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A meta-analytic study of the impact of Lean Produdbn on

business performance
Abstract

Lean Production (LP) is one of the most commoriatiites in Operations Management that
firms adopt to boost their competitiveness. Theppse of this paper is to examine the extant
research on the relationship between LP and busipegormance (BP). The study analyses the
data from 30 articles published from 2000 to 2014t meet two targeted criteria, that they have:
() empirically analysed the relationship between, lor any measure of LP, and at least one
measure of BP, and (ii) reported the effect siz¢hefrelationship between LP and BP measured
with Pearson's correlation coefficients or relatedthods. Distinctions are made between two
different performance outcomes (financial and m@r&ad six LP practices. Using the Hunter and
Schmidt (2004) meta-analysis based correlationsoggh, the obtained results show that a
positive and moderate relationship exists betwegmesyate level LP and aggregate level business
performance {f = 0.31). There is also a positive relationshiphwharket performance, but not
with financial performance. Only three individualaptices are statistically related to business
performance (Process Control and Improvement, Wockf Development, and Customer Focus).
The country’s level of economic development is disond to act as a moderating variable in
several of the studied relationships and to hageeater effect in Emerging Economies than in
Advanced Economies.

Keywords: Lean Production; Business Performance; FinancidbReance; Market Performance;
Meta-analysis

1. Introduction

Firms need to continuously improve to compete irinmneasingly globalized environment and
in recent decades new approaches have emerged tnthin the operations area (Cua et al., 2006;
Flynn et al., 1995; Fullerton et al., 2014; Fullerand Wempe, 2009; Shah and Ward, 2003- 2007,
Yang et al., 2011). One of the best known of thieskean Production (LP) (Hines et al., 2004;
Camacho-Mifiano et al., 2012 ; Bhamu and Sangwél#})20

LP has been defined as an integrated set of secloical practices designed to eliminate waste
along the whole of the value chain within and asrosmpanies (Womack et al., 1990; Holweg,
2007). Since its introduction, the lean approachihereasingly expanded in the field of operations
management until it has now become a fully holistisiness strategy. Lean involves nearly all
aspects of the organisation. Numerous tools, teciasi and practices have been developed over
time for this approach to be implemented, and n@thgrs that already existed have easily slotted
into Lean’s broader focus. Many of these LP prasticave been integrated into extensive packages
or focuses related to aspects such as qualityl (@olity management, TQM), production flow
(just-in-time production, JIT) and maintenance gkgiroductive maintenance, TPM) (Cua et al.,
2006; Shah and Ward, 2003; Furlan et al., 2011bPDat et al., 2008).

Firms that espouse LP benefit from many advantggesnufacturing costs, productivity,
inventory turnover, lead time, on-time deliverystfdelivery, flexibility, quality, space requirenten
etc.). In fact, studies of LP have traditionallyeheassociated with an analysis of its impact on
operational performance (e.g., Shah and Ward, 20@BPont et al., 2008; Fullerton and Wempe,
2009)). The benefits have usually been measured) ugierational performance measures, perhaps
because they can be monitored at plant level, whdcthe unit where LP is generally applied
(Abdel-Maksoud et al., 2005; Nawanir et al., 2013)
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Some meta-analytic studies were found in the resikbwgcientific literature (Nair, 2006;
Mackelprang and Nair, 2010) that confirm positieationships between some of the dimensions of
Lean (specifically JIT and TQM) and operationalfpenance.

The LP-business performance (expressed as finagoitimarket performance) relationship has
also been empirically studied. Despite a numbeaetgfvant studies finding that LP has a positive
effect on performance (Brah et al., 2000; Kayndd)3 Yang et al., 2011, Agus and Hajinoor,
2012; Hofer et al., 2012), some controversy skib&s as to its general applicability (Kannan and
Tan, 2005; Avittathur and Swamidass, 2007; Jayaetual., 2008; Camacho-Mifano et al., 2013;
Klingenberg et al., 2013). This, and the fact that meta-analysis has been conducted of this
relationship, was the motivation for the preseseeech.

As Shah and Ward (2003) state, it should be barrmeind when analysing the benefits of LP
that ‘Lean production is a multi-dimensional apmtoathat encompasses a wide variety of
management practices... in an integrated system’afloough LP implementation only actually
happens through the application of an array oftjes, the overall result is not simply the sum of
the outcomes of each of these. To the contrargetipeactices complement and mutually support
each other, creating synergistic effects that bdlost benefits to the company. Several authors
(Womack and Jones, 1996; Schroeder and Flynn, 28@%;, 2007) examine complementarity
among the various lean practices and their posdtifect on performance from the theoretical point-
of-view. However, the majority of empirical studiesth similar aims have sought to study the
effect of this complementarity or interrelationstip operational performance (Shah and Ward,
2003; Dal Pon et al., 2008; Furlan et al., 20114120 Konecny and Thun, 2011).

Empirical studies analysing the effect of this sgyeon financial or market performance are
extremely scarce. However, Hofer et al. (2012) meftged that the simultaneous implementation of
internally-focused and externally-focused lean fitas has a positive effect on financial
performance (with ROS as the indicator). We theeefmnsider that conducting a meta-analysis of
the relationship between lean practices and busipesformance that considers any possible
interdependencies among the various lean praatidgist help to fill this gap and thus enhance the
scientific literature in this respect.

The purpose of this study is, therefore, to condueteta-analysis to help clarify the relationship
between LP implementation (in general, and of tlenntean practices individually) and business
performance using financial and market performamcicators. The aim is to synthesize the
empirical evidence available to date and provideesdirection to future research efforts. The study
seeks to respond to the following three researchstipns on the LP-business performance
relationship in particular:

a) Is LP (as an aggregate, considering any interoglatips among lean practices)
positively correlated with (financial and marketisiness performance? If so, how
strong is the relationship?

b) Which LP practices have a stronger impact on bgsiperformance?

c¢) s this relationship homogenous or is it affectgciby moderators?

The paper answers these questions using a metgsisnaf correlations approach with data
taken from research studies published in 2000ter,land follows the Hunter and Schmidt (2004)
procedure. Meta-analysis is a powerful method famdeicting systematic syntheses of empirical
literature, as it enables conflictive findings ®itesolved and the potential sources of theseictafl
to be evaluated through moderator analyses (Cad®)2

The paper is structured in 6 sections. Followinig thtroduction (Section 1), a brief review of
the literature on the LP-Performance relationskimgiven in Section 2. Section 3 describes the
research methodology, including details of the darapd the methods used for the analysis. The
main research results are then presented in Settifmllowed by the discussion in Section 5 and
conclusions in Section 6.



2. Literature review

This section begins with a brief reference to thgins and development of Lean Production and
a discussion on how LP implementation has been unedsn the literature. This is followed by an
analysis of the LP—business performance relatipnahd the identification of the main dimensions
used to measure lean practices. Next, some ofatiré are discussed that, as moderators or
control variables, might affect the LP-BP relatioips Lastly, the research model is presented and
the hypotheses that are to be tested are formulated

2.1. Lean Production: evolution and implementation

Although LP did not become popular until the begignof the 1990s, the literature on Lean
Manufacturing can be traced back to the 1970s.r8aeworks have analysed Lean’s origins and
development, either through historical or conceptediews (e.g., Shah and Ward, 2007; Hines et
al., 2004; Holweg, 2007; New, 2007) or throughréitare reviews (e.g., Pettersen, 2009; Moyano-
Fuentes and Sacristan-Diaz, 2012; Stone, 2013; €&wwiifiano et al., 2013; Bhamu and
Sangwan, 2014; Negrdo et al.,, 2017). Stone (20d8&ptified five phases of lean evolution:
Discovery phase (1970-1990); Dissemination pha$9141996); Implementation phase (1997-
2000); Enterprise phase (2001-2005); and Performgntase (2006-2009). The same author
explained that during the late 1990s and early 20®@ focus shifted from implementing lean
exclusively on the manufacturing shop floor toaipplication in other areas of the enterprise (Stone
2013). In an extensive literature review, Bhamu &aegigwan (2014) differentiated between four
periods: a) origin and development (pre 1994), ijewdissemination (1994-1999), c) propagation
into product development, marketing, sales, seyvigecounting, etc. (2000-2005), and d)
performance phase and development of new princ{@le36 onwards). According to these authors,
up to 2000 the predominant research methodologycaaseptual and descriptive, but then went on
to be for the main part more empirical and explumatin the same line, Shah and Ward (2007)
considered the 1988-2000 period as one of acadamigess.

The Lean concept has gradually spread beyond metouifsg (Lean Manufacturing) and Lean
management is currently spoken of as an organisdtjghilosophy based on the principles of the
elimination of wastage and an increase in valuetifier customer. However, the present study
focuses on Lean Production, which refers to a $eproduction- and/or service-related lean
practices inspired by the foregoing principles. ¥gard Lean Production as an extension of Lean
Manufacturing that can also be used in service congs.

Apart from a holistic management focus based onumber of objectives and principles
(Womack and Jones, 2003; Liker, 2006), Lean alsompasses a set of practices, tools, techniques
and methodologies that enable objectives to bethretigh the application of these principles.
However, Bhamu and Sangwan (2014) found that ther@o standard LP implementation
framework and no dedicated LP implementation totdshniques, or methodologies exist, but,
rather, most of these are standalone matured taat$, as 5S, six sigma, TPM, JIT, VSM, kaizen,
etc. A very high number and great variety of thessctices have been identified in the literature to
measure LP implementation (see Appendix A). Nawahial. (2013) states that although many
researchers and practitioners have attempted taifiglehe main LP practices, there is no single
agreement among them regarding the relative impoetaf the practices. Moreover, some LP tools
and techniques have multiple names and overlapatiiters (Bhamu and Sangwan, 2014).

Malmbrandt and Ahlstrém (2013) drew up a table withoverview of ten instruments to assess
lean manufacturing adoption that they had founthin literature. With the aim of developing an
instrument to measure the degree of Lean Implertientan manufacturing, Herzog and Tonchia
(2014) identified 24 variables that they grouped iareas: 1.The value concept and customers; 2.
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VSM; 3. Pull/kanban + flow; 4. Waste elimination; Broductive maintenance; 6. Just-in-time; 7.
Employee involvement; and 8. Lean suppliers. Esmamthi et al. (2011) examined the
implementation of 36 LP tools in Indian machineustties. One of the best-known and most cited
works on the measurement of Lean implementatiqgorabably the Shah and Ward (2007) study.
These authors used a literature review to devetopstrument that represented lean that contained
48 subsequently empirically validated items ancc@®ponents. The 10 components were in turn
grouped into three large blocks: a) supplier relab® customer related; and c) internally relatad.
an earlier study, Shah and Ward (2003) identifiddt@ms that they classified into 4 bundles: JIT,
TPM, TQM and HRM. Camacho-Mifiano et al. (2013) agrwith these four bundles to which they
added a fifth related to accounting: ABM (ActiviBased Management). Moyano-Fuentes and
Sacristan-Diaz (2012) classified the literatureLéninto four blocks: internal aspects, value chain,
work organisation, and geographical context.

Most of the studies operationalised LP as a mintiethsional construct (Fullerton and Wempe,
2009) and this study takes the same approach. €€ensiwith the extant literature, this research
focuses on the six practices most used in empigicalyses to relate Lean to business performance.
Thus, the following six dimensions or practices eoasidered to be part of the Lean Production
construct:

1. Process Control & Improvementghe extent to which quality is ensured through tke of
a range of tools such as problem solving methddsisscal process control, failure mode
effects analysis, fool proofing, sampling and ircjma.

2. Just-in-time Flow A set of interrelated practices for managing pineduction flow. Five
JIT practices are included: setup reduction tingeiipament layout, pull production, small
lot and uniform production level.

3. Workforce DevelopmenThe extent to which the management of employsdsased on
empowerment, teamwork, individuals’ work-relatedowtedge and skills, performance
evaluation, and reward and recognition.

4. Maintenance Managementhe extent to which proper maintenance actividehieve a

high level of equipment availability.

Customer FocusThe extent to which the firm is focused on customeeds.

Supplier RelationshipThe extent to which the firm works closely witlpgliers in order to

ensure that they provide the right quantity andliuat the right time and in the right

place.

o u

This division of practices into 6 groups is, in @pinion, a suitable framework for analysing LP
implementation for the objectives of this researshmore exhaustive relationship with tools and
techniques that would go into finer detail would/&éaaised the number of analyses that had to be
done and reduced the size of the samples. Thispomgus also consistent with many previous
studies and sufficiently comprehensive, and alscudes the underlying constructs of the
measurement instrument proposed by Shah and Wa@d)2tems 1 to 4 are the internal elements
(which also coincide with the Shah and Ward (2088) Camacho-Mifiano et al. (2013) grouping
except for the accounting item, ABM, in the lattaise), and the last two refer to the external value
chain (Moyano-Fuentes and Sacristan-Diaz, 2012) mdeover, coincide with Shah and Ward'’s
(2007) other two underlying constructs. Moreovéese 6 dimensions are sufficiently broad to
encompass the majority of the individual technicaed tools in the existing literature.

2.2. Lean Production and Business Performance

With regard to lean performance, the focus hageshifom quality (in the literature of the early
1990s), through quality, cost and delivery (lat9d$, to customer value from 2000 onwards
(Hines et al., 2004). Since Lean application hankextended to the entire company since 2000, its
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impact must be evaluated not only with operationdicators (such as quality, cost, delivery and
flexibility), but also more general indicators, buas financial, market, business and competitive
indicators.

Authors that advocate LP state that lean offeesgel number of benefits (Bhasin, 2008): shorter
cycle time; shorter lead time; lower WIP; fastespense time; lower cost; greater production
flexibility; higher quality; better customer sergichigher revenue; higher throughput; and increased
profit. However, the real benefits of lean are idifft to quantify (Bhasin, 2008). Accounting
systems and traditional metrics do not cater foasneng Lean’s real impact and some authors
have called for changes to be made to the accausyistem to adapt to the use of Lean (Callen et
al., 2005; Harris and Cassidy, 2013; Fullerton let 2014). The fundamental problem is that
traditional metrics do not account for the realugabf an organisation’s intangible and intellectual
assets (Bhasin, 2008). This study therefore prapagmlying the Dynamic multidimensional
performance (DMP) framework (Maltz et al., 2003hieh is an extension of the balance scorecard
focus (Kaplan and Norton, 1996), to a full evaloatof LP. The framework has five performance
dimensions:

¢ financial performance: the traditional approachganisational success;

* market/customer: the relationship between the asgéion and its customers;

* process: the organisation’s efficiency and improeem

e people development: employee skills, commitmentardonnel development;
e future: measures that show future value creation.

In existing LP research, performance has mainlynbmeasured using plant level operational
indicators (i.e., process), such as inventory, eyche, delivery performance and flexibility. The
impact of LP on other, company level performanaaatisions has also been measured, albeit to a
lesser extent. Some articles conceptualise busperfsrmance as Return on Assets and Return on
Sales, Return on Investment, Profit, and Profitwgho i.e., financial performance (Inman et al.,
2011, Ghobakhloo and Hong, 2014), while on otharasions it has been measured in terms of
Market Share, Sales Growth, etc., i.e., marketéenst performance (Curkovic et al., 2000, Ahmad
et al., 2004, Yang et al., 2011). The other dirmmsf business performance -people development
and preparation for the future- are much less commexisting research.

As the LP-operating performance relationship haeaaly been the object of meta-analysis
(Mackelprang and Nair, 2010), performance has lweeeptualised with two dimensions in the
present study: financial performance (e.g., profirgin, return on sales, return on assets, anthretu
on investment) and market performance (e.g., matkate, sales, and sales growth). This approach
is consistent with previous research (Narasimhahkm, 2002; Lin et al., 2005; Menor et al.,
2007; Yang et al., 2011). In this study ‘Businessfgrmance’ is defined as the sum of financial
performance and market performance.

Financial performance is important as, essentiatlygontinues to be the basis for senior
managers’ base investment decisions. Most of theireral evidence shows that LP is positively
related to business performance (Kaynak, 2003, Ahetal., 2004, Nawanir et al., 2013, Fullerton
et al., 2014), but there is no lack of studies fitad no empirical support for this relationship
(Balakrishnan et al., 1996; Avittathur and Swam#l&007; Jayaram et al., 2008). In relation to
financial performance, for example, Camacho-Mifiahal. (2013) conduct a literature review of
empirical studies between 1992 and 2011 to deterithia impact of LP on financial performance,
and find 23 articles in which the relationship wssjpive (almost 70% of the analysed articles); 5
with mixed results, and another 5 that found nati@hship.

As Hong et al. (2014) state, it is also reasonableexpect that the outcomes of lean



manufacturing practices would have some positiveaich on BP, such as sales growth and market
share (Narasimhan and Kim, 2002; Menor et al., 20¥@ng and Hong (2011) argue that Lean
manufacturing can enhance firms' market performdncecreasing customer responsiveness and
reducing customer lead time, as well as enhantiaditm’s ability to improve customer value in
terms of lower prices and quality products.

Nawanir et al. (2013) indicatethat LP practices lzebeved to encourage higher profits (Green
and Inman, 2007; Yang et al., 2011), outstandihgss@reen and Inman, 2007; Yang et al., 2011),
and greater customer satisfaction (Abdallah andstdat2007; Chong et al., 2001). However,
Chavez et al. (2015) state that, while lean opmmathave generally been shown to be associated
with improved organisational performance (i.e., ketvand financial oriented performance), there
are also other studies that offer mixed results.

2.3. Moderators in the LP-BP relationship

The relationship under study is very broad, dukedih the independent variable, LP, on the one
hand, and the dependent variable, business penfigenan the other. LP covers a broad set of
practices, which means that implementation can geggtly, and, at the same time, be applied in a
population of very different companies and sectémsaddition, business performance can be
measured in many different ways and, above allhfisenced by many other factors, apart from LP,
which are difficult to isolate. This all leads twetidea that there is no single fixed effect irlitga
but that LP-BP effects are vastly heterogeneous,tdunultiple moderating factors. This is in line
with Contingency Theory (Lawrence and Losrch, 196/ich suggests that organisational success
depends on the closeness of the fit between trenma@tion and the characteristics of its contextual
situation.

The Mackelprang and Nair (2010) study includes magldist of possible moderating (or
contextual) variables in the LP-BP relationship.e3é authors classify these factors on five
different levels, as shown in Table 1.



Table 1.Some potential moderating factors in the LP-BPtiatship.

Level Potential moderating (or contextual) Examples of studies
variables
!_ean ~« Different bundles of practices = Danese et al. (2012)
implementation . Time that practices have been in use = Agus and Iteng (2013)
Plant ¢ Plant size = Shah and Ward (2003), Danese et al.
(2012)
» Plant age = Shah and Ward (2003)
« Unionisation = Shah and Ward (2003)
« Geographical location (national culture® Moyano-Fuentes and Sacristan-Diaz
and development level) (2012), Kull et al. (2014)
Company « Organisational structure = Rahman et al. (2010)
« Organisational culture = Pakdil and Leonard (2015)
e Company size = Agus and Iteng (2013), Khanchanapong et
al. (2014)
e Sector = Danese et al. (2012), Eroglu and Hofer
(2011)
« Type of industry (process) = Shah and Ward (2003), Khanchanapong
Industry et al. (2014)
« Competitive intensity = Azadegan et al. (2013)
< Environmental uncertainty = Azadegan et al. (2013), Chavez et al.
(2015)

Supply Chain  « Power within the supply chain
< Relationship with suppliers and
customers
« Communication network

Source: Based on Mackelprang and Nair (2010)

Indeed, some studies show that the LP-businessrpafce relationship is moderated by a
range of factors. For example, Shah and Ward (2808)essed three organisational characteristics:
unionisation, plant size, and plant age. In higlygtaf Lean performance in large organisations,
Bhasin (2012) considered geographical locatiorg, sizganisation age, length of time since Lean
introduction, degree of process intricacy, and rxté product complexity. Moori et al. (2013) find
a positive relationship between lean manufactuangd business performance when they consider
competitive skills as a mediating variable. In faene line, the present study considers the possible
moderating effect of three factors, in particulze tountry’s degree of economic development, the
company sector involved (manufacturing or serviees) time.

Moyano-Fuentes and Sacristan-Diaz (2012) find amf papers that analyse the effect of the
geographical context on LP and suggest that tHerdiit results that derive from LP adoption are
related to the country’s economic context. The gaolgical context comprises a variety of factors,
such as national culture and the host country'slle¥economic development. Some studies, such
as Yang et al. (2011), Hong et al. (2009), Hong Bt (2009) and Frohlich and Dixon (2001),
posit the idea that regional differences and diffiees in GDPper capita might be contextual
factors that affect both the implementation of lgamactices and business performance. For
example, Hong et al. (2014) find differences betwdeveloped and developing countries in the
relationship between Lean and other practicesppedational performance.

! GDP: Gross Domestic Product



Industry is a classic contextual variable in engairiOM studies. Industries possess many
features that might influence both the degree @fnLenplementation and its impact on business
performance. Examining the relationship betwémannessand firm performance using a large
panel data set for manufacturing companies in tBe roglu and Hofer, 2011) found that the
relationship varies substantially from one indugtryanother with regard to both significance and
form. Many of the Lean tools are more applicablecémtain types of productive processes. For
example, Shah and Ward (2003) reported that fimdidcrete industries are somewhat more likely
to implement JIT practices. Some studies have fxtum the industry’s specific characteristics,
including Azadegan et al. (2013), who investigatezlway that environmental context (complexity
and dynamism) influences the effect of lean openatiand lean purchasing on the plant’s
performance. Another study by Chavez et al. (2@h®)wed that lean has a positive effect on both
operational performance and organisational perfageain industry environments where
technology change is not spectacular.

It is also possible that the impact of lean pragtimight vary (improve) over time due to the
accumulation of knowledge and experience aroun thglementation. As Lean has spread to
more companies and sectors, there could have bessrrang effect that facilitates the success of
subsequent implementations in other companies.|&iwi this time variable might reflect the
effects of moderating variables on the Lean implatation level. In other words, as time
progresses from a company’s first steps in Leanmenpoactices are applied, and their use further
perfected, which means that business performande goadually improve. Other studies have also
used time as a moderating variable, e.g., Chaafj é€2015) in a meta-analysis of the supply chain
integration-firm financial performance relationship

2.4. Research model and hypotheses

In light of the above, Figure 1 shows the resefraimework and the hypotheses that the present
research seeks to test by meta-analysis. The madinm@st general hypothesis relates to our first
research question: whether LP as a whole, i.eanamygregation of interrelated and interdependent
practices, affects business performance:

H;: Lean production (as an aggregate construct tidagst into account interdependencies
among the practices of which it is composed) istpety related to firm performance.

As stated previously, this study focuses on six frBctices that have been the most used in
empirical research on the LP-performance relatipgnghiven the different nature of the practices
used to measure LP implementation, it makes semsmadlyse the relationship of each of these
practices separately in order to determine thos¢ hlave a greater impact (this is the second
research question). This gives rise to six hypabethat posit the existence of a positive
relationship between the implementation of eachhef six individual LP practices and business
performance:

H2: Process Control & Improvements are positivelated to business performance.
H3: Just-in-time Flow is positively related to mess performance.

H4: Workforce Development is positively relatecbiessiness performance.

H5: Maintenance Management is positively relatedusiness performance.

H6: Customer Focus is positively related to busimesformance.

H7: Supplier Relationship is positively relatedotasiness performance.



In addition, this study considers business perfogaaas an aggregate of two different types of
performance: financial and market. Bearing in mihd multidimensional nature of the business
performance concept, differences may exist betwbenimpacts of LP on each of these two
performance dimensions. The fact that the relatigpsswith the two performance dimensions
generate two new sets of sub hypotheses for theedbbomulated hypotheses (H1la to H7a, for the
relationships with financial performance, and Hal7b, for market performance) enables the two
above research questions to be investigated integrelepth, making a distinction between the
impact of LP on the aggregate level, and of eadfsahdividual practices on financial and market
performance.

Lastly, our model also includes three contextuatienating variables that are analysed in all of
the above relationships. We are thus able to agdhesthird and last research question, and so use
these to explain any heterogeneity that may exist.

Process control
Just-in-time flow H >
Workforce development a. Financial Performance
Maintenance Management T

Customer focus b. Market Performance
Supplier relationship Hz. H7 >

Lean Production Business performance

Contextual factors

e Countrys level of economic development
* Industrial sector
« Time

Fig. 1 Research framework

3. Research methodology

3.1. Meta-analysis of correlations

Meta-analysis of correlations methodology givesireight into a phenomenon by describing
the distribution of actual correlations betweeneipehdent and dependent variables (Hunter and
Schmidt, 2004), and has been shown to be effeatiy@oviding quantitative descriptions in the
field of operations management (Gerwin and Barromn2002; Nair, 2006; Mackelprang and
Nair, 2010; Yu et al., 2015; Ataseven and Nair, 20Geng et al., 2017). This methodology is
widely viewed as a necessary component of scientifjuiry and theory building (Rosenthal and
Rosnow, 1991; Hunter and Schmidt, 2004). Card (RQdints out that the advancement of
scientific knowledge is based on the principlegaglication and accumulation, and argues that
‘many areas of social science research are innesd of further research than they are in need of
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the organisation of existing research’. A suffitieamber of empirical studies of the relationship
between LP and business performance would seerav® &ccrued for an overall analysis to be
conducted using the meta-analysis technique.

The following describes the literature search pdoces and the method used to obtain the final
sample. Subsequently, an explanation is given ef phocess followed to code the study
characteristics and effect sizes. Lastly, a deSoripis given of the data analytic strategy and
methods.

3.2. Sample

A three-stage literature review was conducted Figere 2).
Stage 1. Database search. Inclusion criteria: a detailethpzder search was performed in
ABI/INFORM? including articles published post 2000. The corabiriollowing keywords were
used in the searchr6tal Quality Management’; ‘TQM’; ‘Quality Programsquality management
practices’; ‘Just-in-time’; ‘Total Productive Maiehance’; ‘Lean Manufacturing/Production
Practices’; and financial performance’; ‘market performance’; ‘busss performance’;firm
performance’; and ‘organisational performanceélhe search produced 740 articles published in
journals, of which 101 were duplicated in databas®eswere eliminated.
Stage 2 Exclusion criteria: two exclusion criteria werppéied to the 639 articles found in the
search. The first criterion (Criterion 1) elimindtarticles that were not empirical, while the seton
(Criterion 2) eliminated those that did not repiwe effect size of the LP-business performance
relationship using Pearson's correlation coeffisiem other test statistics, such as Cohen’s-d-or F
statistics that can be converted to Pearson'slatae Applying said criteria eliminated a totdl o
610 papers from the meta-analysis.
Stage 3.Final selection: After reading the articles inlfl#9 articles were identified as studies
consistent with the goal of our meta-analysis. gsime snowball approach, another four articles
were identified and added from the citations arféremces in the aforementioned articles (see
Negréo et al., 2017). A final screening during dogling process led to the elimination of three
articles. Thus the search process yielded 30 estial all.

2 This is one of the fullest databases in the figflceconomics and business research. It includesstmas of full-text
scientific journals, as well as dissertations, eosrfice proceedings, and market reports, inter alia.
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-101 articles

C Stage 1: Search for articles in ABI/INFORM. )—> 740 articles
LPC Duplicated in database)—>

C Stage 2: Criteria for exclusion.

Criterion 1: Not Empirical study. )— v

——=| - 610 articles

Criterion 2: Does not report effect size.} l

29 articles

( Stage 3: Final Selection )
Lb( Snowballing search ) | +4articles

L>( Final screening y———#

FINAL SAMPLE
30 articles

Fig. 2 Steps in sample gathering.

Several research studies in the meta-analysis (Mebb et al., 1981; Hunter and Schmidt,
2004; Mackelprang and Nair, 2010) state that tbengt used to measure individual lean practices
and performance could be somewhat different adf@sstudies, and this was taken into account in
the article selection process. Therefore, carafalysis had to be carried out to determine whether
these different measures conformed to the defirstizsed in this study.

The articles were also analysed to guarantee Hetstudies included in the sample were
independent. Two special cases were identifiednteéseFuentes et al. (2004) and Fuentes-Fuentes
et al. (2006) use the same data set for differesgarch questions and so were included as a single
study. Likewise, another three articles by the sam#hors were omitted from a group of five
articles as they were suspected of using the sanadmost the same, company sample. The criteria
used to select the articles used in our study wample size (the greater the size, the higher the
statistical power) and whether the constructs usdtie articles were consistent with the present
study’s definitions and operationalisations.

Four papers were identified as reporting partifdrimation. An email request was sent to their
authors in an effort to obtain the missing inforimat Unfortunately, none of the authors answered,
and the papers were therefore excluded from thlystn Figure 2 these articles are counted among
those discarded because of exclusion criterion 2.

The final study sample was eventually made up enty-nine studies (with 5,642 firms from
Asia, Europe and America) (see Figure 3).
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North America I 20:5

Asia/Pacific [ 1515
Europe I 1113
Not specified [N 556

Middle East/North Africa [ 344

South America F 71

Note: ‘Not specified’ includes some North Amerieawid European firms

Fig. 3Geographical distribution of the firmiscluded in the sample.

This is a larger sample size than in other opgmatmanagement meta-analyses (e.g., Gerwin
and Barrowman, 2002; Nair, 2006; Mackelprang anil,R@10). The empirical papers included in
the sample were published in a total of fifteeffiedént journals, several of which are considered to
be the most important in the areas of Operationsdgament and Accounting, according to Chan
et al. (2009) and Hsieh and Chang (2009), respdygt{gee Table 2).

Table 2.Journals in which sample research studies werégheol.

Journal name Number of articles  Percentage
Journal of Operations Management 5 17%
.Decision Sciences 4 13%
International Journal of Production Research 4 13%

International Journal of Operations and

0,
Production Management 2 %
International Journal of Production Economics 2 7%
International Journal of Quality and Reliability
2 7%
Management
Journal of Manufacturing Technology
7%
Management
Omega 2 7%
Academy of Management Journal 1 3%
Industrial Management and Data System 1 3%
International Journal of Management Studies 1 3%
International Journal of Productivity and
, 1 3%
Quality Management
Journal of Service Management 1 3%
Production and Operations Management 1 3%
Total Quality Management and Business
1 3%
Excellence
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3.3. Coding

An Excel spreadsheet was used for the coding psosbsch had been designed with all the
fields needed to calculate effects sizes and cdndng moderation analyses that might be
required. Coded fields included: authors; yeart@waander study; sample size; country; statistical
analysis method; abstract; main study results; orea®ent scales used; reliability of scaleser
alia. One of the coded variables for subsequent tredtae a moderating factor was the type of
economy of the country where the firms in the sampkre located. Based on IMF (2016)
statistics, countries were classified into two graiu(1l) Advanced economies, and (2) Emerging
Market/Developing Economies. Table 3 profiles theles.

Table 3.Profile of studies

n % n %
Sector Country or region
Manufacturing 24 82.76 United States 11 37.93
Service 2 6.90  ASEAN 6  20.69
Manufacturing + Service 3 10.34 Europe 3 10.34
Country classification India 2 6.90
Advanced economies 17 58.62 Tunisia 1 3.45
EM&DE? 9 31.03 China and Hong Kong 1 3.45
Not specified 3 10.34 North America 1 3.45
Statistical methods North America and Europe 1 3.45
SEM 16 55.17 Iran and Malaysia 1 3.45
Correlation and Regression 10 34.48 Turkey 1 3.45
Path Analysis 3 10.34 Not specified 1 3.45

Notes:*Emerging Market & Developing Economi@#&ssociation of Southeast Asian NatiofStructural
Equation Modelling.

In accordance with the meta-analysis of correlatidgechnique, three essential pieces of
information were taken from each study: sample, siekability of dependent and independent
variables, and correlation coefficients. In somsesa where the reliability was unavailable or
could not be obtained from the authors, averagahiéty reported across all the studies was used
as a substitute (Bamberger et, 4999; Kinicki et al, 2002; Mackelprang and Nair, 2010). To
consider interdependence among lean practices iamehsions, correlation coefficients have been
taken between all possible pairs of lean practiaed each of the lean practices and the
performance measures.

There were also differences in the way that saidiss measured performance indicators in the
relationship with performance. Almost all the defcused perceptual scales and only two (Hofer et
al., 2012 and Ghobakhloo and Hong, 2014) prefdoede the numerical values of the indicators.

Other differences found in prior studies were thalgical unit and the statistical method used
for the analysis. In general, the majority of papeddressed the company level (Hofer e28l12).
Research design was cross-sectional or correldtiortae vast majority of cases, meaning that it
was not possible to directly address causalityhan ltP—performance relationship. Regression and
structural equation modelling (SEM) were the mastdistatistical methods of analysis (Das et al.,
2000, Kaynak, 2003, Nahm et al., 2004, Avittathod &wamidass, 2007, Agus, 2008, Hong et al.,
2014, among others). A detailed description of3farticles is provided in Appendix A.

The coding process was carried out by one of tileoast To ensure reliability of the coding, a
second author carried out parallel coding of adl #tudies. Level of agreement was 96.32% and
discrepancies were resolved by discussion.

3.4. Statistical methods

The present research uses the Hunter and Schri@d)Yprocedure. The heuristic nature of this
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approach overcomes the difficulties of the statidtpower of significance tests when the number
of studies is small (Gerwin and Barrowman, 200R)adidition, it considers several artefacts that
may affect correlation. In this paper, correctiare made for any measurement errors in the
variables of each correlation (Hunter & Schmid)20

The research was carried out in three stages. dnfitet stage, the relationship between
aggregate level LP and aggregate level businedsrpamce (H1) was examined. The second
stage considered the separate relationships betalethre individual lean practices and business
performance (H2 to H7). In both stages, the ratatiip was also separately examined with each of
the performance metrics (a. financial performararel b. market performance). The data used in
the first and second stages are given in AppendilnBhe third stage, moderator analyses were
carried out to explain the heterogeneity foundhia previous relationships. Appendix C gives the
data used in the third stage.

A simple mean was not used to estimate the coiwalabefficient between the aggregated lean
practices and each of the performance measures oadsideration, as that would have assumed
the sizes of the effects in each study to be indegeat. So, composite effect sizes were calculated
for each study to consider the interdependenciesngnthe practices. The formula proposed by
Hunter and Schmidt (2004: 435) was used:

Z rxl-y

r =

n+n-(n—1)-fxix}.

wherer is the composite correlation in the study,, is the coefficient correlation observed
between the lean practiog and the performance measwyten is the number of lean practices
considered in the study, an&,a[xj is the average off-diagonal correlation in therelation matrix
of the lean practices.

The various studies were weighted by sample size dNd the correction factor for scale
reliability (A), W; = N; - A% to combine the correlationship coefficients. Therection factor was
calculated agl; = \/oc_xx-\/ﬁ, with oy being the independent variable’s reliability comént
(Cronbach’s alpha) and,, that of the dependent variable. Composite coiogiatin each of the
studies (r) were corrected by measurement errer r/A. The formula proposed by (Hunter &
Schmidt, 2004) was used to estimate each studyreated sampling error variance?):

% = (1- fz)z/(Ni_l) e

RATIO1 and credibility intervals, i.e., intervalgtaffected by sample error variance (Hunter &
Schmidt, 2004), were used to determine the signifie and accuracy of the mean correlations
obtained for each of the hypotheses. As well asanee of the corrected correlationsf,q,
weighted mean sampling error varian6g)(was also calculated to obtain effect variancethen
population 55) by difference. Credibility intervals were linkéd the use of random effects models

(Hunter & Schmidt, 2004). RATIO1 was calculated R&TIOL1 = F,/S (the average corrected
P

correlation divided by the estimate of populatidanslard deviation). This ratio converts mean
correlation into its standard normal equivalentzacore, which can be used to detect whether
population correlation is significantly differembfn zero. If RATIOL is greater than or equal tdt 2,

is reasonable to conclude that population coratat greater than zer6redibility Intervals were
obtained as follows Credibility Interval = 7'+ Z( /) - Sp (the critical value ofz for 5%
significance level in a two-tailed test is 1.96).dddition, the Cohen (1992) guidelines for effect
size were followed in the present meta-analysit) worrelations of 0.10, 0.30 and 0.50, considered
as small, medium and large, respectively.
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2
RATIO2 = Se/sz (the corrected estimate of the sample error viitiabdivided by the
7,.I

corrected estimate of the study correlation valitghiwas used to measure the existence of
heterogeneity in the correlations. This ratio répdne amount of observed variance due to study
imperfections by detecting moderation effedfsRATIO2 is greater than or equal to 0.75, it is
reasonable to conclude that there is only one ptipul correlation. However, if the ratio is below
0.75, then moderating factors may be affecting¢tetionship between the variables.

The procedure followed was similar to that of Makgfang & Nair (2010) and Mackelprang et
al. (2014), in which more detailed descriptions barfound, including all the calculation formulae.

In the third stage, several moderation analyseg \werformed. When the moderating variable
was categorical, studies were grouped accordinthisodistinctive feature. The above-described
Hunter and Schmidt (2004) procedure calculationsevmade for each subgroup. If there are clear
differences among the mean corrected correlateamd if the subgroups are homogenous according
to the RATIO2 criterion, this proves that the madieg variable influences the results. The whole
procedure was done for each of the moderating fa@nd for all possible combinations of these.
The analytical procedure for continuous moderatiagables involves a weighted regression of the
effect sizes onto the predictor.

If heterogeneity is not explained, Hierarchical &&r Analysis is used to group the cases. Meta-
analysis enables the homogeneity of each subgroupet assessed and the observation of
differences among these with respect to mean dedemrrelations. The studies included in each
cluster are then examined in detail with the ainfiding common or similar characteristics, i.e.,
new moderating variables.

To conclude, robustness of results in each of tlegigus stages was analysed, especially in
relation to the risk of publishing bias. For thisumdamentally calculation-based diagnosis of the
‘fail-safe number’ was carried out for each of #tadied relationships. Said number enables the
meta-analysis’ robustness to excluded or missinglie$ to be evaluated (Card, 2012). This
problem, sometimes known as the ‘file drawer probjevhich can also be considered as a missing
data issue (Cooper, 2016), occurs when authorsndetd send studies with statistically non-
significant results to journals and also refletts tendency of journals to reject any papers af thi
type or that replicate previous studies.

Rosenthal (1979) proposed a method to estimatefdilesafe number’' that calculates the
number of additional studies with a mean null resatessary to reduce combined significance to a
desired level (usually 0.05). As the Rosenthal §)9vethod is essentially based on significance
and not effect size, Orwin (1983) proposed a methatl enables the calculation of the number of
additional studies required to reduce mean obsegffedt size to a minimum desired effect size.
Both of these methods were criticized by L’Abbé&lkt(1987), Rosenberg (2005) and Borenstein et
al. (2009), basically for not including any speadfion of the weight or sample size of studies that
are not published.

Bearing the above in mind, this study proposes ttmatfail-safe number’ be calculated as the
sample size or number of companies that an additistudy should be included to reduce mean
corrected correlation to a level of 0.10 (considete be the minimum for a weak correlation
according to the Cohen (1992) guidelines. This remib obtained by simulation analogous with
L’Abbé et al. (1987). The additional study is caesied to have a mean size effect equal to zero and
dependent and independent variable scale reliabilihat are the same as the mean values obtained
from the study sample.

4. Results
4.1 Main effects and heterogeneity
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Table 4 gives the meta-analysis results. The tsliabsvs the number of studies (k), the overall
sample size (N), the average correlatiaf, ¢he average corrected correlatiar)( RATIOL,
RATIOZ2, and Fail safe N for each combined analg§igan metrics and performance metrics.

Firstly, LP (aggregate lean practices) is positivebrrelated with BP (aggregate business
performance) (RATIO1 = 2.230), so hypothesis Hsupported. The mean corrected correlation
value between these variables is 0.313 and the @B#tbility interval is [0.038-0.587]. As zero is
not included in this interval, assuming that thieetfsize correlation has a normal distributiomrth
the probability of zero or below zero correlatianviery small (barely 2.22%) and the correlation
between aggregate lean practices and aggregatamarfce can be stated to be positive (Hunter
and Schmidt, 2004). The effect size of the impdct.® on BP can be considered medium or
moderate according to Cohen’s effect size benchenéiohen, 1992). The value of RATIO2 =
0.251 (below 0.75) indicates that there is not amg population correlation, i.e., the relationship
between aggregate lean practices and aggregatermarfce is influenced by moderating factors.

The same procedure and heuristics are used inetteng stage for hypotheses H2 to H7. The
results of this stage are presented in Table 4.

Table 4. Overall meta-analysis results.

Hypothese! k N T T Credibility RATIO1 RATIO2 Fail Safe
Interval N

H1. ALP

= ABP 29 564: 0.257 0.31: 0.038 0.58 2.23( 0.251 11 89(

a. FF 16 307: 0.25¢ 0.30¢ -0.051 0.67 1.68: 0.161 6 45¢

b. MP 15 343 0.20C 0.24¢ 0.014 0.48 2.07¢ 0.30: 5017
H2. PC&l

= ABP 13 233 0.26: 0.31¢ 0.154 0.47 3.84( 0.511 5 05:

a FF 8 1547 0.28: 0.34] -0.021 0.70  1.84¢ 0.161 373(

b. MP 7 137: 0.26: 0.327 0.245 0.41 7.78i 0.79¢ 314t
H3. JIT-flow

= ABP 10 178¢ 0.18/ 0.227 -0.040 0.49  1.66¢ 0.30¢ 2 28t

a FF 7 129F 0.18 0.23t -0.143 0.61 1.217 0.17¢ 172«

b. MP 7 144¢ 0.15° 0.19: -0.01¢ 0.39¢  1.83¢ 0.39] 1 34:
H4. WfD

= ABP 15 2911 0.207 0.25¢ 0.091 0.41  3.06: 0.50¢ 4 39¢

a FF 7 139F 0.20¢ 0.25( 0.112 0.38  3.55¢ 0.56¢ 2 08¢

b. MP 6 160< 0.15¢ 0.19¢ 0 1.00C 147(
H5. MM

= ABP 3 51¢€ 0.29¢ 0.35] -0.066 0.76  1.64¢ 0.137 1 35¢

a. FF 2 37C 0.33( 0.39¢ 0.069 0.71 2.37¢ 0.19¢ 1 14¢

b. MP 2 37C 0.071 0.06t -0.234 0.36 0.42¢ 0.27¢ -
H6. CF

= ABP 16 3051 0.20¢ 0.25¢ 0.121 0.39  3.69] 0.591 4 76(

a. FF 7 114€ 0.22¢ 0.27° 0.158 0.38  4.66¢ 0.69: 2 03

b. MP 5 129: 0.12¢ 0.16¢ 0.059 0.27  3.00¢ 0.66: 84t
H7. SF

= ABP 18 308t 0.19: 0.23: -0.030 0.49 1.73: 0.30¢ 412«

a. FF 10 1801 0.13¢ 0.16¢ -0.114 0.44  1.15¢ 0.28¢ 1147

b. MP 10 205¢ 0.15¢ 0.18¢ -0.016 0.38  1.80¢ 0.397 1 76¢
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Notes: ALP: aggregate lean practices; PC&I: ProGesgrol & Improvements; JIT-flow: Just-in-time MpWfD:
Workforce Development; MM: Maintenance Managem@tt; Customer Focus; SR: Supplier Relationship; ABP:
Aggregate Business Performance; FP: Financial Bedioce; MP: Market Performance.

As can be observed in Table 4, only three of thedyaes relating individual lean practices to
business performance are significant: H2 (Procesgral and improvements), H4 (Workforce
Development) and H6 (Customer focus). Size effext greater for Process control and
improvements (f=0.314) and more limited and fairly similar in tllases of Customer Focus
(r "=0.258) and Workforce Development£0.254). In all three cases, RATIO2 indicates thate
is heterogeneity.

However, when the separate relationships with t@ performance measures are analysed,
aggregate level LP are observed to have a positikeence on market performance £0.203), but
a null effect on financial performance cannot bledwut. On the level of specific lean practices,
three are detected to have a positive influencémamcial performance (Workforce Development
(H4a); Maintenance Management (H5a); and Custonmug- (H6a)). The same number of
practices (three) has been detected to have aveosifluence on business performance (Process
Control & Improvement (H1b); Workforce Developméhidb); Customer Focus (H6b)). RATIO2
indicates the presence of heterogeneity in all ¢ffects except in the cases of Workforce
Development on market performance (H4b) and Pro€asstrol & Improvements on market
performance (H2b). The results of this stage agsgunted in Table 4.

All the effects shown in Table 4 are positive, &1d9% of mean corrected correlations (13 out
of 21) range between 0.164 and 0.273, which, aguprib the Cohen classification, means that
they are small effects; 33.3% (7 out of 21) areveen 0.309 and 0.393, and can be considered
moderate effects; and only one has a mean of 0WB&h can be considered insignificant or
trivial.

4.2 Moderation analysis

The previous section shows that 19 of the 21 aedlyffects in the hypotheses demonstrate
heterogeneity. To explain this, partially at leastderation analyses were carried out with three
different variables: sector, time and the countigigel of economic development. Only the last of
these three factors had a moderating effect. Fotosea subgroup analysis was performed
differentiating between studies of manufacturingnpanies and other sectors. As this analysis
showed no appreciable difference between the twopy, the results are not given. Year of study
publication was included in the model for the tifaetor. The estimation of the coefficient was
almost null g = 0.009, p = 0.202, 95% CI [-0.005, 0.023]). A gidup analysis of the last of the
three factors was done based on the economy ofdhetry where companies were located and
differentiating between two categories: (1) Advahdeconomies, and (2) Emerging Market &
Developing Economies. Analysis results are givehdhle 5.

Due to a lack of data, results could not be obthinefour (4) of the 20 relationships in which
heterogeneity was detected in the global meta-aisalyit is revealing that in the other 16
relationships (80%), subgroup mean corrected @ifosls were substantially different in all cases.
According to the Cohen (1992) criterion, correlatieffect sizes in 14 of the relationships were
weak (in a range of 0.104-0.295) for the Advancedri®mies subgroup and moderate for the
Emerging Market & Developing Economies subgroup.

Homogeneity analysis (RATIO2) in Table 5 revealsttlithere continue to be moderating
variables in the subgroups for some of the studiationships. So, further analyses were carried
out with year of publication, industrial sector (miacturing only vs. others) and a combination of
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this last factor and the country’s economic clésgifon. These new analyses did not yield any
significant results, either.
Table 5.Subgroup analysis of Lean Practices effects oropadnce (moderator analysis)

. . = — Credibility Fail
Relationships Groups k N T T Interval RATIO1 RATIO2 Safe N
ALP 2AFP AE 17 3621 0.236 0.282 0.045 0.520 2.328 0.288 6 559
EM&DE 9 1168 0.392 0.463 0.242 0.683 4.111 0.783 4399
ALP 2FP AE 8 1893 0.168 0.203 0.017 0.389 2.145 0.386 1929
EM&DE 6 899 0.453 0.536 0.230 0.842 3.432 0.199 4009
ALP 2MP AE 8 1985 0.169 0.205 0.069 0.342 2.943 0.532 2027
EM&DE 4 596 0.353 0.434 0.302 0.566 6.453 0.640 2088
PC&l 2AFP AE 6 1255 0.200 0.242 0 1.000 1805
EM&DE 5 795 0.384 0.457 00 1.000 2879
PC&I>FP AE 2 579 0.145 0.181 -0.127 0.489 1.150 0.167 466
EM&DE 4 680 0.445 0.527 0.413 0.641 9.042 0.614 2962
PC&I>MP AE 2 520 0.200 0.258 0 1.000 807
EM&DE 3 570 0.348 0.425 00 1.000 1954
JIT-flow >AFP AE 6 1192 0.119 0.146 -0.041 0.334 1.529 0.453 548
EM&DE 4 596 0.313 0.386 © 1.000 1761
JIT-flow=>FP AE 3 699 0.047 0.060 © 1.000 -
EM&DE 4 596 0.353 0.430 0.202 0.657 3.701 0.366 2019
JIT-flow=>MP AE 3 850 0.070  0.087 0 1.000 -
EM&DE 4 596 0.277 0.347 0 1.000 1539
WiD 2AFP AE 6 1255 0.217 0.252 0.083 0.421 2.920 0.444 1938
EM&DE 6 803 0.288 0.338 0.267 0.409 9.285 0.874 1966
WiD 2FP AE 2 579 0.153 0.184 S 1.000 485
EM&DE 3 534 0.322 0.374 0 1.000 1451
WD 2*MP AE 2 520 0.195 0.234 © 1.000 680
EM&DE 1 231 Insufficient data for analysis -
MM =>AFP AE 1 148 Insufficient data for analysis -
EM&DE 2 370 0.200 0.231 -0.088 0.550 1.418 0.230 523
MM =2>FP AE 0 -
EM&DE 2 370 0.330 0.393 0.069 0.717 2.376 0.196 1149
MM =2>MP AE 0 -
EM&DE 2 370 0.071 0.065 -0.234 0.363 0.424 0.274 -
CF=2AFP AE 7 1395 0.252 0.295 © 1.000 2786
EM&DE 6 803 0.276 0.326 © 1.000 1850
CF=2FP AE 2 330 0.209 0.241 © 1.000 513
EM&DE 3 534 0.309 0.363 0 1.000 1407
CF=2>MP AE 1 208 Insufficient data for analysis -
EM&DE 1 231 Insufficient data for analysis -
SR2>AFP AE 11 2351 0.160 0.193 0.028 0.359 2.286 0.472 2187
EM&DE 5 452 0.402 0.502 0.280 0.725 4.426 0.492 1837
SR=2>FP AE 5 1244 0.085 0.104 0 1.000 53
EM&DE 3 275 0.387 0.478 0.073 0.883 2.316 0.226 1037
SR2>MP AE 6 1609 0.134 0.164 0.019 0.309 2.219 0.487 998

EM&DE 2 165 0.347 0.480 0.217 0.744 3574 0.512 574

Notes: AE, Advanced Economies; EM&DE, Emerging Mgr& Developing Economies:All cases with RATIO1 =o
caused a negative variance in population correlati#$); Hunter and Schmidt (2004: 411) refer to thishpem as
second-order sampling errcf? has been treated as if it were equal to zero (Huete Schmidt, 2004: 89) and so
RATIO2 is considered to be 1 or 100%.
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A Hierarchical Cluster Analysis (IBM SPSS Statist2.0) was done in an attempt to explain
the unexplained heterogeneity in the aggregated lewWeBP relationship in developed countries.
Cases (studies) were grouped using corrected atimelas the grouping variable. The linkage
criterion used was Average Linkage Between Grotlips. resulting dendrogram in Figure 4 shows
the grouping for the specific Aggregate LP and Aggite business performance relationship in
Advanced Economies. The Euclidean Squared Distavee used as the measure to express
(dis)similarity between pairs of studies.

Rescaled Distance Cluster Combine

1] a 10 15 20 25
Ahmad et al. (2004) = ' i ' i '
Fullerton et al. (2014) 16
Sénchez Rodriguez and Martinez Lorente (2004) 5]
Hofer et al. (2012) 16—
Christensen et al. (2005) 12—
Inman et al. (2011) 14—
Brah et al. (2000) 2
Kaynak (2003) 4
> Fuentes-Fuentes et al.(2004), (2008) ]

Kannan and Tan (2003) 10
Jayaram et al.(2003) 13

Das et al. (2000) 1

Mahm et al. (2004) [}

Douglas and Judge (2001) 3

[2=]

L 1 L4 [

Brah and Chong (2004)

Swink et al. (2003) 11

Chavez et al. (2015) 17

Fig. 4. Dendrogram (using Average Linkage Between groaptined following Hierarchical Cluster
Analysis.

Setting a cut-off point on a rescaled distance ofdates three subgroups of studies. A meta-
analysis was done within the three subgroups tdyveluster selections. Significant differences
were observed between mean corrected correlatioalb three cases (0.202; 0.388 and 0.569). The
heterogeneity of each subgroup was also assesdegledtbed RATIO?2 values of 0.898, 1.000 and
1.000. A new detailed search was then done ofessuidithe three subgroups to find any similarities
or differences among them. According to the resgltnformation, nothing in common was found
to exist that could be taken as a contextual or eratthg variable. Therefore, the identified
variability could not be explained.

4.3. Publication bias

The robustness of the results was analysed witHaihesafe number to address the issue of
publication bias. As previously established, sirtiatawas used to calculate this number. More
specifically, a macro was created in Excel 20135 @)L As can be seen in Tables 4 and 5, the ‘fail-
safe N’ varied between 53 and 11,890. Given theiculeus search carried out to obtain the
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sample, many of these values can be considered sighificantly high, which demonstrates the
robustness of the obtained results. It is worthhliggting that the ‘fail-safe N’ obtained in the LP
(Aggregate lean practices) - Aggregate busines®npeaince relationship, where the sample size
considered in the meta-analysis (N) was 5,642 coiepawas 11,890 companies.

However, the ‘Fail-safe N’ of 845 in the Customercks-Market performance relationship can
be considered low, as the size of the sample inrtb@-analysis was only 1,292 companies. The
Fail-safe N for some individual practices in Tableare also quite low. For this reason, future
studies on these relationships by type of econoraystll needed to reduce publication bias and
guarantee the real effects.

5 Discussion

This section provides responses to the proposedas questions by interpreting the results. To
begin with, Table 6 presents a summary of the texlitained for the hypotheses proposed in
Section 2.

Table 6.Hypothesis testing.

Main hypothesis Sub hypotheses
Hypothesis ...~ business ...~ a) financial ... b) market
performance performance performance
H1: Lean Productior ... Yes No Yes
H2: Process Control & Improvemen® ... Yes No Yes
H3: JIT-Flow > ... No No No
H4: Workforce Development> ... Yes Yes Yes
H5: Maintenance Managemen® ... No Yes No
H6: Customer Focus> ... Yes Yes Yes
H7: Supplier Relationships> ... No No No

5.1. Is LP positively correlated with businessfpenance?

This study provides evidence of a positive corretatbetween aggregate LP and aggregate
business performance, H1. This result is widelypsumed by several papers considered in the
sample (Kaynak, 2003, (Ahmad et al., 2004; Fulle@Wempe, 2009; Hofer, Eroglu, & Rossiter
Hofer, 2012; Kaynak, 2003) and suggests that fimqpdementing LP can achieve positive business
performance. The mean effect of LP on busines®paence barely reaches a moderate or medium
level (r’=0.31) and the wide variation at a 95% credipilitterval shows that the impact can vary
widely: from 0.59 (which can be considered a lagftect) to less than 0.04, which can be
considered trivial. It should be borne in mind that0.10 would indicate that only 1% performance
variability is associated with LP practices. Theameffect observed is greater than that found by
Mackelprang and Nair (2010) in the JIT—operatigraiformance relationship (0.25), although the
smaller 95% credibility interval shows that greatecuracy is achieved in their case. As already
stated, it is logical that the LP effect should rbere reliably felt on operational performance
measures, as these are more directly linked waHatier's results. It is also true that Mackelgran
and Nair (2010) did not correct the mean effechwiie inter-correlations among the practices
considered, as has been done in this study.

However, the relationship is not always positiveewhfinancial performance is considered
separately. In this case, the result of this siadg line with Losonci and Demeter (2013) and the
Camacho-Mifiano et al. (2013) review. The presamtyshas shown that, despite mean correlation
being positive and moderate & 0.31), it is subject to high variability, whicheans that the null
effect cannot be ruled out. In a way, it is logit@t this high variability should exist, as finaic
results are influenced by many variables. The djmers area may not be directly responsible for
these variables, which might be related to otheasmof the company, such as the financial area
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(interest rate, exchange rate) (Klingenberg et28l1.3), and some may be external to the company
and outside its control altogether. In other respatespite being smaller in sizé$r0.25), the LP-
market performance relationship, is clearly positidue to less variability and a narrower
credibility interval

5.2. Which Lean Practices have a stronger impadbusiness performance?

Several interesting findings have been revealedrdigg the relationships between individual
lean practices and the two performance metricsstliirall of the relationships between the
considered practices and business performance aaiéivp, which is in line with theory (e.g.,
Kaynak, 2003; Lakhal et al., 2006, Laosirihongthatgal., 2013, Akgun et al., 2014). However,
only three are statistically significant: Processnttol and Improvement (H2), Workforce
Development (H4) and Customer Focus (H6). Of thé¥e&l has the greatest effect (0.31),
although its credibility interval indicates thaktbk is a fair amount of variability among companies
In contrast, CF has a slightly lower (0.26) but enoonsistent effect. The effect of WD is similar
to the latter (0.25), but much more variable. Theepthree practices, JIT, MM and SR, all have
effects that are similar in size to the above (0235 and 0.23, respectively), but they are not
always positive due to their greater variabilitggdecially high in the case of MM, which also
presents the highest mean effect). It may be tfiaidw (H3), MM implementation (H5) and lean
relationships with suppliers (H7) do not offer adizaes to firms in some sectors. For example, it is
apparent that not all sectors have production msE® that are capable of adapting to the
continuous flow required by JIT. Productive mairsece is not a practice that can be applied and
benefited from by all types of company, eitherhwdervice companies an obvious case in point. In
light of the results, it would also seem that thgppier relationships that LP advocates —few
suppliers, long-term relationships and frequenivdegkes- cannot be universally recommended to all
companies. In contrast, Process Control and Impnewe, Workforce Development and Customer
Focus are all practices with much more genericiegpbns.

When the effects of these practices on financiaffopmance are analysed individually
(hypotheses a), there are two differences fromatim/e. To understand these differences, it has to
be borne in mind that some studies in the presssgarch were included in the sample for the
aggregate level analysis but omitted from the sarfgil the individual performance level analysis,
as the results of some studies had only been exp@t aggregate level. On the one hand, the
association between PC&I and financial performaaggot always positive. This means that better
control and process improvement do not always imgae firm’s financial results. However, a
positive effect of a moderate size (0.39) emergesvéen MM and financial performance.
Mackelprang and Nair (2010) also found a strong&aton between preventive maintenance and
cost. It would therefore seem that good maintename@agement can generate financial rewards for
companies that work according to the principlesliaf, probably on account of the reductions in
costs that MM produces.

With respect to market performance, there wereisorebancies from the results for aggregate
level business, although the smaller effects of W#bd CF on market performance can be
highlighted.

5.3. Is this relationship homogenous or are themg moderators involved?

Results indicated that almost all the relationshigsveen LP and performance are influenced by
moderating factors, except for the relationshipMeen PC&I and market performance (H2) and
WD and market performance (H4). This means thattexdual factors may influence the
magnitude of these relationships and that thereridbably no single, common effect in the
population. Analyses were conducted with differemiderating variables to try and explain this
heterogeneity. Results suggested that neithergbirs(manufacturing vs. services) nor the study
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publication date are relevant explanatory sourdesieterogeneity. However, type of country
(advanced vs. developing) shows differences in dffect sizes of LP and its practices on
performance. Emerging economies obtained greatfctef on performance than advanced
economies in all the relationships that it was fmssto analyse (15; sufficient data were not
available for the other three) using this moderatiariable (Table 5). This may be due to LP
implementation having been more recent in said tmmand there are greater advantages during
the initial years (Yang et al., 2011). It couldaasmply be associated with these countries’ greate
growth during the considered period (World Economigtiook Database, October 2016) being
reflected by the superior performance of their §rover countries with advanced economies.

However, within these two subgroups (advanced egeldping countries) there continues to be
unexplained heterogeneity for some of the analg$fatts (specifically, in 18 out of a total of 36).
In addition, the cluster analysis performed for ¢fffect of LP on ABP in the Advanced Economies
group indicated that there were two different éffén the analysed studies, but it was not possible
to determine what the underlying moderating vaddbl variables) was.

6 Conclusions

This research presents the results of a meta-amalytdy of the relationship between LP and
Performance by condensing research published im inigpact journals from 2000 to 2016. The
results indicate that when considered as a whdepasitively impacts business performance on an
aggregate level, as well as market performancevithaklly, but not financial performance.
However, these effects are highly variable. Thghhiariability therefore offers great opportunities
for further research into the potential moderatirsgiables that may affect these relationships.
Given LP’s importance in the business and academitds, the present study has implications for
theory, for future research and for business practivhich will all be examined below. The study
was also scrutinised to determine whether the figglican be generalised and what the limitations
are. Some future lines of research are also propose

6.1. Implications for theory

One of the clear objectives of any meta-analysts isrganise and synthesise previous research
as a necessary step for the advancement of sadatdwledge of a phenomenon or object of study
(Card, 2013). From this point-of-view, the presstidy has major implications for the Lean
research community. This meta-analysis complemtatsdone by Mackelprang and Nair (2010),
which analysed the LP-operating performance raiatigp in a study of LP’s impact on business
performance, measured via its financial and matkeensions.

This study sheds light on inconsistencies in prasearch into the LP-business performance
(financial and market) relationship; the analysedigs present correlations from -0.01 to 0.53. Our
findings indicate that the impact of LP on BP is¥ 0.31 (95% CI: 0.06. 0.46). One possible
contribution that future research could make wob#l for this value to be used in the null
hypothesis instead of the traditional value of zevbich presupposes that no relationship exists
between LP and BP.

In other respects, when a distinction is made batwéhe two considered performance
dimensions, the obtained result is that the imp&t on financial performance is not statistically
significant; however, = 0.31, so the variability of the effect is vergih. The reason for this could
be the different ways that financial performance baen measured (ROIl, ROE, ROS, revenue
growth, etc.); despite these all being universabanting indicators, it has been observed in the
literature that the same financial ratios have besaoulated in different ways. In addition to this,
financial variables are calculated toto, as a whole, whereas LP is only applied on the
manufacturing plant level (Escobar et al., 2012)e Bbove might also be a reflection of the fact
that financial performance depends on many otheoffa that are unrelated to LP implementation
as such. As Losonci and Demeter (2013) and Klingemlet al. (2013) stress, many factors that
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influence the business performance of lean produeee outside of the scope of Operations
Management. However, the present study confirms ltFahas a significant impact on market
performance and that the effect is, moreover,\‘asable or heterogeneous.

Individual analyses of LP practices also have adtng implications for theory. Three of these,
those that are related to quality (PC&I), employ€@4D) and customers (CF), are the most
important determinants of performance. In contrisise related to production flow (JIT-flow),
maintenance (MM) and suppliers (SR) have no siggifi impact on performance. However, the
number of studies and the size of the grouped sastpdw that less attention has been given to MM
than to other practices.

Finally, the heterogeneity analysis shows that nobshe analysed relationships are subject to
great variability. The present study has demoresdréhhat neither time, nor sector (manufacturing
vs. services) are factors that help to explain théterogeneity and only country level of
development provides a partial explanation. As sdatlther empirical studies are required that
focus on analysing other contextual factors thaghticontribute to better understanding LP’s
impact on BP. Such studies would be especiallyulsefthe case of the three practices that do not
have a significant impact on performance. Secti@®) which presents a discussion of the study’s
limitations, also points to some further researshlications.

6.2. Implications for business practice

The results of this study may be of interest tanéiy as they show that LP implementation is
positively related to business performance andtti@effect is medium in size but rather variable.
This positive relationship is also clearly showretast in the case of market performance. This can
help operations managers convince their colleaguesher areas, such as the business area and
senior management, of the advantages to implemgehBEnover and above the operational benefits.
However, the impact on financial performance ib@atvariable, and the possible lack of any effect
at all cannot be ignored. Consequently, we beltbaeé justifying LP implementation in a company
based solely on traditional metrics and finanaiglicators should be avoided. Other dimensions on
which LP has been empirically demonstrated to havpositive effect, particularly operating
performance (Mackelprang and Nair, 2010) and mavkeformance, should be taken into account
in the evaluation. LP may also have a positive céffen other major performance dimensions,
employees and the future, although there is stify\ittle empirical evidence in this regard.

In other respects, the results of the individuallgses that have been done of LP practices can
guide companies as to which they need to reinforgarioritise for their own particular objectives.
The literature also provides some clues as to h@icability of the various practices or tools
depending on companies’ contextual factors. Howethas is a field in which more empirical
studies are required that might help companiesitorttheir Lean implementations to their own
needs and circumstances.

6.3. Limitations and future research

As is the case with any meta-analytic study, thaegaisation of this paper’s findings is
determined by a variety of factors, but, in pafacuby the representativeness of the sample of
studies included in this preliminary analysis oa tme hand, and of the sample of companies, on
the other. With respect to the first of these tasues, an effort has been made to include all the
studies that are relevant for this research, baéssewas not made available to any unpublished
studies. However, the calculation of the Failsaferfdbled risk of publication bias, or file drawer
bias to give it its other name, to be assessed tr@dbtained results were concluded to be very
robust.

With respect to the representativeness of the samplcompanies analysed by the studies
included in this meta-analysis, it can be obseyed there is a greater percentage of studies on
manufacturing firms than service companies. Givext LP initially emerged in manufacturing and
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that this is the sector where it is most implementkis lack of balance does not generate a risk of
bias. Nonetheless, it does show that there is d foedurther research into the impact of LP in the

services sector. Also, the geographical distributibthe studies shows that studies of firms in the
United States (37.93%) clearly predominate, andemstudies in other countries are needed,
especially Japan, Korea and Latin America, for Wwhitere are none in the sample.

None of the studies are longitudinal. Studies ©f type would enable an analysis of causality in
the LP implementation-performance relationship amgossible evolution over time. Such studies
are difficult to conduct, but would represent andfigant step forward in our understanding of the
impact of LP implementation.

The existence of unexplained heterogeneity in sohtke analysed effects, such as the effect of
LP on aggregate performance in advanced econoffiiegxample, are issues that need to be
investigated. The lack of detail in the studies msethat it is impossible to analyse some typical
potential moderating factors, such as firm size gpekific sector, rather than just the distinction
between manufacturing and services. Future stgtiesld explore these contextual factors, as well
as the underlying causes of the differences betadeanced and developing countries.

One major issue is the way that the two meta-aisaly@riables —in our case, LP and BP- are
measured. In the case of LP implementation, thesble@n done in this study by measuring the main
LP practices. As Liker (2004) clearly states, apm)yust some of the practices does not mean that
the company has converted to Lean. LP requires rtme this: it is a holistic approach that
demands an all-round strategy, commitment and mltthange, both by management and the
workforce. One important line of future researchuldohave to be directed at fine tuning more
precise and more complete instruments that acliiehigh degree of consensus in the measurement
of the degree of lean attained by companies foirugure empirical studies.

This paper has considered the influence that ohéendencies among lean production (LP)
dimensions have on the relationship between LPbaisthess and market performance. This can be
considered an additional contribution in relatiorptevious (meta-analysis based) literature on the
relationship between lean practices and firm perforce. However, future empirical research
needs to be conducted to examine the effect of sontbdifferent types of lean practice bundles
on several performance measures.

Lastly, two important dimensions of business perfance have been considered in this study:
financial and market. The LP-operating performanmeéationship had already been studied
previously in a meta-analysis (Mackelprang and N&©10). Other business performance
dimensions remain to be analysed in relation tonLepplication (Bhasin, 2008), such as those
related to employees and preparation for the futdmwvever, to date there has been very limited
research into LP’s impact on these two dimensidnsedormance. It would also be interesting to
analyse any relationships that might exist wittiia LP framework, such as the possible mediating
role of operating performance in the relationshiptween LP and the other performance
dimensions, which is already the subject of somelies (Nawanir et al., 2013; Losonci and
Demeter, 2013; Fullerton and Wempe, 2009). Findllfyre studies could mitigate the bias of the
different levels that exist between the applicatbdbhP and the calculation of FP. One last proposed
future line of research is that, when analysing telationship, samples are differentiated by ahit
analysis - companies/plants: (1) cost-centre oin&stment/profit centre.
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Appendix A. Summary of articles used for meta-asialy

Paper

Sample Method

Lean Practices

Performance ouime

Key findings

Das et al. (2000)

Brah et al. (2000)

Curkovic et al. (2000) 57 independently

Douglas and Judge 229 respondents

(2001)

Kaynak (2003)

290 manufacturing Structural Equation

companies from 14  Modelling
industries located in
the United States

176 companies fromCorrelation analysis

the Singapore
services sector

owned first-tier
suppliers to General
Motors, Ford, and
Chrysler.

Hierarchical
from US hospitals Regression

214 firms located in Structural Equation

the United States. Modelling
Manufacturing

industries (SIC 20-

39) and Service

industries.

Correlation analysis

Quality practices (TQM)

1. Supply chain management practices

2. Quality resources & evaluation
3. Quality training
4. Customer commitment
TQM practices
Customer focus
Employee involvement
Employee training
Employee empowerment
Supplier quality management
Process improvement
. Quality improvement rewards
Quality-related action progsam
Employee Empowerment

NoughrwbhE

Quality Training
Statistical Process Control
Continuous Improvement

Nooh,rwbhpE

Supplier Development

Customer driven
Continuous improvement
Total quality methods

ArwnRE

TQM practices

1. Training

2. Employee relations

3. Supplier quality management
4. Process management

31

Cross-Functional Quality Teams

Closer Customer Relationships

Emphasis on TQM-oriented training

1.Return on Assets

2.Market Share of
Company

3.Market Share increase

Financial performance

1.Overall financial
performance

2.Return on assets (ROA)

3.Revenue growth

4.Return on sales (ROS)

5.Market share

Financial performance

1. Pre-Tax ROA

2. After-Tax ROA

3. ROI

4. Growth in ROI

Market performance

5. Market Share

6. Growth in Market
Share

Perceived financial
performance
1.Growth in earnings
2.Growth in revenue
3.Changes in market
share
4. Return on assets
5. Long-term profitability
level

Financial and Market
performance

1.Sales growth
2.Market share
3.Market share growth

TQM practices have a
significant positive
relationship with financial
performance

TQM as a whole does
show a significant positive
correlation with financial
performance

Only 13 of the 42
correlation coefficients are
significant. It stands out
that Statistical Process
Control and Quality
Training are not related to
any of the performance
measures. However,
Continuous Improvement
shows a significant
relationship with all
performance measures
except Growth in Market
Share

TQM practices are
significantly related to
perceived financial
performance (for the
complete modep = 0.26;

p <0.01)

TQM practices have a
significant positive
relationship with financial
and market performance
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Sample Method

Lean Practices Performance ouwime

Key findings

Fuentes-Fuentes et al273 Spanish firms

(2004, 2006)

Nahm et al. (2004)

Ahmad et al. (2004)

Sanchez Rodriguez 306 of the largest

Structural Equation
operating in a Modelling
competitive

environment.

(manufacturing and

services sectors)

224 manufacturing Structural Equation

firms from four Modelling
industries (SIC
codes within range
34-37) (USA)

86 firms located in  Path Analysis
the United States Method

(manufacturing
sector)

Correlation analysis

and Martinez Lorente manufacturing firms

(2004)

Brah and Chong
(2004)

in Spain

148 firms in
Singapore (80%

Correlation Analysis

TQM dimensions

Time-based manufacturing

Financial performance
1. Growth in profits
2. Profitability growth

1. Internallexternal cooperation
2. Customer focus

3. Continuous improvement

4. Process management

5. Employee focus

1.Sales growth

1. Re-engineering setup 2.Return on investment
2. Cellular manufacturing (ROI)
3. Quality improvement efforts 3.Market share gain
4. Preventive maintenance 4.Overall competitive
5. Pull production position
6. Customer orientation
7. Integration with suppliers
JIT elements Financial performance

1. Production Strategy: (Setup time reduction, In-ledlos 1.
sizes, Group technology, Cross-training, Preventive 2.
maintenance, Uniform flow loading, Statistical pges 3.
control, Focus factory, Employee involvement, Emppl®
empowerment, Yidoka, Improved performance 4.
measurement, Work team)

2. Vendor/Supplier Strategy (Vendor lot sizes, Redunctf
number of suppliers, Vendor lead time reductionalidy
certification of suppliers, Kanban, Long-term sugpl
agreement, Supplier development program)

3. EDI (EDI with suppliers, EDI with distributors)

Operating profits
Profits to sales ratio
Cash flow from
operations

Return on investment

Growth performance
1.Sales growth rate
2.Market share

Quality management practices

1.Purchasing management committed to total quality

2.Coordination with other functional areas in the pamy
to improve quality.

3. Empowerment, training, teamwork, performance
evaluation, and reward and recognition-based eregloy
management

4.Establishment of cooperative relationships withpdigps
and enhancement of suppliers’ capabilities to meet
buyers’ requirements.

5. Effective evaluation and monitoring of customer
satisfaction levels, purchasing and supplier qgalit
performance.

Return on assets (ROA)
Return on sales (ROS)
Market share

Financial and Market
performance

Specific aspects of TPM impéertation

32

All TQM dimensions have
a significant effect on
financial performance,
with exception of process
management.

Time-based manufacturing
practices have a significant
impact on performance.

Significant total effects of
product strategy and
vendor/supplier strategy on
financial and growth
performance. The
emphasis given to EDI had
no significant direct or
indirect effect on
managers’ perceptions of
performance indicators.

All quality management
practices in purchasing
except benchmarking
significantly and positively
correlated with market
share. Return on assets
significantly correlated
with management
commitment, coordination
and people management
constructs, whereas, return
on sales only significantly
correlated with the
management commitment
construct.

Significant positive
correlation between TPM
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Sample Method

Lean Practices

Performance ouwime

Key findings

Yeung et al. (2005)

Kannan and Tan
(2005)

Swink et al. (2005)

Christensen et al.
(2005)

Lakhal et al. (2006)

Avittathur and

manufacturing firms
and 20% service
firms)

225 electronics firmsPath Analysis
in Hong Kong and Method
mainland China
(manufacturing
sector)

556 senior
operations and
materials managers
in North America
and Europe.
(manufacturing
sector)

57 North American Hierarchical
manufacturing moderated

plants regression analysis

208 US
manufacturing firms Modelling
(two-digit SIC codes

within 20-39 range)

92 Tunisian Path Analysis
companies from the Method
plastics
transformation
sector

26 U.S. Regression

Correlation analysis

Structural Equation

wN e

N

wh e

wh e

ghrwoNERONE

1. Learning and teamwork

2. Employee Management System
3. Customer Focus

4. Supplier Management

5. Process Control and Improvement

JIT elements
Material flow
Commitment to JIT
Supply management
TQM elements
Strategic commitment to quality
Supplier capability
SCM elements
Supply chain integration
Supply chain coordination
Supply chain development
Information sharing
Supplier relationship
Product-process development
JIT flow
Workforce development
Process quality management

JIT-Strategy

JIT purchasing

JIT production

JIT sales

Customer focus
Supplier relationship

Quality Management practices
Employee training

Employee participation
Customer focus

Use JIT criteviaelect small suppliers

33

1. Profitability

2. Market share

3. Sales

4. Return of capital

Market Performance

1.Sales Volume

2.Profit Margins

3.Market Share

Financial performance

1.Return on Investment
(ROI)

2.Overall Profitability

1. Return on assets (ROA)

2. Market share

3. Competitiveness

Market performance

1. Profitability

2. Market share

3. Unit growth rate in sales

Market performance
1.Market share growth
2.Sales growth

Financial performance
1. Return on investments
(ROI)
2. Return on assets (ROA)
3. Sales growth
Financial performance

and performance

Employee Management
System, Supplier
Management, and Process
Control and Improvement
the most influential factors
for market and financial
performance.

JIT, TQM and SCM failed
to correlate significantly
with financial and market
performance.

Correlation coefficients
positive and significant at
the 0.05 level for all
relationships with the
exception of the coefficient
for supplier relationship
managemer

Customer focus had a
significant and positive
relationship with market
performance.
JIT-Strategy and Supplier
relationships failed to
correlate significantly with
market performance.
Positive impact of quality
management practices on
financial performance

latReship between lean



Paper Sample Method Lean Practices Performance ouwime Key findings
Swamidass (2007) manufacturing JIT practices of Small Suppliers 1.Sales growth practices and financial
plants in India that Automated supply practices of small suppliers 2. Profitability performance not
come under Plant flexibility significant.

Jayaram et al.(2008)

Agus (2008)

Inman et al. (2011)

Agus and Hajinoor
(2012)

Hofer et al. (2012)

Standard Industrial
Classifications (SIC)
codes 34-38

57 U.S. firms in the Structural Equation

automotive supplier
industry.
(manufacturing
sector)

110 manufacturing
companies in the
electronics and
electrical industries
in Malaysia

96 manufacturing
organisations from
seventeen specific
industries located in
the US

200 companies from
non-food
manufacturing
industries on the
Malaysian peninsula

229 APICS
(Association for
Operations
Management)
members in the
manufacturing
sector (USA)

Modelling

Correlation and
multiple regression
analysis

Structural Equation
Modelling

Structural Equation
Modelling

Structural Equation
Modelling

Relationship building
1. Closer customer relationships
2. Supplier partnering
3. Supplier development

Lean manufacturing

4. Just-in-time manufacturing
5. Setup time reduction
6. Cellular manufacturing

N

arLNE

wn e

wn e

o, wNE

TQM practices
Customer focus
Supplier relations
Training

Employee focus

Zero defects

Process improvement

JIT-purchasing
JIT-production

Setup time reduction

Continuous improvement program
Pull production system

Shorter lead time

Small lot sizes

External lean practices
Supplier feedback
Supplier JIT

Supplier development
Internal lean practices
Pull system
Continuous flow

Setup time reduction

34

Financial performance

1. Pre-tax return on assets.
2. Return on investment.

3. Return on sales

Profitability

Financial performance
1. Return on investment
2. Profit
3. Profit growth
4. Return on sales
Market performance
1. Market share
2. Sales growth
3. Sales volume grow
1. Profitability
2. Return on sales (ROS)
3. Return on assets
(ROA)
4. Market share

1. Sales growth
2. Return on sales (ROS)
3. Netsales

Relationship between lean
manufacturing and
financial performance not
significant.

Statistical positive effect of
QM practices on
profitability. Profitability
higher for companies with
high implementation of
QM practices.

Positive and significant
correlation coefficients at
0.05 level for all
relationships with the
exception of JIT-
purchasing and financial
performance.

Lean production practices
positively associated with
financial and market
performance except for
Setup time reduction
practice

Positive but insignificant
correlations of internal lean
practices and external lean
practices with ROS and
statistically significant
positive correlations with
sales growth.



Paper Sample

Method

Lean Practices

Performance ouwime

Key findings

Nawanir et al. (2013) 139 large Indonesian Structural Equation

(delab) manufacturing

companies

Laosirihongthong et 115 automotive

al. (2013) parts/components
manufacturing
companies from five
ASEAN countries
(Indonesia,
Malaysia,
Philippines,
Thailand and
Vietnam)

Fullerton et al. (2014) 244 U.S.
manufacturing firms

Ghobakhloo and
Hong (2014)

231 leading Iranian
and Malaysian auto-
part manufacturers

Akgiin et al. (2014)
according to
International
Standards
Organisation and

Modelling

Structural Equation
Modelling

Structural Equation
Modelling

Structural Equation
Modelling

193 firms operating Structural Equation

Modelling

Q

PONP AN AONP OO

aghrwbpeE

Statistical process control
Employee involvement
Total productive maintenance
Cellular layouts

Pull system

Small lot production
Quick setup

Uniform production level
Quality at source

TPM

Supplier networks

M practices

Customer focus
Supplier relationship
People management
Process management

. Standardisation

. Manufacturing cells

. Reduced setup times

. Kanban system

. One-piece flow

. Reduced lot sizes

. Reduced buffer inventories

58

. Kaizen (continuous improvement)

Just-in-time

Quality Management
Maintenance Management
Customer Involvement

Human Resource Management

TQM elements
Customer focus
People management

35

1. Profitability
2.Sales

1. Sales growth
2. Market growth
3. Market share
4. Profitability

Net sales
Market share

ArwnNE

Overall firm
profitability

Financial performance

1. Return on assets (ROA)

2. Return on investment
(ROI)

3. Return on sales (ROS)

Market performance

1.Products: market share

2.Products: sales

3.Product delivery cycle
time

1. Return on investment
(ROI)

2. Gross margin
(Profitability/total sales)

3. Earnings

Lean manufacturing
practices positively
associated with financial
performance

All TQM practices positive
and significantly correlated
with performance

Implementation of lean
manufacturing practices

Return on assets (ROA) significantly correlated

with performance.

All lean bundles
significantly correlated
with financial
performance. Only just-in-
time and quality
management significantly
correlated with market
performance.

Both TQM elements
significantly correlated
with financial
performance.



Paper

Sample Method

Lean Practices

Performance ouwime

Key findings

Hong et al. (2014)

Chavez et al. (2015)

Kumar and Kumar
(2016)

European quality
standards in the
Turkish industrial
area (manufacturing
sector
571 firms from 23 Structural Equation
countries, between  Modelling
28 and 35 on the
two-digit ISIC code
(manufacturing
sector)

228 manufacturing Structural Equation
companies in the Modelling and OLS
Republic of Ireland  regression

62 Indian
manufacturing
plants

Correlation Analysis

wn e

N

PwNPE

Strategic customer-service orientation
Human lean practices
Technical lean practices

Internal Lean practices
Reduce setup time

JIT production
Supplier partnership
Customer relationship

Lean practices
Supplier participation
Operational initiatives
Employee participation
Customer participation

1. Sales
2.  Market share

1.Market share

2.Return on Investment

3.Growth of Market share

4.Growth of sales

5.Growth in ROI

6.Profit margin on sales

7.0verall competitive
position

Financial performance

Customer focus and
technical lean practices not
correlated with
performance. Correlation
coefficients are positive
and significant at 0.01

level for human lean
practices-performance
relationship.

Significant and positive
relationship between lean
practices and performance.

Excepting customer
participation, all lean
practices positively and
significantly correlated
with financial
performanc.
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Appendix B. Sample data for analysis in first aadand stages

Study Study Lean- Reliability of Reliability of Lean-Financial Reliability of  Lean-Market Reliability of

sample size Aggregate Lean practices  Aggregate performance Financial performance  Market

(N) performance (0xx) performance correlation (r;)  Performance correlation performance

correlation (r) (ayy) (aly) (rp) (a2y)

Das et al. (2000) 290 0.313 0.889 0.676 0.370 0.827 0.285 0.791
Brah et al. (2000) 176 0.182 0.846 0.802
Curkovic et al. (200( 57 0.16¢ 0.82¢ 0.821 0.137 0.82% 0.22: 0.791
Douglas and Judge (2001) 229 0.255 0.930 0.900
Kaynak (2003) 214 0.212 0.863 0.890 0.212 0.890
Fuentes-Fuentes et al. (2004), (2006) 273 0.178 920.8 0.970 0.178 0.970
Nahm et al. (2004) 224 0.343 0.847 0.870
Ahmad et al. (2004) 86 0.153 0.865 0.863 0.139 0.863 0.167 0.863
Sanchez Rodriguez and Martinez Lorente (2004) 306 .1190 0.756 0.821 0.070 0.827 0.154 0.791
Brah and Chong (2004) 148 0.526 0.980 0.793
Yeung et al. (2005) 225 0.258 0.870 0.744 0.114 0.730 0.144 0.758
Kannan and Tan (2005) 556 0.059 0.879 0.724 0.056 0.724 0.060 0.724
Swink et al. (2005) 57 0.410 0.848 0.720
Christensen et al. (2005) 208 0.137 0.780 0.910 130 0.910
Lakhal et al. (2006) 92 0.113 0.807 0.821
Avittathur and Swamidass (2007) 26 -0.014 88.7 0.821 -0.081 0.827 0.053 0.791
Jayaram et al. (2008) 57 0.113 0.636 0.952 0.113 0.952
Agus (2008 11c 0.34: 0.88¢ 0.827 0.34: 0.82%
Inman et al. (2011) 96 0.204 0.785 0.915 0.170 0.920 0.238 0.910
Agus and Hajinoor (2012) 200 0.302 0.896 0.935 D.29 0.827 0.317 0.791
Hofer et al. (201: 22¢ 0.18¢ 0.827 1.00C 0.14C 1.00( 0.20¢ 1.00(
Nawanir et al. (2013) 139 0.332 0.758 0.630 0.410 0.700 0.253 0.560
Laosirihongthong et al. (2013) 115 0.377 0.843 0.93
Fullerton et al. (201« 244 0.15( 0.90¢ 0.81(
Ghobakhloo and Hong (2014) 231 0.284 0.892 0.817 370. 0.815 0.197 0.818
Akgun et al. (2014) 193 0.305 0.825 0.900 0.305 0.900
Hong et al. (2014) 571 0.077 0.700 0.740 0.077 0.740
Chavez et al. (2015) 228 0.303 0.743 0.856
Kumar and Kumar (2016) 62 0.365 0.794 0.707
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Appendix C. Sample data for analysis in third stage

Study Study Lean- Reliability of Reliability of Lean-Financial  Reliability of  Lean-Market Reliability of
sample size Aggregate Lean practices  Aggregate performance Financial performance  Market
(N) performance (0xx) performance correlation (r;)  performance  correlation performance
correlation (r) (0yy) (aly) (rp) (a2y)
Control Process & Improvements
Brah et al. (2000) 176 0.124 0.817 0.802
Curkovic et al. (2000) 57 0.192 0.832 0.821 0.196 0.827 0.185 0.791
Douglas and Judge (2001) 229 0.230 0.832 0.900
Kaynak (2003) 214 0.256 0.780 0.890 0.256 0.890
Fuentes-Fuentes et al. (2004), (2006) 273 0.203 600.8 0.970 0.203 0.970
Sanchez Rodriguez and Martinez Lorente (2004) 306 .1590 0.675 0.821 0.093 0.821 0.160 0.821
Yeung et al. (2005) 225 0.190 0.936 0.744 0.167 0.730 0.212 0.758
Swink et al. (200t 57 0.32( 0.85( 0.72(
Agus (2008) 110 0.368 0.882 0.827 0.368 0.827
Agus and Hajinoor (2012) 200 0.400 0.832 0.935 9.38 0.935 0.408 0.935
Nawanir et al. (201. 13¢ 0.38¢ 0.76( 0.63( 0.48( 0.70( 0.29( 0.56(
Laosirihongthong et al. (2013) 115 0.296 0.808 0.93
Ghobakhloo and Hong (2014) 231 0.422 0.901 0.817 51400. 0.815 0.330 0.818
Just-in-time flow
Ahmad et al. (2004) 86 0.153 0.865 0.863 0.139 0.863 0.167 0.863
Kannan and Tan (2005) 556 0.040 0.866 0.724 0.036 7240 0.041 0.724
Swink et al. (200t 57 0.34( 0.78( 0.72(
Christensen et al. (2005) 208 0.107 0.820 0.910 .10 0.910
Avittathur and Swamidass (2007) 26 0.057 0.788 D.82 -0.050 0.827 0.164 0.791
Jayaram et al. (2008) 57 0.021 0.655 0.952 0.021 0.952
Agus and Hajinoor (2012) 200 0.280 0.786 0.935 B.27 0.935 0.294 0.935
Nawanir et al. (2013) 139 0.288 0.746 0.630 0.358 0.700 0.218 0.560
Ghobakhloo and Hong (2014) 231 0.386 0.867 0.817 462. 0.815 0.310 0.818
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Hong et al. (2014) 571 0.113 0.700 0.740 0.113 0.740
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e Country’s level of economic development moderates LP-BP relationships.
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