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Abstract
Purpose – The purpose of this paper is to suggest a lean, agile, resilient, and green (LARG) index as a
benchmarking tool to assess the leanness, agility, resilience and the greenness of the automotive
companies and corresponding supply chain (SC).
Design/methodology/approach – The proposed index incorporates LARG supply chain
management paradigms and corresponding practices being both weighted according to their
importance for the automotive SC sustainability. The Delphi technique is used to obtain the weights for
each SC paradigm and a linear aggregated method is proposed. A case study approach related to the
automotive SC is chosen to illustrate the LARG index application.
Findings – The case study results confirmed the usefulness and ease of application of LARG index in
a real world SC. The application of the suggested index to a set of companies, and consequently to their
SC, makes possible to identify: the better and worst performer company in each paradigm, the LARG
practices with higher levels of application among the companies, the LARG index for each company
and also for the corresponding SC. This becomes an important benchmarking tool since comparative
analysis regarding the LARG behaviours are possible to perform with the suggested index.
Research limitations/implications – More LARG practices could be considered to improve the
robustness of the index. Future studies should be conducted across more companies for improving
the effectiveness of the approach, and more members should be included in the panel of Delphi
technique for enhancing the validity of the suggested approach.
Practical implications – SC companies will be able to assess their performance in terms of leanness,
agility, resilience and greenness. A study like this could encourage all automotive companies to benchmark
their organizations as regards their competitors, the best in class, and also the industry average.
Originality/value – This paper contributes to the literature by introducing a new index for
measuring the leanness, agility, resilience and greenness of companies and SCs. This index can be used
by managers as a benchmarking tool to identify their LARG behaviour and compare it with their SC
partners and seek for improvement.
Keywords Decision support systems, Supply chain management, Agility, Lean production,
Industrial performance, Lean, Green, Agile, Index, Automotive industry, Resilient
Paper type Research paper

1. Introduction
The increased pressure from community and environmentally conscious consumers
has lead to rigorous environmental regulations, forcing companies to integrate
environmental and social concerns into their management practices (Rao and Holt,
2005; Paulraj, 2009). As Pagell and Wu (2009) assert, beyond the immediate economic
concerns, business needs to deal with environmental and social issues in order to be
more sustainable. Vachon and Klassen (2008) stressed that environmental management
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has evolved from the internal organization focus to a supply chain (SC) perspective.
Supply chain management (SCM), besides increasing organizational effectiveness,
enhancing competitiveness, customer service and profitability, is also a crucial
influence on the sustainable development of a business (Azevedo et al., 2012a, b, c).

The sustainable development of business means adopting business strategies that
meet the needs of the organization today while protecting, sustaining and enhancing the
human and natural resources that will be needed in the future (van Someren, 1995). It is
crucial to implement management practices that not only promote the organization and
overall SC efficiency, but also that focuses on sustainability, this is, considering social,
economic and environmental concerns. Among the diversity of SCM issues, the supplier
management for environmental and social risks and the triple bottom line performance
(economic, social and environmental performance) improvement are considered critical to
ensure SC sustainability (Seuring and Muller, 2008). Therefore management systems
play an important role and can be related to the minimum performance required. Among
the various SCM paradigms the following ones are considered critical to ensure SC
sustainability: the lean, the agile, the resilient and the green paradigms (designated by the
acronym LARG) (Carvalho et al., 2010, 2011, 2012; Azevedo et al., 2012a).

The best combination of LARG practices to implement in companies is not a trivial
question; there are some trade-offs among the paradigms. A representative example is
the presence of strategic inventory, it reduces the organization’s vulnerability to
unexpected events that may interrupt materials supply, but it could hide the causes of a
bad SC performance and generate material obsolescence; for that reason, the lean and
green paradigms prescribe the minimization of inventory levels. The utilization of
benchmarking tools can assist the managers in the selection of the best combination
of LARG practices, since it allows discover new ideas, methods and processes as well as
to identify the highest standards of excellence (Björklund, 2010). Also it could provide
insights on the best management practices with higher positive impact on performance.

In the literature there is a set of sustainability benchmarking tools (e.g. Hong et al.,
2012; Colicchia et al., 2011; Presley and Meade, 2010; Björklund, 2010; Hemming et al.,
2004). However, none is focused on the four researched paradigms. Despite the relevancy
of the topic, there is a lack of feasible indexes that makes possible to develop a
benchmarking analysis to compare the level of leanness, agility, resilience and greenness
in the companies that belong to the same SC. To address this research gap this paper
aims to propose an index named by LARG index to evaluate the degree of leanness, agile,
resilience and greenness that companies and respective SC possess. Also it intends to
give continuity to the already comprehensive investigation developed in the domain of
LARG paradigms in the SCM context. This research extends the works of Azevedo et al.
(2012b, c) that propose two indexes: an “Ecosilient index” to assess the greenness as well
as the resilience and an “Agilean index” to assess the agility and leanness of individual
companies and the corresponding SC. These previous efforts motivated the necessity to
expand the research to the development of benchmarking tools settled on LARG
practices as an inductor of the SC sustainability. A benchmarking tool will be proposed,
in the form of an index, to support the assessment of each paradigm implementation level
considering the organization and respective SC perspective. Namely it intends to:

• propose an index named by LARG to reflect the leanness, agility, resilience and
the greenness of companies and corresponding SC; and

• illustrate the application of the integrated index in a case study related to the
automotive SC.
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Using the proposed benchmarking tool organizations will be able to improve not only
their sustainability but also of the SC where they are inserted.

The paper is organized as follows. Following the introduction, a literature review on
the four paradigms LARG are described from a SCM perspective being pointed out
various management practices. Subsequently, an integrated assessment model is
proposed to evaluate the company’s and the SC’s level of leanness, agility, resilience and
greenness. Next, are presented some insights on the LARG index construction including
the description of the Delphi method. After that, a case study approach is developed to
illustrate the suggested LARG index application. Finally, some conclusions are drawn.

2. Theoretical background
2.1 LARG SCM paradigms and sustainability
According to Redclift (1993) sustainability involves a compromise between the natural
environment and the pursuit of economic growth. Among the diverse interpretations of
sustainability three interdependent and interrelated components can be found: society,
environment and economy. These are consistent with the notion of a triple bottom line
(people, planet and profit) (Seuring and Muller, 2008). The term sustainability has been
applied in most cases to an individual company context (Hahn and Scheermesser, 2006;
Eweje, 2011), but it should also be a concern and a priority to SCs (Ashby et al., 2012;
Xia and Tang, 2011; Winter and Knemeyer, 2013). Rodrigue et al. (2001) highlight that
the integration of environmental concerns into logistic systems are leading to the
creating of trade-offs or paradoxes. For example in the global and integrated SC’s
the just-in-time ( JIT) practices are leading to more flexible and efficient distribution
systems, but at the same time the frequent delivery of small quantities demands more
energy consumption and produces a high level of air emissions. Those authors classify
the green logistics paradoxes in six dimensions: costs, time/flexibility, network,
warehousing and e-commerce. More recently Carvalho et al. (2011) propose the
deployment of LARG practices in the SC context as a way of overcoming these
paradoxes: to reduce cost, improve flexibility and responsiveness, reliability and reduce
the SC negative environmental externalities. The adoption of LARG SCM practices is
also an important contribution to improve the sustainability of individual companies
and corresponding SC.

The lean approach essentially focuses on waste reduction as a means to increase
actual value-added, to fulfil customer needs and maintain profitability (Womack et al.,
1991). Disney et al. (1997) extend the lean to the SC context; they state that lean processes
create value through the elimination of “waste” in the SC. Several companies have
successfully implemented lean principles to achieve sustainable benefits. Lean principles
are viable to ensure sustainable benefits (Fliedner, 2008). The application of lean
principles promotes the minimization of negative environmental impacts, i.e. the
company is both lean and green (Carvalho et al., 2010). The elimination of environmental
wastes using lean initiatives enables the acquisition of business values (Kaebernick et al.,
2003). The effective interaction between lean and sustainable efforts enables companies
to avoid risks of noncompliance with regulatory requirements and explore new ways of
improving operational and environmental performances (Herron and Braiden, 2006).
Anand and Kodali (2008) stress also that a lean SC involves integrating all the upstream
and downstream activities into a coherent whole looking for ways to reduce demand
variation by simplifying, optimizing, streamlining and creating capability by using
assets more effectively than in traditional systems. Some lean practices that can be found
in the literature are: respect for people (Treville and Antonakis, 2006); customer
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relationship (Anand and Kodali, 2008); quality management (Brown and Mitchell, 1991);
JIT (Gurumurthy and Kodali, 2009); pull production/flow (Brown and Mitchell,
1991; Anand and Kodali, 2008); supplier relationships (Gurumurthy and Kodali, 2009);
and mistake-proofing (Stewart and Grout, 2001). At the operational level, the Lean
paradigm is implemented by using a number of techniques such as kanban, 5S, visual
control, takt-time, poke-yoke and SMED (Melton, 2005).

Since customer requirements are continually changing it is more difficult to SCs
attain their objectives, this is delivering the right product, in the right quantity, in the
right condition, to the right place, at the right time, for the right cost. To overcome these
conditions Hoek et al. (2001) suggest that flexible and responsive capabilities in terms
of SCs processes, networks and how they are integrated across other organizations
should be developed, that is, they should be Agile. The deployment of agile practices
contributes also to the sustainability improvement. The flexibility of companies to
produce different products and services, as well as to reorganize their business
structures, is a fundamental requirement of agile systems. Agile practices have been
deployed by companies as a strategy for responding to the rapid growth and
continuously changing market, as a method of organizational sustainability (Flumerfelt
et al., 2012). Some of the main agile practices in the SC context are: to increase the
frequencies of new product introductions (Agarwal et al., 2007); to speed customer
service (Swafford et al., 2008); to develop centralized and collaborative planning
(Agarwal et al., 2007); to use IT to coordinate/integrate activities in manufacturing and
in design and development (Lin et al., 2006; Swafford et al., 2008); to have the ability to
change delivery times of supplier’s order (Swafford et al., 2008); to reduce development
cycle times (Swafford et al., 2008); and to increase the frequencies of new product
introductions (Agarwal et al., 2007).

Today’s marketplace is also characterized by higher levels of turbulence and
volatility. As a result, SCs are more vulnerable to disruption and, in consequence, the
risk to business continuity has increased (Azevedo et al., 2008). Whereas in the past
the principal objective in SC design was cost minimization or service optimization, the
emphasis today has to be upon resilience (Tang, 2006). Resilience is referred as the SC
ability to cope with unexpected disturbances (Carvalho et al., 2012). The aim of
resilience strategies has two manifolds (Haimes, 2006): to recover to a desired state
of the system that has been disturbed, within an acceptable time period and at an
acceptable cost; and to reduce the disturbance impact by changing the effectiveness
level of a potential threat. The relationships between resilience and sustainability can
be found in the literature in a farm SC context (Darnhofer et al., 2010; Eakin andWehbe,
2009). According to these authors a farm is a complex system that is unlikely to be
resilient per se, but can be resilient given its ecological, economic and political context.
For this kind of system to achieve sustainability, it must be able to take advantage of
current opportunities, while managing the conditions that expand future possibilities.
It must ensure adaptability and transformability and may allow the identification of
factors enhancing system’ resilience so as to achieve sustainability. A representative
sample of the main resilient practices in the SC context founded in the literature is:
strategic stock (Tang, 2006); lead time reduction (Christopher and Peck, 2004);
maintaining a dedicated transit fleet (Rice and Caniato, 2003); flexible supply base/
flexible sourcing (Tang, 2006); sourcing strategies to allow switching of suppliers
(Rice and Caniato, 2003); creating total SC visibility (Iakovou et al., 2007); flexible
transportation (Tang, 2006); developing visibility to a clear view of downstream
inventories and demand conditions (Christopher and Peck, 2004).
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The green management approach is recognized as contributing to cost reduction
by using resources, such as water, energy and raw materials, more efficiently (Walker
et al., 2010). Companies that do not use resources efficiently will miss out on potential
commercial opportunities and will lose out as prices for scarce commodities rise.
In addition, to achieve higher levels of sustainability, environmental issues must be
integrated into SCM. Srivastava (2007) defined green SCM as an “integrating
environmental thinking into SCM, including product design, material sourcing and
selection, manufacturing processes, final product delivery to customers as well as
end-of-life disposal”.

There exists a relationship between the adoption of green management practices
and the sustainability. Some authors (Hart, 1997; Azevedo et al., 2012a) highlight
the specific contribution of the development of green products by companies for the
sustainability. This is expected to occur since a product is considered green “when its
environmental and societal performance, in production, use and disposal, is
significantly improved and improving in comparison to conventional or competitive
products offerings” (Peattie, 1995, p. 181). Some of green practices suggested in the SC
context are: environmental collaboration with suppliers (Holt and Ghobadian, 2009);
ISO 14001 certification (Gonzalez et al., 2008); minimization of waste (Rao and Holt,
2005); reverse logistics (Gonzalez et al., 2008); environmental monitoring upon suppliers
(Paulraj, 2009); to reduce energy consumption (Zhu et al., 2008); to reuse/recycling
materials and packaging (Paulraj, 2009); environmental collaboration with the
customer (Hu and Hsu, 2006); reverse logistics (Srivastava, 2007).

2.2 Utilization of indexes as a benchmarking tool
Up until recent years benchmarking was almost solely used to compare business or
product performance. The move from performances to practices can be seen as
the evolution of the concept itself (Voss et al., 1997). Synthetic benchmarking refers to the
use of analysis and comparison tools which contain knowledge that is codified and can
be easily understood and used even when certain managerial skills are lacking (Ashton,
1998; Flynn et al., 1995).

Benchmarking with a focus on performance is underway by gathering quantitative
information making possible comparison to the target, highlighting any gaps between
the benchmark and the performance under consideration. According to Drew (1997)
benchmarking on performances is only useful when it is used as a diagnostic tool in the
initial stages of a benchmarking process, i.e. when this process is considered to be a tool
for organizational improvement. The processes behind the performances must be
analysed to understand what improvements should be made and how to go about
making them. It is also difficult to carry out a benchmarking on performances because
it is very much conditioned by situational factors.

Benchmarking on practices is different because it forces the company to
“understand” its own practices as well as those presented by the tool, starting from
the first stage of application and the process of “comparing” the practices used with
those codified in the tool can only be carried out once this “understanding” has taken
place. Furthermore, the definition of gaps between current practices and the targets
contributes not only to highlight the need to activate improvements but also to suggest
how the improvements can be carried out promoting a learning process and working as
an engine for change (Elmuti and Kathawala, 1997).

In the literature some indexes have been proposed as benchmarking tools. From a
macro perspective, Huggins (2003) suggests a single index to assess the relative
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economic competitiveness of regions and localities in the UK, so performing local and
regional benchmarking analysis. Also the World Bank develop a logistic performance
index (http://lpi.worldbank.org/) to serve as a benchmarking tool to help countries
identifying the opportunities in their performance on trade logistics. This is an index
that evaluate the countries international logistic trade performance (customs
performance, infrastructure quality and timeliness of shipments) and internal
determinants for overall logistic performance (infrastructure, services, border
procedures and time, and supply chain reliability). Considering the sustainability
perspective Lau (2011) suggests a composite index to perform a benchmarking analysis
on the green logistics performance among industries and countries. However, there are
indexes develop considering the company perspective, e.g. Tavana et al. (2003) propose
a total quality index as a benchmarking tool for helping managers assess a total quality
management programme in organizational processes. Considering the SC context
Azevedo et al. (2012b) propose an index to assess the greenness as well as the resilience
of a SC and in a parallel study they also develop an index to assess the agility and
leanness of individual companies and the corresponding SC (Azevedo et al., 2012c).
Since there are trade-offs and synergies among the paradigm deployment in SC
sustainability new integrative indexes are need to deal with the sustainability
challenges and give managers information to support their making decision on the kind
of practices they must invest on attending to their positive impact on companies and
corresponding SC performance. In this study an aggregated index will be also
suggested as a benchmarking tool for individual companies and SC comparison as
regards the leanness, agility, resilience and greenness behaviour.

3. Development of a LARG index
The main objective of this section is to propose an LARG index to assess
the companies and the SCs level of leanness, agility, resilience and greenness.
The rationale behind this model is that since the SC is composed by a set of
n companies, each one with different implementation degrees of LARG practices,
the SC overall behaviour will be computed by the aggregation of individual companies’
behaviours. In this research the methodology suggested by Azevedo et al. (2012b, c) has
been followed in the construction of the LARG index. The deployment of LARG
practices within the companies and respective SC intents to achieve compatibility
between the application of lean production principles (based on the zero stock, without
waste and activities that do not add value), with agility (which assume the adjustment
of the markets in constant change), at the same time considering the necessary
production system resiliency to possible disturbances and risks (some can be
predictable, but others occur in a completely unexpected way) and also green principles
to reduce the environmental impacts.

3.1 Integrated assessment model for the LARG index
In a first step it is necessary to compute the individual company behaviour according
to each four research paradigms. The hierarchical relationships evolved in this
assessment are described in Figure 1.

Each indicator in Figure 1 intends to reflect the individual company behaviour in terms
of its leanness, agility, resilience and greenness. These indicators are obtained by
combining the information from a set of sub-indicators: lean SC practices (PL1, …, PLv);
agile SC practices (PA1, …, PAs); resilient SC practices (PR1, …, PRt); and green SC
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practices (PG1,…, PGv). Each sub-indicator is assessed on a five-point Likert scale where 1
means “practice not implemented” and 5 “practice totally implemented”.

For each company a set of four indicators is proposed:

(1) lean behaviour (BL): it represents a set of SCM practices implemented by the
company to maximize customer value while minimizing waste;

(2) agile behaviour (BA): it reflects the company’s ability to respond rapidly and
cost effectively to unpredictable changes;

(3) resilient behaviour (BR): it represents a set of SCM practices reflecting the
company’s ability to cope with unexpected disturbances; and

(4) green behaviour (BG): it represents the set of SCM practices to achieve corporate
profit and market-share objectives by reducing environmental risks and
impacts while improving the company ecological efficiency.

It is supposed that for each company the indicators can be computed aggregating the
correspondent individual sub-indicators according to their importance. For each
company j a generic formula in Equation (1) can be used to compute each indicator Bx
according to the paradigm x, being x¼L (for lean), A (for agile), R (for resilient) or G
(for green). Equation (1) shows that the company behaviour according to a particular
paradigm is function of each practice implementation level (Pxy) and corresponding
weight (wxy):

Bxð Þj ¼ f wx1 � Px1ð Þj; :::;wxy�1 � Pxy�1
� �

j;wxy � Pxy
� �h i

being wxiX0 and
X
i

wxi ¼ 1 (1)

where (Bx)j represents the behaviour of company j according to the paradigm
x (x¼L, A, R or G). (Pxi)j represents for company j the implementation level of practice
i of paradigm x. A total of y practices are considered for each paradigm. Each
practice implementation level is assessed on a five-point Likert scale where 1 means
“practice not implemented” and 5 “practice totally implemented. wxi is the weight of
practice i of paradigm x. This weigh is common for all companies belonging to the

PL1, ...,PLy PA1, ...,PAy PR1, ...,PRy PG1, ...,PGySub-indicators

Lean
behaviourj

Agile
behaviourj

Resilient
behaviourj

Green
behaviourj

Indicators

Lean practices
weight
wPLi

Agile practices
weight
wPAi

Resilient practices
weight
wPRi

Green practices
weight
wGLi

Company
LARG index

Lean paradigm
weight
wL

Green paradigm
weight
wG

Resilient paradigm
weight
wR

Agile paradigm
weight
wA

PL1, ...,PLy PA1, ...,PAy PR1, ...,PRy PG1, ...,PGySub-indicators

Lean
behaviourj

Agile
behaviourj

Resilient
behaviourj

Green
behaviourj

Indicators

Lean practices
weight
wPLi

Agile practices
weight
wPAi

Resilient practices
weight
wPRi

Green practices
weight
wGLi

Company
LARG index

Lean paradigm
weight
wL

Green paradigm
weight
wG

Resilient paradigm
weight
wR

Agile paradigm
weight
wAFigure 1.

Hierarchical
relationships evolved
in the LARG
company behaviour
assessment
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same SC. The weight values reflect the importance of each practice in the SC.
It assumes values between 0 (not important) and 1 (extremely important).

Equation (1) shows that the company behaviour according to a particular paradigm is
function of each practice implementation level and the corresponding weight. For each
company the behaviour Bx according to each paradigm goes from 1 (none paradigm
practice implemented) to 5 (all the research paradigms practices are implemented).

The LARG index for a particular company (LARGj) is a composite indicator which is
function of the company indicators of each paradigm and corresponding weights:

LARGj ¼ f wL � BLð Þj;wA � BAð Þj;wR � BRð Þj;wG � BGð Þj
� �

being wL;wA;wR;wGX0 and wL;wA;wR;wG ¼ 1 (2)

where (Bx)j represents the company j behaviour according to the paradigm x (x¼L, A,
R or G); and wL, wA, wR, wG, represent, respectively, the weight of LARG paradigms.
The weight values reflect the importance of each paradigm for the SC sustainability.
It assumes values between 0 (not important) to 1 (extremely important).

The company LARG index goes from 1 (none paradigms are deployed in the
company) to 5 (all the paradigms are completely deployed in the company).

To assess the SC LARG index (LARGsc) the individual companies’ LARG
behaviours can then be used as sub-indicators according to the hierarchical relations
of Figure 2.

The individual company j behaviour (Bx)j can be aggregated using the following
equation to obtain each SC indicator according to each paradigm (SCIx):

SCIx ¼
Pn

j¼1 Bxð Þj
n

(3)

where n is the number of companies considered in a particular SC; and (Bx)j, is the
company j behaviour according to the paradigm x (x¼L, A, R or G).

The LARG index for a particular SC (LARGSC) is a composite indicator which is a
function of the SC indicators of each paradigm and corresponding weights:

LARGSC ¼ f wL � SCIL;wA � SCIA;wR � SCIR;wG � SCIGð Þ

being wL;wA;wR;wGX0 and wL;wA;wR;wG ¼ 1 (4)

where SCIL, SCIA, SCIR, SCIG, represents, respectively, the SC behaviour according to
LARG paradigms; and wL, wA, wR, wG, represents, respectively, the weight of LARG
paradigms. The weight values reflect the importance of each paradigm for the SC
sustainability. It assumes values between 0 (not important) to 1 (extremely important).

The LARGSC index goes from 1 (none paradigms put into practice in the SC
companies) to 5 (all the paradigms are completely deployed in the SC companies).

3.2 LARG index construction
The proposed model to assess the SC behaviour in terms of LARG paradigms can be
used to derive an index considering the following: the set of LARG practices should
be appropriate to the type of SC; the weight of the practices and paradigms should be
accessed by a set of experts; and the variables independence should be asses to a
correctly interpretation of the composite additive weighting index.
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involved in the
supply chain
LARG index
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Considering the theoretical model proposed in the previous section, a model for the
automotive SC is derived considering the set of LARG constructs and respective
weights proposed by Azevedo et al. (2012b, c) as presented in Table I. In this table the
LARG constructs are defined using a set of sub-indicators (which are management
practices) as in Azevedo et al. (2012b, c).

In previous research there are no evidences of the relative weights of paradigms.
In the indexes proposed by Azevedo et al. (2012b, c) it was considered that the
paradigms have equal importance. However, this assumption is not followed in this
study. In this paper a Delphi approach is used to compute the weight for each SCM
paradigm. Each SCM paradigm importance was measured using a score between 1 and
5, with 1 representing “nothing important” and 5 representing “extremely important” to
the automotive SC sustainability. Then the weight for each paradigm was computed by
using the following equation (Yeung et al., 2007):

wx ¼
MxPn
g¼1 Mg

(5)

where wx represents the weighting of the paradigm x;Mx represents the mean rating of
the particular paradigm x; and

Pn
g¼1 Mg represents the summation of mean rating for

each paradigm.
3.2.1 Delphi study. The Delphi technique is a highly formalized method of

communication that is designed to extract the maximum amount of unbiased
information from a panel of experts (Chan et al., 2001). It offers important advantages in
situations where it is crucial to define areas of uncertainty or disagreement, as it is the
case. The Delphi technique has been used to determine indexes in SC context, such as:
to propose a risk assessment index (Rao and Schoenherr, 2011; Gaudenzi and Borghesi,
2006); to develop SC performance indexes (Nunlee et al., 2000); to propose a “fragility
index” for helping SC managers assess sources and potential costs of fragility and
sustainability (Stonebraker et al., 2009); and to propose a collaboration index to
measure the extent of collaboration between retailers and manufacturers in the apparel
SC (Anbanandam et al., 2011). According to Linstone and Turoff (1975) the key
steps in preparing a Delphi study are: the definition of experts and their selection; the
number of rounds; and the questionnaire structure in each study round. Generally,
the number of suggested rounds ranges from two to seven and the number of
participants varies between 3 and 15 (Rowe and Wright, 1999).

The success of the Delphi method depends on the careful selection of the panel
members (Chan et al., 2001). As the information solicited requires in-depth knowledge
and sound experience about, for one hand the automotive industry, and for the other
the LARG paradigms, a purposive approach was adopted to select this group of
experts (Chan et al., 2001). The panel is made up of academics and professionals.
To identify eligible academics for this part of the study the following two criteria were
formulated: having current/recent involvement in automotive industry research topics;
having a sound knowledge and understanding on LARG paradigms. In order to obtain
the most valuable opinions, only academics who met the two selection criteria were
considered. The criterion used to select professionals was that they should work in
automotive companies in some capacity. According to Grisham (2009) it is important to
select members who have a balance between impartiality, and an interest in the topic.
So academics and professionals were invited to make part of the panel. This same
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Constructs Sub-indicators (practices) Authors Weights (wxi)

BL¼ lean
behavioura

PL1¼ just-in-time (first tier
supplier→focal company)

Demeter and Matyusz (2011) 0.15

PL2¼ supplier relationships/long-term
business relationship

Parveen and Rao (2009) 0.14

PL3¼ just-in-time (focal company) Demeter and Matyusz (2011)
and Furlan et al. (2011)

0.17

PL4¼ pull flow Demeter and Matyusz (2011) 0.14
PL5¼ total quality management Demeter and Matyusz (2011) 0.14
PL6¼ customer relationships Lee et al. (2007) 0.12
PL7¼ just-in-time (focal company→first
tier customer)

Furlan et al. (2011) 0.14

BA¼ agile
behavioura

PA1¼ to use IT to coordinate/integrate
activities in design and development

Agarwal et al. (2007) and
Swafford et al. (2008)

0.15

PA2¼ ability to change delivery times of
supplier’s order

Swafford et al. (2008) 0.18

PA3¼ to use IT to coordinate/integrate
activities in manufacturing

Swafford et al. (2008) 0.14

PA4¼ to reduce development cycle times Swafford et al. (2008) 0.16
PA5¼ centralized and collaborative
planning

Agarwal et al. (2007) 0.14

PA6¼ to increase frequencies of new
product introductions

Lin et al. (2006) 0.11

PA7¼ to speed in improving
customer service

Swafford et al. (2008) 0.12

BR¼ resilient
behaviourb

PR1¼ sourcing strategies to allow
switching of suppliers

Rice and Caniato (2003) 0.15

PR2¼ flexible supply base/flexible
sourcing

Tang (2006) 0.16

PR3¼ strategic stock Christopher and Peck (2004)
and Tang (2006)

0.14

PR4¼ lead time reduction Christopher and Peck (2004)
and Tang (2006)

0.14

PR5¼ creating total supply chain
visibility

Iakovou et al. (2007) 0.15

PR6¼ flexible transportation Tang (2006) 0.14
PR7¼ developing visibility to a clear
view of downstream inventories and
demand conditions

Christopher and Peck (2004) 0.12

BG¼ green
behaviourb

PG1¼ environmental collaboration
with suppliers

Hu and Hsu (2006), Zhu et al.
(2007) and Holt and
Ghobadian (2009)

0.15

PG2¼ environmental monitoring
upon suppliers

Hu and Hsu (2006) and
Paulraj (2009)

0.10

PG3¼ ISO 14001 certification Rao and Holt (2005) and Zhu
et al. (2008)

0.14

PG4¼ to reduce energy consumption 0.17
PG5¼ to reuse/recycling materials and
packaging

Holt and Ghobadian (2009) 0.17

PG6¼ environmental collaboration with
the customer

Zhu et al. (2007) and Vachon
(2007)

0.13

PG7¼ reverse logistics Routroy (2009) and Vachon
(2007)

0.14

Note: aAzevedo et al. (2012c); bAzevedo et al. (2012b)

Table I.
Constructs,
sub-indicators and
weights for the
construction of
the LARG index
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author considers that it is important to consider in the Delphi panel academics and
professional because both have perspectives that are not only valid, but also essential
for consideration in research.

A total of ten academics and ten professionals were invited to participate in this
study, but only nine academics and five professionals agreed on collaborate.

Virtual (by e-mail) interviews were launched with academics and professionals to
rank the four management paradigms according to their perceptions on their
importance to the sustainability of the automotive SC. The Delphi method used in this
research comprised three rounds. The first round of Delphi questionnaire
(see Appendix 1) was sent to the group of 20 panel members by e-mail. The panel
members constituted by academics and professionals were informed that would be
several rounds of questionnaires. In the first round the academics and professionals
were invited to give their perception about the importance of LARG paradigms for the
competitiveness of the automotive industry. From these nine academics and five
professionals responses were collected. In the second round respondents were provided
with the consolidated results from the first round and were invited to reconsider their
options to see if they would like to adjust their original choice. After that one more
round was developed.

Using Equations (5) and (6), respectively, the weighting for each LARG paradigm
was computed. In order to obtain a measure of consistency among the 14 panel
members responses, the Kendall’s Coefficient of concordance (W ) is used since it gives
the degree of association among the rankings of several objects by several judges
(Israel, 2009). This coefficient varies between “0” indicating no agreement between
judges and “+1” indicating complete agreement among the judges on the ranking of
various attributes.

Table II shows the importance of each SCM paradigm according to the perceptions
of the nine academics and five professionals. The order of importance of the LARG
paradigms obtained from academics and professionals, after the three rounds, is the
following one: the most important is lean, followed by resilient, agile and green. As can
be seen from the Kendall’s coefficient of concordance the consistency of the academics
and professionals rankings was improved after the third round. Also according to
Scheibe et al. (2002) the agreement and confidence associated to the Kendall’s coefficient

Statistics
First round Second round Third round

Variables
Mean
rating Rank Weighting

Mean
rating Rank Weighting

Mean
rating Rank Weighting

LARG paradigm
Lean 4.7 1 0.28 4.6 1 0.28 4.9 1 0.30
Agile 4.4 2 0.26 4.2 3 0.26 4.1 2 0.25
Resilient 4.4 2 0.26 4.3 2 0.26 4.0 3 0.25
Green 3.4 3 0.20 3.1 4 0.19 3.1 4 0.19
Number (n) 14 14 14
Kendall’s coefficient
of concordance (W) 0.496 0.642 0.701
Level of significance 0.000 0.000 0.000
Note: For “Mean rating”¼ 1 nothing important and 5¼ extremely important

Table II.
Delphi results of first
and second rounds
for the paradigms

importance
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is strong when its value is between 0.7 and 0.9, that is the case. So, using this rule of
thumb three rounds of questionnaires were performed in this research.

3.2.2 LARG index. The proposed composite LARG index is composed by the
weights determined through the three rounds of the Delphi questionnaire using
the additive weighting method of aggregation. In order to test the assumption of a
linear model a Pearson correlation matrix was determined. The correlation coefficient
values range from “−1” to “+1”. The value “−1” indicates a perfect negative
linear relationship between variables, a value “+1” indicates a perfect positive linear
relationship between variables and “0” indicates no linear relationship between
variables (Israel, 2009). Table III contains the correlation matrix for the four paradigms.

Table III reveals that the paradigms are not highly correlated to each other at
5 per cent significance level since only between the resilient and the agile variables
there is a moderate positive relationship. Therefore, it is valid to consider a linear
additive weighting model in deriving the LARG index (LARGSC).

After the weights computed and the linear model assumption verified it is now
possible to compute a LARG index to assess the level of leanness, agility, resilience and
greenness for the automotive SC through the following composite indicator:

LARGSC ¼

0:30�
Pn

j¼1 0:15� PL1jþ0:14� PL2jþ0:17� PL3jþ0:14� PL4jþ0:14� PL5jþ0:12� PL6jþ0:14� PL7j
� �

n
þ

0:25�
Pn

j¼1 0:15� PA1jþ0:18� PA2jþ0:14� PA3jþ0:16� PA4jþ0:14� PA5jþ0:11� PA6jþ0:12� PA7j
� �

n
þ

0:25�
Pn

j¼1 0:15� PR1jþ0:16� PR2jþ0:14� PR3jþ0:14� PR4jþ0:15� PR5jþ0:14� PR6jþ0:12� PR7j
� �

n
þ

0:19�
Pn

j¼1 0:15� PG1jþ0:10� PG2jþ0:14� PG3jþ0:17� PG4jþ0:17� PG5jþ0:13� PG6jþ0:14� PG7j
� �

n

(6)

where n is the number of companies considered in a particular SC; and (Pxi)j represents
for company j the level of implementation of practice i of paradigm x. A total of seven
practices (i¼ 1,…, 7) is considered to each paradigm. The implementation level for
each practice is assessed on a five-point Likert scale where 1 means “practice not
implemented” and 5 “practice totally implemented.

The LARG index is a composite indicator constituted by a set of sub-indicators
reflecting the SC behaviour in terms of LARG paradigms. This composite indicator is
computed to a specific SC, considering the implementation level of the focused practice
in the companies belonging to the SC. The LARG index goes from 1 (none paradigm is

Lean Agile Resilient Green

Lean 1
Agile 0.139 1
Resilient −0.265 0.416* 1
Green 0.410 0.297 −0.248 1
Note: *Correlation is significant at the 0.05 level (two-tailed)

Table III.
Pearson correlations
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put into practice in the SC companies) to 5 (all the paradigms are completely deployed
in the SC companies).

Considering that a SC is a “network of companies that are involved, through
upstream and downstream linkages, in the different processes and activities that
produce value in the form of products and services in the hands of the ultimate
customer” (Christopher, 1998) the LARG index for the SC will assist decision makers by
reducing the quantity of information, (Alfsen and Saebo, 1993; Callens and Tyteca,
1999; Gustavson et al., 1999) and providing informative and reliable analytical results
expressed in a range of values which can provide a holistic picture of the leanness,
agility, resilience and greenness of the companies that belong to the same SC.
The LARG index for the SC reflects the level of sustainability of the SC attending to the
implementation of the four SCM paradigms. It means that, the higher de LARG index
for the SC, the better is the sustainability of the SC.

4. LARG index application: a case study in automotive supply chain
4.1 Methodology
Since the main objective of this research is to propose a LARG index for the SC, a case
study approach was chosen to illustrate the LARG index application and to validate it.
Validity represents the integrity of the conclusions that are generated from a piece of
research (Bryman, 2008). To illustrate the applicability of the LARG index and to attain
the integrity of the conclusions a qualitative research was performed. According to
Lamnek (2006) qualitative researches achieve higher validity because the data are
closer to the research field than in quantitative research. As Bulmer (1979) states
qualitative researches try to achieve validity not through manipulation of variables but
rather through the study of the empirical world, as it is the case. This approach is
adequate when the boundaries of a phenomenon are not only still unclear, but there is
also no control over behavioural events (Rowley, 2002). According to McCutcheon and
Meredith (1993) case studies can be comprehended as a useful approach for assessing
real world examples allowing also direct observation of the field, which would be
particularly suitable for approaching several stages of a SC (Seuring, 2008). In recent
years the importance of case-based research has been highlighted by a number of
authors for SCM (Hilmola et al., 2005; Seuring, 2005). The single case study
(the automotive SC) used in this research allowing researchers to have an opportunity
to observe and analyse a phenomenon (Yin, 2003), in this case the application of the
proposed LARG Index in a real world context. A sample consisted of six companies
within the Portuguese automotive SC was selected. The case study comprises one
automaker, four first tier suppliers and one second tier supplier.

To limit expert bias in the study results, data concerned to the personal judgment of
the participants were obtained through structured interviews. Two visits were made
to the company’s facilities. In the first one the research was presented and general
information on products and processes was collected. At the second visit, one interview
was made to each company manager according to the interview protocol (Appendix 3).

The case study objective is to illustrate the application of the proposed LARG index
as a benchmarking tool.

4.2 Case study profile
This paper focuses the companies belonging to the automotive SC which are situated in
Portugal. Table IV summarizes the six case studies profiles according to the product
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lines, position in the SC and company size. The company under study belong to
different SC levels: four companies are first tier suppliers, one is a second tier supplier,
and also one automaker.

4.3 LARG index calculation
In a first stage the data related to the implementation of the suggested LARG practices
were collected for each company (Table V). Considering the weights in Table I it is now
possible to compute the LARG behaviour to each company (Bx)j and for the respective
SC (SCIx) (Table V).

Table V shows the LARG behaviour for individual companies and for the SC
computed according to Equation (1) for the individual company behaviour and
Equation (3) for the SC behaviour.

Attending to the information in Table V it is possible to state that the company with
higher leanness behaviour is the company 5 with a value of 5.00. This means that this
company has a higher level of implementation of all lean researched practices.
Considering the agile paradigm the company with better performance in terms of agile
behaviour is also the company 5 with a moderate value of 3.74. Considering the resilient
paradigm, the company 2 presents a high level of implementation of the resilient
practices which makes it a better performer in terms of resilient behaviour. Finally, as
regards the green paradigm the company 5 deserves a special highlight since it presents
a green behaviour of 4.32 being the better performer in what this paradigm respects.

The possibility of doing this comparative analysis of LARG behaviour deployed by
individual companies represents also an important contribution for a benchmarking
analysis considering different kinds of SC. Looking to the last column of the Table V it
is also possible to identify in which LARG paradigm the research SC is a better
performer. Performing this analysis it is possible to say that the research SC presents a
leanness behaviour (4.11), however, with less favourable behaviour in terms of agility.

Using now the information collected in the Table V and considering the weights
attributed by experts to each paradigm according to their contribution to the
sustainability of the automotive industry (Table II), the LARG index for the individual
company and for the SC can finally be computed (Table VI).

Attending to the Table VI among the researched companies the paradigm with a
higher level of implementation is the lean (4.11), followed by the green (3.84), the
resilient (3.78) and finally the agile (3.40). So it is possible to state that the researched
automotive SC has a leanness behaviour and a week agile behaviour. This may be
explained because the lean philosophy always made part of the automotive industry
and is viewed as an important enabler for cost reduction (Pepper and Spedding, 2010).

Company
descriptor Product lines

Position in the
supply chain

Company size
(employees) Interviewed

Company 1 Vehicles Automaker More than 1,000 SC supervisor
Company 2 Plastic parts First tier supplier 200-500 Product engineer
Company 3 Front rear First tier supplier 50-100 Logistics

manager
Company 4 Exhaust systems First tier supplier 50-100 Lean manager
Company 5 Electronic key systems

and lock sets
First tier supplier 350 Quality manager

Company 6 Plastic injection moulding Second tier supplier 800-1000 Lean manager
Table IV.
Case studies profile
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Practices implementation level
Companies (n¼ 6)

LARG practices wxi 1 2 3 4 5 6
Behaviour for SC
SCIx¼∑(Bx)j/n

PL1¼ just-in-time (first tier supplier→focal
company)

0.15 5 1 4 4 5 1 Lean behaviour
for SC¼ 4.11

PL2¼ supplier relationships/long-term
business relationship

0.14 4 4 5 5 5 5

PL3¼ just-in-time (focal company) 0.17 5 5 5 5 5 1
PL4¼ pull flow 0.14 5 5 5 5 5 3
PL5¼ total quality management 0.14 5 5 5 5 5 2
PL6¼ customer relationships 0.12 4 4 5 5 5 3
PL7¼ just-in-time (focal company→first
tier customer)

0.14 2 5 5 5 5 1

Lean behaviour (BL)j¼∑(wLi×(PL)j) 4.32 4.14 4.85 4.14 5.00 2.22
PA1¼ to use IT to coordinate/integrate
activities in design and development

0.15 4 3 3 3 1 4 Agile behaviour
for SC¼ 3.40

PA2¼ ability to change delivery times of
supplier’s order

0.18 3 3 3 2 5 3

PA3¼ to use IT to coordinate/integrate
activities in manufacturing

0.14 4 4 4 4 4 3

PA4¼ to reduce development cycle times 0.16 5 4 5 5 4 3
PA5¼ centralized and collaborative
planning

0.14 3 2 2 2 4 3

PA6¼ to increase frequencies of new
product introductions

0.11 4 2 2 2 3 3

PA7¼ to speed in improving
customer service

0.12 3 4 4 5 5 3

Agile behaviour (BA)j¼∑(wAi×(PA)j) 3.72 3.17 3.33 3.27 3.74 3.15
PR1 0.15 4 5 3 4 3 1 Resilient

behaviour for
SC¼ 3.78

PR1¼ sourcing strategies to allow
switching of suppliers

0.16 4 5 4 4 3 1

PR2¼ flexible supply base/flexible
sourcing

0.14 5 5 5 5 4 4

PR3¼ strategic stock 0.14 4 4 4 4 3 4
PR4¼ lead time reduction 0.15 5 4 5 4 4 1
PR5¼ creating total supply chain visibility 0.14 4 4 3 4 3 3
PR6¼ flexible transportation 0.12 5 4 5 4 4 1

Resilient behaviour (BR)j¼∑(wRi×(PR)j) 4.41 4.45 4.12 4.14 3.41 2.12
PG1¼ environmental collaboration
with suppliers

0.15 4 2 2 2 4 4 Green behaviour
for SC¼ 3.83

PG2¼ environmental monitoring
upon suppliers

0.10 5 3 3 3 4 4

PG3¼ ISO 14001 certification 0.14 5 5 5 5 5 5
PG4¼ to reduce energy consumption 0.17 4 4 4 4 4 4
PG5¼ to reuse/recycling materials
and packaging

0.17 4 4 4 4 5 4

PG6¼ environmental collaboration with
the customer

0.13 3 3 3 3 3 4

PG7¼ reverse logistics 0.14 4 4 4 4 5 1

Green behaviour (BG)j¼∑(wGi×(PG)j) 4.14 3.61 3.61 3.61 4.32 3.72

Table V.
LARG behaviour for
individual company

and supply chain
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Compiling the LARG behaviour of the six companies into the LARG index it is
produced an overall value of 3.75. Since the LARG index is between 1 and 5, this means
that the SC in this case exhibits a moderate value index. Also, analysing the columns of
the Table VI it is possible to state that the companies with a higher scores on the SC
LARG index are the company 1 (automaker) and also the company 5 (first tier supplier)
These results seem reasonable, since the automakers have a strong influence on the
practices implemented by its suppliers (Dyer and Chu, 2011) and therefore it also has a
strong impact on the LARG index results. The LARG index highlights the difference
of performance among companies belong to the same SC, supporting the identification
of the companies that should be a priority in SC redesign programs in order to improve
its sustainability. In the case study company 6 is the worst performer; this is a second
tier supplier and its process are not under the influence of the automaker. This suggests
that companies belonging to this SC echelon should be monitored closely and
cooperation programs should be develop to help them to achieve the necessary level of
LARG to not compromise the SC overall behaviour.

The LARG index for SC represents the level of sustainability of the SC attending to
the implementation of the four SCM paradigms focused in this paper. This means that,
the higher de LARG index for the SC, the better his sustainability is.

The assessment of the this Index for the SC is crucial since from the theoretical
perspective the proposed index represents an initial contribution for the development
of integrative indexes considering the trade-offs that exist in the SC when different
management paradigms are implemented on different SC echelons. It supports the
identification of practices that promote the level of sustainability at the company level,
but also the impact of these practices on the overall sustainability of SCs.

From the industry perspective, it allows implementing a functional benchmarking
approach since the assessment of the LARG index in companies belonging to the same
automotive SC makes possible a comparison between their practices, having as
reference the best in class (Camp, 1995; Fong et al., 1998; Zairi, 1992). This contributes
to the individual company and SC improvement meeting or surpassing industry best
practices obliging them to be more rigorous in establishing priorities, targets and goals
in terms of leanness, agility, resilience and greenness.

This case study makes possible to highlight the main advantages of using the
proposed LARG index by the automotive industry. The use of the LARG index can
simplify the LARG behaviour benchmark analysis and provides a simple and objective
method to compare between companies and SCs. The proposed index may also assist
on formulating sustainable policies and promoting the implementation of LARG
practices in various industry sectors.

(Bx)j
Companies

Paradigm x 1 2 3 4 5 6 ∑ (Bx)j/6 wx SC behaviour LARGSC

Lean 4.32 4.14 4.85 4.14 5.00 2.22 4.11 0.30 1.23 ¼ 3.75
Agile 3.72 3.17 3.33 3.27 3.74 3.15 3.40 0.25 0.85
Resilient 4.41 4.45 4.12 4.14 3.41 2.12 3.78 0.25 0.94
Green 4.14 3.61 3.61 3.61 4.32 3.72 3.84 0.19 0.73
LARGj for
individual company 4.11 3.83 4.00 3.78 4.11 2.69

Table VI.
LARG index for
individual company
and supply chain
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The proposed model to assess the SC behaviour is an important contribution to
managers. The proposed index allows to identify the practices that should be extended
to improve SC performance and to be more competitive and sustainable. The proposed
index could help companies managers and SC professionals to have an idea on their
performance in terms of LARG behaviours compared to their partners and competitors
in the SC. Carvalho et al. (2013) study about LARG trade-offs among SC echelons
suggest that some companies built their capabilities at the expenses of others SC
echelons. For example, the automakers develop resilience in their operations relying on
the resilience of their suppliers. The quantification of this type of behaviour could be
used as an argument in procurement negotiation, mainly by suppliers.

It represents an important tool for companies identify some practices with low levels
of implementation which are affecting their performance in terms of leanness, agility,
resilience and also greenness. So, if companies need to improve in some specific
behaviour the associated practices must be also improved. Therefore, the index can be
further used in self-assessment and to facilitate systematic continuous quality
improvement over the full range of practices and processes.

Therefore it serves as a tool to managers do a checklist of the implementation level of a
set of practice considered as most important to individual companies and also SC to
be betters performers in the four paradigms implementation. By this way, they can adjust
the company’ behaviour according to the reached LARG index score in order to: maximize
customer value and minimize waste; to respond rapidly and cost effectively to
unpredictable changes; to improve its ability to cope with unexpected disturbances; and to
reduce environmental risks and impacts while improving company ecological efficiency.

5. Conclusions
This paper follows an innovative approach suggesting an integrated composite index,
entitled LARG index, to assess the automotive SC behaviour in terms of leanness,
agility, resilience and greenness. The proposed integrated assessment model supports
the development of two LARG indexes: one to assess the individual company
behaviour in terms of the four SCM paradigms, and the other one to determine the same
behaviour, but for the entire SC.

This research approach was developed in touch with the automotive SC reality.
The LARG index was constructed with the collaboration of academics and professionals
from the automotive industry with knowledge on the LARG paradigms and also on the
automotive reality. Besides this, the implementation of the proposed LARG index is
illustrated by a case study approach using the information gathered from six automotive
companies. The main objective of doing a case study is to illustrate the LARG index
application in the focused SC in order to guide managers in its implementation.

The proposed composite index is a way to fulfil the research gap on an integrated
approach about the leanness, agility, resilience and greenness of the SC, and in
particular on the automotive SC. This research represents an important contribution
for research since it contributes to highlight the importance of the focused four SCM
paradigms (LARG) for the sustainability of the automotive industry. Also it makes
possible for the professionals of this industry to monitor and control the behaviour of
their companies as regards the leanness, agility, resilience and greenness allowing by
this way identifying the practices where companies are better and worse performers.

The content of this paper is particularly important to managers do a checklist of a
set of practices implementation level considered as most important to individual
companies and SC sustainability. By this way, they can adjust the organizational
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behaviour according to the suggested LARG index score in order to maximize customer
value and minimize waste, to respond rapidly and cost effectively to unpredictable
changes, to improve its ability to cope with unexpected disturbances, and to reduce
environmental risks and impacts while improving company ecological efficiency. Also,
it makes possible to implement functional benchmarking approaches in the automotive
SC and to do a ranking among the companies, according to the proposed LARG index.
This serves as a motivation to companies try to reach a better position among their
partners and to be more rigorous in establishing priorities, targets and goals, in terms
of leanness, agility, resilience and greenness. This index represents an important
framework for supporting decision makers of individual company and also for the SC.
As regards the individual company the value reached in the LARG index gives insight
on the position of the company in terms of leanness, agility, resilience and greenness.
This perception makes possible to adjust the kind of practices implemented by the
companies attending to the importance gave by managers to each of the four
considered management paradigm. The same can be observed in a SC context. Also,
the dynamic process associated to the construction of the LARG index should be
enhanced. Managers can adapt the parameters of the LARG index to their reality using,
for example other panel members in the Delphi technique for weighting not only the
importance of the SCM paradigms for the sustainability of their industry but
also the importance of the associated practices.

Despite the important contributions of this paper, limitations of the study should be
noted. First, the proposed index is focused on the automotive industry. So, the practices
suggested in the integrated assessment model translate particularly the reality of this
sector making it not adjusted to a different sector. Second, the Delphi method used to
support the weighting determination was developed through only two rounds. Besides
it respects the number of rounds referred by Rowe andWright (1999), which is between
two and seven, if more rounds were developed the validity of the answers collected
from the questionnaires will be improved. The research contributes to define LARG
behaviour in companies and SC and assess its level of implementation in the
automotive sector. However, the data set is not robust enough to make generalizations
for the entire industry as to the potential benefit of LARG for its various sectors.
Therefore, the resulting LARG index coefficients and scores presented in this paper
could be biased by differences in specific variables associated to the research
companies. While the study is adequate as a pilot to prove the feasibility of the concept,
the developed LARG index may need to include other LARG practices in order to be
more comprehensive and adjusted to the reality. Also larger survey covering more
companies and industries would be needed for further investigation.

Building on from this study, future research should therefore be directed at
exploring the application of the suggested LARG index in an extended automotive SC.
Also, based on the theoretical approach performed in this study, a deeper analysis of
the kind of relationships between the SCM paradigms and corresponding practices
should be explored to different kind of mathematical models.
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Appendix 1
Structured Interview Protocol – First Round
This framework is intended to support a research regarding the development of an LARG index
proposal to the Automotive Industry. To do this, it is important to get information about expert’s
perception on the importance of Lean, Agile, Resilient, and Green paradigms to the automotive
industry sustainability. Try to answer the questions, please.
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Appendix 2

Structured Interview Protocol – Second Round
This framework is intended to support a research regarding the development of an LARG index
proposal to the Automotive Industry. To do this, it is important to get information about expert’s
perception on the importance of Lean, Agile, Resilient, and Green paradigms to the automotive
industry sustainability.
This is a second round questionnaire which incorporates the average answers
obtained from the first round. Knowing this information, try to answer to the questions,
please.

Appendix 3

Structured Interview Protocol
This framework is intended to support a research regarding the determination of a lean, agile,
resilient and green index to the automotive supply chain.
A – Firm characterization
Please indicate the following data that characterize your company:

– Sector
– Number of employees
– Primary product(s)
– Primary customer activity(ies)
– Your job title
– Your job responsibilities
– Your firm’s position in the supply chain
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B – Lean practices
For the following practices, please give information on their implementation level in your
company (considering the following scale: 1 not implemented, 2, 3, 4, 5 totally implemented)

• Just in time (First tier supplier→Focal company)
• Supplier relationships/long-term business relationship
• Just in time (Focal company)
• Pull flow
• Total quality management
• Customer relationships
• Just in time (Focal company→ first tier customer)

C – Agile practices
For the following practices, please give information on their implementation level in your
company (considering the following scale: 1 not implemented, 2, 3, 4, 5 totally implemented)

• Ability to change delivery times of supplier’s order
• To use IT to coordinate/integrate activities in manufacturing
• To reduce development cycle times
• Centralized and collaborative planning
• To increase frequencies of new product introductions
• To Speed in improving customer service

D – Resilient practices
For the following practices, please inform on their implementation level in your company
(considering the following scale: 1 not implemented, 2, 3, 4, 5 totally implemented)

• Sourcing strategies to allow switching of suppliers
• Flexible supply base/flexible sourcing
• Strategic stock
• Lead time reduction
• Creating a total supply chain visibility
• Flexible transportation
• Developing visibility to a clear view of downstream inventories and demand conditions

E – Green practices
For the following practices, please inform on their implementation level in your company
(considering the following scale: 1 not implemented, 2, 3, 4, 5 totally implemented)

• Environmental collaboration with suppliers
• Environmental monitoring upon suppliers
• ISO 14001 certification
• To reduce energy consumption
• To reuse/recycling materials and packaging
• Environmental collaboration with the customer
• Reverse logistics

Thanks for the collaboration.
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