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Preface

Lean thinking was a concept developed by James P. Womack and Daniel T. Jones
to capture the essence of Toyota Production System. Therefore, it is current report
lean thinking as a lean way of thinking allows companies to ‘specify value, line up
value creating actions in the best sequence, conduct these activities without
interruption whenever someone requests them, and perform them more and more
effectively’. This declaration leads to the five principles of lean thinking: Value,
Value Stream, Flow, Pull and Perfection. The concept of lean thinking presents
great importance in the context of modern manufacturing.

The purpose of this book is to present a collection of chapters exemplifying
progress in lean manufacturing. The first chapter of the book provides leanness
assessment tools and frameworks. The second chapter is dedicated to lean supply
chain management (a systematic literature review of practices, barriers and con-
textual factors inherent to its implementation). The third chapter describes a liter-
ature review on lean manufacturing in small manufacturing companies. The fourth
chapter contains information on application of structural equation modelling for
analysis of lean concepts deployment in healthcare sector. Finally, the last chapter is
dedicated to association between lean manufacturing teaching methods and stu-
dents’ learning preferences.

The current book can be used as a research book for final undergraduate engi-
neering course or as a topic on management and industrial engineering at the
postgraduate level. Also, this book can serve as a useful reference for academics,
engineers, managers, researchers, professionals in management and industrial
engineering and related subjects. The interest of scientific in this book is evident for
many important centers of the research and universities as well as industry.
Therefore, it is hoped this book will inspire and enthuse others to undertake
research in management and industrial engineering.
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The Editor acknowledges Springer for this opportunity and professional support.
Finally, I would like to thank all the chapter authors for their availability for this
editorial project.
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Leanness Assessment Tools
and Frameworks

Omogbai Oleghe and Konstantinos Salonitis

Abstract This chapter presents the most recent developments with regards the
assessment of leanness in manufacturing organizations. Leanness is the measure of
the performance of lean manufacturing practices. It is tracked for improvement
using assessment frameworks. This chapter reviews prevalent frameworks in order
to organize the knowledge, extract the typical and potential uses, establish strengths
and weaknesses and reveal ways of improving the extant frameworks. Prevailing
frameworks are identified through a search of literature, together with those
developed by lean consultants, as well as award-based frameworks. Two main
classification schemes are used to organize and compare the frameworks namely the
leanness indicators (input data type) used in the frameworks and the applications of
the frameworks, representing the inputs and outputs respectively of the frameworks.
The key findings of this work can be summarized into: First, most frameworks are
generated using either a quantitative or qualitative set of leanness indicators;
meanwhile there is a paucity of frameworks that use both types of indicators
simultaneously to take advantage of their individual strengths and overcome their
respective weaknesses. Second, the frameworks have been used mainly for
current-as-is audits, whereas the assessment of proposed improvements is rarely
considered. Third, majority of frameworks do not emphasize the interactions
between lean practices and the trade- offs between their improvements.

Keywords Leanness � Leannes assessment � Lean maturity � Lean
indicators � Performance measurement
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1 Introduction

Lean manufacturing (LM) takes its roots from manufacturing best-practices that
were implemented in the Toyota Motor Corporation, such as Just in Time
(JIT) management, Quality Management (QM), Total Productive Maintenance
(TPM). LM has evolved over the years to include a variety of management values
related with Employee Involvement, Supplier Management, Cross-functional
Teams, Training, Customer Engagement and many others (Shah and Ward 2003,
2007), with a variety of tools such as Six Sigma, Statistical Process Control,
Poka-Yoke, Jidoka.

Lean practices have been proven to improve manufacturing and organizational
performance. The practices are intended to achieve multiple objectives for an
organization, chiefly to improve customer responsiveness through continuous
improvement and identification/elimination of all types of activities and processes
that do not add to customer value. A collection of lean practices constitutes a lean
system: the practices cannot be individually adopted on their own if an overall lean
state is to be attained (Hallam 2003a; Rymaszewska 2014). There is in fact limited
positive impact on performance when lean practices are introduced in isolation
(Bonavia and Marin 2006).

Leanness is a concept that unifies the various practices of promoting lean (Bayou
and De Korvin 2008). Leanness assessment is the measure of the adoption of lean
manufacturing practices (Susilawati et al. 2013; Vimal and Vinodh 2013). Leanness
assessment refers to the structured approach taken to assess leanness level as rep-
resented in Fig. 1.

The hierarchical structure shown in Fig. 1 represents the key components of the
methodological steps, as well as the sequence and levels of assessment. In the
configuration, the various lean practices and their measurement items are singled
out and assessed using one or a set of tools and instruments, from which

Fig. 1 Generic structured approach to leanness assessment
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information about the lean state of the system can be generated. Lean Enterprise
Self-Assessment Tool (LESAT) is a good example. Aspects of lean transformation
are set apart in three sections under the LESAT framework namely Leadership,
Processes and Infrastructure (LAI 2012). The indicators of leanness are the 54
measurement items under each of the three sections, for example, one measurement
item under Leadership is the extent to which the organization integrates enterprise
transformation into its strategic planning process. The analysis of the gap between
the current and desired levels of performance for each measurement item is
indicative of the leanness level for the measured practice (Perkins et al. 2010). The
final tallies, ranges, patterns and averages provide information about the state of
leanness of the enterprise (Perkins et al. 2010). Majority of methods can be
described using this generic format also depicted in Fig. 1. The structured approach
of leanness assessment helps to reduce chaos in terms of which lean practices to
implement (Cil and Turkan 2013), where improvement efforts should be focused
(Vinodh and Balaji 2011; Vimal and Vinodh 2013) and assist in the
decision-making process (Chhabi et al. 2014).

The critique of leanness assessment methods has been undertaken in the past by
various authors (Ray et al. 2006; Wan and Chen 2008; Mahfouz 2011; Anvari et al.
2013; Cil and Turkan 2013; Chhabi et al. 2014; Azadeh et al. 2015; Ali and Deif
2016). Most of these reviews have been limited in scope whereby only a handful of
methods are appraised. If previous reviews have been done scantily, it implies that
there is limited knowledge about what the expansive range of methods have
accomplished. If there is limited knowledge about what leanness assessment
methods can achieve, then lean practitioners and academics are not fully aware of
what is available for them to use. Meanwhile, a number of tools and instruments
have been developed for the leanness assessment. They have been applied singly
and in a mixed manner. They have been validated to show the multiple benefits that
can be derived from their use. Yet the knowledge is not organized. Meanwhile, it
could be argued that the literature is representative of what is used in industry, since
majority of the study methods were validated in real life cases. In addition, some
methods coming from lean groups and consultants share similarities with what is
available in the literature. For example, the Gemba Academy (Gemba 2010) have
developed a lean enterprise self-assessment tool that is similar to methods used in
various studies (Vinodh and Balaji 2011; Vimal and Vinodh 2013). The
Strategos LAT developed by Quaterman Lee (Strategos 2010) has been used in
multiple studies (Taj 2005; Ihezie and Hargrove 2009). The Association for
Manufacturing Excellence (AME) LAT is based on the Iwao Kobayashi’s 20 Keys
to workplace improvement (AME 2016).

The current chapter aims to survey leanness assessment methods that prevail in
literature. The survey will focus on the key aspects addressed by the methods. In
addition, the survey will investigate the key instruments and data types that are used
in the methods. The intention is to reveal common themes and trends as well as
gaps, to provide directions where future advancements can be made in the methods.

Leanness Assessment Tools and Frameworks 3



2 Search Strategy to Generate List of Leanness
Assessment Tools

Various academic databases and search engines such as Springerlink, Google
Scholar, ABI/Inform Complete, EBSCO, Elsevier, Emerald Full Text, Science
Direct, Scopus, and Taylor and Francis were consulted to extract relevant articles
from which the methods were set apart. Search keywords included leanness,
manufacturing leanness, leanness assessment and lean assessment tools. The rele-
vant articles covered the period between 2000 and 2016, and did not limit the
search to high impact journals only, in order to capture as many studies that are
relevant as well as current. In fact, some studies with interesting results were found
from journals with low to average impact factor. The adopted search strategy
generated 64 relevant research publications from which a comprehensive list of
leanness assessment methods was extracted.

The relevant articles were surveyed in three parts (Fig. 2). The first part was used
to summarize the key uses of the methods. The second part was used to outline the
tools/instruments that were used in the methods. The final part details the data types
used in the assessment.

3 Key Uses and Outputs of the Leanness Assessment
Methods

The uses of leanness assessment methods have been varied even though past
researchers/users all make reference to assessing leanness. An uninformed and casual
observer at first glance of the literature will be overwhelmed or confused with the
variety of the studies, study outcomes and uses of the methods. In this section, the
generic study outcomes (those concerned with assessing manufacturing leanness) are
revealed to provide details of the typical uses of the various methods that have been
advanced. Seven general or common uses have been found for the methods namely:
quantification of leanness level, gap analysis, impact analysis, degree of adoption of
lean practices, benchmarking, scenario analysis and dynamic analysis (Fig. 3).

Fig. 2 Leanness Assessment
(LA) analysis structure
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• Quantification of leanness level

Leanness level has been measured, quantified and represented by numbers. The
quantification of leanness has been achieved using scoring methods, made possible
through multi-level grading schemes (Taj 2005; Shetty et al. 2010). Leanness
quantification has also been realized using the lean index (Ray et al. 2006; Wan
2006; Deif 2012; Vinodh and Vimal 2012; Berlec et al. 2014; Pakdil and Leonard
2014; Oleghe and Salonitis 2016a, b). The lean index can be defined as the
weighted summation of the lean metrics that define performance of various vari-
ables representing lean practices within a system (Oleghe and Salonitis 2015). It is a
single indicative score for overall lean performance (Searcy 2009).

Multiple benefits are derived from leanness quantification. The quantified
leanness can be tracked using line graphs, statistical process control charts and radar
charts (Taj 2005; Ray et al. 2006; Pakdil and Leonard 2014; Wong et al. 2014;
Oleghe and Salonitis 2016a, b). The lean index can be used to drive
organization-wide behaviour towards improving the metric (Searcy 2009; Wong
et al. 2014), in a collaborative manner (Vimal and Vinodh 2012; Wong et al. 2014).
Leanness quantification also enables objective benchmarking (Srinivasaraghavan
and Allada 2006; Ray et al. 2006; Bayou and De Korvin 2008).

There are some limitations associated with leanness quantification. If a single
metric is used to quantify leanness level, organizations may be tempted to use it
exclusively (Wong et al. 2014). Rather, the metric should be decomposed for better
understanding of its components i.e. the individual measures of lean (Searcy 2009).

•Visual representaƟon of leanness level
•Benchmarking

QuanƟficaƟon of
leanness level

•Comparison to the ideal lean state
•Help set strategy and plans for improvementGap analysis

•Measuring of the effect of lean pracƟces implementaƟon and
its improvement on the systemImpact analysis

•Focusing on the implementaƟon maturing of specific pracƟces
Degree of adopƟon of

lean pracƟces

•Comparison to other companies, world class performers
•Comparisons between faciliƟes, plants etcBenchmarking

•InvesƟgaƟon of the outcomes of various intervenƟons (lean
improvements) in the systemScenario analysis

•InvesƟgaƟon of the complex interacƟons between pracƟcesDynamic analysis

Fig. 3 Why lean assessment methods and tools are used
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In fact, a one-off quantification of the leanness level is insufficient to indicate the
state of leanness, unless it is benchmarked with best practice (Ray et al. 2006;
Srinivasaraghavan and Allada 2006) or tracked over time (Ray et al. 2006; Wong
et al. 2014). Most of the leanness assessment frameworks stop at the leanness level
per lean aspect step, as shown in Fig. 1, and do not proceed in the calculation of an
aggregated overall leanness level.

• Gap analysis

A key objective of leanness assessment has been to investigate, evaluate and
measure the current manufacturing situation vis-à-vis an ideal lean state (Ray et al.
2006). Various methods have been advanced to measure the gap in lean perfor-
mance. The Lean Enterprise Self-Assessment Tool (LESAT) (Nightingale and Mize
2002; Hallam 2003a, b) uses a pair (current and desired) of performance ratings.
Organizations score themselves on both ratings on a scale of 1–5 along 54 practices
relating to lean. By subtracting the current score from the desired score, a gap can
be calculated for each lean practice (Perkins et al. 2010). Large gaps are an indi-
cation that there is considerable scope for improvement (Perkins et al. 2010). Small
gaps imply a variety of issues; the assessed lean practice may not be so relevant in
the company or the organization is yet to realize the importance of the practice
(Perkins et al. 2010). The gap analysis with the LESAT can also be used to
understand the level of agreement and cohesion amongst organizational members
who filled out the responses in the LESAT (Perkins et al. 2010). Srinivasaraghavan
and Allada (2006) used the Mahalanobis Taguchi Gram Schmidt System (MTGS)
orthogonalization process to establish the degree of leanness abnormality or gap
between an advanced lean group of companies and an average/below lean
group. The method revealed specific improvements that can be initiated in a
company in the average/below lean group. Wan et al. (2007) and Wan and Chen
(2008) proposed a methodology based on Data Envelopment Analysis to determine
the gap between current lean state and an ideally lean state, by using a virtual
ideally lean Decision-Making Unit as the benchmark. The gap was used as a
measure of lean performance for the system. Taj (2005) used a spreadsheet-based
lean assessment tool developed by Quaterman Lee (Strategos LAT) to evaluate LM
performance amongst Chinese hi-tech manufacturers, along nine key areas of
manufacturing. The gap analysis was outputted to a lean profile chart (radar chart)
to establish the current state of lean in the industry, their target, and the gap between
the actual and the target. The results provided background information for further
investigation of the industry as to why some companies performed better than
others. Anand and Kodali (2009) utilized a comprehensive list of lean practices and
key performance indicators to benchmark two companies against a third,
world-class exemplary benchmark (Toyota Motor Corporation). They highlighted
the gaps in terms of performance and practices between the two organizations and
the benchmark. Other authors have used fuzzy logic approach to determine the gap
in leanness performance (Bayou and De Korvin 2008; Vimal and Vinodh 2012;
Oleghe and Salonitis 2016a).

6 O. Oleghe and K. Salonitis



• Impact analysis

The analysis of the impact of lean is a measure of the effect of lean practices
implementation and its improvement on the system. The impact is assessed through
the measure of the influence of individual lean practices on themselves and on the
leanness level. Anvari et al. (2013) used a Fuzzy Logic approach to emphasize the
influence of lean attributes, such as lead time and cost, on leanness, and in the
process, identify the critical components to leanness. Oleghe and Salonitis (2016a, b)
established the effect of variation in the performance of individual lean practices on
the overall leanness trend. Ali and Deif (2014) used a System Dynamics approach to
establish the impact of takt time on leanness. Their approach was used to show how
adjusting the system’s cycle time to align with takt time can be used to improve
leanness. Azadeh et al. (2015) used a multi-model approach based on Data
Envelopment Analysis, Fuzzy Logic, Decision Making Trial and Evaluation
Laboratory and Analytical Hierarchy Process to determine the impact degree of
leanness factors on each other as well as on lean strategy. Liang et al. (2015) used the
Rooted Arborescence Algorithm model to map the nodal inter-relationships between
lean practices in a system. They calculated the degree to which a lean practice
supports another lean practice (Liang et al. 2015), and by so doing, were able to
prioritize and sequence the lean practices to implement or improve. A number of
authors (e.g. Shetty et al. 2010; Stone 2010; Seyedhosseini et al. 2011) have used
survey-based and consensus forming methods to identify what practices impact
leanness. The results from these methods represent common and empirically estab-
lished practices and outcomes. Cil and Turkan (2013) used Analytical Network
Process modelling approach to measure the relative impact of lean practices on each
other and on lean goals. The approach provided information as to which lean prac-
tices will achieve which lean goals. Some authors (Ravikumar et al. 2013) have used
the impact analysis to establish critical success factors for leanness enhancement.

• Degree of adoption of lean practices

The extent to which lean practices are adopted is primarily established using
questionnaire-based self-audit tools (Sánchez and Pérez 2001; Doolen and Hacker
2005; Chauhan and Singh 2012; Sezen et al. 2012). Confirming the number of and
extent to which lean practices are implemented provides a quick and simple way of
checking if a system is lean or not (Goodson 2002). A survey-based analysis has the
advantage of being able to establish relationships between the extent to which a
company adopts a list of practices and its corporate performance (Sezen et al.
2012). The survey results from the literature is a useful data base that organizations
in the early stages of lean transformation of lean can tap into, without having to go
through trial and error implementation process. The methodology has been used by
Seyedhosseini et al. (2011) to set the criteria for being lean.

• Benchmarking

Benchmarking involves contrasting the performances of companies: the informa-
tion is used to gauge how well a company compares to its peers and those

Leanness Assessment Tools and Frameworks 7



considered as world-class. Benchmarking results enables leanness comparison
amongst peers in the same industry (Ray et al. 2006; Bayou and De Korvin 2008),
between operations (Ray et al. 2006; Ramachandran and Alagumurthi 2013;
Maasouman and Demirli 2015), between manufactured parts (Wan and Chen 2008)
and between lean practices (Vinodh and Balaji 2011; Vimal and Vinodh 2013;
Anvari et al. 2014; Wagner et al. 2014). It is particularly well suited for indicating
ill performing areas (Chhabi et al. 2014). Benchmarking has been obtained using a
checklist of lean practices using a world-class manufacturer as the benchmark
(Anand and Kodali 2009), by Fuzzy Logic analysis (Bayou and De Korvin 2008;
Vinodh and Balaji 2011; Vimal and Vinodh 2013), by Factor Analysis (Ray et al.
2006), by Multi criteria Decision Making methods (Ramachandran and
Alagumurthi 2013; Anvari et al. 2014) and by Data Envelopment Analysis (Wan
2006; Wan and Chen 2008).

Selecting an appropriate benchmark for leanness assessment may not be so
straightforward. For example, there may be unavailability of benchmarking data to
use (Bayou and De Korvin 2008).

• Scenario analysis

Scenario analysis is the investigation of the outcomes of various interventions in the
system, such as lean improvements. Scenario analysis allows a company estimate
the outcome of lean interventions (Ray et al. 2006), optimize lean improvements
(Srinivasaraghavan and Allada 2006), verify the impact on leanness from variables
that are endogenous and exogenous (Ali and Deif 2016) and perform trade-off
analysis amongst competing practices and their improvements (Wan and Chen
2008; Ali and Deif 2014). Some authors have provided approaches that can be used
to estimate leanness using ‘if-then’ fuzzy rules, such that IF a system has ‘High
Profitability’ AND ‘High Defect’, THEN it will also have ‘Medium Availability’
(Vinodh et al. 2011). Meanwhile, Ali and Deif (2016) have used their approach to
systematically and objectively generate viable scenarios for testing, thereby helping
the decision-making process.

Scenario analysis has been predominantly achieved using quantitative tools. Ray
et al. (2006) applied Factor Analysis approach, Srinivasaraghavan and Allada
(2006) used the Mahalanobis Taguchi Gram Schmidt method, Wan and Chen
(2008) used Data Envelopment Analysis, Vinodh et al. (2011) used Fuzzy Logic
numbering set, Ali and Deif (2014, 2016) applied System Dynamics methodology.

• Dynamic analysis

Dynamic analysis as it relates to the current study is the investigation of the
complex interactions that make up a system as well as create changes in the state
of the system over time (Sterman 2000). It seeks to investigate the complex
interactions between practices (Sterman 2000; Ali and Deif 2014; Oleghe and
Salonitis 2016b) and can project leanness into the future (Taleghani et al. 2010; Ali
and Deif 2016) thereby supporting strategy formulation. System dynamics simu-
lation modelling has been used by various authors (Taleghani et al. 2010; Ali and
Deif 2014, 2016; Oleghe and Salonitis 2016b).

8 O. Oleghe and K. Salonitis



The seven categories identified and shown in Fig. 3, represent the prevalent and
common uses of leanness assessment methods in the literature. Table 4 (in
Appendix) summarizes the various studies presented in the literature and classifies
them as per the seven categories identified.

The way in which past authors have used the leanness assessment methods is
indicative of what the methods can be used for. Table 4 has been tallied to provide a
more meaningful summary of the trends relating to the uses of leanness assessment
methods; Fig. 4 is the chart of these tallies.

Assessing leanness on the basis of quantifying it represents the highest key use of
leanness assessment methods (see Fig. 4). About 44% of authors have quantified the
level or degree of leanness as a way of assessing lean performance, while 34% have
investigated the impact of leanness (Impact Analysis) on the organization (see second
highest tally in Fig. 4). Scenario and dynamic Analysis are the least addressed key
user benefits. One reason for their low tally is that they have not gained popularity,
and it is possible that researchers are yet to appreciate their unique offerings.

A closer inspection of the seven key uses reveals two broad categories:
Measurement of Leanness Level and Measurement of Leanness Impact.
Measurement of Leanness Level is more concerned with providing an indication of
how well the organization is doing in its lean transformation journey. Quantification
of Leanness, Gap Analysis, Degree of Adoption and Benchmarking represent
similar benefit i.e. measurement of leanness level. These four items constitute
roughly 67% of what the methods have been used for. On the other hand, the
Measurement of Leanness Impact as the name implies, seeks to provide information
about what the likely effect of leanness introduction or its improvement will have
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Fig. 4 Prevalence of key objectives for leanness assessment methods
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on the system. Impact Analysis, Scenario Analysis and Dynamic Analysis represent
33% of methods used for measurement of leanness impact.

4 Tools and Instruments Used in Leanness Assessment

Various tools and instruments have been used in the leanness assessment methods.
Some are generic, others are customized, yet others are modified versions of generic
tools. In a number of cases, the tools are used in combination.

Analytical Hierarchy Process (AHP), Analytical Network Process (ANP) and
Multi-Criteria Decision-Making Analysis are based on similar concepts and useful
where multiple measurement aspects and multiple objectives need to be considered
in the assessment process (Nasab et al. 2012; Wong et al. 2014). AHP and ANP
help to produce a ranking of elements based on their importance to a common goal
such as leanness (Searcy 2009).

Analytical and mathematical equations have been formulated to assess leanness.
The formulas are based on a weighted sum of various metrics used for assessing
leanness (Toloie-Eshlaghy and Kalantary 2011; Deif et al. 2015).

Artificial Neural Network is often used to find the non-linear relationship in
performance data and has been applied to improve the computation of AHP-based
techniques in leanness assessment (Nasab et al. 2012) and Fuzzy Logic-based
leanness applications (Vimal and Vinodh 2013).

The benefits of benchmarking tool have been provided in the previous section.
Balanced Scorecard (BSC) is a performance assessment framework that uses a set
of financial and non-financial measures to show an organization’s performance
trend towards meeting its goals. (Bhasin 2008; Seyedhosseini et al. 2011). Data
envelopment analysis (DEA) is a non-parametric mathematical programming
technique that supports objective benchmarking analysis (Wan et al. 2007; Wan and
Chen 2008).

Decision Making Trial Evaluation Laboratory (DEMATEL) has been used to
identify the cause and effect relationships among lean objectives (Seyedhosseini
et al. 2011), and to assess the degree of influences that leanness indicators have on
each other and on overall leanness Azadeh et al. (2015). Decision Support System
is a computer-based Software specifically developed and used for automating the
assessment of leanness and enabling quick decision-making process (Wan and
Chen 2009; Vinodh and Balaji 2011). Factor analysis is a statistical approach that
models the relationships among quantifiable variables, in order to identify variables
that cannot be directly measured, such as the leanness of a company (Ray et al.
2006). Fuzzy logic is typically used where impreciseness and vagueness in quali-
tative data exists, such as data collected using linguistic descriptions of performance
(Vinodh and Balaji 2011; Vinodh and Chintha 2011; Vinodh et al. 2011). It has also
been used to account for the relative nature of leanness (Bayou and De Korvin
2008) and as a modelling technique to score overall lean performance (Behrouzi
and Wong 2011; Pakdil and Leonard 2014). Mahalanobis Taguchi Gram Schmidt
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(MTGS) is a statistical based tool that has been used to indicate the degree of
abnormality in leanness and identify directions of improvement for a given set of
capital constraints (Srinivasaraghavan and Allada 2006).

The functions of questionnaires and self-assessment instruments are straight-
forward: to collect and analyse qualitative data in an organized fashion, using yes/
no responses (Goodson 2002) and various multi-level grading schemes, (e.g.
Hallam 2003a, b; Taj 2005; Vimal and Vinodh 2012). The Rooted Arborescence
Algorithm (RAA) maps the nodal inter-relationships between items that make up a
system. It has been used to calculate the degree to which a lean practice supports
another lean practice (Liang et al. 2015). System dynamics is a simulation mod-
elling tool used for investigating the complex inter-relationships that exists within a
system, such as the interactions between various lean aspects and the leanness
indicators, and has been used by Taleghani et al. (2010), Ali and Deif (2014, 2016),
Oleghe and Salonitis (2016b). Value stream mapping, as the name implies, maps
the flow of a product, its processes and the associated performance information
along the entire value chain, contrasting the current lean state with a future ideal
lean state. VSM is a lean improvement tool and it has been used to substantiate the
lean state of a system (Wan et al. 2007; Vinodh et al. 2010).

Table 5 (in appendix) has been used to tally the prevalent tools and instruments
used in leanness assessment; Fig. 5 is the chart of these tallies. It can be seen from
Fig. 5 that questionnaire/self-assessment instrument represents the most prevalent
tool used in the literature, constituting the highest frequency with about 28%. This
was followed by the use of FL (23%) and AHP/ANP/MCDA (13%). These three
sets of tools represent the prevalent tools that have been used in most leanness
assessment methods. Meanwhile, majority of the tools (about 63%) were used in
only one or two studies, implying their unpopularity in leanness assessment.

While about sixteen different tools and instruments have been used, these tools can
be classified under two broad thematic categories: qualitative or quantitative. As
observed in the literature, qualitative tools are basically used to collect qualitative types
of data such as perceptions of lean performance. Quantitative tools can be described as
being analytical in nature: they are used to analyse qualitative or quantitative types of
data, and take the form of mathematical expressions. In AHP for example, mathe-
matical expressions are used in pairwise comparisons of criteria to establish their
individual weights with respect to a common goal (Saaty 2008; Searcy 2009). The
self-assessment questionnaire is a qualitative tool, whereas FL or AHP (analytical/
quantitative) have been used in quantifying the results from the self-assessment lean
audit. Of the sixteen tools identified in the literature, three (benchmarking, BSC and
questionnaire/self-assessment) are qualitative tools while others can be classified as
quantitative/analytical-type tools. It can be summarized that quantitative/analytical
tools are predominantly applied in leanness assessment. This would make sense, since
qualitative tools such as the self-assessment questionnaire, on their own, may not be
able to reveal the level of leanness, for example.

By combining the information in Tables 4 and 5, the tools/instruments can be
ascribed to each generic use of the methods, and this is shown in Table 1. This
helps to indicate what tools/instruments can be used for the various applications.

Leanness Assessment Tools and Frameworks 11



Majority of the tools have been used to address at least three key benefits. Only
three tools (AHP/ANP/MCDA, Fuzzy Logic and Questionnaires have been used to
address five of the key benefits. None of the models has been used to address all
seven key benefits. Meanwhile, in Table 2 is the summary of how the tools were
applied towards the Measurement of Leanness Level and Measurement of Leanness
Impact. From Table 2 it is easy to summarize that most of the tools can be used to
measure both the leanness level and leanness impact. However, the tools have not
been used by majority of past researchers to achieve both in a single study. In other
words, there have been limited use of the tools to simultaneously assess the level of
leanness and the impact of leanness. In majority of cases, it has been either one or
the other aspect that was addressed.

5 Data Types Used in Leanness Assessment

It would appear that there are varied types of data that have been used in leanness
assessment. However, the data types can be classified under two distinct categories:
quantitative and qualitative. For the purpose of the review in this chapter and to
avoid any ambiguity, reference to quantitative data are those that are directly
measurable and are numeric in nature. They are amenable to statistical manipulation

0

5

10

15

20

25

A
H

P
/ A

N
P

/ M
C

D
A

A
na

ly
tic

al
 E

qu
at

io
n

A
N

N

B
en

ch
m

ar
ki

ng

B
S

C

D
E

A

D
E

M
A

T
E

L

D
S

S

F
ac

to
r 

A
na

ly
si

s

F
uz

zy
 L

og
ic

M
T

G
S

Q
ue

st
io

nn
ai

re
/S

el
f-

…

R
A

A

S
D

S
E

M

V
S

M

F
re

q
u

en
cy

 in
 t

h
e 

lit
er

at
u

re

Fig. 5 Prevalence of use of tools and instruments in leanness assessment

12 O. Oleghe and K. Salonitis



T
ab

le
1

M
od

el
s
an
d
in
st
ru
m
en
ts
of

le
an
ne
ss

as
se
ss
m
en
t
an
d
w
ha
t
th
ey

ha
ve

be
en

us
ed

to
ac
hi
ev
e

In
st
ru
m
en
ts

U
se
s

Q
ua
nt
ifi
ca
tio

n
of

le
an
ne
ss

le
ve
l

G
ap

an
al
ys
is

Im
pa
ct

an
al
ys
is

D
eg
re
e
of

ad
op

tio
n

of
le
an

pr
ac
tic
es

B
en
ch
m
ar
ki
ng

Sc
en
ar
io

an
al
ys
is

D
yn

am
ic

an
al
ys
is

A
H
P/
A
N
P/
M
C
D
M

X
X

X
X

X

A
na
ly
tic
al

eq
ua
tio

n
X

A
N
N

X
X

B
en
ch
m
ar
ki
ng

X
X

X
X

B
SC

X

D
E
A

X
X

X
X

D
E
M
A
T
E
L

X

D
SS

X

Fa
ct
or

an
al
ys
is

X
X

X

Fu
zz
y
L
og

ic
X

X
X

X
X

M
T
G
S

X
X

X
X

Q
ue
st
io
nn

ai
re
/

Se
lf
-a
ss
es
sm

en
t

X
X

X
X

X

R
A
A

X

SD
X

X
X

X

SE
M

X
X

V
SM

X
X

Leanness Assessment Tools and Frameworks 13



in their raw and original form. Qualitative data are those types of data that are not
directly measurable or quantifiable.

There are many generic quantitative data types associated with leanness assess-
ment such as lead time, defect rate, setup time, changeover time, work-in-process
quantity, mean time to machine breakdown, mean time to machine repair, overall
equipment effectiveness, first time through capability and dock-to-dock time. Other
types of quantitative data have been used in leanness assessment. Behrouzi and Wong
(2011) used a number of orders delivered late and lead time to represent JIT lean
aspect. Srinivasaraghavan and Allada (2006) used a number of kaizen events in their
leanness assessment method to represent Continuous Improvement programmes.
Bayou and De Korvin (2008) used relative change in inventories over time to rep-
resent Kaizen, while Pakdil and Leonard (2014) used space productivity (production
throughput per square foot of space) to represent process related lean dimension.

Qualitative data types in leanness assessment can also be referred to as soft
metrics, as they capture information on such items like lean culture, leadership
commitment to continuous improvement, extent of the use of lean tools and
adherence level to lean. They are not directly measurable, rather they are measured
using descriptive words such as ‘Worst’, ‘Very poor’, ‘Poor’, ‘Fair’, ‘Good’, ‘Very
good’ and ‘Excellent’ (see for example Zanjirchi et al. 2010; Vimal and Vinodh
2012; Chhabi et al. 2014) or assigned points on a rated scale such as a Likert scale

Table 2 Leanness assessment instruments and how they have been used to address the
measurement and impact of leanness

Instruments Uses

Measurement of leanness
level

Measurement of leanness
impact

AHP/ANP/MCDM X X

Analytical equation X

ANN X

Benchmarking X

BSC X

DEA X X

DEMATEL X

DSS X

Factor analysis X X

Fuzzy Logic X X

MTGS X X

Questionnaire/
Self-assessment

X X

RAA X

SD X X

SEM X X

VSM X X

14 O. Oleghe and K. Salonitis



(Hallam 2003a, b; Seyedhosseini et al. 2011; Wong et al. 2014). A 100 points scale
has also been used to collect qualitative data (Taj 2005; Singh et al. 2010; Anvari
et al. 2013). Information about lean performance for these types of data are typically
questionnaire generated.

Qualitative data types have been used to assess the degree or extent of lean
adoption. The LESAT was used by Hallam (2003a, b) to assess the degree of lean
adoption in the aerospace industry. Taj (2005) used the Strategos LAT to assess the
level of lean adoption in Chinese Hi-Tech industries using a 100-point scale. Anand
and Kodali (2009) used a checklist of lean practices adopted in Toyota Motor
Corporation to benchmark the number of adopted lean practices in two organizations.
Qualitative leanness indicators have also been used to assess the criteria and enablers
for being lean (Chauhan and Singh 2012; Vinodh and Joy 2012; Anvari et al. 2013;
Cil and Turkan 2013; Gupta et al. 2013; Chhabi et al. 2014; Wong et al. 2014).
Table 6 has been used to indicate the prevalence of each data type in the literature.

From Table 6 it can be seen that qualitative types of data have been predomi-
nantly used in the literature when compared to the quantitative types of data. This
trend may not be unconnected with the difficulty in obtaining quantitative types of
data. In other instances, the data may not be accurate or readily available (Ray et al.
2006), while in others, the data may be outdated to provide information about
current leanness (Bayou and De Korvin 2008; Searcy 2009). Qualitative types of
data can be easily captured using a self-assessment questionnaire tool. For orga-
nizations, qualitative types of data are less sensitive and less proprietary than
quantitative data, hence their popularity in majority of the methods that have been
advanced in the literature.

While the use of qualitative types of data have been predominant in leanness
assessment methods, the use of mixed-data types (i.e. quantitative and qualitative)
in a unified leanness assessment has been rarely applied. Of the 64 studies that were
set apart for the survey, only two (Pakdil and Leonard 2014; Oleghe and Salonitis
2016a, b) have used mixed-data type in their leanness assessment. From the find-
ings, it can be taken that the data used in majority of the methods are either
distinctively quantitative or qualitative.

Table 3 has been used to sort out which data types have been used to achieve the
different leanness assessment objectives. It can be seen from Table 3 that both
data types have been used in achieving the objectives of the leanness assessment.
It was found that only qualitative data types are used when the degree of adoption
of lean practices is the objective of the assessment.

6 Conceptual Framework for Leanness Assessment
and Discussion

Conceptual maps are needed in the design of conceptual frameworks, which can be
used to develop an appropriate leanness assessment method for specific situations.
While Fig. 1 (in the Introduction section) describes the basic format for leanness
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assessment methods, the trends and patterns that have been revealed in the current
study can be used to provide better clarity and understanding in the design and use
of the methods. By revisiting Fig. 1 and interjecting the revealed patterns in the
literature, a conceptual map for leanness assessment method design (Fig. 6) can be
advanced. In this conceptual map, an additional level in the hierarchy has been
added at the beginning (top) of the framework to specify the objectives of the
leanness assessment as compared to the one depicted in Fig. 1.

The conceptual model shown in Fig. 6 has been presented as part of the DMAIC
(Define, Measure, Analysis, Improve and Control) circle for improvement.
Obviously, the leanness assessment can be mapped only to the Define, Measure and
Analysis phases. Analysis stops with the analysis of the leanness levels per LM
aspect investigated. This needs to be complemented by setting up plans for
improvement. Figure 6 presents high-level information with regards the Improve
and Control phases.

Advancing the conceptual frameworks that are possible from the conceptual map
is beyond the aim of the current study. This should be an area where other
researchers can advance the work. An example of a conceptual framework could be
one in which the objective of the leanness assessment is for benchmarking pur-
poses, representing the first level in the hierarchy. The aspects of LM to be con-
sidered for the assessment (representing the second level in the hierarchy) could be
based either on the characteristics of the organization considering the assessment or
on the objectives of the assessment, or both, depending on choice. Ideally, a
comprehensive set of practices relevant to the organization type should be adopted
for the assessment. On the third level of the hierarchy is the data type. The authors
of the current chapter advocate for a mixed-data type leanness assessment. If a
qualitative data type is to be used, the self-assessment questionnaire should be the
instrument of choice for initial data collection. The DEA/AHP (Anvari et al. 2014;
Azadeh et al. 2015) can be used in the final analysis of the data obtained using the
questionnaire. In other words, the fourth level will indicate multiple tools- ques-
tionnaire, DEA and AHP. If a quantitative data type is considered, the DEA (Wan
2006; Wan and Chen 2008) the FA (Ray et al. 2006) or FL (Bayou and De Korvin
2008) tools can be applied. The fifth level is simply the outcome of the leanness

Table 3 Uses of leanness assessment and the data types

Key objectives Data type

Qualitative data Quantitative data

Quantification of leanness level X X

Gap analysis X X

Impact analysis X X

Degree of adoption of lean practices X

Benchmarking X X

Scenario analysis X X

Dynamic analysis X X
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Fig. 6 Conceptual map for leanness assessment methods
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assessment which should correspond with the initial objectives of the assessment.
Other conceptual frameworks can be gleaned from the current study key findings.

The conceptual framework should integrate the key features of leanness assess-
ment, defining the tools and data that are useful for specific leanness assessment
objectives. The framework should guide adopters towards a structured approach to
follow and prevent the random selection of tools/instruments as well as data types.

Others (Wahab et al. 2013) have developed a conceptual model of leanness
measurement for the manufacturing industry, however, their conceptual model
focused only on two levels namely dimensions (aspects of LM) and factors (indi-
cators of leanness). The conceptual map described above contains multiple levels that
cover all parts of the assessment. Conceptual maps have also been generated for LM
practices selection (Shah and Ward 2003; Pavnaskar et al. 2003; Mirdad and Eseonu
2015); there is yet a conceptual map for leanness assessment method selection.

The quantification of leanness level has occupied majority of past research
efforts such that the leanness assessment methods have been focused in this area.
The current state of saturation suggests that it is a mature area and there is no need
for further methods focusing on this aspect. It also suggests that advances have been
made to the point where the current methods are sufficient enough for most situ-
ations. So rather than add to the body of knowledge, researchers can focus their
efforts on testing the reliability and robustness of the information, the tools and the
data requirements for each method.

The measurement of leanness appears to be well investigated by past
researchers, suggesting a saturated field, where additions would be of little value. In
short, the advanced methods have fully covered this aspect. Whereas, the investi-
gation of the impact of leanness is less researched, implying that more methods are
required to advance the knowledge in this area. Of the methods that have been
advanced in investigating the impact of leanness, majority are subjective-based
tools that rely on human judgement and perceptions about the relationship between
leanness and organizational performance. There is a paucity of methods to provide
an objective assessment of how lean impacts organizational performance. In fact,
Hopp et al. (2007) and Marvel and Standridge (2009) express that achieving the
benefits of lean has often been approached using an intuitive method of improve-
ment. While majority of the methods can be used to measure leanness and also
indicate the likely impact of leanness, there have been limited methods advanced to
accomplish both aspects in a single assessment. This would certainly be of greater
value than addressing either one separately.

In terms of types of data used in the methods, it can be seen that there are more
methods that use qualitative types of data. This may due to the difficulty in collecting
accurate and reliable quantitative data. It could also be due to organizations being
protective of their figures. In other instances, the quantitative data simply does not exist
(Ray et al. 2006). Both types of data have their strengths and weaknesses, so it means
that the leanness assessment methods would also exhibit the strengths and weaknesses
of each data type. However, there is an extreme paucity of methods that use mixed data
i.e. both qualitative and quantitative in the same assessment. This indicates a shortfall
in methods that use mixed-data types to combine the strengths of each data type and
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overcome their respective weaknesses. In addition, Pakdil and Leonard (2014) suggest
that it is better to use both types as they may individually indicate different directions of
performance, thereby providing misleading information. If used in a combined man-
ner, they individually act as a check for the other, thereby improving the confidence in
the assessment result. Can a single leanness assessment method achieve this? The
answer is yes, as Pakdil and Leonard (2014) have used FL, even though they advanced
two separate LATs in their advanced method. In their approach, they used ‘hard’
quantitativemeasures to develop one LAT and ‘soft’ qualitative measures for the other.
Can a single tool be used as an all-inclusive method, where both qualitative and
quantitative data are homogenized in a holistic method? The answer to this question is
also yes. For example, Zahn et al. (1998) have used an SD approach to justify the
investments in a manufacturing plant, on the basis of hard and soft decision criteria.
Taleghani et al. (2010), Ali and Deif (2014, 2016), Oleghe and Salonitis (2016a, b)
have all used SD tool in their leanness assessment approach. There have been very few
applications of SD in the literature, and this suggests an area where more research
efforts may be directed to fully explore its potentials.

Seven broad areas were identified, which represent the generic uses of the
methods. It was revealed that majority of the tools used in the methods have been
used to address most areas. However, there have been limited research efforts
undertaken whereby the advance methods address most if not all of the areas. What
this means is that while there are several uses and applications, none of the
advanced methods has been used to address the multiple areas, simultaneously.
Leanness assessment methods would be of greater benefit if they address many
issues rather than a few set of issues.

Trends in past data can be used to guide future behaviours. The prevalent trends
revealed in the current study are useful for future researchers. For example, a
comprehensive and exhaustive set of tools and instruments have been revealed,
from which future researchers can draw from. In addition, there are commonalities
that can be gleaned from the current study. These commonalities are useful in
creating paths that link data types with tools/instruments and with uses of the
methods. The trend analysis revealed from the literature survey provides guidance
as to which model can be used for a specific purpose. For example, scenario and
dynamic analyses have been approached using a system dynamics tool, while
quantification of leanness level has been approached using virtually all the preva-
lent tools. Assessing the Degree of Adoption of lean practices can, for example, be
undertaken using questionnaire/self-assessment instruments. These and many more
linkages are derivable from the current document.

Industrial implication is a consequence of academic implications. Wherever
there is an abundance of methods or applications, there is the likelihood of advances
in knowledge. Where there are advances in knowledge, industry benefits as the
eventual users of the methods. Areas where there has been an overemphasis suggest
areas where practitioners can be confident of the reliability of the method, as being
tried and tested. Vice versa is the case where there is a dearth of methods or
knowledge. In other words, methods that incorporate self-assessment questionnaire
tools and fuzzy logic, methods that are based on qualitative data types and methods
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that quantify or measure leanness level are those in which industry will have
confidence using. Meanwhile, methods that utilize less prevalent tools such as the
Rooted Arborescence Algorithm (RAA) and the Mahalanobis Taguchi Gram
Schmidt (MTGS) will not likely be tried out. So while methods based on these tools
may be advantageous, industry may probably not benefit from its use since a
practitioner will most likely choose a method that has been tried and tested.

One aspect that calls for concern is the paucity of methods that measure or
investigate the impact of leanness; methods that are not based on subjective human
perception or judgment. With the current trend, it means that industry practitioners
will approach leanness improvement on the bases of gut feeling and intuition. In other
cases, they will use information from documented empirical studies, and assume that
the findings in those empirical studies will be applicable or replicable in their own
case. Meanwhile, those involved with lean introduction or its improvement should be
able to show their clients or organizations that lean will actually improve company
performance, and be specific on the magnitude of change. In the absence of this, the
organization is less likely to adopt or be committed to improving lean.

7 Conclusions

This study set out to survey the literature for leanness assessment methods. The
intention was to reveal common themes and trends as well as gaps, to provide
directions where future advancements can be made in the methods. The survey results
generated various trends through which conceptual frameworks can be developed.
The gaps indicate paucity in methods using mixed (quantitative and qualitative) data
type. The gaps also reveal the paucity of methods that provide an unambiguous
evidence of the impact of leanness. The scope of work did not include an empirical
survey: something that will establish what is really obtainable in practice. For
example, the Value Stream Mapping tool is well established in lean organizations,
whereas it is rarely used in the literature for leanness assessment. On the other hand,
the self-assessment instruments are prevalent in the literature, but there are no
empirical studies to indicate their prevalence in practice. It is also possible that many
organizations lack the expertise and the commitment to generate a leanness assess-
ment methodology on the one hand and to apply it on the other. The empirical
knowledge is limited. A research effort may be one that seeks to carry out an empirical
survey to establish the prevalence of each instrument as well as the typical uses.

Appendix

See Tables 4, 5 and 6.
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Table 6 Prevalence of data types used in leanness assessment

S/No. Authors Year Quantitative
data type

Qualitative data
type

Mixed-data

1 Sánchez and Pérez 2001 X

2 Goodson 2002 X

3 Soriano-Meier and
Forrester

2002 X

4 Nightingale and Mize 2002 X

5 Kumar and Thomas 2002 X

6 Hallam 2003a,
b

X

7 Doolen and Hacker 2005 X

8 Taj 2005 X

9 Srinivasaraghavan and
Allada

2006 X

10 Wan 2006 X

11 Ray et al. 2006 X

12 Wan et al. 2007 X

13 Bhasin 2008 X

14 Wan and Chen 2008 X

15 Bayou and De Korvin 2008 X

16 Ihezie and Hargrove 2009 X

17 Anand and Kodali 2009 X

18 Wan and Chen 2009 X

19 Shetty et al. 2010 X

20 Singh et al. 2010 X

21 Taleghani et al. 2010 X

22 Vinodh et al. 2010 X

23 Zanjirchi et al. 2010 X

24 Anvari et al. 2011 X

25 Behrouzi and Wong 2011 X

26 Seyedhosseini et al. 2011 X

27 Toloie-Eshlaghy and
Kalantary

2011 X

28 Vinodh and Balaji 2011 X

29 Vinodh and Chintha 2011 X

30 Vinodh et al. 2011 X

31 Chauhan and Singh 2012 X

32 Deif 2012 X

33 Nasab et al. 2012 X

34 Sezen et al. 2012 X

35 Stone 2012 X

36 Vinodh and Joy 2012 X
(continued)
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Lean Supply Chain Management:
A Systematic Literature Review
of Practices, Barriers and Contextual
Factors Inherent to Its Implementation

Satie Ledoux Takeda Berger, Guilherme Luz Tortorella
and Carlos Manuel Taboada Rodriguez

Abstract The objective of this chapter is to perform a systematic literature review
to identify the main Lean Supply Chain Management (LSCM) practices, barriers to
such implementation and contextual factors that influence it. Through this literature
examination, it is expected to identify the main gaps related to LSCM implemen-
tation and discuss the relevance of research in this topic, indicating future research
directions. A systematic literature review (SLR) was devised and adopted, which
involved the selection, classification, and evaluation of the literature, resulting in a
final portfolio of 60 research articles. It is worth noticing that no temporal delim-
itation of publications was defined. The content of extant LSCM literature was
critically analyzed and synthesized from the perspective of the practices, barriers
and contextual factors inherent to LSCM implementation. The analysis of extant
literature shows that there is a significant increase in studies related to LSCM,
especially after 2011. Based on an extensive systematic review of the literature, we
consolidated 18 practices, 12 barriers and 8 contextual factors inherent to LSCM
implementation. It is noteworthy that most of the studies published to date on
LSCM have focused on outlining practices and their potential benefits, inferring
that once companies adopt them the lean implementation would be automatically
started. However, such implementation throughout the supply chain is extremely
difficult and challenging. From the analysis of this portfolio, it was also verified that
most researchers address the three topics (practices, barriers and contextual factors)
in an isolated way, not correlating them from a holistic perspective. This research
expands previous work on LSCM, strengthening of the body of knowledge on the
subject and consolidating the main practices of LSCM, barriers and contextual
factors inherent to its implementation. The clear identification of these topics may
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help researchers and practitioners to anticipate occasional difficulties and set the
proper expectations along the LSCM implementation.

Keywords Lean supply chain management � Practices � Barriers
Contextual factors � Systematic literature review

1 Introduction

The supply chain comprises all activities related to the flow and transformation of
products and information, starting from raw materials to the end user, both
downstream and upstream in the supply chain (Ballou 2009). According to
Ugochukwu et al. (2012) and Christopher and Towill (2001), an appropriate Supply
Chain Management (SCM) is key for companies, impacting their operational per-
formance in terms of lower inventory level, higher customer satisfaction and pro-
cesses efficiency, higher quality, reduced costs and improvements in delivery
service level. Alves Filho et al. (2004) emphasize the increasing amount of studies
that investigate the different contexts and practices related to SCM. Jasti and Kodali
(2015a) emphasize that to assure an organization’s competitiveness it is necessary
to produce the right products, with the expected quality and quantity, at the right
price and time, for the right customer. Within this scenario, due to the benefits
provided to manufacturing environments, the incorporation of lean principles and
practices into SCM has culminated in differentiated results along the supply chain,
surpassing those already achieved by the organizations individually
(Arif-Uz-Zaman and Ahsan 2014).

In this sense, the extension of the application of lean principles and practices to
supply chain is called Lean Supply Chain Management (LSCM) (Anand and Kodali
2008). Vitasek et al. (2005) define LSCM as being a set of organizations directly
linked by upstream and downstream flows of products, services, finances and
information that work collaboratively aiming at the reduction of costs and waste,
demonstrating in an efficient way what is necessary for customer’s individual
needs. According to Shah and Ward (2003), LSCM emphasizes the use of lean
practices in a synergistic way to create a high-quality production and logistics
systems that produce and deliver according to the customers demand and with little
or no waste. Many studies are found addressing LSCM (e.g., Levy 1997; Sridharan
et al. 2005; Li et al. 2006; Taylor 2006; Boonsthonsatit and Jungthawan 2015); but
most of the applications are restricted to certain industrial segments, or approach
only one lean practice, neglecting a holistic perspective inherent to the imple-
mentation of LSCM.

In this context, Jasti and Kodali (2015a) comment on the lack of a stable and
unidirectional theory regarding LSCM concepts, since many studies focus only on
individual aspects of LSCM, and few have a focus on both upstream and down-
stream activities of the organization system. Further, according to Anand and
Kodali (2008), several modifications must be made to adapt lean principles and
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practices to SCM. While manufacturing predominantly involves the flow of
materials with a reduced amount of information within the boundaries of the
organization, the supply chain comprises the flow of materials, information, and
resources beyond the boundaries of the organization. Thus, both the benefits and the
barriers faced for LSCM implementation may differ from those already known in
manufacturing (Manzouri and Rahman 2013). Additionally, the contextual factors
that may influence the implementation of LSCM, such as sector and size of the
supply chain, tier level, among others, are scarcely evidenced in the literature if
compared to studies in manufacturing environments (Li et al. 2006). Overall, it is
verified the incipience of the literature with respect to the addressed topic and,
consequently, three research questions can be raised: (i) “what are the main prac-
tices of LSCM?”; (ii) “what are the inherent barriers to its implementation?”; and
(iii) “what are the contextual factors that influence the LSCM implementation?”.

Thus, the objective of this study is to perform a systematic literature review to
identify the main LSCM practices, barriers to such implementation and contextual
factors that influence it. Through this literature examination, it is expected to
identify the main gaps related to LSCM implementation and discuss the relevance
of research in this topic, indicating future research directions. Literature review is a
widely used method to analyze comprehensively different approaches to the topic
under study, as well as to reinforce the proposed research problem and to justify the
differential of the proposal by reorganizing existing knowledge and identifying gaps
(Paré et al. 2015). The literature review presented in this article applies explicit and
systematized search methods, synthesis of the selected information, and integrates
the information of a set of studies carried out separately. Besides this introduction
section, this chapter is structured as follows: Sect. 2 briefly conceptualizes funda-
mental principles that underlie SCM; in Sect. 3, the proposed literature research
method is described, whose results are discussed in Sect. 4. Finally, Sect. 5 pre-
sents the final remarks and directions for future research.

2 Literature Review

The term “Supply Chain Management” was first proposed in the literature in the
1980s, but it was only in the 1990s that the first organizational reports were actually
evidenced. SCM implies a management change from exclusive improvement efforts
oriented to internal problems, to focus on the relations with the other companies that
are part of the organization’s supply chain (Alves Filho et al. 2004). For the Council
of Supply Chain Management Professionals (2013), “SCM encompasses the
planning and management of all activities involved in supply and acquisition,
conversion and all logistics management activities. It also includes coordination and
collaboration with channel partners, who can be suppliers, intermediaries, service
providers and customers.” Further, SCM can be seen as a way to efficiently connect
each agent of the manufacturing and supply processes, from the raw material to the
final consumer. Sridharan et al. (2005) comment that SCM aims to integrate the
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various structures and processes, facilitating and coordinating the flow of goods,
services, and information necessary to provide the value that customers want.
Complementarily, SCM focuses on how companies manage their technology,
information, and skills to improve their competitive advantage (Ariffin et al. 2015).

Akkermans et al. (2004) comment that SCM is a high-complex activity from
both academic’ and practitioner’s perspective. This is justified by the fact that a
supply chain is composed by a net of companies or independent business units,
starting from the original supplier to the final customers, whose management
becomes a broad and challenging task (Lambert et al. 2005; Ellram and Cooper
2014). Thus, to accomplish an efficient SCM, it is important to know and under-
stand how organizations are structured. In this sense, two fundamental aspects of
the supply chain structure are suggested (Lambert et al. 1998; Lambert and Cooper
2000): supply chain agents and their structural dimensions. The agents of a supply
chain include all organizations with which the focal company interacts directly or
indirectly through its suppliers or customers, from the raw material acquisition to
the final consumer (Lambert and Cooper 2000). Regarding the structural dimen-
sions, Lambert et al. (1998) emphasize three dimensions as essential: (i) horizontal
structure, which refers to the number of tiers in the entire supply chain; (ii) vertical
structure, denoting the number of suppliers and customers belonging to the same
tier; and (iii) horizontal position, which is the position of the focal company within
the supply chain.

3 Method

The adopted method is comprised of 6 steps, as shown in Table 1.
In the first step, the research question, which the paper will seek to answer, was

defined and served as the starting point for the systematic review of the literature.
This study consists of three questions already presented in the introductory section.
Then, in the second step, the databases to be used in the search were determined.
The bases were chosen according to their availability in CAPES (Brazilian
Coordination for Improvement of Higher Level Personnel) Journals website.

Table 1 General description of the systematic literature review process

Steps Description for conducting a structured literature review

1 Define the research question

2 Choose the databases to be consulted; set keywords and search strategies

3 Define criteria for the selection of articles and conduct search in selected databases

4 Define the initial portfolio of articles, applying the criteria in the selection of articles
and get the final portfolio of articles

5 Critically analyze all studies in the review and describe a critical view by the selected
articles

6 Determinate a final considerations and contributions of this research

42 S. L. T. Berger et al.



The strategies defined for the selection of databases were delimited according to
Lancaster (2004), who argues that a bibliographic database should be evaluated for
its usefulness in responding to the following information needs: (i) coverage, how
complete is the content of the database in relation to a subject; (ii) recoverability,
how many documents on the subject can be found in the database using a search
strategy that is not very complex; (iii) predictability, the researcher can verify with
efficiency the relevance of the documents from the information contained in the
database; and (iv) actuality, the database has a good frequency in the inclusion of
new publications. In this sense, three bases were defined: Emerald, Scopus, and
Web of Science. Further, different combinations of keywords were established for
the initial search, as presented in Table 2. It is worth noticing that no temporal
delimitation of publications was defined.

In the third step, some criteria were established for the selection of the articles
from the initial portfolio, namely: (i) eliminate duplicates or nonscientific articles;
(ii) verify alignment of articles’ titles with the research theme; (iii) check alignment
of abstracts to the research theme; and (iv) assure that articles’ full texts are aligned
with the research theme. Then, based on the selected keywords, a search was
performed on the chosen databases according to the previously defined strategies.
In step four, the analysis of the initial portfolio was performed, which totalized
1384 references. In addition, these references have been exported to the Endnote
X7® management tool to assist with their organization. Subsequently, the four
criteria defined in step three were applied in the selection of articles, in order to
exclude those that were not aligned with the research objectives. Hence, 867
duplicate or nonscientific articles were excluded, as well as 457 articles unrelated to

Table 2 Bibliographic research and selection of articles

Keywords Quantitative databases

Emerald Scopus Web of
science

“Lean supply” AND “practices” OR “implement” 234 58 25

“Lean supply” AND “failures” OR “challenges” OR
“barriers”

175 40 8

“Lean supply” AND “contextual factors” 189 8 18

“Lean supply” 282 236 111

Total at each base 880 342 162
Total (Initial Portfolio) 1384
Duplicate or non-scientific articles 867

Articles not related to the objectives of the work
(title and abstract)

401

Articles not related to the objectives of the work
(full text)

56

Total selected articles (Final Portfolio) 60
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the topic, through the analysis of titles, abstracts or full text. In total, 1323 articles
were removed, remaining only 60 as the final portfolio. In step five, a critical
reading and evaluation of the final defined articles portfolio were performed; and a
critical summary was developed in order to highlight the relevant findings available
in these articles. Finally, step six allowed the determination of the final consider-
ations and contributions of this study, and the establishment of future research
directions on the theme.

4 Discussion on LSCM Research

4.1 Overall Analysis of the Final Portfolio

The studies consolidated in the final portfolio of LSCM articles indicate research in
different supply chains, such as food (Vlachos 2015), toys (Yew Wong et al. 2005),
electronics (McIvor 2001), automotive (Adamides et al. 2008; Wee and Wu 2009;
Boonsthonsatit and Jungthawan 2015), agribusiness (Taylor 2006; Perez et al.
2010), among others. However, according to Cudney and Elrod (2011), some
supply chains still have a shortage of studies, such as informatics, civil construction,
design, engineering, government, and military.

As for the temporal aspect, Ugochukwu et al. (2012) comment that, although the
lean principles and practices became popular in 1990s, their implementation in the
supply chain context gained more attention a few years later. According to
the authors, the extension of lean principles and practices to supply chain can be
attributed to the publication of the book “Lean Thinking” by Womack and Jones
(1996) in which it promotes lean implementation throughout the supply chain.
Hines et al. (2004) indicate that the understanding of lean principles and practices
has undergone an evolution over the years, starting from the approach focused on
plant floor tools to a contingent perspective along the value chain. This fact is
observed in the final portfolio, since the first article related to the subject was
published in 1996 by Lamming, with a discrete increase of publications in the
following years. However, after 2011 it has been noticed a significant increase in
the number of published articles related to this subject, with the highest number of
publications (8 articles) on 2015.

Regarding the research method among the articles included in the final portfolio,
applied research prevailed (70%) followed by theoretical research (30%).
According to Vilaça (2010), applied research is usually focused on solving practical
issues. On the other hand, the theoretical research is essentially based on a bibli-
ographical research, which provides analysis and discussion of a predefined theme.
Further, among the 42 applied research articles found, 15 correspond to studies in
emerging economies, while 14 are studies in developed countries.
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4.2 LSCM Practices

Lean practices can be applied across the entire supply chain, from placing the order
with suppliers to distributing and delivering the product to the end customer.
Previous studies (Wee and Wu 2009; Perez et al. 2010; Manzouri 2012;
Boonsthonsatit and Jungthawan 2015; Hartono et al. 2015; Vlachos 2015) associate
the implementation of LSCM practices with improvements in the supply chain’s
operational performance, regardless of its context. Erridge and Murray (1998), for
instance, indicate that through the application of LSCM practices similar benefits to
those of the manufacturing industry can be obtained in the Belfast City Hall, the
main city of Northern Ireland. These benefits can be observed in terms of reduction
of inventory, increase in services quality, cost reduction and better relationship with
suppliers and customers. However, studies on LSCM practices are still less fre-
quently evidenced in the literature if compared to manufacturing environments. The
implementation of LSCM practices is considered more complex than manufacturing
(Martínez-Jurado and Moyano-Fuentes 2014), since they require a significant
adaptation and involve different companies (Anand and Kodali 2008; Manzouri
et al. 2014). In this sense, most of the studies that address LSCM practices indicate
the need for leadership restructuring and establishment of a supporting infrastruc-
ture (Yew Wong et al. 2005; Adamides et al. 2008; Behrouzi and Wong 2011;
Vlachos 2015). It is worth noticing that there are some industry sectors little
explored regarding the progress of LSCM implementation, in which different
challenges and benefits may emerge than those already expected (Cudney and Elrod
2011).

Further, some studies (e.g., Taylor 2006; Anand and Kodali 2008; Vlachos
2015) intend to connect LSCM practices and lean principles. Perez et al. (2010), for
example, evaluate the relationship of contextual variables and performance of a
supply chain with LSCM practices. The authors propose a structure with seven
dimensions of LSCM practices categorized into five lean principles: (i) definition of
value, (ii) identification of the value stream, (iii) making the value flow, (iv) pulling
the value from the customer’s demand and (v) seek perfection. The seven proposed
dimensions are: (i) demand management; (ii) specification of the value; (iii) stan-
dardization of processes and products; (iv) value chain efficiency; (v) key process
indicators; (vi) establishing alliances with members of the chain; and (vii) cultural
change.

Another important aspect concerns the lack of holistic approaches to the
implementation of LSCM practices. Many studies deal only with individual aspects
of LSCM, presenting a narrow or isolated perspective of activities upstream and
downstream of the flow (Martínez-Jurado and Moyano-Fuentes 2014). Among the
final portfolio, only two studies proposed broad conceptual frameworks regarding
the implementation of LSCM practices. Anand and Kodali (2008), later comple-
mented by Jasti and Kodali (2015a), suggest eight pillars for the implementation
of LSCM, which are constituted by 82 practices; they are: (i) management
of information technology; (ii) management of suppliers; (iii) waste disposal;
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(iv) JIT production; (v) customer relationship management; (vi) logistics manage-
ment; (vii) commitment of senior management; (viii) continuous improvement.
However, the proposed conceptual framework was not empirically validated,
characterizing a research gap.

Overall, Tables 3, 4 and 5, consolidate the most cited LSCM practices
(P) according to 55 articles from the final portfolio. The citation frequency of these
18 practices presents significant variations. Practices P1 (Kanban or pull system)
and P2 (Close relationship between customer, supplier and relevant stakeholders)
appear to be the most frequently cited in the LSCM studies, with 38 and 32
citations, respectively. The high frequency of citations can be explained by the fact
that these practices are included in the precursor studies of LSCM (e.g., Lamming
1996; Erridge and Murray 1998), since their impact on both manufacturing process
and supply chain performance can be more easily perceived. In fact, these practices
were consistently associated with the LSCM studies over time, leading to high
number of research evidence that reports their application. Specifically for P1,
McIvor (2001) comments on its impact on obtaining lower inventory levels and
greater visibility of quality problems. In addition, such practice is commonly
associated with just-in-time (JIT) deliveries (Dües et al. 2013; Wiengarten et al.
2013), in which the right material is delivered at the expected time, place and
quantity (Qrunfleh and Tarafdar 2013). Consequently, the adoption of P1 implies a
narrowing of information and material flows between suppliers and customers,
reinforcing the collaboration between them (P2) (Martínez-Jurado and
Moyano-Fuentes 2014). In this sense, it is reasonable to expect that both P1 and P2
present high recurrence of citations over time, since they are closely related (Bhamu
and Singh Sangwan 2014).

On the other hand, P18 (Establishment of distribution centers) showed to be the
least mentioned in the literature, presenting only 3 citations out of 55 studies. The
implementation of distribution centers is generally motivated due to potential
impacts on transportation costs and order processing (Baker 2004). Although the
first studies on this practice date from the 1970s (La Londe et al. 1971), their
association and later insertion in the LSCM approach are relatively more recent. In
fact, Taylor (2006) appears to be the first study to suggest the incorporation this
practice into the set of LSCM practices. However, only in Sharma et al. (2015) and
Jasti and Kodali (2015a) that P18 was explicitly included in the set of LSCM
practices. Thus, from the increased understanding and expansion of lean thinking to
supply chains, which provided a much more comprehensive approach to LSCM
implementation, P18 gained considerable attention and began to be treated as a
LSCM practice.

In general, the 18 practices consolidated in Tables 3, 4 and 5 emerge from an
extensive review of the literature and provide a representative view of the main
practices adopted in LSCM. The approach of analyzing the impact of lean imple-
mentation based on the assessment of the adoption level of predefined practices has
been widely used in previous studies (Qi and Chu 2009; Rahman et al. 2010;
Manzouri et al. 2013; Sharma et al. 2015) and seems to be also quite effective in
understanding companies maturity regarding LSCM.
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4.3 Barriers and Critical Factors for LSCM Implementation

A barrier is an obstacle that prevents or restricts progress, making it difficult to
achieve something (Kumar et al. 2016). To be successful in any organizational
change, the existing barriers need to be identified and understood (Jadhav et al.
2014). The LSCM implementation, like any other improvement initiative, entails
enormous difficulties (Rahman et al. 2010). Although LSCM has been applied in
different segments in the last decades, a few questions remain unanswered due to
the inherent supply chain complexity and longer-term results, entailing additional
challenges to improvements implementation throughout the chain (Adebanjo et al.
2016). On the other hand, the same studies allow distinguishing the particularities
of the applied practices and also the barriers faced in LSCM adoption (Yew Wong
et al. 2005).

From the 60 articles reviewed, only 34 addressed some kind of barrier inherent
to the LSCM implementation. Out of these 34, only four articles explicitly pre-
sented the barriers and challenges of LSCM as the main theme (e.g., McIvor 2001;
Manzouri et al. 2013; Jadhav et al. 2014; Dora et al. 2016). The remaining articles
shallowly approached a few barriers resulting from the application of LSCM
practices (e.g., Arkader 2001; Anand and Kodali 2008; Perez et al. 2010; Adebanjo
et al. 2016). Vlachos (2015) describes the implementation of LSCM practices in a
tea company in the United Kingdom, highlighting the difficulties encountered. The
author reports the lack of involvement of top management in the improvement
projects, implying a limited and failed implementation. Jadhav et al. (2014) com-
ment that the only way to create a truly lean transformation is through a strong
leadership at the top of the organization, including the CEO. Hence, the actual
involvement of top managers is fundamental to support and sustain improvements
(Yew Wong et al. 2005). In turn, lack of commitment may lead to a number of
issues, such as limited access to resources, lengthy decision-making processes and
communication failures (Perez et al. 2010).

Another important aspect to consider is the development of specialized teams,
which are usually focused on developing training on lean principles and practices,
empowering employees with the required knowledge and skills (Karim and
Arif-Uz-Zaman 2013). As lean implementation becomes reasonably consolidated
within the organization (shop floor and business processes), most companies extend
training to agents of their supply chain (Cudney and Elrod 2011). However, the
extension of LSCM implementation tends to be initially focused on upstream agents
(suppliers) and their practices (Bevilacqua et al. 2017). Thus, the existence of
specialized teams for training and qualification on LSCM practices allows greater
proximity with supply chain agents, establishing a development process that goes
beyond the traditional issues related to price and delivery (Dües et al. 2013;
Wiengarten et al. 2013; Martínez-Jurado and Moyano-Fuentes 2014). In this sense,
some studies report that it is not possible to successfully implement LSCM prac-
tices without directly involving these agents (suppliers and customers) (McIvor
2001; Taylor 2006; Jajja et al. 2016).
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In addition, several benefits have been indicated from the relationship
enhancement of suppliers and customers. Consequently, the absence or lack of
emphasis on these relationships can lead to a significant barrier to LSCM imple-
mentation (Vlachos 2015). According to Qrunfleh and Tarafdar (2013), it is
imperative that managers develop strategic relationships based on trust with sup-
pliers and customers. Distrust and hostility among these agents may discourage
efforts to implement LSCM practices, implying failure of continuous improvement
(Taylor 2006). Further, Manzouri et al. (2013) identified that the lack of trust
among supply chain agents is an important barrier to overcome, as it undermines
the information sharing process.

Taylor (2006) argues that there is a difficulty in moving away from current
negotiation strategies, which is characterized by seeking profit maximization in the
short term. Such strategies negatively influence the establishment of long-term
partnerships and reinforce power-based relationships that jeopardize LSCM
implementation (Perez et al. 2010). Although there are different levels of bargaining
power among supply chain agents, gaining advantage over others is not coherent for
an LSCM implementation, since it harms the development of shared benefits
(Lamming 1996). Thus, enhancing trustful relationships among these agents also
mitigates the risks to all parties. Therefore, it is reasonable to assume that these
agents depend on each other to obtain higher levels of operational performance
(Manzouri et al. 2014).

Tables 6 and 7 display the underlying barriers (B) to LSCM implementation
synthesized from 34 articles included the final portfolio. It is worth noticing that
there is a variable citation frequency for each barrier. Barrier B1 (Difficulties for
cultural change) appears to be the most frequently mentioned during the LSCM
implementation. In general, a successful lean implementation is highly dependent on
the sociocultural aspects of an organization (Jadhav et al. 2014). Changes in an
organizational culture represent shifts in norms and collective behaviors that
encompass trust, hierarchy, work environment, communication, and fellowship
(Dora et al. 2016). Cultural change is one of the greatest challenges for sustaining
lean practices, whether in the organization or in the supply chain, and consequently,
employees involvement is extremely important, as they are considered to be a
valuable source of improvement ideas (Perez et al. 2010; Behrouzi and Wong 2011).
A persistent obstacle that hinders the successful application of LSCM practices is the
resistance of those who are asked to adopt their practices and principles (Perez et al.
2010). Complementarily (Lamming 1996) suggests that LSCM implementation
requires a change in existing culture, introducing new cultural visions of collabo-
ration and human resource management, while supports the achievement of long and
short-term goals through the encouragement of employees (Dora et al. 2016; Kumar
et al. 2016). Therefore, the high frequency of citation associated to B1 (76%) in the
final portfolio is justified.

In opposition, the least cited barrier was B12 (Low understanding of concepts and
principles related to LSCM implementation), with only 9% of citations. A successful
LSCM implementation presupposes proper understanding of its principles and
practices (Manzouri 2012; Manzouri et al. 2013). Anand and Kodali (2008)
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argue that concepts related to LSCM are still not fully developed, especially in
terms of its theoretical basis and elements, and the ways of its implementation.
However, due to the lack of studies that deepen such aspects, the level of under-
standing and awareness regarding LSCM implementation is still very shallow
(Manzouri et al. 2013), justifying the low citation of this barrier.

In general, the 12 barriers encountered emerge from the extensive literature
review and provide a representative view of the main barriers inherent to LSCM
implementation. Thus, the identification of these barriers can be a starting point to
properly addressing the difficulties, allowing the anticipation of a few of them
(Jadhav et al. 2014).

4.4 Contextual Factors for LSCM Implementation

Contextual factors are aspects or elements that influence the performance of a
management system, which is conditioned by the specific characteristics of a
company or its environment, such as number of employees, sales volumes, sector,
time in which a management system is implemented and so on (Hadid and
Mansouri 2014). Further, these factors represent situational characteristics usually
exogenous to the focal organization or manager (Tortorella et al. 2015). A number
of contextual factors are inherent to each supply chain and may affect the rela-
tionship between the cooperation level of its agents and their performance
(Gueimonde-Canto et al. 2011). However, the modification of these factors tends to
be limited and only possible with a long-term effort (Manzouri et al. 2013). Thus,
taking into account their influence is vital for a better understanding of the LSCM
implementation (Camacho-Miñano et al. 2013).

According to Karim and Arif-Uz-Zaman (2013), the proper selection of LSCM
practices depends on the context of each company and its supply chain. Therefore,
the strategy for the transition from a traditional supply chain model to a LSCM
cannot be indiscriminately generalized, since the different contextual factors are
determinant for such decision (Rahman et al. 2010). In this sense, Tables 8 and 9
compiles the contextual factors (CF) inherent to LSCM implementation. From the
60 articles included in the final portfolio, only 30 explicitly addressed some CF. It is
worth noticing that, besides the variable citation frequency of each CF, the total
citation frequency and the number of articles that addressed the subject was sig-
nificantly lower than those that approached LSCM practices and barriers.

The contextual factor CF1 (Company size) was the most cited factor, as 63% of
the articles indicated. Hadid and Mansouri (2014) comment that larger companies
are more likely to have higher adoption levels of LSCM practices, since they usually
have a more complex supply chain and, hence, need a more efficient management.
Manzouri (2012) also claims that companies’ size is positively associated with
LSCM implementation, since larger organizations presuppose higher bargain power
and leadership within the supply chain they belong. In turn, the contextual factor
CF8 (Production volume) was the least cited among the studied authors, with only
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7% of citations. High production volumes generally imply a greater prominence of
the company within its supply chain. Such importance can affect the way in which
the relationships between the company and its customers and suppliers are estab-
lished, given the greater implicit bargaining power (Lamming 1996). However,
studies that address the influence of production volume on LSCM implementation
are still scarce (Karim and Arif-Uz-Zaman 2013), which indicates opportunities for
future research development. Further, Dora et al. (2016) comment that many studies
adopt a fragmented approach to LSCM implementation, ignoring their systemic
nature and resulting in their failure. Thus, the 8 CF found from the literature review
provide a representative view of the LSCM implementation. The identification of
these CF, as well as their effect on LSCM implementation, is essential for the
adaptation and customization of the improvement strategies adopted. Therefore, the
development of methodologies for LSCM implementation should take into account
these CF, in order to allow a greater adherence of the adopted practices adopted
(Karim and Arif-Uz-Zaman 2013; Dora et al. 2016).

5 Final Considerations and Research Direction

Most of the studies published to date on LSCM has focused on outlining practices and
their potential benefits, inferring that once companies adopt them the lean imple-
mentationwould be automatically started. However, such implementation throughout
the supply chain is extremely difficult and challenging. The present study aimed to
identify the main practices, barriers and contextual factors inherent to the LSCM
implementation. To achieve that, a systematic literature review was undertaken,
which resulted in afinal portfoliowith 60 articles. From the analysis of this portfolio, it
was verified that most research addresses the three topics (practices, barriers and
contextual factors) in an isolated way, not correlating them. Thus, this study con-
tributes to the strengthening of the body of knowledge on LSCM, consolidating
18 practices, 12 barriers and 8 contextual factors inherent to its implementation.

Further, in terms of research agenda, this study found some opportunities for
future development due to existing gaps in the literature; they are:

(a) There is still a certain degree of superficiality regarding the understanding of
LSCM-specific practices, since many of these are confused with manufacturing
practices and do not undergo the adaptations needed to support the complexity
of a supply chain. Jasti and Kodali (2015a) comment that the different points of
view of the researchers about LSCM results in an accumulation of several
incoherent elements, which reveal a deficiency in their standardization used to
implement LSCM. This indicates that the LSCM-related theory is still unstable.
This research pointed out that few studies have addressed a holistic view of
LSCM. Many researchers have focused on analyzing aspects of LSCM prac-
tices upstream of the supply chain, while few articles (e.g., Martínez-Jurado and
Moyano-Fuentes 2014) have analyzed downstream practices. Therefore, it is
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proposed the development of studies that identify, classify and validate
empirically the main practices of LSCM, in order to direct the construction of a
consolidated concept. Moreover, it is suggested studies to analyze the impact
that such practices implementation may have on the supply chain performance.

(b) The study consolidated the main barriers inherent to LSCM implementation.
However, from the systematic literature review of the literature, it has been
emphasized that implementing LSCM practices is not an easy task; there is a
gap between theory and practice that raises the question of how to reduce such
distance to succeed in LSCM implementation. The difficulty to change
behaviors and the lack of commitment of top management were the two most
cited barriers in the final portfolio examined. In addition, the absence of an
appropriate organizational culture and lack of trust among supply chain agents
are vital factors for sustaining LSCM (Jadhav et al. 2014). Given the scarcity of
applied research related to the barriers for LSCM implementation (Manzouri
et al. 2013), an investigation on their actual effect becomes appropriate. Further,
examining the association between these barriers and supply chain contextual
factors features an additional opportunity, with both theoretical and practical
implications. Such identification allows adopting preventive counter measures
to mitigate potential barriers associated with the supply chain context under
study, entailing a less problematic LSCM implementation. Thus, investigating
the moderating effect of contextual factors on the relationship between barriers
and LSCM practices is an opportunity for future studies in the area.

(c) Finally, the incipience of the studies related to the maturity assessment of the
supply chains regarding the level of LSCM implementation stands out. The few
studies that aimed at assessing maturity of LSCM implementation suggest
methods that only approach upstream agents, neglecting the potential down-
stream relationships. In addition, these methods propose the supply chain
evaluation from the perspective of the company under study, leading to pos-
sible distortions in the flow analysis. Thus, the determination of methodologies
that approach the LSCM implementation as a whole, involving the agents from
all tiers, still lacks in the literature. Such gap can even be enlarged if the reverse
flow of materials (reverse logistics) is taken into account for implementing
LSCM practices and principles. Thereby, further research on LSCM should
consider maturity assessment methods that truly evaluate the whole supply
chain, and not just a few chunks of it.
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A Literature Review on Lean
Manufacturing in Small Manufacturing
Companies

Laís Ghizoni Pereira and Guilherme Luz Tortorella

Abstract This chapter aims to identify, through a systematic literature review, the
main Lean Manufacturing (LM) practices, critical success factors (CSF) and bar-
riers within small manufacturing companies’ context. This paper presents a sys-
tematic literature review based on the proposed approach denoted as ProKnow-C to
identify the correlated bibliographic portfolio (BP). Our findings indicate that the
consolidation of specific CSF related to the context of small manufacturing com-
panies reinforces the body of knowledge, reinforcing the establishment of a broader
perspective of LM implementation in these companies. Further, the capability of
disseminating the continuous improvement mindset across all employees is a sig-
nificant challenge for these companies, since their leaders are poorly trained in
accordance with the underlying LM principles. The recent growth of small com-
panies and their relevance to socioeconomic development has raised the importance
of improving their management processes. Particularly for LM implementation, few
studies have specifically approached this context whose challenges may be differ-
entiated, highlighting the need for a better comprehension of proper practices,
barriers, and CSF.

Keywords Small companies � Lean manufacturing � Literature review

1 Introduction

To remain competitive, companies need to improve several aspects such as costs,
quality, delivery service, and flexibility, which motivate changes in current man-
ufacturing systems (Shah and Ward 2003). Among the existing improvement
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approaches, Lean Manufacturing (LM) is widely deemed as an organizational
philosophy that aims to systematically eliminate waste and add value to customers
(Womack and Jones 1992; Ohno 1998; Matt 2008). The implementation of LM has
been gaining importance due to the benefits observed in several areas and sectors
(Chen and Meng 2010). Thus, LM emerges as an approach that provides ways to
improve quality, meet customer expectation, reduce waste in all forms, enhance
employees’ satisfaction and shorten the delivery times (Braglia et al. 2006; Bakas
et al. 2011).

Although widely disseminated, LM practices and principles are not easily
implemented (Treville and Antonakis 2006). Specifically for small-sized compa-
nies, due to lower degrees of process standardization and short-term management,
these changes may require an adapted approach for allowing the continuous
improvement implementation (Antony et al. 2005; Achanga et al. 2006; Bakas et al.
2011). According to Shah and Ward (2003), companies’ context must be taken into
account when implementing LM. Among the contextual variables, the size of the
company (usually denoted by the number of employees) stands out as a key
variable for influencing the level of adoption of LM practices and principles.
Additionally, previous studies (e.g., Achanga et al. 2006; Kumar et al. 2009; Nordin
et al. 2010; Dora et al. 2013; Marodin and Saurin 2015b; Saurin et al. 2010) have
also addressed the effect of the companies’ size on the LM implementation.
Generally, these studies indicate that larger companies are more likely to fully
implement LM than smaller companies.

Further, small-sized companies have a significant relevance in the global
socioeconomic scenario, representing more than half of the existing companies
(Antony et al. 2005). Besides, such companies play a vital role in the economic
growth of developing countries, accounting for more than 90% of commercial
establishments and about 50% of exports. The availability of jobs is also affected,
since they provide the largest amount of opportunities, reaching 70% of the
workforce in Europe (Yang and Yu 2010) and 50% in North America (CEC 2005).
In Brazil, where small companies represent 25% of GDP—Gross Domestic
Product, their importance is also noticed. In addition, small companies (employing
up to 100 employees) comprise 99% of formal establishments and employ 52% of
the workforce in the country (SEBRAE 2014).

Therefore, LM implementation can help these companies to achieve more
striking results, by increasing their competitiveness (Antony et al. 2005; Achanga
et al. 2006). Due to the inherent difficulties of LM implementation in small com-
panies, it is important to provide a deeper understanding of the aspects that
effectively influence its adoption under this context. Based on these arguments, the
following research question is raised: what are the critical success factors (CSF),
barriers, and practices for Lean Manufacturing implementation in small manu-
facturing companies?

Thus, this article aims to identify based on a systematic literature review the
main critical success factors, barriers, and practices for LM implementation in small
manufacturing companies. The proposed method is grounded in the application of the
Knowledge Development Process—Constructivist (ProKnow-C), which presents a
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methodology for the construction of scientific knowledge based on a bibliographic
portfolio (BP) relevant to the theme (Dutra et al. 2015; Ensslin et al. 2015; Lacerda
et al. 2012). Besides the contribution to the body of knowledge, this study provides
future research directions to fulfill existing gaps in the literature.

2 Research Method

According to Paré et al. (2015), the literature review is the main method for rein-
forcing a research problem, justifying the proposed approach according to the
existing knowledge and research gaps (Cardoso et al. 2015). This research has an
exploratory characteristic aiming to generate knowledge about CSF and barriers for
LM implementation in small companies, highlight opportunities and research
directions. The study relies on the collection of primary and secondary data.
Primary data are obtained directly from the delimitations imposed by the
researchers in the databases’ search; whereas secondary data are derived from the
resultant BP. Thus, the structured literature review process namely as ProKnow-C
was (Ensslin et al. 2014; Dutra et al. 2015), as detailed below.

As stated by Cardoso et al. (2015) and Ensslin et al. (2015), several studies have
applied ProKnow-C to: (i) identify a BP on a given subject; (ii) identify studies
characteristics in the area of knowledge; (iii) perform a BP critical reading; and
finally, (iv) identify a research question that characterizes an opportunity for future
work. The composition of a BP is characterized by a restricted group of publica-
tions with scientific recognition, which is selected by the researcher according to
predetermined criteria (Cardoso et al. 2015).

The first stage of the BP selection consisted in the definition of the research axes.
Although this research focuses on small companies, the selection of BP was made
by searching for articles within all contexts, allowing comparisons within the sci-
entific scope. To achieve that, two axes were defined: (i) critical factors/barriers/best
practices and (ii) lean manufacturing. Therefore, the keywords presented in Table 1
were related to retrieve the publications in the titles, abstracts, and/or keywords.
Scientific articles were identified by keywords in the following databases: Web of
Knowledge (ISI), Science Direct, Engineering Village, Scopus, EBSCO, and
ProQuest. The results of the initial search presented 2272 articles, as shown in
Table 1.

In this step, the “keyword adherence test” was applied to validate the keywords
used in the initial search. Five articles were randomly selected from the 2272
previously identified, and their keywords compared to those used in the research
axes, as recommended by Ensslin et al. (2013). Based on this comparison, it was
observed that the used keywords were present in the set of keywords of the articles,
making it unnecessary to incorporate additional ones. As for the filtering process,
we used the EndNote® X7 and Google Scholar. This step began with the elimi-
nation of repeated articles and then a sequence of analyzes aiming to verify the
alignment with the investigated subject, such as appropriateness of the titles,
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scientific relevance, abstracts, and availability of complete articles. Finally, the full
reading of the articles allowed the verification of complete alignment with the
research subject.

From the 2272 articles identified from the databases, it was noticed that 691
articles were repeated or were not characterized as Journal Article or Conference
Proceedings; entailing at their disposal. The remaining 1581 non-repeated articles
were analyzed regarding the alignment of their titles; of which only 149 were in line
with the research subject. Subsequently, these 149 articles were analyzed according
to their scientific relevance, through their citations frequency obtained in Google
Scholar. A threshold value for the accumulated citation of 95% was established and
the articles that added up to this value were selected, resulting in 48 articles
(grouped as repository K). Thus, the abstracts of these articles were assessed as for
their alignment with the research subject, only 27 being selected. The authors of
these 27 articles comprised the “Base of Authors” (BA) composed of 65
researchers. The remaining 101 articles, which represented 5% of the total citations,
were allocated to another group named repository P.

As for the articles in “P”, an analysis was made regarding the period of publi-
cation. Articles published more than 2 years ago by authors included in the BA
were maintained and added to articles published less than 2 years ago, totaling 45
articles. These articles’ abstracts were analyzed for their alignment with the research
subject, resulting in 24. Hence, the 24 articles selected from the P repository were
added to the 27 articles in the K repository, totaling 51 articles. From this, 5 articles
did not present their full texts and after reading them, only 41 articles were fully
aligned with the research subject in their titles, abstracts, and texts, hence pro-
ceeding to the next step of ProKnow-C.

The representativeness test of the 41 articles was performed based on the total
references listed in these articles, which totaled 1973 references. Similarly, dupli-
cate references and those whose year of publication is prior to 2000 were elimi-
nated. In addition, only references from scientific journals or conference
proceedings were considered, which led to the selection of 483 articles. After

Table 1 Database and keywords

Databases Keywords Total
publications

Web of
knowledge

“Critical factors”
or “Barrier*” or
“Performance
measure*” or “Best
practices”

And “Lean manufacturing” or
“Lean production” or
“Lean system”

145

Science
direct

63

Engineering
village

157

Scopus 813

EBSCO 104

ProQuest 990

Total 2272
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analyzing the alignment of their titles and abstracts, 39 articles were selected from
which 29 were already included in the BP, entailing the read of 10 articles. Out of
these, only 3 articles were aligned and added to the final BP. Thus, in total, 44
papers were allocated to the final BP (see Appendix), from which the gaps and
research opportunities were identified.

After defining the BP, we performed a content analysis aiming at consolidating
the existing knowledge with respect to the research subject (Ensslin et al. 2014).
Therefore, some characteristics of the BP were selected in order to identify their
occurrences and provide theoretical arguments (Ensslin et al. 2013; Cardoso et al.
2015). This content analysis was divided into two types of variables: basic and
advanced. The basic variables comprise the researchers with publication trajectory
in the area of knowledge, and the articles with the highest scientific recognition, as
suggested by Dutra et al. (2015). Additionally, it is also possible to incorporate the
variable “temporal evolution” which identifies the periods of significant change in
relation to the research subject. The advanced variables are composed of: (i) char-
acteristics of small companies that implement LM; (ii) main LM practices imple-
mented in this context; (iii) CSF; and (iv) barriers to LM implementation in small
companies. Based on the 44 BP articles, only 24 out of the 79 identified authors
presented at least 2 articles published in BP (see Table 2). It is worth noting that
Jiju Antony, Maneesh Kumar, and Giuliano Marodin have authored more than 5
publications. As for the journals and conferences included in the BP, the
International Journal of Production Research stands out as the one with the highest
amount of publications. Regarding the period of publication, during 2009 and 2010
there was a significant increase in the number of articles published on the subject.
Publications from this period are mostly from Europe, which might be justified by
the growth of the representativeness of small and medium—in the United Kingdom
and other European countries (Antony et al. 2005; Dora et al. 2013). It is worth to
notice that 8 articles (approximately 20% of BP) were published during the last 2
years, indicating the recent importance of the subject.

With regards to the advanced variables, the articles were categorized according
to: (i) small companies’ context, (ii) CSF for LM implementation, (iii) barriers, and
(iv) description or citation of LM practices. For the small companies’ context, 80%
of articles emphasize the need to evaluate companies individually, given the
influence that company size can present on a successful LM implementation (e.g.,
Shah and Ward 2003; Kumar et al. 2009). For the CSF, more than half of the BP
articles mentions them explicitly, emphasizing the importance of addressing
organizational issues prior to or in parallel with LM implementation (e.g., Yew
Wong 2005; Achanga et al. 2006; Bakas et al. 2011). Regarding the barriers to
implement LM, 43% of the articles carry out their identification in order to reinforce
or complement the knowledge about the existing challenges (e.g., Saurin et al.
2010; Bhasin 2012a; Abolhassani et al. 2016). Finally, 59% of the articles present
the main LM practices. Overall, only 2 out of 44 articles approached all advanced
variables concurrently, and only 18 presented at least 3 out of the 4 variables. Such
finding indicates the scarcity of studies that address more broadly the LM imple-
mentation within small companies’ context.
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3 Characterization of Small Companies
in LM Implementation

Companies’ size is quite discussed in the literature, with several ways of
approaching it, both quantitative and qualitatively. Quantitative classifications
generally consider either the company’s number of employees or the annual

Table 2 Number of publications by author, journal/conference and year

Author Total
publications

Journal/Event Total
publications

Antony, J. 6 Int. J. of Production Research 5

Kumar, M. 6 J. of Manufacturing Technology
Manag.

4

Marodin, G. 5 Int. J. of Innovation, Management
and Tech.

2

Deros, Md. B. 4 Int. J. of Operations & Production
Manag.

2

Kodali, R. 3 Int. J. of Productivity and
Performance Manag.

2

Nordin, N. 3 Int. J. of Quality & Reliability
Manag.

2

Saurin, T. 3 J. of Advanced Manufacturing
Systems

2

Wong, K. 3 J. of Operations Manag. 2

Anand, G. 2 J. of the Operational Research
Society

2

Bhasin, S. 2 Manag. Decision 2

Dombrowski, U. 2 Other 19 journals/events 19

Doolen, T. 2 Year Total publications
Dora, M. 2 2001 1

Gellynck, X. 2 2003 1

Molar, A. 2 2005 3

Rahman, M. 2 2006 3

Rose, A. 2 2007 2

Roy, R. 2 2008 1

Shah, R. 2 2009 7

Tortorella, G. 2 2010 6

Van Goubergen, D. 2 2011 2

Van Landeghem, H. 2 2012 5

Wahab, D. 2 2013 2

Ward, P. 2 2014 3

Other 55 authors
(each)

1 2015 4

2016 4
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turnover, since they are measurable and the size delimitation is of ease identifica-
tion. On the other hand, qualitative classifications are established based on aspects
such as managers’ behavioral criteria, style of the management and interaction with
the customers and suppliers (Leone 1991). Regardless of the classification form,
companies’ size can be divided into large, medium, small, and micro, and may vary
according to the general conditions of each country, region, or organization. In
developed countries, for instance, some small companies would be considered
medium- or even large-sized in nonindustrialized countries. Further, in countries
with larger territorial extension and/or with significant socioeconomic unbalances,
such as Brazil, the same situation can also occur. In general, there is no widely
accepted definition, as some countries do not distinguish between small and
medium-sized companies (Bakas et al. 2011).

Antony et al. (2005) claim that smaller companies are vital for modern econo-
mies. In some European countries, for instance, they account for more than 60% of
all companies and employ most of the labor force, contributing for value creation
(annual turnover estimated at US$1.3 trillion) (Dora et al. 2013). In North America,
the economic importance of small companies is also perceived, representing more
than 98% of Canadian, Mexican, and United States companies distributed in several
segments, and producing about 40% of their Gross Domestic Product (GDP) (CEC
2005).

The participation of small companies in Brazil has been growing over the years
and has had positive results. In 2001, their participation in the Brazilian GDP was
23.2% and, in 2011, reached 27% (SEBRAE 2014). Moreover, in 2015, small
companies’ export increased 7.5% compared to 2014, with 142 new small com-
panies launched in the international market even under the context of external crisis
(APEXBRASIL 2015). However, the mortality of small manufacturing companies
before the first 2 years is close to 20.1% (SEBRAE 2013).

In terms of resources, small companies face significant limitations. Usually, they
are limited not only in human resources (due to low investments in training and
qualification), but also in financial capability to improve infrastructure. Therefore,
such limitations may undermine a feasibility of any longer term planning, com-
promising the companies’ development and growth (Antony et al. 2005; Kumar
et al. 2009; Dora et al. 2013).

Further, the organizational structure of small companies is often flat and less
hierarchical than in larger companies. It is also more flexible, making it easier to
implement new methods and promote change, avoid bureaucracy, and create a
positive work environment with higher satisfaction. However, the informal atmo-
sphere impairs processes standardization, jeopardizing the implementation and
sustainability of several LM practices (Timans et al. 2012; Dora et al. 2013;
Marodin and Saurin 2015a, b).
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4 LM Practices in Small Companies

One way to define the steps for implementing LM is to identify the appropriate
practices for the aimed context. LM practices can be found in strategic, tactical, and
operational levels within the companies, regardless their size. This identification
allows to establish the priorities with respect to the improvement efforts (Anand and
Kodali 2010; Abolhassani et al. 2016; Belhadi and Touriki 2016). In this sense,
some practices may require greater capital expenditure, which eventually compli-
cates their implementation in small companies with lower financial resources (Dora
et al. 2014). Thus, managers tend to allocate specific teams to facilitate the
implementation of such practices, developing low-cost and high-impact solutions
(Kumar et al. 2014; Godinho Filho et al. 2016).

According to the investigated literature, the most evidenced LM practice in small
companies is p1 (pull production), as shown in Table 3. These companies usually
have area restrictions, which tends to limit the availability for storage. Therefore, to
produce according to customers’ demand becomes essential due to mitigate prod-
ucts inventory (Matt and Rauch 2013; Abolhassani et al. 2016; Belhadi and Touriki
2016). Moreover, they tend to present larger restrictions on their cash flow, which is
directly influenced by the amount of inventory (Tortorella et al. 2015b). Since the
implementation of pull production can lead to reduced inventories, companies’ cash
flow might benefit from it, allowing greater flexibility of the business (Dora et al.
2013).

The second most cited practice, p2 (Total Productive Maintenance), was
conceived with an initial focus on machine maintenance processes, and broadened
its scope to other supporting processes (Zhou 2016). This practice aims to
eliminate losses generated in the material flow through the integration of the
maintenance and production, as well as to prevent failures during the process
(Dora et al. 2014). The expectation from the adoption of this practice is to
increase process stability, which is a fundamental issue for LM implementation.
Such stability can also be achieved through the adoption of practices p3 (Kaizen)
and p4 (5S), which encourage continuous improvement activities and reinforce the
implementation of simple ideas led by the natural work teams (Doolen and
Hacker 2005; Dombrowski et al. 2010).

On the other hand, practice p19—PDCA (Plan, Do, Check, Act) presents lowest
citation frequency in the researched literature. This practice is characterized by
assisting in process management and problem-solving, allowing adequate analysis,
planning, and reflection on proposed improvement activities (Rose et al. 2013; Dora
et al. 2014). Wong et al. (2009) suggests that this practice is more usually evidenced
in companies that have implemented LM for more than 10 years, due to the
complexity of verifying the assertiveness of PDCA cycles in the shorter term.
Further, many small companies, with limited resources, end up focusing on the
implementation of operational practices instead of managerial ones (Dombrowski
and Mielke 2014; Tortorella et al. 2015a). According to Wong et al. (2009), this
practice is more frequently associated with longer term improvement activities.
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Surprisingly, researchers such as Rose et al. (2013) and Worley and Doolen (2006)
approach p19 independently of p3, considering it to be inherent in kaizen activities.

5 Critical Success Factors

The identification of CSF is important to assist the management to succeed in LM
implementation. Hence, if these CSF are not properly established within the
organization, the implementation is more likely to fail (Yew Wong 2005). Previous
studies (e.g., Antony et al. 2005, 2006; Kumar et al. 2009) reinforce the importance
of understanding the relationship between CSF and lean implementation, high-
lighting their role in the context of small companies.

From the consolidation displayed in Table 4, 15 CSF were identified based on
the BP; the CSF most cited is f1—Leadership. According to Abolhassani et al.
(2016), small companies’ managers generally attribute lean implementation failures
to employees’ resistance to change. However, previous studies (e.g., Achanga et al.
2006; Kumar et al. 2009) indicate that the responsibility for conducting employees
towards an LM transformation relies on the leaders, who should lapidate the
behavioral change inherent to a lean implementation. Leadership training could
provide a better understanding of its importance in the LM implementation,
entailing behavioral changes that support leading through own example (Yew
Wong 2005; Netland 2016). Specifically, in the context of small companies, these
leaderships tend to accumulate operational activities, overburdening them with
routine activities, and reducing their readiness to return to medium and long-term
improvement planning (Antony et al. 2005; Bakas et al. 2011). Thus, it is rea-
sonable to expect that the adequate development of small companies’ leaders will
be a prominent CSF for the LM implementation.

The second most cited CSF, f2—Culture, is usually claimed to be correlated with
f1. When leaders understand their role in demonstrating and orienting behaviors
coherent LM principles, concurrently they begin to influence the organizational
culture (Bhasin 2012b; Godinho Filho et al. 2016). Specifically, in small compa-
nies’ context, the owners are usually part of the senior management, which rein-
forces their influence on organizational culture (Achanga et al. 2006). However, this
CSF can also be influenced by other complementary contextual aspects, such as
typical habits and costumes of the region in which the company is located (Netland
2016), socioeconomic factors (e.g., emerging or developed economies countries)
(Tortorella et al. 2015b), and the industrial sector to which the company belongs
(Yew Wong 2005). The weighting of these contextual aspects can either culminate
in behaviors that converge to lean principles, or hinder the construction of an
appropriate organizational culture.

On the other hand, the CSF with the lowest citation frequency is f13 (organi-
zational infrastructure). The literature on it presents ambiguous definitions that
allow different interpretations of its importance for LM implementation in small
companies. Timans et al. (2012), for instance, associate this CSF with the way
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departments are organized and the definition of their respective assignments, in
order to structure the employees’ role and the hierarchy within the company.
Further, Kumar et al. (2009, 2014) emphasize the importance of this CSF in pro-
viding a physical structure that supports LM implementation. In general, smaller
companies tend to present very limited availability of resources, as aforementioned.
Such limitation may differentiate or even catalyze the LM success. Thus, the
divergence found in the studies included in the BP regarding the definition of this
CSF can influence the understanding of its importance, justifying its low frequency
of citation. Overall, the lack of emphasis on these CSF entails the additional
challenges for the company, which can impair the LM implementation. However, it
is worth noticing that some barriers, complementary to the absence of the afore-
mentioned CSF, must be emphasized.

6 Barriers

While there are several aspects of small companies that provide a suitable envi-
ronment for a successful LM implementation, there are also obstacles and barriers
that must be addressed (Achanga et al. 2006; Yang and Yu 2010). Table 5 lists the
barriers evidenced in the BP within the small manufacturing companies’ context.
Their identification complements the lack of emphasis given by the companies to
the aforementioned CSF.

The most frequently cited barrier for these companies was b1 (lack of benefits
understanding), which may occur due to both technical and/or sociocultural
misunderstanding, as well as the potential results of the implementation (Kumar
et al. 2014; Marodin and Saurin 2015a, b). Although LM benefits are widely
acknowledged and well evidenced in several industrial sectors, the obtained gains at
the beginning of implementation may conflict with the long-term ones, which are
achieved through the construction of a continuous improvement culture (Bakas
et al. 2011; Jadhav et al. 2014). Such an apparent paradox can lead to confusion and
misinterpretation of the real benefits inherent to LM (Saurin et al. 2010). Thus, it is
reasonable to expect that this barrier appears as the most cited one.

Small companies tend to have less bureaucracy and a closer relationship between
leadership and operation, which in some cases may be positive for addressing the
continuous improvement activities. However, this informal flow of information can
lead to hasty interventions without proper planning, entailing the failure of the
improvement initiative. Hence, employees may perceive it and misunderstand LM
implementation (Zhou 2016), hindering their acceptance and willingness to con-
tribute to new improvement initiatives. Therefore, although the barrier b4 (Failure
of previous improvement projects) presents a low citation in the BP, it has great
practical implication for LM implementation, since it may generate disinterest and
lack of motivation of the employees (Saurin et al. 2010).
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7 Final Considerations

Due to an increasing relevance of small companies, whose influence has been
gaining economic expression both in the developed and emerging countries’ con-
text, improvements on the efficiency and productivity of their processes become
essential to meet market demands and assure competitiveness. Thus, the adoption of
LM principles and practices can support the identification and elimination of
wastes, culminating in the reduction of operating costs. However, these companies
must be able to identify which LM practices are appropriate to their contexts.
Additionally, the emphasis on CSF for LM implementation should be addressed in
order to ensure the construction of a favorable culture for sustaining the
improvement approach.

Hence, this study aimed to identify the main practices, CSF and barriers for LM
implementation in small manufacturing companies through a systematic literature
review. To achieve that, we applied an existing literature review method denoted as
ProKnow-C. The contribution of this literature review is twofold. First, the con-
solidation of specific CSF related to the context of small manufacturing companies
reinforces the body of knowledge, highlighting the need for establishing a broader
perspective of LM implementation in these companies. In addition, among the
listed practices, there are different levels of difficulty whose identification may be
important given the low availability of resources allocation. Second, the capability
of disseminating the continuous improvement mindset across all employees,
inserting it in the daily routine processes, is a significant challenge for lean
implementation. The systematic literature review indicated that LM implementation
in many companies can fail due to the absence of trained and committed leaders in
accordance with the underlying principles. Therefore, the consolidation of previous
research provides evidence for assuming that leadership and organizational culture
are the primary CSF for lean implementation, deserving a differentiated emphasis
from managers and practitioners.

Regarding future research opportunities, the study reveals that there are still gaps
related to lean implementation in small companies. As a result, it is important to
highlight two directions for future research:

(i) Application of a holistic approach to LM implementation in small companies:
most of the existing evidence focused on small companies is based on case
studies limited to the implementation of lean practices separately. In this sense,
BP articles present a superficial relationship between practices, CSF and the
barriers to lean implementation. Thus, studies that incorporate practices, CSF
and barriers in small companies undergoing an LM implementation are scarce,
and may lead to a deeper understanding of the existing interactions in this
context. Hence, further research is suggested in the exclusive context of small
companies and how this influences lean implementation; and
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(ii) Establishing a framework for lean implementation in small companies: liter-
ature evidence that structures LM implementation with a focus on small
manufacturing companies is still rare. Moreover, the few studies found suggest
a generic and superficial set of actions, causing the need for interpretation by
top management and hindering its proper application. Thus, in addition to its
theoretical contribution, research that proposes a framework for systematizing
the implementation process of LM in small companies brings significant
practical implications, particularly for these companies’ leaders who are
generally less prepared in both technical and sociocultural aspects.
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Application of Structural Equation
Modeling for Analysis of Lean Concepts
Deployment in Healthcare Sector

S. Vinodh and A. M. Dhakshinamoorthy

Abstract Healthcare sector had been recently witnessing lean concepts deploy-
ment. In order to enable effective implementation of lean concept in the healthcare
domain, a structural model needs to be developed. The goal of this study is to
analyze the relationship between lean constructs and healthcare performance. The
model had been developed with five constructs and 20 measurement variables. The
model was developed through the literature on lean deployment in healthcare unit
and responses from healthcare experts. Forty-five responses were collected from
healthcare experts. Partial least square (PLS) based Structural equation modeling
(SEM) approach had been used for analysis. Based on the simulation results, it was
found that “management” is the most driving enabler which influences people,
process, technology, and other resources of the healthcare unit. The reliability of the
developed model has been tested using Cronbach’s alpha and composite reliability.
The study presents an attempt to develop a statistical model for lean concepts
deployment so as to enhance healthcare performance.

Keywords Lean � Leanness � Statistical modeling � Structural equation modeling
(SEM) � Healthcare sector

1 Introduction

Lean concepts were initially applied in the manufacturing sector. During recent
years, service sectors have started to adopt lean practices to reduce service cost.
But, lean applications in healthcare sector have not been fully explored. Healthcare
practices are subjected to developments in terms of increased number of patients,
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lower waiting time, and cost-effective procedures. The cost of healthcare procedures
is increasing at a rapid rate (Vegting et al. 2012; Reijula and Tommelein 2012;
Shazali et al. 2013). There exists a need to reduce costs and increase their efficiency,
by providing an improved service with reduced service cost to the customer.
Adoption of lean concepts in health care is one of the prime ways to achieve the
need for improved service level. In order to enable effective deployment of lean in
healthcare applications, a statistical model needs to be developed depicting the
interrelationship between the constructs. The research objective of the study
reported in this chapter is to identify appropriate lean constructs and to develop a
statistical model linking the relation between lean concepts implementation and
performance improvements. In this context, this chapter presents a study in which
five constructs and 20 indicators are being developed based on literature review.
Based on expert inputs, the model has been developed and analyzed using
Structural equation modeling approach. The practical inferences are being derived.
This chapter is organized as follows: Introduction section is followed by literature
review, methodology, SEM model development, Inferences from SEM model, and
conclusions.

2 Literature Review

The literature has been reviewed from the perspectives of Lean concepts deploy-
ment in healthcare domain and studies on modeling with reference to the healthcare
sector.

2.1 Review on Lean Concepts Deployment
in the Healthcare Sector

Dahlgaard et al. (2011) developed a conceptual model to assess, measure, diagnose,
and improve healthcare organizations. Five universities and five hospitals in
Denmark were considered in the study. Based on the response from employees and
management, ILL index (Innovativeness, Learning, and Lean) was calculated to
measure the level of excellence prevailing in healthcare units.

de Souza and Pidd (2011) studied the similarities and differences in imple-
menting lean concepts in the manufacturing sector and healthcare sector. They
discussed the factors that hinder the successful implementation of lean practices in
the healthcare sectors. Some of the barriers they have shown are resistance to
change, management hierarchy, professional skills, and performance measurement
methods.

Radnor et al. (2012) performed four multilevel case studies on lean imple-
mentation in the English National Health Service (NHS). It was observed that the
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healthcare sectors lacked in embracing broad lean thinking for system-wide bene-
fits. Gitlow et al. (2013) analyzed the factors that contribute to preventing medical
accidents in healthcare units. A model was developed to suggest “Standard Best
Practices” in healthcare units.

Costa and Godinho Filho (2016) carried out a literature-based study. One
hundred and seven research papers in lean healthcare were evaluated and recent
trends were identified. In the study, lean implementation in health care in different
countries was analyzed. It was observed that 5S and Value Stream Mapping
(VSM) were the most frequently used lean tools in the healthcare sector.

Hussain et al. (2016) conducted a study to assist the deployment of lean in
healthcare delivery system. In the study, Analytical Hierarchical Process
(AHP) was used to decompose complex, unstructured issues prevailing in lean
healthcare and organize them into a set of components in a multilevel hierarchical
form. Twenty-one healthcare wastes were identified and ranked based on the
responses from experienced healthcare professionals.

Setijono et al. (2010) conducted a study in Swedish emergency ward to find the
best number of surgeons and doctors to be employed so as to reduce patients’
Non-Value Added Time (NVAT) and Total Time in the System (TTS). An ARENA
model of the patient service cycle was developed and simulated to infer the results.
Thirteen percent reduction of patients’ NVAT was achieved in the study.

Jorma et al. (2016) studied the benefits of lean concept implemented in
healthcare for managing the treatment process. They have done a questionnaire
survey with 248 responders working in the healthcare sector for analyzing the
response regarding the implementation of lean in health care. From the survey, they
got positive responses regarding benefits of successful implementation of lean tools
and techniques.

Lindskog et al. (2016) aimed toward finding the extent of lean practices
implementation in health care. Multiple linear regression models have been used to
study the extent of implementation of lean tools. They concluded that VSM, 5S,
and standardized work lean tools that can enhance the working condition of
employees in the healthcare sector.

Kovacevic et al. (2016) reviewed the lean tools and techniques that have been
successfully implemented in the healthcare sectors. They reviewed the benefits of
most frequently used lean tools, namely 5S, VSM, Kaizen, and Visual management.
They found several benefits of implementing lean tools. They are reduction in
patient average waiting time, significant improvement in flow time, and reduction in
manpower.

Eriksson et al. (2016) conducted semi-structured interviews in two Swedish
hospitals to understand practitioners perception on lean deployment. It was
observed that lean implementation being a bottom-up approach often reflected in
conflicting ideas with top management which usually follows top-down approach.
The study emphasized the necessity to frame lean practices that have consensus
from both technical experts and top management.
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2.2 Review of Modeling Studies in Healthcare Sector

Hussey and Eagan (2007) used SEM methodology to validate the developed
environmental performance model on environmental management systems in Small
and Medium Enterprises (SMEs). From the results, it was observed that “leader-
ship” greatly influences “environmental planning” and “environmental manage-
ment” which in turn greatly influences “environmental results”.

Hussey and Eagan (2007) developed a model to understand the factors
influencing customer satisfaction in the healthcare sector. “High performance work
system”, “service quality”, “customer orientation” were identified as the critical
factors. The model was statistically validated using SEM approach. It was observed
that “High performance work system” acted as the key driving factor which sig-
nificantly influenced “customer orientation” and “service quality”. It was also
observed that all factors significantly influenced in providing better customer
satisfaction.

Martín-Consuegra et al. (2007) analyzed the interaction among price fairness,
customer satisfaction, loyalty, and their overall impact on price acceptance by the
customers. A service industry in the airline sector was identified as the case unit to
collect the responses. Based on the responses, a path model was developed which
indicated the factor relationship that influenced price acceptance by the customers.
SEM approach was used to validate the model. It was observed that price fairness
greatly influenced customer satisfaction and loyalty; customer satisfaction has
significant influence on loyalty; price fairness, customer satisfaction, and loyalty
had combined significant influence on price acceptance.

Chahal and Bala (2012) studied the interrelations among factors influencing
service brand equity in the healthcare sector. SEM approach was used to analyze
the data collected from 206 respondents. It was observed that brand loyalty and
perceived quality had a significant influence on brand equity. Brand image was
found to be mediating variable which had an indirect effect on brand equity through
brand loyalty.

Hussain et al. (2016) discussed the successful lean practices implemented in the
healthcare sector. They have shown a case study of a public healthcare system
situated in Abu Dhabi. They also discussed seven wastes associated with lean
practices in health care along with 21 sub-waste. Their aim was to prioritize the
influential waste with the help of Analytical Hierarchy Process (AHP) and selection
of waste minimization technique. They found that transportation waste and
inventory waste are the most critical wastes pertaining to the healthcare sector.

Tarhini et al. (2017) analyzed the effect of cultural values at the individual level
on user’s acceptance of e-learning. Responses were collected from 569 under-
graduate and postgraduate students regarding their usage of e-learning tools.
A statistical model was developed and validated using SEM approach. “Quality of
work life”, “Uncertainty avoidance”, “Subjective norms”, and “Behavioral
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intention” were the four cultural dimensions considered in the study. It was
observed that all four constructs had a significant influence on “Technology
acceptance level”.

Patri and suresh (2017) aimed toward finding the relationship between factors
influencing implementation of lean practices in health care. They made a hierarchy
structure of considered factors using Interpretive Structural Modeling. Ranking of
factors was done based on the driving power and dependence power of factors.
From the analysis, they found that leadership is the most important factor in suc-
cessful implementation of lean practices in the healthcare sector.

Mitchell et al. (2017) aimed toward finding the relationship between size of the
hospital, patient comorbidity and time to customer in hospital, i.e., time difference
between admission and discharge with the help of SEM. They concluded that
patient comorbidity had a great influence on timing of infection.

Zhao et al. (2017) studied the direct and indirect effects of socioeconomic status
on rectal cancer risk in patients. Dietary patterns were collected among 39 food
groups from the people of Newfoundland and Labrador. SEM approach was used in
the study and the results showed that dietary pattern greatly influenced socioeco-
nomic status among people which in turn greatly influenced the risk of acquiring
rectal cancer.

2.3 Research Gaps

Though there are certain studies reported on lean concepts adoption in the
healthcare domain, and statistical modeling for lean concepts adoption is attempted,
there exists a potential for developing a statistical model linking lean concepts
adoption and operational performance.

3 Methodology

The methodological steps are shown in Fig. 1. Critical parameters that influence
lean deployment in the healthcare sector were identified as constructs. Based on the
literature review and inputs from healthcare practitioners, measured variables cor-
responding to each construct were developed and a model depicting the interrela-
tions between constructs was being developed. The model developed entails five
constructs and 20 measured variables. A case healthcare unit in the Tamil Nadu
state of India is identified for the study. Forty-five responses were collected from
healthcare practitioners of the case healthcare unit for the developed SEM model.
The model is then tested for “reliability” and the results are obtained by simulating
the model.
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4 Development of Statistical Model Using SEM

Structural Equation Modeling (SEM) is a multivariate statistical approach that is
used to analyze structural relationships. It combines factor analysis and multiple
regression analysis for analysis of the structural relationship between measured
variables and latent constructs. Multiple relationships among factors present in the
model and their combined interaction effect can be simultaneously estimated using
SEM in a single analysis.

4.1 PLS-SEM

Partial Least Squares (PLS) approach to SEM is highly beneficial for basic
investigation. It is an alternative to covariance-based SEM. It is used for problems
involving formative indicators, small sample size, and non-normal data. It includes
two sub-models: measurement and structural model. Measurement model depicts
relationships between observed data and latent variables; whereas structural model
indicates relationships between latent variables. PLS-SEM is used to explore,
analyze, and test the conceptual models and theory.

Collecting responses from experts and practitioners of case 
healthcare unit

Simulation of statistical model and inferring the results 

Derivation of practical inferences 

Literature review

Development of a statistical model

Identifying a suitable case healthcare unit

Fig. 1 Methodology
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4.2 Cronbach’s Alpha

Cronbach’s alpha is a measure of internal consistency, i.e., the measurement of
closeness between set of items belonging to a group. If alpha value is high, it implies
that the measure is non-unidimensional. It is a measure of scale reliability. Apart from
internal consistency measurement, it is desired to provide evidence that the subject
scale is unidimensional, further analyses can be performed. Based on research
studies, it was found that the value of Cronbach’s alpha of 0.7 or higher is preferred.

4.3 Composite Reliability

The composite reliability is typically parameter examined when PLS is applied as
analysis method. It is the measure of internal consistency. It is a measure of overall
reliability of a set of heterogeneous but similar items.

In SEM model, the constructs used can be classified into two types namely:
endogenous and exogenous constructs. Endogenous constructs are equivalent to
dependent variables and exogenous constructs are equivalent to independent vari-
ables used in multiple regression model.

The following steps are involved in building the model:

Step 1: Defining individual construct—proper definition has to be given for each
construct theoretically.

Step 2: Developing the measurement model—it is made to show the relationship
between exogenous variables and endogenous variable, here an arrow has to be
drawn from measured variable to construct.

Step 3: Design the model to provide empirical results: here, the model has to be
designed by minimizing the identification problem. This can be done by using rank
condition and order condition method.

Step 4: Specify the structure model: Here, the structural path has to be drawn in
between constructs. In this model, an arrow cannot enter into the exogenous con-
struct. For representing the structural relationship between any two constructs, a
single-headed arrow has to be used.

Step 5: Examine the structural model validity—Chi-Square test has been used to
validate the structural model.

The model developed entails five constructs and 20 measured variables. The
constructs and variables are developed through the literature on lean deployment in
health care and responses from healthcare experts and academicians. Table 1 shows
the constructs and their corresponding measured variables being identified.
Constructs are being identified as Management people, process, technology and lean
performance. For example, Management Construct consists of Variables such as Top
management support, Organizational structure and Incentives and training program.
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Forty-five responses were collected from healthcare experts in the case health-
care unit. Structure of the model developed, results of the model’s composite
reliability, Cronbach’s alpha values of the constructs pertaining to the SEM model
and inferential results from model simulation are shown in Figs. 2, 3, 4 and 5
respectively. Figure 2 shows the relationship between the constructs and its asso-
ciated latent variables. The model consists of five constructs namely People,
Management, Process, Technology and Lean Performance. Indicator reliability and
internal consistency reliability are the two main reliability constraints that are to be
checked. The reliability values are computed in SmartPLS by using the command
Calculate � PLS algorithm. Indicator reliability is computed as cronbach’s alpha
value and internal consistency reliability is computed as composite reliability value.
The indicator reliability value and internal consistency reliability value must be
greater than 0.7 for accepting the construct. If the values are found to be less than
0.7, further scale refinement has to done by either increasing the sample size or by
altering the input values. Figures 3 and 4 show the obtained composite reliability
values and Cronbach’s alpha values for the developed structural model. Figure 5
shows the cumulative path values of the latent variables based on the significance of
relationships among the constructs.

Composite reliability test and Cronbach’s alpha test are conducted to find the
reliability of the developed SEM model. From the simulation results, it is observed

Table 1 Constructs and measured variables identified for the SEM model

S. No. Construct Measured variables

1 Management
Mazzocato et al. (2010)

Top management support (M1)

Organizational structure (M2)

Incentives and training program (M3)

2 People
Dahlgaard et al. (2011)
Dellve et al. (2015)

Staff involvement (P1)

Organizational culture (P2)

Change management (P3)

3 Process
Doolen and Hacker (2005)
Bhasin (2011)
Wahab et al. (2013)

Housekeeping (Pr1)

Standard operating procedures (Pr2)

Benchmarking (Pr3)

Visual management (Pr4)

Operational environment (Pr5)

4 Technology
Vinodh and Chintha (2011)
Sharma et al. (2015)

Time management (T1)

Status of quality (T2)

Cost management (T3)

5 Lean performance
Dahlgaard et al. (2011)
Radnor et al. (2012)
Costa and Godinho Filho (2016)

Streamlined process (LP1)

Quality of service (LP2)

Reduced patient stay (LP3)

Patient satisfaction (LP4)

Staff morale (LP5)

Cost incurred (LP6)
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Fig. 2 Snapshot depicting relationship among constructs

Fig. 3 Composite reliability of the developed SEM model
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Fig. 4 Cronbach’s alpha values of the developed SEM model

Fig. 5 SEM results for depicting the significance of relationships among constructs
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that “management” is the most driving enabler which significantly influences
“people”, “process”, “technology” and other resources present in the healthcare
unit. It is also observed that “people”, “process”, and “technology” individually
have significant influence in deploying lean practices in the healthcare sector.

5 Practical Implications

The developed model enabled the medical practitioners and experts to systemati-
cally develop the statistical model linking the identified Constructs and operational
performance. The study also enabled the identification of most driving enablers for
lean concepts adoption in healthcare domain.

6 Conclusions

The main principle of lean is to eliminate waste activities which can be carried out
by identifying critical and bottleneck stations in the process flow and bringing
remedial measures so as to achieve a seamless flow for the overall process. From a
healthcare perspective, lean practices can reduce patient waiting time, reduce
patient stay in healthcare unit, increase visibility of the activities involved in health
care, reduces medical defects, increases morale of staffs and practitioners in
healthcare units, and reduces the cost involved in providing the service without
compromising the quality of service being delivered. Unlike in manufacturing
sector, lean practices which initially had its inception in shop floor cannot be
directly adopted to service sector like healthcare services. In the present study, the
critical factors influencing lean deployment in the healthcare sector is identified and
their effect on establishing lean in health care is validated using SEM approach. It is
observed that all four constructs namely, “management”, “people”, “process”, and
“technology” have a significant influence on the successful deployment of lean in
the healthcare sector. It is also observed that “management” being the prime driving
factor has significant contribution in enhancing “people”, “process”, “technology”
constructs, and other resources used in providing the healthcare service.

7 Limitations and Future Work

The study is focused on a single healthcare unit. In future, more number of studies
could be conducted with reference to various other healthcare units to improve the
practical validity of the approach. In the present study, 20 factors are considered. In
future, number of factors could be increased to deal with managerial advancements
in healthcare domain. Also, a structural model could be developed based on ISM
approach and the model could further be statistically validated using SEM.
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Association Between Lean Manufacturing
Teaching Methods and Students’ Learning
Preferences

Guilherme Luz Tortorella, Rogério Miorando
and Aurora Patricia Piñeres Castillo

Abstract As more companies embrace the concept of Lean Manufacturing (LM),
universities should consider changing their curricula since there is a high likelihood
that students will participate in some aspects of LM as they begin their professional
careers. Thus, it is important to provide appropriate learning experiences to prepare
students prior to LM. However, students may learn through several ways and
teaching LM has proved to be extremely challenging, especially for engineering
students who are not used to abstractions. This paper aims at examining the
association between different LM teaching methods and students’ learning prefer-
ences to increase their performance in courses. To achieve that, 76 graduate stu-
dents from Industrial Engineering, who participated in two LM courses with
different teaching methods were assessed according to their learning preferences
and performance. Each LM course had a specific teaching approach: (i) classroom
lectures and exercises (classified as traditional teaching methods), and (ii) prob-
lem-based learning (PBL) in real-world problems from companies undergoing an
LM implementation. From the eight hypotheses formulated for this study, our
results verified four of them, being two for each LM teaching method applied.
Further, the effect of the learning dimension “information perception” seems to be
more extensive than the others, since students’ performance in both teaching
methods is significantly associated with it. The mix between active learning
methods and traditional teaching methods may facilitate dialogical learning,
encouraging collaboration between students and facilitate the transfer of knowledge
on LM.
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1 Introduction

Lean manufacturing (LM) implementation entails fundamental changes in compa-
nies’ managerial systems, across the organizational and department levels (Karlsson
and Ahlstom 1996; Wan and Chen 2008). LM implementation is about changing
both technical and sociocultural aspects (Tortorella and Fogliatto 2014), in order to
promote an organizational culture that systematically seeks for waste elimination
and quality improvement through people empowerment (Sawhney and Chason
2005; Womack and Jones 2009). Despite being originally conceived in manufac-
turing context, LM is becoming popular in other domains, such as healthcare,
administration, etc. Such diversified implementation and wide relevance, gives rise
to the issue of teaching this topic to students and practitioners from different fields
(Dukovska-Popovska et al. 2008). Hence, as change is introduced into companies
through LM implementation, universities should consider changing their curricu-
lum with this movement (Stier 2003; Kanigolla et al. 2014), since there is a high
likelihood that students will encounter and participate in some aspects of LM as
they begin internships or full-time employment (Conger and Miller 2014;
Suárez-Barraza and Rodríguez-González 2015). In this sense, it is important that
universities provide appropriate learning experiences in the curriculum to prepare
students prior to LM (Kahlen et al. 2011).

However, students may learn through several ways, such as hearing, practicing,
visualizing, etc.; meanwhile, the teaching methods are also subject to variation. For
instance, some instructors prefer discussions or demonstrations, while others adopt
lectures (Kaliská 2012). In this sense, learning effectiveness is governed in part by
students’ native ability and prior preparation, but also by the compatibility of their
learning preferences and the applied teaching methods (Felder and Silverman 1988;
Felder and Spurlin 2005). Mismatches between students’ learning preferences and
professors’ teaching methods entail bored and inattentive students who tend to
poorly perform on tests and, ultimately, change to other curricula (Litzinger et al.
2007). On the other hand, extreme approaches such as complete individualized
instruction or one-size-fits-all are either impractical or ineffective for most students
(Ramsden 2003). Therefore, the challenge relies on creating a context where stu-
dents can understand LM principles and practices, experiencing relevant technical
and underlying social concepts such as different types of waste, pull production,
balancing, batch reduction, cycle time, work-in-progress, teamwork, communica-
tion, etc. (Mazur et al. 2012).

McManus et al. (2007) affirm that teaching LM has proved to be extremely
challenging, especially for engineering students who are not used to abstractions
such as enterprises and process flows. In this sense, some of the leading univer-
sities, such as MIT and Virginia Tech, have developed and improved their courses
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in the recent years in order to support the teaching/learning activities concerning
LM (Badurdeen et al. 2009). Specifically within the industrial engineering educa-
tion, LM has been mainly approached by the operations management, despite its
inherent interfaces with other subjects, such as product development, logistics, and
ergonomics (Stier 2003; Alves et al. 2014). Despite the advances in teaching LM
principles and concepts, the prevailing utilization of traditional teaching methods,
such as lecturing and reading assignments, undermines learning and development
of students due to LM’s practical character (Kahlen et al. 2011). In fact, Conger and
Miller (2014) claim that many students usually have little practical experience with
LM principles and techniques, which entails the need for an intuitive understanding
of complex enterprises, their intrinsic challenges and specific problems, before the
LM transformation can make sense to them (Johnson et al. 2003).

Thus, this paper aims at examining the relationship between different LM
teaching methods and students learning preferences. The identification of proper
matches between teaching methods and learning preferences (Felder and Silverman
1988) provides means to maximize students’ performance and understanding with
respect to LM practices and principles. In this sense, professors can better plan and
adapt their curriculum in order to assertively develop students and better prepare
them for current organizational needs and professional skills demands. To achieve
that, 76 graduate students from Industrial Engineering, who participated in two LM
courses with different teaching methods were assessed according to their learning
preferences and performance. Each LM course had a specific teaching approach:
(i) classroom lectures and exercises (classified as traditional teaching methods), and
(ii) problem-based learning (PBL) in real-world problems from companies under-
going an LM implementation. Because of the exploratory nature of this research, it
is developed a set of formal hypotheses in order to obtain a clearer comprehension
around the subject and enable a better understating over the boundary conditions
that surround the problem.

2 Literature Background and Hypotheses

2.1 Teaching Methods

A current challenge in education is determining how to present course material so
that students not only gain knowledge, but also become self-directed learners who
develop problem-solving skills that can be applied in their careers (Sheppard et al.
2008). Traditional teaching methods comprise a model of instruction in which basic
skills and facts are taught through direct instruction, while knowledge is transferred
from the expert to the novice primarily through lecture or print, requiring physical
presence of both student and the teacher (Clark 2006). Traditional teaching methods
prevail in most fields of science (Sawyer 2013), being typically teacher-centered
methods rather than student-oriented applications and techniques (Dimitrios et al. 2013).
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A few examples of these methods include: reading texts and problems, formulating
questions, attending lectures and monitor discussions, writing and reply brief or
extensive questions and objective type questions, solving short or lengthy
unstructured problems and cases, oral presentation of topic and reply to short
questions from the audience.

At many large colleges and universities, lectures still seem to be the centerpiece
of instruction, where students passively absorb preprocessed information and then
regurgitate it in response to periodic multiple-choice exams (McCarthy and
Anderson 2000). This approach reinforces learning only at the surface (passive)
level rather than at the deep (active) level (Dimitrios et al. 2013). Hence, traditional
methods encourage students to concentrate on superficial indicators rather than on
fundamental underlying principles, thus neglecting deep (active) learning (Sawyer
2013). Specifically for teaching LM, a recent survey indicated that teaching pro-
cesses contain many different types of errors that detract from students’ learning
experience and their perceptions of quality and value (Emiliani 2014a). Another
survey identified what constitutes quality teaching from current and former stu-
dents’ perspectives (Emiliani 2014b). Combined, these survey results indicate that
traditional teaching methods are unsatisfactory and that students view progressive
teaching methods as significantly better.

In turn, active learning refers to experiences in which students are thinking about
the subject matter as they interact with the instructor and each other (McCarthy and
Anderson 2000). Moreover, active learning involves students and helps them to
have an in-depth understanding of the course through induction of practice; i.e., the
inductive teaching has better results than productive teaching (Griffin and Care
2015). In this sense, active learning strategies refer to a variety of collaborative
classroom activities, ranging from long-term simulations to five-minute cooperative
problem-solving exercises (Candido et al. 2007; Rultegde 2016). Thus, instead of
facilitating the memorization of large quantities of information, these strategies
encourage inquiry and interest as students acquire knowledge and skills (Ramsden
2003), positioning a student-centered approach, maximizing their participation and
moving them beyond a superficial, fact-based approach to the subject (Abishova
et al. 2014). Particularly for LM courses, previous studies (e.g., Stier 2003; Johnson
et al. 2003) have highlighted the utilization of these methods as highly beneficial for
students learning. They argue that the active involvement of students helps to
connect LM concepts they are expected to apply in their own production run and
previous knowledge they have about them. In this sense, students need an intuitive
understanding of complex enterprises, their intrinsic challenges, and specific
problems, before the LM transformation can make sense to them.

Although interpersonal interaction is a key aspect of active learning, instructors
often expect students to acquire relevant knowledge neglecting its inherent inter-
active content (Badurdeen et al. 2009). In fact, McParland et al. (2004) affirm that,
despite active learning methods usually provide higher students’ examination scores
compared to those on the traditional curriculum, this method does not encourage
students to use more effectively their learning styles. Therefore, while logistic
necessity (large class sizes) dictates that the lecture format will likely continue to be
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important in the learning process, this only increases the need for balancing passive
with active learning wherever and whenever the possibility arises (McCarthy and
Anderson 2000; Bicknell-Holmes and Hoffman 2000). Overall, instructors and
professors who designate (short and long) learning goals have to evaluate the
theoretical knowledge and abilities (skills) of the students to be able to choose the
proper methods that promote an assertive learning (Dimitrios et al. 2013). However,
since learning is largely determined by students motivation, to improve the process
of teaching/learning as well as the understanding of the subject, specific educational
methods should be developed taking into account students’ preferences (styles)
(Tortorella and Cauchick-Miguel 2017).

2.2 Dimensions of Learning Styles

Learning styles are characteristics cognitive, affective, and psychological behaviors
that serve as relatively stable indicators of how learners perceive, interact with, and
respond to the learning environment. In essence, learning styles are the way one
tends to learn best, comprising the preferred method of taking in, organizing, and
making sense of information (Felder and Brent 2005; Puji and Ahmad 2016). Since
different people process information in different ways, one learning style is neither
preferable nor inferior to another (Cuevas 2015). However, a prevailing paradigm
states that learning styles may be obtained from learners’ experiences in the
learning environment instead of being an innate property of an individual (Khatibi
and Khormaei 2016; Francis 2016). In this sense, literature evidences indicate that
the teaching methods may enhance the student’s learning when they match the
category of preexisting interaction preferences; alternatively, learning styles may be
changed by the experience with the proposed teaching methods (Felder et al. 1998;
Katsioloudis and Fantz 2012; Rultegde 2016).

Continued research has been conducted in previous decades with regards to
differences in students’ learning styles, which are claimed to be a key factor that
accounts for the different efficacies of various teaching methods. Hence, the concept
of learning styles has been associated with a wide diversity of students’ attributes,
entailing the development of several models of learning styles (Kaliská 2012).
However, there is no general consensus on the attributes of particular learning styles
(Khatibi and Khormaei 2016; Zhang et al. 2016). For instance, in Kolb’s (1984)
experiential learning model students are classified according to their preferences for
(a) concrete experience or abstract conceptualization, and (b) active experimenta-
tion or reflective observation. The combination of these classifications results four
learning styles, namely: (i) diverger (concrete/reflective); (ii) assimilator (abstract/
reflective); (iii) converger (abstract/active); and (iv) accommodator (concrete/
active). Later, Honey and Mumford (2000) based on Kolb’s theory argued that the
main characteristics of students can be integrated into four learning styles: active,
reflexive, theoretical, and pragmatic. Further, many researchers have extensively
studied the relationship between the learning styles and other individual aspects,
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such as the interaction effect of students’ personality (e.g., Felder et al. 2002;
Bayram et al. 2008; Puji and Ahmad 2016) and students’ underlying culture and
age (e.g., Ariani 2013; Hughes 2016).

Another widely acknowledged model is the Felder-Silverman (Felder and
Silverman 1988), which, based on the ILS questionnaire (Felder and Soloman
2004), suggests the definition of students’ learning styles according to four
dimensions: (i) information perception, (ii) information processing, (iii) information
input and (iv) information comprehension. For information perception, preferences
can be divided into sensing (sights, sounds, physical sensations) and intuitive
(memories, thoughts, insights). Sensors tend to be concrete and practical, while
intuitors prefer abstractions, such as mathematical models and theories (Felder et al.
2002; Kaliská 2012). The second dimension is categorized according to the way
students process the information; i.e., active learners are more likely to understand
facts through engagement in physical activities or discussions, while reflective
learners are more introspective and prefer to think about them first. Information
input is mainly divided into verbal (written or spoken explanations) and visual
(pictures, diagrams, demonstrations) learners (Felder and Spurlin 2005). Finally, the
fourth dimension comprehends the way students evolve toward understanding.
They can be denoted as sequential learners, who tend to better understand in a
logical progression of incremental steps; or global learners, who usually think in a
more system-oriented manner and prefer to see the “big picture” first.

2.3 Information Processing and LM Teaching Methods

The dimension denoted as “information processing” comprises the way students
prefer retaining the information (Felder and Spurlin 2005). This dimension can be
classified into two categories: active and reflective learners. Active learners tend to
understand information best by doing something active with it, such as discussing,
applying or explaining it to others (Puji and Ahmad 2016). In turn, reflective
learners prefer to think about the topic quietly first. In general, active learners
usually like group work more than reflective learners, who prefer working alone or
with one other person whom they know well (Litzinger et al. 2007). According to
Felder and Brent (2005), sitting through lectures without getting to do anything
physical but take notes is hard for both processing preferences, but particularly hard
for active learners.

In terms of LM learning, Murman et al. (2007) pointed that knowledge is mostly
acquired from practice, which contrasts to traditional engineering courses that are
based upon knowledge from science and mathematics. This emphasizes the need
for practical demonstrations that can be used to impart this kind of knowledge with
some credibility. In this sense, active learning methods, such as problem-based
learning (PBL), might be a valuable approach to learning how to implement and
how to practice LM because it accords with lean’s emphasis on teams and on a
culture of problem-solving, on learning what to pay attention to, on the value of
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failure, and on the importance of learning in human development (Badurdeen et al.
2009). Thus, to examine the effect of the relationship between different LM
teaching methods and information processing on students’ performance, we for-
mulate the following hypotheses:

H1a: When active learning methods are applied for teaching LM, active learners
are more likely to present a better performance than reflective learners.
H1b: When traditional teaching methods are applied for teaching LM, reflective
learners are more likely to present a better performance than active learners.

2.4 Information Perception and LM Teaching Methods

Information perception can be categorized into sensing and intuitive. Sensing
learners (sensors) tend to like learning facts, solving problems by well-established
methods and usually dislike complications and surprises. In opposition, intuitive
learners (intuitors) often prefer discovering possibilities, relationships and innova-
tion, and dislike repetition (Felder et al. 1998, 2002). Further, sensors are more
likely than intuitors to resent being tested on material that has not been explicitly
covered in class. According to Zywno (2003), sensors tend to be patient with details
and good at memorizing facts; intuitors, in turn, may be better at grasping new
concepts and are often more comfortable than sensors with abstractions. Overall,
sensors tend to be more practical and careful, and do not like courses that have no
apparent connection to the real world. Intuitors tend to work faster and to be more
innovative, disliking “plug-and-chug” courses that involve a lot of memorization
and routine calculations (Francis 2016).

Regarding LM teaching/learning process, Conger and Miller (2013, 2014) state
that active learning methods provide students experience with lean principles and
practices, and a sense that they are engaging in real problems. Hence, learning
becomes a natural outcome of their engagement and motivation to solve these
problems. Achanga et al. (2006) emphasize that some LM practices can only be
learned by applying them in real work situations, so-called “learning by doing”.
Thus, it may be hypothesized that the added value of “learning by doing” may lie in
the dialogical process of sharing insights, knowledge, and challenges, which gives
context to LM content (Leon et al. 2012). In that way, sensors may benefit from
active learning methods, while intuitors may prefer learning LM through traditional
teaching methods since these provide a predefined and structured path for learning.
To verify those relationships we establish the following hypotheses:

H2a: When active learning methods are applied for teaching LM, sensors are more
likely to present a better performance than intuitors.
H2b: When traditional teaching methods are applied for teaching LM, intuitors are
more likely to present a better performance than sensors.
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2.5 Information Input and LM Teaching Methods

Information input is related to the way students usually remember or capture the
information. This dimension can be divided into two categories: verbal or visual
learners. Visual learners remember best what they see, such as pictures, diagrams,
flow charts, timelines, and demonstrations. In turn, verbal learners get more out of
words, either written or spoken explanations (Felder and Brent 2005; Litzinger et al.
2007). However, Francis (2016) indicates that everyone may learn more effectively
when information is presented both visually and verbally, which emphasizes the
need for applying complementary teaching methods.

In most college classes, LM traditional teaching methods usually offer very little
visual information, since students mainly listen to lectures and read material written
on chalkboards and in textbooks and handouts (Alves et al. 2014). Unfortunately,
most people are visual learners, which means that most students do not get nearly as
much as they would if more visual presentation were used in class. On the other
hand, previous studies that used active learning methods (e.g., Seddon and Caulkin
2007; Badurdeen et al. 2009; Martens et al. 2010; Suárez-Barraza and
Rodríguez-González 2015) have provided diversified ways so students capture the
required information through games, simulation, group discussions, and activities,
etc. In this sense, the application of active learning methods does not necessarily
imply that more visual elements would be involved, hence, indicating that there is
not a common understanding if this approach meets student preferences. Since our
study comprises the application of PBL within the context of companies under-
going an LM implementation, we argue that group discussions, individual inter-
views, and brainstorming are likely to be adopted during the problem-solving
development, which may favor those students that are more verbal. Further,
classroom lectures provided during the other LM course are mainly supported by
presentation slides and illustrative videos, mitigating the lack of visual information
and possibly meeting visual learners’ preferences. Therefore, to verify such asso-
ciation, we suggest the following hypotheses:

H3a: When active learning methods are applied for teaching LM, verbal students
are more likely to present a better performance than visual students.
H3b: When traditional teaching methods are applied for teaching LM, visual
students are more likely to present a better performance than verbal students.

2.6 Information Comprehension and LM Teaching
Methods

Felder and Silverman (1988) have suggested that students may comprehend
information through two ways: sequentially or globally. Sequential learners usually
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gain understanding in linear steps followed by logical connections, hence, they may
not fully understand the subject but they can nevertheless do something with it.
Further, they may know a lot about specific aspects of a subject, but may have
trouble relating them to different aspects of the same subject or to different subjects
(Katsioloudis and Fantz 2012). In opposition, global learners are likely to learn in
large jumps, absorbing material almost randomly without seeing connections, and
then suddenly “getting it”. In this sense, they may be able to solve complex
problems quickly or put things together in novel ways once they have grasped the
big picture; however, these students may have difficulty explaining how they did it
(Cuevas 2015; Khatibi and Khormaei 2016).

In active learning methods, such as PBL, LM concepts are introduced by a
facilitator or coach as needed, rather than front-loaded into lectures according to the
history of a subject or the arrangement of the particular textbook (Emiliani 2015). In
this approach, tools and information may be provided by the faculty to solve the
problem, but it is the responsibility of students to “make sense” of them by drawing
conclusions based on his/her own experience and knowledge (Johnson et al. 2003).
In this sense, students are challenged to exhibit and exercise critical thinking skills,
starting from an ill-structured problem, finding its root-cause and suggesting/
implementing an assertive solution (Tortorella and Cauchick-Miguel 2017). In turn,
LM traditional teaching methods often present a predefined syllabus, aiming to
provide students a gradual and increasing knowledge about the main concepts,
principles, and practices. However, Emiliani (2013) argue that in general both
traditional and newer teaching pedagogies, such as active learning, lack a unifying
framework or principles to assure focus on students and guide faculty’s improve-
ment efforts and decision-making. Therefore, although a few studies indicate that
traditional teaching methods may favor sequential learners while active students
engagement methods, such as PBL, better support global learners (Stier 2003),
empirical evidence validating such associations is still scarce in literature
(McManus et al. 2007). Then, to examine these relationships we formulate the
hypotheses, as follows:

H4a: When active learning methods are applied for teaching LM, global learners
are more likely to present a better performance than sequential learners.
H4b: When traditional teaching methods are applied for teaching LM, sequential
learners are more likely to present a better performance than global learners.

3 Method

The proposed method comprises three steps: (i) study context description, (ii) data
collection and (iii) data analysis. These steps are better described in the following
sections.
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3.1 Study Context Description

The study was carried out in a postgraduate program in Industrial Engineering from
a Brazilian public university. The program includes four subject areas: (i) opera-
tions management, (ii) ergonomics, (iii) product and process development, and
(iv) logistics. This program offers both doctoral and master’s degrees, and receives
approximately 200 applications per year. Each subject area has its own set of
courses which are offered during three quarters of the year, starting in March and
ending in December. The available teaching time within each quarter totalizes 48 h,
distributed over twelve weeks with a one four-hour meeting per week. Originally,
research in LM is mainly developed by the operations management area, and two
courses are offered on it.

The first course entitled “LM—practices, principles and concepts” focuses on
the level of understanding of principles and concepts of LM, and it is offered in the
second quarter of the university’s academic calendar (June–August). Its syllabus
was defined in order to cover the main principles, practices and concepts of three
elements of the Toyota’s house: basic stability, just-in-time, and jidoka (Liker and
Meier 2006; Womack and Jones 2009). The teaching methods applied in this course
comprise: (i) classroom lectures, (ii) inquiry learning, (iii) class exercises, and
(iv) visits and plant tours in manufacturing facilities. Regarding students’ perfor-
mance evaluation, besides classroom participation, which is assessed after each
class based on exercises development and corresponds to 30% of the evaluation, a
test is applied in the end of the quarter contributing to the remaining 70% of
students’ final grade, whose scale continuously ranges from 0 to 10.

The second course entitled “LM—PBL in companies undergoing lean imple-
mentation” applies PBL approach within a large auto parts manufacturer that is
undergoing a lean implementation. Its purpose is to link the concepts and principles
to conditions and procedures for application of LM, and it is offered from
September to December. This company has been implementing LM for 10 years
and has been a partner of the course for three years, opening its site to students and
providing the required structure for their development. Students are divided into
teams with four or five members and assigned different ill-structured problems
previously agreed between the lecturer and company’s management. From the
twelve weeks scheduled for the course, one meeting aimed at introducing its
contents and method, ten meetings are held inside the company for problem-solving
activities and data collection, and one final meeting for teams’ presentation through
an A3 report that follows the Plan-Do-Check-Act (PDCA) process. Final grades are
a composition of the assessment of the university lecturer (60% of the final grade)
and the company supervisor (40% of the final grade), based on five different
competences’ criteria (Bédard et al. 2012): (i) knowledge, (ii) analysis, (iii) appli-
cation, (iv) comprehension and (v) synthesis. The scale for the final grades varied
from 0 to 10.
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3.2 Data Collection

From 2015 to 2017, 76 graduates students (51 Master candidates and 15 Ph.D.
candidates), who started their research in LM, were invited to participate in both
courses. From these, 30 students affirmed to have previous experience with LM
(either practical or academic), and one-third of the students were full-time dedicated
to their research activities (did not work outside the university during their Master
or Ph.D.). Thus, the criterion for selecting the sample of students was to include
only students who have participated in both LM courses, in this case offered at the
same Brazilian public university in the south of Brazil, as to reduce the effects of the
external environment (e.g., differences in postgraduate curricula, and emphasis on
doctoral and masters research, etc.), since this would be relatively homogeneous
within the sample. The nonrandom choice of respondents for surveys and the search
for respondents that are already known to the researchers is a commonly used
strategy in other studies on LM (e.g., Boyle et al. 2011; Tortorella et al. 2015). For
example, Shah and Ward (2007) used a sample with participants drawn from
courses and training events when they conducted a survey on LM, since it was
necessary that the respondents had experience in the subject.

Further, to collect information about students’ characteristics we applied a first
questionnaire, which aimed at identifying the demographic profile of the students’
sample according to the existence of experience on LM, level of dedication to the
postgraduate program (full- or part-time) and level of application (Master of Ph.D.).

Regarding the learning styles, we adapted and applied the Index of Learning
Style (ILS) questionnaire with the graduate students in order to verify the preferred
learning style (Felder and Soloman 2004; Felder and Spurlin 2005). The ILS is an
instrument consisted by 44 questions used to assess preferences on four dimensions
of a learning style: (i) information processing (active/reflective), (ii) information
perception (sensing/intuitive), (iii) information input (visual/verbal), and (iv) infor-
mation comprehension (sequential/global). The questionnaire results simply indi-
cate preferences for each dimension, and the suggestions that follow the results may
enable to verify the match with the teaching method (Felder et al. 1998; Litzinger
et al. 2007). For each learning dimension, a cardinal scale ranging from 1 to 5 was
proposed (see Fig. 1), varying between the emphasis on the respective dimension
categories, such as: strong preference (1 or 5), moderate preference (2 or 4) and
fairly well-balanced (3). The evaluation of the learning styles was carried out in
both courses to check for inconsistencies. We did not find any inconsistency or
changes in the learning style of any of the students analyzed.

Finally, students’ performance during both courses was obtained from the
respective final grades. However, since the evaluation methods employed in each
course was different, to better compare students’ performance between them we
standardized those grades in terms of the number of standard deviations of each
individual value with respect to the average grade of the respective course. The
standardized grades enable to remove scale effects (Tortorella and Fogliatto 2014),
and large positive values indicate the best performances of each course.
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A correlation matrix for each of the learning dimensions and students’ experi-
ence on LM included in the analysis is shown in Table 1. Based on this analysis, no
significant correlation (p-value � 0.05) was identified, which enabled the analysis
of each independent variable disregarding multicollinearity effects.

3.3 Data Analysis

The data analysis was performed using the SPSS® version 24 statistical software.
The 76 answers were tested according to the effect of the dimensions of learning
styles (independent variables) on students’ performance (dependent variable) for
each teaching method. Previous experience, which was coded into existing (1) or
not (0), was used as a control variable for our study’s purpose. To achieve that, a

Learning 
dimension

Strong preference Moderate preference
Fairly well-

balanced 
Moderate preference Strong preference

1 2 3 4 5 

Information 
processing 

ACTIVE REFLECTIVE

Information 
perception 

SENSING INTUITIVE

Information 
input

VISUAL VERBAL 

Information 
comprehension 

SEQUENTIAL  GLOBAL 

Fig. 1 Learning style dimensions and assessment scales. Source Adapted from Felder et al.
(1998)

Table 1 Sperman’s correlations between learning dimensions and students’ experience on LM*

Variables Previous
experience

Information
processing

Information
perception

Information
input

Information
comprehension

Previous
experience

– 0.06 0.08 0.70 0.84

Information
processing

−0.22 – 0.16 0.42 0.06

Information
perception

0.20 −0.16 – 0.61 0.06

Information
input

0.05 0.01 0.06 – 0.99

Information
comprehension

−0.02 −0.22 0.24 0.00 –

*Values below diagonal are Spearman’s correlations and values above diagonal are p-values
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stepwise regression with backward elimination was performed. Stepwise-backward
regression is a method of fitting regression models in which the choice of predictive
variables is carried out by an automatic procedure (Hair et al. 2006). In each step, a
variable is considered for subtraction from the set of explanatory variables based on
some prespecified criterion. Usually, this takes the form of a sequence of F-tests or
t-tests, but other techniques are possible, such as adjusted R2. This method is
usually recommended for exploratory studies in which it is intended to describe
little-known relationships between the variables (Harrell 2001).

Therefore, we started involving all candidate variables (independent and control
variables) to predict students’ performance for each teaching method, testing the
deletion of each one using the F-test criterion. Whenever the statistical significance
(p-value � 0.05) of the F-test was not achieved, we deleted the variable (if any)
whose loss gives the most statistically insignificant deterioration of the model fit,
and repeated this process until no further variables can be deleted without a sta-
tistically significant loss of fit.

Assumptions of normality, linearity, and homoscedasticity were tested for the
learning dimensions. We examined the residuals to confirm normality of the error
term distribution. Linearity was tested with plots of partial regression for each
dimension. Finally, we evaluated homoscedasticity by plotting standardized
residuals against predicted value and examining visually. These tests confirmed the
three assumptions for multivariate data analysis.

4 Results

Regarding students’ performance with the PBL method for teaching LM, Table 2
presents the ANOVA for the regression analysis of the dimensions of learning
styles and the PBL method (active learning). The solution evolved through four
models, following the backward elimination logic. Model 4a achieved the required
statistical significance (p-value � 0.05), explaining 36% of total variance. This
model indicates that the variables “information processing” and “information per-
ception” are capable to predict students’ performance when active learning meth-
ods, such as PBL, are used to teach LM. Further, coefficients of all regression
models are shown in Table 3, along with the collinearity statistics. We also cal-
culated VIF (variance inflation factors) for all coefficients in the regression models.
Previous researchers (e.g., Hair et al. 2006; Hayes and Matthes 2009; Tabachnick
and Fidell 2013) suggest that values below five indicate that multicollinearity
problems do not affect the coefficient. The VIF for all coefficients of Model 4a
attended such requirement, allowing the regression model to attribute performance
effects to all individual variables. Thus, from the four hypotheses related to the
application of active learning methods to teach LM (e.g., PBL), we found evidence
to support H1a and H2a, while H3a and H4a could not be verified with our study
sample.
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Information processing appears to be negatively associated with students’ per-
formance (b = −0.273), which suggests that students who prefer to retain the
information by discussing or applying it (active learners) are more likely to perform
better under a PBL approach. Since the second course (LM—PBL in companies
undergoing lean implementation) provided students the opportunity to interact with
real-world problems to which they were pushed to indicate a practical and effective
solution through a PDCA-thinking process, it is quite reasonable that active learners
may benefit from this teaching approach and present a higher performance.
Therefore, this result supports H1a and converges to findings from previous studies
on LM (e.g., Candido et al. 2007; Aij et al. 2013; Emiliani 2015) that have
emphasized the necessity of “learning by doing”, but did not verified empirically
such indication.

With regards to information perception, our results showed that this dimension
presents a significant negative association (b = −0.256) with students’ performance
when PBL method is employed to teach LM. In other words, this outcome indicates

Table 2 ANOVA results for PBL method

Model Predictors Sum of
squares

df Mean
square

F p-value

1a Previous
experience
Information
processing
Information
perception
Information
input
Information
comprehension

Regression 7.674 5 1.535 1.636 0.162

Residual 65.660 70 0.938

Total 73.334 75

2a Previous
experience
Information
processing
Information
perception
Information
input

Regression 7.666 4 1.916 2.072 0.094

Residual 65.668 71 0.925

Total 73.334 75

3a Previous
experience
Information
processing
Information
perception

Regression 7.593 3 2.531 2.772 0.058

Residual 65.741 72 0.913

Total 73.334 75

4a Information
processing
Information
perception

Regression 6.371 2 3.185 3.473 0.036

Residual 66.963 73 0.917

Total 73.334 75
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that students who are sensors (either strong or moderate preference) are quite likely
to learn LM more effectively when they have a chance to connect their knowledge
on LM principles and practices to real-world situations. This result reinforces the
LM principle of genchi-genbutsu (go and see), which states that the inference of
any information is legitimized when the individual has the chance to see with their
own eyes, establishing empathy with the analyzed context (Liker and Meier 2006;
Womack and Jones 2009). Thus, our findings bear H2a.

For traditional teaching methods of LM, Tables 4 and 5 display the results of the
ANOVA for the regression analysis of the dimensions of learning styles and their
variables’ coefficients, respectively. Similarly, the solution evolved through four

Table 3 Regression models for PBL method

Model Predictors b Std.
error

p-value Tolerance VIF R2 Adj. R2

1a (Constant) −1.430 0.742 0.058 0.403 0.395

Previous
experience

−0.268 0.236 0.260 0.931 1.074

Information
processing

−0.241 0.141 0.093 0.896 1.116

Information
perception

−0.268 0.136 0.052 0.870 1.149

Information input 0.036 0.125 0.777 0.984 1.016

Information
comprehension

0.014 0.154 0.928 0.874 1.145

2a (Constant) −1.391 0.594 0.022 0.398 0.387

Previous
experience

−0.269 0.233 0.252 0.936 1.068

Information
processing

−0.239 0.138 0.089 0.925 1.081

Information
perception

−0.272 0.129 0.039 0.948 1.055

Information input 0.035 0.123 0.779 0.988 1.012

3a (Constant) −1.325 0.543 0.017 0.388 0.376

Previous
experience

−0.268 0.232 0.251 0.936 1.068

Information
processing

−0.242 0.137 0.081 0.932 1.073

Information
perception

−0.275 0.128 0.035 0.954 1.048

4a (Constant) −1.463 0.532 0.007 0.375 0.360

Information
processing

−0.273 0.134 0.046 0.970 1.031

Information
perception

−0.256 0.127 0.048 0.970 1.031
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models in a backward elimination, in which Model 4b attended the required sig-
nificance level (p-value � 0.05), explaining 32.1% of total variation. This model
suggests that “information perception” and “information comprehension” can pre-
dict students’ performance when traditional methods, such as classroom lectures,
are applied to teach LM. Further, VIF requirements were achieved, as aforemen-
tioned, indicating no multicollinearity problems effect on the coefficients of Model
4b. Therefore, although hypotheses H1b and H3b were not supported by this
outcome, we found evidence to bear H2b and H4b with our study sample.

Specifically for information perception, contrary to what was found to PBL
method, this dimension seems to be positively associated (b = 0.249) with students’
performance undergoing an LM course based on traditional teaching methods. This
means that intuitive learners, who are usually comfortable with abstractions and
dislike repetition, may learn more effectively LM principles and concepts when
methods such as classroom lectures and exercises, inquiry learning and shop floor
visits are employed. Further, according to Felder and Silverman (1988), intuitors
prefer principles and theories which were the main focus of the course “LM—
practices, principles and concepts”, favoring such performance trend with tradi-
tional teaching methods. In this sense, our result corroborates with the studies from

Table 4 ANOVA results for traditional teaching method

Model Predictors Sum of
squares

df Mean
square

F p-value

1b Previous experience
Information
processing
Information
perception
Information input
Information
comprehension

Regression 7.031 5 1.406 1.780 0.128

Residual 55.284 70 0.790

Total 62.315 75

2b Information
processing
Information
perception
Information input
Information
comprehension

Regression 7.024 4 1.756 2.255 0.072

Residual 55.291 71 0.779

Total 62.315 75

3b Information
perception
Information input
Information
comprehension

Regression 6.825 3 2.275 2.952 0.058

Residual 55.490 72 0.771

Total 62.315 75

4b Information
perception
Information
comprehension

Regression 5.244 2 2.622 3.353 0.040

Residual 57.071 73 0.782

Total 62.315 75
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Mazur et al. (2012) and Suárez-Barraza and Rodríguez-González (2015), which
reinforced that learning LM requires training in both soft and hard skills in order to
solve problems in both the sociocultural and technical aspects of a value stream.
Hence, traditional teaching methods may support such learning by providing stu-
dents minimum ground knowledge that entails changes in their understanding about
LM. Thus, our results empirically validate H2b.

Results for information comprehension indicate that this learning dimension has
a significant negative association (b = −0.292) with traditional teaching methods.
In fact, while sequential learners may benefit from these teaching methods, global
learners might find difficult to understand LM concepts and principles under this
approach, hence, presenting a worse performance in this course. This result is

Table 5 Regression models for traditional teaching method

Model Predictors b Std.
error

p-value Tolerance VIF R2 Adj. R2

1b (Constant) −0.793 0.681 0.248 0.493 0.451

Previous
experience

0.020 0.216 0.926 0.931 1.074

Information
processing

0.066 0.130 0.612 0.896 1.116

Information
perception

0.258 0.125 0.042 0.870 1.149

Information input 0.157 0.114 0.174 0.984 1.016

Information
comprehension

−0.320 0.141 0.026 0.874 1.145

2b (Constant) −0.780 0.662 0.243 0.462 0.404

Information
processing

0.064 0.126 0.615 0.936 1.068

Information
perception

0.257 0.123 0.040 0.888 1.126

Information input 0.157 0.114 0.170 0.984 1.016

Information
comprehension

−0.319 0.140 0.025 0.878 1.138

3b (Constant) −0.570 0.514 0.271 0.378 0.350

Information
perception

0.264 0.121 0.032 0.902 1.109

Information input 0.161 0.113 0.156 0.989 1.011

Information
comprehension

−0.307 0.137 0.028 0.903 1.107

4b (Constant) −0.185 0.441 0.676 0.344 0.321

Information
perception

0.249 0.121 0.044 0.909 1.100

Information
comprehension

−0.292 0.137 0.037 0.909 1.100
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somewhat consistent with findings from Aij et al. (2013) and Tortorella and
Cauchick-Miguel (2017), which suggest that students’ lack of experience in the LM
principles and practices usually features a barrier to transferring the knowledge
from a usual LM course into practical situations. In this sense, the expectation that
low-experienced students may learn in large jumps, absorbing material almost
randomly without seeing connections, and then suddenly “getting it”, becomes
contradictory. Thus, our result supports H4b and corroborates with previous stud-
ies’ indications.

Overall, from the eight hypotheses formulated for this study our results verified
four of them, being two for each LM teaching method applied (see Fig. 2). Further,
the effect of the learning dimension “information perception” seems to be more
extensive than the others, since students’ performance in both teaching methods is
significantly associated with it. Thus, lecturers and instructors might consider stu-
dents’ perception preferences when planning their LM teaching approach. Further,
this outcome can be related to one of the main paradoxal characteristics of LM.
According to Spear and Bowen (1999) and Spear (2009), the high level of process
standardization is exactly what encourages flexibility and innovation in a lean
system. In terms of teaching efficiency, this concept can be extended to sensors and
intuitors preferences. If instructors and lecturers overemphasize intuition and
reinforce only high-innovative activities, students may miss important details or
make careless mistakes in calculations or hands-on work; in turn, if they overem-
phasize sensing and provide only standardized and widely acknowledged methods,
the other part of the students may rely too much on memorization and familiar
methods and not concentrate enough on understanding and innovative thinking. On
the other hand, surprisingly, the learning dimension “information input” was not
significantly associated with any of the teaching methods. This result may indicate
that, despite PBL and traditional teaching methods may offer different ways to
students capture the concepts and principles of LM, both methods may inter-
changeably reinforce visual and verbal mechanisms, entailing a well-balanced
approach for this dimension.

Information processing

Information perception

Information comprehension

LM - Problem-based 
learning method

LM - Traditional 
teaching methods

Students' performance:Dimensions of learning styles:

H1a (-)

H2a (-)

H2b (+)

H4b (-)

Fig. 2 Hypotheses verified by the models
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5 Conclusions

In this paper, we have studied the relationship between LM teaching methods and
the dimensions of learning styles in order to maximize students’ performance. This
research suggests implications for both theory and practice, which are deeper dis-
cussed in the following sections.

5.1 Implications to Theory

In theoretical terms, our study suggests that mixing active learning methods with
traditional teaching methods may facilitate dialogical learning, encourage collab-
oration between students and facilitate the transfer of knowledge on LM. Current
teaching approaches tend to focus on a single teaching/learning point, disregarding
the didactic potential of complementary methods. Thus, instructors and lecturers
must take into account that blending the student interest generated by LM
real-world applications through PBL with some of the structure of traditional
teaching methods could increase both student satisfaction and achievement. To
determine an effective blend of the two methods it is essential to understand stu-
dents’ learning preferences. Although being impossible to simultaneously tailor the
teaching method according to each student learning style in a class, such under-
standing allows academics to plan the LM course with a higher likelihood of
contributing to the students’ preferred learning styles. Particularly for LM educa-
tion, our findings provide evidence to support the application of a hybrid teaching
method, in which the traditional teaching methods lay the fundamental concepts
followed by a culminating period that provides an opportunity to extend the
acquired knowledge into real and practical problems. Therefore, the proper edu-
cational approach for teaching and learning of LM would help enhancing students’
capability for acquiring and applying knowledge in real-world situations, preparing
them to meet the required competencies that fulfill either organizations or academia
current demands.

It is noteworthy that, contrary to expectations, improved academic performance
was found without any changes in students’ learning preferences throughout the
courses, and was unrelated to students’ previous experience. Consistent with pre-
vious research, academic success was related to the use of strategic and deep
learning styles. Further, the incorporation of active learning methods, such as PBL,
improved students’ ability to learn LM, but did not lead to a change in students’
preferred approach to learning outside the sessions. In this sense, results indicate
that students’ learning preferences are a key element for designing LM teaching
methods. In fact, these must be systematically followed and widely used by
industrial engineering postgraduate programs in order to provide better learning
results and pedagogical assertiveness.
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5.2 Implications to Practice

With regards to practical implications, there are several benefits for various
stakeholders when improving LM course’s design/delivery and overall quality of
the learning experience. First, an enhanced LM course design and delivery occurs
when an interdisciplinary course replicates workplace engagement, allowing the
actual employment of LM practices and principles. Second, an improved effec-
tiveness of learning occurs as active learning methods, such as PBL, are incorpo-
rated to the curriculum of the course, enabling to extend the pervasiveness of the
information among students. In addition, an improved LM course entails benefits to
four audiences: (i) students benefit from an enriched learning experience that better
prepares them to future organizations’ demands; (ii) faculty benefits through the use
of enlightened pedagogy that incorporates high-impact teaching methods; (iii) uni-
versity is affected by short and long-term business/community relationships
developed through exchanges of thought leadership and student field experiences;
and (iv) employers benefit through assisting students to align with employee
development expectations, based on workplace gaps, such as learning to commu-
nicate and exercise leadership.

Further, traditional teaching methods when coupled with implementation
through real-world situations, not only can students better understand the abstract
and sometimes counter-intuitive LM concepts and how to implement them, but they
are given the opportunity to develop a broad range of soft-skills. In other words,
because it foregrounds the social context for problem-solving and learning, LM
learning must be experiential. Thus, a proper LM education not only teaches pro-
fessional skills necessary for industry, but creates a platform for transition between
university and the working world. This bridging-the-gap between institution and
industry has undoubtedly aided in the student’s preparation as an engineer.

5.3 Limitations and Future Research

The LM practices, principles, and concepts can be extended and correlated to
processes and systems within many engineering disciplines and are not limited to
manufacturing or operations management. Regardless of the discipline, traditional
and newer teaching pedagogies for teaching LM can have the appearance of
effectiveness based on empirical evidence such as test scores or students feedback.
However, these pedagogies may continue using assessment methods that limit or
reduce students learning. Therefore, future studies that include students’ evaluation
methods may provide a more robust comparison of students’ performance in dif-
ferent LM courses, avoiding any misguided parameter or assessment for such
inference.

Additionally, future challenges facing both students and LM education demand
fundamental yet practical reforms. Instructors and lecturers may continue to reject
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improvement methods born in industry, or they can begin the process of scholarly
inquiry, for which they are well equipped, to understand LM principles and prac-
tices and how to apply them to improve teaching itself. Moreover, regarding the
relationship between the ILS and the LM teaching methods, future research is
needed to expand the investigation to other teaching methods besides PBL and
traditional methods. Thus, a better comprehension of the concurrent influence of
several teaching methods and students’ learning preferences may provide argu-
ments to professors and academics to anticipate their synergistic effect, so the end
results are more likely to meet the expectations.
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