. (2017)ICSC1 We have real time enterprise monitoring capabilities

ICSC2 We use standardized communication protocols

ICSC3 We emphasize on coordination, integration, and management of key
business processes across our supply chain

ICSC4 Inventory levels are visible throughout the supply chain

ICSC5 Demand levels are visible throughout the supply chain

Intelligent Supply
Chain (ITSC)

Traceability Butner (2010); Bendavid and
Cassivi (2010); Bowles and
Lu (2014)

ITSC1 We have adopted smart processes for planning, sourcing, making and
delivering goods

ITSC2 We use devices to actively monitor the proper handling conditions of goods

ITSC3 Our systems provide more accurate information for effective
decision making

Agile Project
Management
(APM)

Burndown Drury-Grogan (2014);
Tripp et al. (2016)B1 Our team utilizes visual indicators (charts, graphs, etc.) of how well we are

progressing during a work cycle

B2 We plot our work completed against work planned on a chart

Iterative Delivery

ID1 At the beginning of each work cycle, the team and business owners agree on
what will be delivered during the work cycle

ID2 Our team lets business people make business decisions about releases,
and technical people make technical decisions about releases

Retrospective

R1 At the end of each work cycle, the team asks itself “what went well”
during the last work cycle
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Table 9 (continued)

Latent Variable Indicator Measurement Constructs Journal Paper Considered

R2 At the end of each work cycle, the team asks itself “what could be
improved” during the next cycle

Agile Software
Development
(ASD)

Functionality Drury-Grogan (2014);
Tripp et al. (2016)FU1 Our team develops and documents the functionality of the task

FU2 We test the functionality by undergoing the quality assurance (QA)
tests as soon as it is developed

Schedule

S1 Our team plans the task by keeping all the parameters and challenges
into consideration

S2 We strive to finish the task on time and thereby avoiding cases of
delay in implementation of the task

Quality

Q1 Our team always ensures that the product works during the pre-release
and thereafter we fix the bugs to ensure smooth functioning of the project

Q2 We address our client issues immediately and ensure client satisfaction

Team Satisfaction

TSA1 We take full ownership of the implementation and everyone who worked on
it is proud of what they did

TSA2 Our senior management stands behind our agile teams throughout the journey

Supplier
Relationship
(SR)

Top Management Support Heide and John (1990); Carr
and Pearson (1999); Primo
and Amundson (2002);
Modi and Mabert (2007);
Wu et al. (2010); Dubey
and Bag (2013)

TM1 Our top management support improved collaboration with key suppliers

TM2 We have done investments in tooling and equipment dedicated to our
relationship with key suppliers

Collaboration

COL1 We undertake joint action with suppliers for component testing or prototyping

COL2 We do joint discussion with key suppliers for long term planning and
forecasting of strategic component requirements

Communication

COM1 Firm has frequent face-to-face discussion/communication with key suppliers

COM2 It is expected that any information that may help the supplier will be
provided to them

COM3 It is expected that the supplier will provide any information that may be
of help to your firm

Customer
Relationship
(CR)

Customer Focus Laaksonen et al. (2009); Yu et al.
(2013); Wong et al. (2015)CF1 We focus on customer needs

CF2 We focus in quality improvement programs as per customer directives

CF3 We have implemented IT enabled collaborative decision making through
inter organization information integration

Relationship Quality

RQ1 Wemaintain transparency with customers and there is trust between each-other

RQ2 We receive accurate forecasts from customers

RQ3 We receive technical support from customers

RQ4 We get timely payments as per order terms and conditions

Supply Chain
Flexibility (SCF)

Technological Changes Slack (1983); Gupta and Somers
(1992); Zhang et al. (2003);
Avittathur and Swamidass
(2007); Moon et al. (2012);
Tiwari et al. (2015); Sushil
(2015); Kaur and Singh (2017)

TC1 Our firm can modify systems and processes fairly quickly and as necessary
to support competitive thrusts

TC2 Our production system has been tailored to using the particular
remanufactured components bought from key suppliers

TC3 The ability of material handling system to move different part types for
proper positioning and processing through the manufacturing facility is high

Attitudinal Changes

AC1 Our suppliers have the ability and willingness to accept volume and variety
changes
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Appendix 2

Table 9 (continued)

Latent Variable Indicator Measurement Constructs Journal Paper Considered

AC2 The design changes in product is sometimes done for ease of component
manufacturing by suppliers

AC3 Our suppliers have the ability and desire to learn buyer’s system and comply
with it

AC4 Our design engineers assist suppliers in continuous process improvement

Table 10 Combined loadings and cross-loadings

INSC ICSC ITSC APM ASD SR CR SCF SE p value

INSC1 0.948 0.067 −0.132 −0.035 −0.002 −0.018 0.018 0.006 0.066 <0.001

INSC2 0.711 −0.354 0.337 −0.042 −0.05 0.142 0.001 −0.11 0.07 <0.001

INSC3 0.791 −0.109 0.558 0.271 0.057 −0.022 −0.133 0.066 0.068 <0.001

ICSC1 0.516 0.861 −0.109 −0.238 0.111 −0.218 0.135 0.021 0.067 <0.001

ICSC2 0.085 0.845 −0.508 0.14 −0.039 0.2 0.249 −0.152 0.068 <0.001

ICSC3 0.074 0.893 −0.282 −0.036 −0.115 −0.108 0.051 0.145 0.067 <0.001

ICSC4 −0.341 0.897 0.341 0.082 0.017 0.126 −0.185 −0.036 0.067 <0.001

ICSC5 −0.329 0.788 0.47 0.235 −0.006 0.025 −0.102 −0.096 0.069 <0.001

ITSC1 0.181 0.1 0.908 0.067 0.004 −0.003 −0.052 −0.071 0.067 <0.001

ITSC2 −0.261 −0.069 0.926 0.07 0.012 0.072 −0.038 0.025 0.066 <0.001

ITSC3 0.09 −0.031 0.904 −0.147 −0.018 −0.076 0.094 0.046 0.067 <0.001

B1 0.082 0.044 −0.183 0.915 −0.064 −0.14 0.355 0.001 0.067 <0.001

B2 0.057 0.092 −0.062 0.9 0.023 −0.029 0.023 0.091 0.067 <0.001

ID1 −0.025 −0.039 0.097 0.961 0.032 0.018 −0.13 −0.022 0.066 <0.001

ID2 −0.15 −0.09 0.274 0.917 0.054 0.183 −0.311 −0.003 0.067 <0.001

R1 0.065 −0.011 −0.119 0.951 −0.04 0.076 0.017 −0.022 0.066 <0.001

R2 −0.091 0.067 0.028 0.927 0.01 −0.156 0.099 0.025 0.066 <0.001

FU1 0.078 −0.011 0.037 0.088 0.927 0.022 −0.22 0.088 0.066 <0.001

FU2 −0.08 −0.06 0.114 0.069 0.948 0.069 −0.077 0.013 0.066 <0.001

S1 0.005 0.01 −0.008 0.001 0.972 0.016 −0.02 −0.025 0.066 <0.001

S2 0.054 0.045 −0.109 −0.055 0.975 −0.024 0.069 −0.016 0.066 <0.001

Q1 −0.042 0.033 0.012 0.005 0.97 −0.11 0.095 0.022 0.066 <0.001

Q2 0.037 −0.021 −0.054 −0.038 0.955 0.07 −0.025 −0.019 0.066 <0.001

TSA1 0.039 −0.001 −0.031 −0.018 0.962 −0.073 0.097 0.022 0.066 <0.001

TSA2 −0.11 −0.065 0.18 0.02 0.925 0.126 −0.152 −0.043 0.067 <0.001

TM1 0.074 0.153 0.363 −0.188 −0.025 0.822 −0.032 −0.064 0.068 <0.001

TM2 −0.293 −0.128 0.485 −0.155 0.327 0.721 −0.285 0.461 0.07 <0.001

COL1 0.189 −0.144 −0.024 0.061 −0.147 0.89 −0.018 0.238 0.067 <0.001

COL2 −0.168 0.026 0.121 0.176 0.08 0.892 −0.19 −0.078 0.067 <0.001

COM1 0.097 0.016 −0.224 −0.228 0.076 0.855 0.084 −0.091 0.068 <0.001

COM2 −0.028 0.041 −0.207 0.041 −0.063 0.875 0.216 −0.135 0.067 <0.001

COM3 −0.025 0.01 −0.182 0.052 −0.014 0.862 0.079 −0.093 0.067 <0.001

CF1 −0.294 −0.197 0.186 −0.031 0.244 0.692 0.624 −0.3 0.071 <0.001

CF2 −0.322 −0.088 0.029 −0.036 0.138 0.482 0.755 −0.341 0.069 <0.001

CF3 0.314 −0.032 0.507 0.151 −0.067 −0.234 0.691 −0.025 0.07 <0.001

RQ1 0.03 0.127 −0.246 −0.088 0.057 0.189 0.903 −0.081 0.067 <0.001

RQ2 −0.123 −0.117 0.247 0.163 0.009 −0.295 0.781 0.243 0.069 <0.001
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Appendix 3

Table 10 (continued)

INSC ICSC ITSC APM ASD SR CR SCF SE p value

RQ3 0.246 −0.01 0.035 −0.056 −0.192 −0.381 0.836 0.225 0.068 <0.001

RQ4 0.209 0.274 −0.654 0.019 −0.191 −0.353 0.743 0.083 0.069 <0.001

TC1 −0.021 0.016 −0.05 −0.025 −0.014 −0.113 0.174 0.827 0.068 <0.001

TC2 −0.28 −0.044 0.211 −0.267 0.281 −0.112 0.052 0.858 0.067 <0.001

TC3 −0.092 −0.099 0.098 0.424 −0.335 0.158 −0.092 0.826 0.068 <0.001

AC1 0.085 0.095 −0.128 0.044 −0.007 0.069 −0.083 0.902 0.067 <0.001

AC2 −0.032 −0.162 0.145 −0.251 0.203 −0.008 −0.073 0.859 0.067 <0.001

AC3 0.146 −0.037 −0.057 0.028 −0.073 0.007 0.064 0.88 0.067 <0.001

AC4 0.075 0.164 −0.103 0.084 −0.106 −0.053 0.008 0.843 0.068 <0.001

Loadings are un-rotated and cross-loadings are oblique-rotated, both after separate Kaiser Normalizations

Table 11 Indicator weights
INSC ICSC ITSC APM ASD SR CR SCF SE p value

INSC1 0.76 0.069 <0.001

INSC2 0.11 0.08 0.082

INSC3 0.11 0.08 0.081

ICSC1 0.24 0.077 0.001

ICSC2 0.14 0.079 0.046

ICSC3 0.24 0.077 0.001

ICSC4 0.39 0.075 <0.001

ICSC5 0.06 0.081 0.227

ITSC1 0.34 0.076 <0.001

ITSC2 0.35 0.075 <0.001

ITSC3 0.33 0.076 <0.001

B1 0.16 0.079 0.024

B2 0.10 0.08 0.101

ID1 0.32 0.076 <0.001

ID2 0.11 0.08 0.095

R1 0.24 0.077 0.001

R2 0.12 0.08 0.07

FU1 0.05 0.081 0.253

FU2 0.13 0.079 0.05

S1 0.21 0.078 0.005

S2 0.17 0.079 0.016

Q1 0.16 0.079 0.022

Q2 0.12 0.079 0.061

TSA1 0.12 0.08 0.069

TSA2 0.07 0.08 0.208

TM1 0.14 0.079 0.046

TM2 0.06 0.08 0.213

COL1 0.20 0.078 0.006

COL2 0.21 0.078 0.004

COM1 0.14 0.079 0.041

COM2 0.19 0.078 0.009

COM3 0.17 0.079 0.018
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