UNIVERSITY OF LEEDS

This is a repository copy of Managing upgrade to lean: an empirical investigation of work
practices and organizational culture effects..

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/102908/

Version: Published Version

Proceedings Paper:

Vlachos, | orcid.org/0000-0003-4921-9647 and Siachou, E (2016) Managing upgrade to
lean: an empirical investigation of work practices and organizational culture effects. In:
EURAM. EURAM, 01-03 Jun 2016, Paris, France. .

Reuse

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

| university consortium eprints@whiterose.ac.uk
WA Universities of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/


mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Managing upgrade to lean: an empirical investigation of work practices and

organizational culture effects.

Abstract

Although human capital has recognised as an important factiefeffective implementation
of lean, current research lackafficient empirical evidence to support and identdirect
linkages between certain work practicasd lean production (LP). Using data from 126
managers employed at global company, whicliecently upgraded to learthis study
contributes empirical evidence to examine the role of training, knowledge ifioquand
organizatimal culture in upgrading to leaResults indicated thdtom the aforementioned
selected variables,only organizatioal culture might holistically affect LP in its
multidimensional naturélrainingand knowledge acquisition offer partially effects on LP with
training to contribute mostly tpredictingcontinuous improvements. Knowledge acquisition
alone, however, hasignificant yetnegative impact on LP. Even more, when training is
combined with knowledge acquisition the results are differ€he sudy findings provide

usefulimplications for both theory and practice and discusses its limitations.

Keywords: lean production (LP), work practices training, knowledge acquisition
organizational culture, survey.



INTRODUCTION

The concept of lean production (LP) originates from the Toyota Production SySeSh&T
manufacturing philosophy, whighitially wasimplemented by the Japanese engineers Taiichi
Ohno and Shigeo Shingo (Inman, 1999 spite the absence of a common and comprehensiv
definition of LP, it could balefinedas ‘an integrated socitechnical system whose main
objective is to eliminate wasy concurrently reducing or minimizing supplier, customer, and
internal variability’ (Shah and Ward, 2007: 791). In terms of our interest, we consider the
configuration approach that views LP as an alignment of practices dad3aoh arapproach
facilitates both academics and practitioners to investigate and explaiarhetffective lean
systemmust apply into an existing organisation. As LP goes beyond the mere production
process also focusing on the work organization, product design, relaijpsshith the
suppliers and sal€bliepceland Molleman, 1998ywe recogniséuman capitahs a gynificant

part ofthis systemConsequentlythe practices implemented by an organization to manage and
deploy its human capital mightive an impact on LP.

Despite the success bP (Howell and Ballard, 1998; Hinext al, 2004;VIachosand
Bogdanovi¢ 2013), many lean projectsstill fail to deliver the expected results (The
Manufacturer Magazine, 2011). However, therditie empirical evidence of what factors
contribute toeither kan failuresor succesge.g.,Cooney, 2002; Cox and Chicksand, 2005)
For instance, current researgtognise that manysociocultual factors such asmanagement
support anarganizationacommunicationcould drive lean implementatioeitherto success,
or to failure(Worley and Doolen, 2006). These, studies, however, do not offer explicit linkages
between certain factorsnablingorganizations taachieve learoutcomesEqually, current
research lacks clear evidence to support which factors prevent organizatronsdn.

As aforementionedhuman capital, hasecognisedas an important factofor the

effective implementation of lea\grawal and Graves 1999; Bamber dbale 2000; Yauch



and Steudel 2002). Howeveesearchup to date, lacks evidence to support and identify certain
work practices whicheither enabling or preventing organizations from effective lean
implementation. ® the best of our knowledge, orfgw studieqe.g.,MartinezJuradoet al.,
2014;Pil and McDuffie, 19960livella et al, 2008; Vlachos, 20)5eferto theeffects ofwork
characteristicand organisationaettingson upgrading t&.P. For instancePil and McDuffie
(1996) identified certaimigh-involvement work practices with an impact bR; whereas,
Olivella et al. (2008)empirically suppord that workpracticessuch as continuous training
and learning, standardization, compensation and rewadsafi&ct the implementation of
lean

In an attempt textendthis line of researchand identify certain worlpractices and
business settingwith an impactto lean,we examine the positive effects of training and
knowledge acquisitioitas workpractices)on LP.Furthermorewe provide a more nuanced
understanding omanaging upgragito lean by examining the effeof organizational culture
construct orlean when business settinge alsotaken into consideration. By doing so, we
utilise data fom a global companywhich, hasrecently upgraded its operations lean
production.

This study makes three significarntributions Firstly, it provides empirical evidence
on the effects ofvork practices and organizational settiogsupgrading t&.P. In so doing, it
contributes in building a theory oLP that incorporates sociocultural factoshile
organizations upgradirtg lean. Secondly, it highlights the role of speaiiwrk practices (i.e.,
training and knowledgeacquisitior) and businessettirgs (i.e., organizationatulture) and
guantifies the effect usinganalyticalmethodologiesAlthough current research (e.g., Doolen
and Hacker, 2005) recognizes the significance of people management in the migiemef

lean, there are no explicitvidence to support direct effects of trainiagd knowledge



acquisition a8 well asorganizational culture on lean processes. Thirdly, it provides managerial
recommendationfor organizations aiming to upgrade their operationsio

The rest of the paper &t out as follows: the next section providdgerature review
onthe concept ofLP, the workpracticesof training and knowledge acquisiti@s well as the
construct of organizational culture and develthpesrationale behindhte research hypothesis
The third section presents the study methodology and its findings. The fourth sestissds

the empirical results whilst the fifth and last section concludes the paper.

LITERATURE REVIEW AND HYPOTHESE SDEVELOPMENT

Lean Production

Despite the lack of a universal definitionld?, there isaconsensubetweerboth scholars and
practitioners thalt P eliminates wastes in operationswhile, at the same timeadds value to the
end usergWomack and Jones, 2009yaditionally, lean thinking focusd on the removal of
obstacles (‘wastep’'that hinder unremitting flow of work processes (Liker, 200@)is
approach emphasizesre on process and operational issues than social, human, or workplace
characteristicsAccordingly,wastecan be anything other than the equipment, materials, parts,
space, and working time required to provide the serixtnt literaturedentifiesseven types

of wasteswhichare subject of mitigation based on the ldankingand philosophytransort;
inventory; motion; \aiting; over-production; wer-processingand afects(Vlachos, 2015)
Moving from operations towards workplace issues, recently an eight type of wasteea
included,that of employeesskill set, with specific reference tmderutilizationof capabilities

or delegating tasks resulting from inadequate trairfdmpaccorset al (2011 429)stressed,
“lean is not centered on reducing employaed assetbut bydirecting people’s energy on
creative task®y improvingthe operation through the continuous purging of wasle time,

paper work and bureaucratylLeandoesnot arbitraly reducestaff levels but increase



available capacityeliminatesvaste and addralue to custometsy training employees to work
smartey better and fastefPaluch, 2008)Womack and Jones (200258) arguedthat the
“application of lean procedures will cut human efforts in half as rework and indirect astivitie
are removed from the procés3herefore, by adopting to leacompanies expedtd use the
same number of people to produce more (almost doubled their aitf e timé by turning
underutilizing skills into productiveskills and developing new ones. In essereayaste
reduction project only upgrades k& when employeegerceivethat there isa supportive
business cultutavhich facilitates them to embrace (Lloyd et al, 2009).

Despite the success bP across diverse industries suchcasstruction Kowell and
Ballard, 1998) aerospee (Hineset al, 2004),andtourism {/lachosandBogdanovi¢ 2013),
many lean projects fail to deliver the expected refiatsngsuccess ratdewer than 5% (The
Manufacturer Magazin€011).However,there is little empirical evidende support which
factorscontribute taeitherleanfailuresor succesgCooney, 2002; Cox and Chicksand, 2005).
RecentlyVlachos (2015)eviewed extant literaturfom 1993-2011andclassified lean failure
factors under three categoriésadership, businessiture andpeopleissuesand action [an
customisation.

Bamber and Dale (200tave also reported that although an aerospace manufacturer
achievedsatisfactory lean outcomes with the assistance they received from exéamal |
consultants, they couldn’t cultivate a lean culture in the organization sincehaftamnsulting
team departed, interest in th® evaporated, inhibiting improvements withine factory
Additionally, Chen and Meng (2010¥entified four reasondor lean failure in Chinese
Mainland: () lack of long ternmstrategiccommitment td_P; (ii) abandonmentf lean with the
first failure; (iii ) imitation of LP from foreign companiewithout adopting them to theawn
business culture and/§ superficial knowhow regarding lean tools and lackawfalytical skills

to pinpoint and solveproblems.In this vein, Carter et al (2011) reportedhat a lean



implementation failure in public ser (HM Revenues and CustomdHMRC) attributed
mainly to people issue€ven moreEmiliano (2011) attributedeanfailures to the managers
and consultantsharacterisettan management as a zswgn outcomeesulting inexpense of
employeesConsequeny, in order for organizations to upgrade to leamployeeshould start
working togetheeffectivelyfor the accomplishment afew or redefinedasks. Additionally,
they should receive suppdiy the top management executivedich, in turn, will facilitate
them toperceiwe that theculture of heir organizations strong and supportive following the
leanphilosophy Ono, 1988).
Lean production and work practices
Lean production is associated to both work characteystid employe®utcomes (Parker,
2003). According to Womack and Jon@903 lean thinking and production attempts to
minimize time consuming task#us maximizing the valueadding proportion of working
time’, while, at the same timéhe maximum workload ensuring. In leasystemsemployees
have greateautonomywhile performing the tasks assigned to them. Additionally, LP requires
from employees to be knowledgeable in more than one work domains/aspeleeeltipa
broaden skillset enabling them to perform a variety of different tasks and molvlems
adequately Parker (2003: 620) has accuratelyirmed, “the system involves muskilled
operators, typically organized into small teams, being responsible for quality, continuous
improvement, and problem solving

As discussed aboveuman capital has beearonsidered & significant issue in the
implementation of lednDoolen and Hacker, 2005: 56@pecifically, in a research conducted
in electronic manufacturingrganizationsAgrawal and Graved 999)found thathe practices
adopted by organizations are not always supportive for the successful imgleomeot lean
as they might prevent theséparation between design, board fabrication, assembly, and test

operations. Theisolation of product ésignersegither in terms of functionalityn day-to-day



operations, omgeographical locationpr distance across organizationsght also limit the
effectiveness of leamiorganizations. In this veiBamber and Dale2000 support that rigid
organizatimal structures aretlie single biggest obstacle to the adoption of lean production
thus makingthe more flexible organizational desigimndamental tolean According to
McDuffie (1995),flexible systems might enable organizations to achienganizationlogic’

in order for theexistingwork practices to be consistetd manufacturing practices. In this
manner, organizations may pursue ongoing productiagityhe same times they retain the
high quality of their offeringsSimilarly, Sakakibaraet al (1997) have also considered the
required conjunction of HRM activities with other practiqesich as TQM which are
consideredas critical factos whose effectiveness might either facilitate iorpede the
successful implemeation ofjust-in-time JIT) andtotal productivemaintenanc€TPM) lean
practices.

To achieve detter understamag regardingipgrading to leawe selecthree variables
associated to work practices, which &end to be commonn organizationalefforts to
upgrade to lean (Smeds, 1994peSifically, the franework analyzed in this studasedupon
two work practices that ofraining and knowledge acquisitioas well as the construct of
organizational culture whose ratatship with the LP is discussimgthe sectioathat follows
The rationale behind the selection of #pecificwork practices(i.e., training and knowledge
acquisition reflects the needs of a lean organization whilst, the construct of organizational
culture draws particular attention to organizational settingsired for upgrading ttean.
Hypotheses Development
Training and lean production
Training and development at work is one of the HRM practices (along with iselect
recruitment, performance evaluation, etc.) and iusually seen as a single HRdMactice’

(Hartog and Verburg, 2004: 5@jth high value among the high performance work practices



(e.g., strict selection, team performance,-frayperformance, etc.Extant HRM literature has
operationalized training in terms of similar and alignedctcas such as employee
development, skills training and/or career planning (Hartog and Verburg, 2004). Werkpla
training and development halkeenwidely investigated in relation to employees’ personal and
professional development as well as organizations’ profitability, growth aneased
performance outcomeAguinis and Kurt,2009. However,a common definition of this
practiceto encompass its multifaceted importargckard for scholars to give. In general terms,
training could be seen as an ongoing and methodological development of employees’
knowledge, abilitieand skills (KASYequired tceffectivelyperform the taskassigned to them
(Patrick, 2000). According to Landy (1985: 3@ining is ‘a set of planned activities on the
part of an organization to increase the job knowledge and skills or to modify the attitudes and
social behavior of its members in ways consistent with the goals of the organization and the
requirements of the j6b

Despite its various definitions, trainings also statedarlier, is explicitly linked to
employeesperformancee.g., Bartel, 19943s well as organizations’ performance outcomes
(Bartel, 1994; DelanegndHuselid, 1996; Knoke and Kalleberg, 1994; Russehl, 1985).
The training that is provided to employees aims at the development of their skiddbiates
and as Birdiet al (2008) accurately statedy upgrading employees’ skills and knowledge,
they are in a better position to produce higliality products and services in the mosst
effective way, adapt to change, and contribute to company competitiveness through product or
process innovatidh As such, employees involved in complex tasks and activities whose
accomplishment requires a wide range of skills and abilities should be proviiédxtensive
training; a term used by Pfeffer (1998: 96) to reflect the importance of training istiags

employees to develop a wide spectrum of skills and abilities rather to perkiriotee tasks.



According to Human Capital Theor{irms train workers (and pay for the training) if
doing so enhances the firms’ profitBaron and Kreps, 1999: 372). In this veragon
Sanchezt al (2003) have investigated the benefits of training in relation to organizational
performance and concludehat certain types otraining such as ethejob training and
internal training delivered by ihouse trainers resell in profitability and organizational
effectivenessEqually, Guerrero and Barratidier (2004), based on answers provided by
1530 HR directors employed by large organizations in France, founttaimabg affects the
financial performancef organization In a metaanalysis, Arthuret al (2003) also found
support to the benefits of training at organizational level indicating, howevethdétgpes of
training, the method of its delivery as well as the skills and abilities to be tramedlgect to
its effectiveness (Aguinis arittaiger, 2009).

As stated by Birdet al (2008), taining isamong the three work practic@dongwith
empowerment and teamworkyhich have beeall theoretically associated to lean philosophy
LP requires from employees to be involved in multi functions thus being-tasiked and-
skilled. And, asNiepcelandMolleman (1998: 266) staténtdeed, in LP workers are supposed
to carry out a wide range of duties and they are trained to carry out all kinds of differerit tasks
Specifically, training facilitates employees to enhance their understatosvagds the LPrad
its requirements as well as towards the effective utilization of prebl@ming techniques.
McLachlan (1997) recognized education and training among the factors suggested by the
literature, whictshould be implemented as part of justime lean pradte. Later on, Yangt
al. (2011) noted that lean manufacturing requires, among others, from employees to be
involved in actions which might increase the dissemination of knowledge such as training,
autonomous teams and empowerment.

Consequently, it couldhe supported that training enable employees to develop the

appropriatemindset, whichfacilitate them to understand how to reduce costs, improve the



quality and increas¢éheir productivity while interacting in a lean contekt. other words,
training could render employees knowledgeable of howntaimize wastesin turn, suchan
understanding couldso increase organization’s reputatiqgmofitability andproductivity and
decrease employee turnover.

The aforementioned rationdksdsus to postulate that training might facilitdéan in
organiatons, thusorming the first hypothesis of our studg follows:

H1: Training positiely affectd P.

Knowledge acquisition and lean production
“Knowledge is a multifaceted concept with multilayered meanings. The history of philosophy
since the classical Greek period can be regarded as a never-ending search for the meaning of
knowledgé(Nonaka,1994:15). In general terms, knowledg@n organizational contegbuld
be seen as a combirmat/synthesis oéxperiencs, contextual information, values and expert
approachks, whichframe the background for assessing and incatpa new experiences and
data(Davenport 1998 as cited Dombrowskial., 2012). Bren if its importance has been
strategicallyrecognised as source for organizations’ competeéideantaged.g., Kogut and
Zander, 1992; Prahalad and Hamel, 1990; Starbuck, 1992) none of the current definitions
comprehensivelyleliver the meaning of organizational knowledge; thanithatconsidered
as an intangible asset. Organizatidkrabwledgecan be either tacit or ekgit and considered
as a crucial factor of production available to organizatiatsis also often promisingcreased
performanceoutcomes Barney, 1991; Grant, 1991; Penrose, 1959; Wernerfelt, 188th)e
era of knowledge economy, organizations should enrich and integrate the knowledge they
already possess through the asgiin d new knowledge that sourced outside their
boundaries.

Although the acquisition obrganizational knowledgkas been broadly discussey

scholars in various field.g., innovationstrategic managemerdrganizational behavioyr

10



extant literature fails to provide a comprehensive definition of this procgssie scholars
equate the acquisition ofew knowledge that is externally derived with thencept of
absorptive capacity, i.e., an organization’s ability to make effective wesesbing knowledge

in order to recognise the value of the new knowledgeetcadnuired, assimilate it and
implement it in daily routine tasks and activities (Cohen and Levinthal, 1990). 0theées
(e.g., Golcet al, 2001) describe the acquisition of new knowledge in the context of knowledge
management oriented process&old et al. (2001) have also identifieé variety of
synonymous terms (such as, seek, generate, create, etc.) which hmausdatby the scholars

in this field in their attempt to accurately define tlaecumulation of new knowledge
Regardless of how the acquisition of knowledge is labelled/called it is aftexdltolearning

and has been seen, among othesgither driving force for growth and developmeRefrose
1959, or asa prerequisitéor an organization’s ability to exploit new opportuniti&pénder
andGrant 1996) or, in terms of our interest, as an essential work practice for the sutcessf
implementation of LRDombrowskietal, 2012).

As discussed earlier, the successful implementation of LP regaimesng others,
knowledgeable employees in more than one work donvaithsa broaden skillset enabling
them toconcurrentlyperform a variety of different tasks and solve problefsthermore,
according toHelper and McDuffig1997), lean implementation requires structured knowledge
management systenKMS) facilitating thosewho areinvolved in lean processes to better
absorb technical knowledge. During the implementation of LP, knowledge invisilg f
between the involved parties, thtleey accumulateit either through welblefined and-
structured procedures or randomly over unplanned processes. Research suggdtisetigat,
the majority of lean organizations implement similar systems, there is no unifoegeding
the flow of knowledge and its cgumulation (Dombrowski et al, 2012). One plausible

explanation could be the fact that lean makes existing knowledge easily gbulste
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rendering the acquisition of new knowledge a required ongoingodday operationwhich,

in turn, could change existing knowledge flows. If this is the case, employees savalbddw
to effectively acquire new knowledge while they concurreptyform ‘traditional skills such
production scheduling, workforce planning and data managénfétdalper andMcDuffie,

1997:23.

Furthermore,jn Toyota paradigm, the acquisition tdeep technical knowledyées
consideredh ‘base line skilland part of the lean process. As Liker and Mor@2006 11)
accurately stated'lean product development system is a knowledge wosk@h and as such
you can continuously improve it using adapted forms of tools used in repetitive manufacturing
processes, such as value stream mapping and queuing theory, to eliminate waste and
synchronize crosinctional activities

In line with extant literature, weuggestthat organizational knowledge, i.e., the
knowledge possessed or that acquired by organizations, is essential for thefiduccess
implementation of LPBuilding uponthe aforementioned discussjome postulate that the
acquisition of new knowledge positively affects LP, thus forming the second hypathesis
study as follows:

H2: The acquisition of new knowledge positively affects LP.
Organizational culture and lean production
Organizational culture dominates the literatsmgce the early 1980s amg| often,linked to
HRM (Hartog and Verburg, 2004} is usually seen asne of thedeterminativeorganizational
factors,which distinguishes successful organizatiémmn less successful oneas the first
articulate and share a spectrum of vagfined andestablished norms and valueghin their
boundariegDeal and Kennedy, 1982; Kilmam al.,1985; Ouchi and Price, 1978; Peters and
Waterman, 1982Schall, 1983Schein, 1985Weick, 1985)According to Deal and Kennedy

(1982), strong organizational cultures are often promising improvements in organizationa
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performancewhile, at thesametime, affect positively employees’ behavi@trong cultures
“[...] encourages the participation and involvement of an organization’s ererappears to
be one of its most important asse{Benison, 1984: 5). Since, early 1990s the literature
demonstrates a significant body of empirical research focusing on thgdskeetween
organizational culture and performance outcomes (GordoD&ramaso, 1992).

Despite the increasedterest in the literature regarding organizatianature,
it is hard for both scholars and practitionercaaceptualize ifs it exiss at several levels
within an organizatioand many different factoraightaffect it. Schein (2009)dentifiesthree
levels of organizational culture: the artifgatspoused values and underlying assumptions and
defines it as'a pattern of shared tacit assumptions that was learned by a group as it solved its
problems of external adaptation and internal integration, that has worked well enough to be
considered valid and, therefore, to be taught to new members as the correct way to perceive,
think, and feel in relation to those probleniSchein, 2009: 27)5ince organizations atauilt
on their human capital functioning in its boundaries, organizational culture not only drives
employees’behavior but also reflects the way they learn, share, make asswnphdn
experience the reality of their organizations.

In other word, organizational culture reflects the way organizations do things (Schein,

2009). Consequentlyt might also affect the way organizatiomggrade into lean. According
to Napoles and Quintana (2008gan calls for cultural chandgeo facilitate organizatns to
achieve thdive lean principledi.e., specify value, identify the value stream for each product,
makea noninterrupted product flow, purse perfection and give value to thaused {est
and Gamm, 2009:5). Moreover, a lean organizational cutturie also facilitate employees to
better understand the lean thinking and philospfitus rendering them able to implement the

abovementioned principles in theéayto-day operations and resist less to change.
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Lean requires, among othensnple organizational structures which management team
should support (Smeds, 199439 they reflecthe culture dominates organizations. Meaning
further that supportive cultures develop corresponding employees’ vatigsarealigned to
corporatespiritas well asnotivate employees to work together to attain similar goals and share
knowledge In this vein, supportive cultures could also promote lean thinkiiaglén and
Norton, 2004)Loconcietal. (2011) also indicatetthat employees’ beliefsouldbe seen as an
intrinsic factor influencingtheir perceptions regarding lean transformation and the overall
success of lean outcomd&he aforementioned rationale ssmmarized in the third and last
hypothesis of our study as follows:

H3: Organizational alture positiely affectsLP.

METHODOLOGY
Instrument developmentand data collection
A detailed questionnaire sent to employees ofudtinational oil and gasompanyoperated
for over forty yeargcalled as companklpha) which hadecently implemented legractices.
The study populatiomwas118 functional, 52 supervisory and 26 managerial level employees
(196 employees in total). One hundred and twantyof the population is males and 70 are
females

A pilot studyhas beeonducted to ensutbkat theresults ofthequestionnaire are valid
and meet the objectives of this studBased on the feedback from the pilot test, slight
modificationswere made to some sectioms the questionnaireTwo hundred and twenty
guestionnaires werdistributed withinAlpha Companyusing a systematic random sampling
and directed to three levels (functional, supervisory and managerial) ohdespisOut of the
two hundred and twenty questionnaires distribui@® returned completeaorresponithg to

89.1% response rate.
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Table 1 shows the characteristics of employees survélyeeteen point four per cent
of therespondents were below 30 years of age, 47.4% were between the ages of 31 & 40 year
and 24.5% were between ages 41 to 50 while 8.7% were above 50 ye@staifithe 196
respondents, 60.2% were functional level employees, 26.5% were of the supervisory level
while 13.3% belonged to the managerial level and al¥aftg-two per cent of the respondents
were technical staff while the remaining 48% were-temhnicéd staff. The years of work
experience of the respondents varied; 27% of the respondents have been in employment for
between b years, 34.7% have worked for betweehO6years, 24% have worked for-20
years and the remaining 14.3% respondents have wdokeaore than 21 years of their

existence.

[Place

Tablelabout here]
Measures
Principal component atysis with varimax rotatiorconducted to assess the underlying
structurefor the sixteenvariables in thequestionnaire After rotation four factorswere
emerged culture accounted for 27.83% of the varian&apwledge acquisitiofor 22.62%,
training for 17.85%,andresistance to ltangefor 8.81%(Table 2).We used the Andersen
Rubin Method, which ensures orthogonality of the estimated factors, to producestacts.
Table 2contains the items, the scale composite reliability (Cronbach a), and factor loadings
for the rotated factors, with loading less than 0.40 omitted to improve clarity.
| ndependent variables
The first factor, which included items measuring ¢tinganizationalculture was labelledas
‘culture’ (five items, o= 0.917). The second factomeasuringheacquisiton of newknowledge
labelled asknowledge’ andincluded items measuring the employees’ knowledge about lean

practices (four items, o= 0.911) without distinguishing between tacit and explicit knowledge.
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The third factormeasuringemployees trainingabelledas training and included four items
(a=0.821) measuring th@rganization’ssmphasis on training its personnel on lean practices.
The fourth factor, labellecesistance tehange included three items (0=0.670) measuring the
employeesattitude bwards change-dowever statistical power of this fourth factor is lower
than the other three factofdeverthelessye included this factor in thegressioranalysis as

we found challenging toeg plausible linkages to leafll four factors had significantly high
scale composite reliability (Cronbach o) and were included in the hierarchical analysis model.

All measures in this study used a fipeint Likert scale where 1 = strongly disagree and 5 =
strongly agre.

Dependent variable

LP assessed using four different measures, i.e. (i) continuous improvement, (& was
managementi{) ergonomy andiy{) product quality. Respondents were asked to indicate their
firm’s performance as compared to the industry’s average in the aboveudggmgsa 5point
Likert scale, where 1 = bad and 5 = very good.

Control variables

We made use ofive control variables totest for confoundingeffects derived from the
individual characteristics of the respondents. We used categmiedées for all control
variables to facilitate regression analysis. Specifically, the followiateswere used: sex
(male, female), age (below 3between 340, between 450 and over 50), job level
(functional, supervisory, managerial), job type (technical,-technical), and years of
experience (&b, 6-10, 11-20, and over 21).

Common Method Variance (CMV)

As in all selfreported studies, the possibility of common method varié@t4é/) should be
addressedWhen both the outcome measure (performance of LPand theworkplace

practices as well the construct of organizational culture wereeggfted on the same survey
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instrumentall measures shafeMV. There are a number td@chniques, whiclkan be used to
minimiseCMV (Podsakofet al, 2003).We used the Harmon's factor test to examine whether
or notCMV in the predictor and outcome variables inflates the empirical relationships among
the variablesand found that the largefstctor (which, in cases @MV, would account for a
majority ofthevariance) only accounting for 22.134% of the variance. TGN/ is unlikely
to bias this sample.
[Place Table 2 about hdre

Findings
Univariate analysis
Table 3presents the Pearson’s correlation analysis. The control variaé¥esge, job level,
job type andyears ofexperience) showekligh correlation with the_P variables as well as with
eachworkplacepractices variabke (i.e.,training and knowledge acquisition). Therkplace
factors that resulted from the factor analysigifing, knavledge acquisition, resistance to
change)showed no significant association with® variables.Specifically, organizational
culture showed significant association witlontinuous mprovemen(r=.-.698 p<.01),waste
managemen(r=.-.342 p<.01),ergonomy(r=.-.631 p<.01), andproduct quality (r=.-.596
p<.01) (ii)) knowledgeacquisition showedsignificant association withvaste management
(r=.177, p<.0) and ergonomy (r=-.147, p<.1) (iii) training showed significant association
with ergonomy(r=.244, p<.01), angroduct quality(r=.-.221, p<.1).

[Place Table 3 about heile
Hierarchical model
To explore the relationships betwearork practicesand business settings (in tas of
organizational culture) andP, a hierarchical regression analydigised. We run four multiple
regressions, one for eaamdividual LP variable (i.e., conthuous improvement, ergonomy,

product quality and waste managemekliYe entered variables in three steps creating thee
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models. In Step 1, we entered onlg five control variablegsex, age,job level,job type and
years ofexperience)n the regression equation creating the ControGtep 2, labelled as the
Independent model, we added thar work practicesnto the regression equations. Finally, in
Step 3we entered theix interactions of théour factors into the regression equations creating
the Interaction model. Tolerance tests showed no significant collineamtygawariables.

Hierarchical regressioresultsTable 4reports thecontinuous improvemeiindwaste
managementTable 5 presents trergononyand product qualityperformance variable3he
beta weights, presented Table 5 suggest thatrganizational culturg=0.9, p<.001) and
training (B=0.32, p<.001) contribute most to predicting continuous mprovementkKnowledge
acquisitionhad a significant yet negative effect@mntinuousmprovemen=-0. 34, p<.001).
This indicates thatontinuous mprovements a lean issue that is directly rigd to creating a
lean culture and the tacit knowledge of existing working practices may inhibplisation.
Continuous mprovementlepends on tacit knowledge on how to improve processes, identify
nonvalue added activities and remove waste. In this way, explicit knowledge maffetit
this performance measui@the extenthattacit knowledge des

Particularly, forcontinuous mprovementthe change in adjusted R square value (AR)
was 0.835, p<.00@F=202.2, p<.001). This means thabrk practicesincrease fo83.5% the
continuous mprovementn performanceawith culture andtraining having the largest effects.
Waste managements also improved buttaa very slight percentage. Particularly, the
Independent model produced a change in adjusted R square value (AR) equal to 0.08, p<.001
(F=29.564, p<.001) with the adjusted R square value to be .564 Although the impasten
managemens less that the impact @ontinuousmprovementstill an impovement of 8% in
waste reduction should be considered signific@rganizational culturgp=0.28, p<.001), and
knowledge acquisitio3=0.26, p<.01) contributes most to the Independent model. Training

(B=-0.24, p<.1) had a negative impact wastemanagemenivhich can be attributed to the
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demographics of the sample, since waste reduction depends mostlyqgmathenceg 3=-0.48,
p<.001) andAge(p=-0.40, p<.001). The Interaction models for botimtinuous mprovement
andwastemanagementid not praluce statistically significant results.

Regarding ergonomy performancevariable, the Independent model produced
statistically significant change in adjusted R square value (AR) equal to 0. 605, p<.001
(F=72.77, p<.001yulture (p=0.73, p<.001) and training (p=0.13, p<.1) werethe two factors
with a significant positive beta value. Likentinuous improvemenknowledge acquisition
had a negative impact @rgonomy(=-0.18, p<.01), which can be interpreteda similar
manner with thecontinuous improvementariable. The Interaction model fargonomy
performance variable did produce a significant change in adjusted R square value (AR) equal
to 0. 016, p<.1 (F=46.71, p<.001). Similar results found foptoduct qiality as dependant
variable in the regression model. In this casechaege in adjusted R square value (AR) was
equal to 0. 486, p<.001 (F=40.98, p<.001) and the factors with high beta values were
organizationalculture p=-0.71, p<.01)training f=-0.13, p<.), andresistance&o changg=-

0.13, p<.1). Interestingly, the only Independent model wékistanceto changehaving
significant beta values was the one witibduct aquality as dependent variable, indicating that
employeesised to follow specific procedures referring to product quality and lean tecknique

are hard to change the employees’ perceptions of product quality.

DISCUSSION

Upgrading traditional manufacturing practiceslt® has not proven always a sucdabks
business practicéHowell ard Ballard, 1998 Hineset d., 2004; Vlachosand Bogdanovig

2013 The Manufacturer Magazin2011) Stll, there is little guidance frorboth theoryand
practice of how to avoid failure and build a coherent lean transition plan (Cooney, 2002; Cox

and Chicksand, 2005). Prior studies have indicated that woakticesand organisational
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settings maylay a significant role impgradingto LP (Vlachos, 2015)This study examined
the role of three factors (training, knowledge acquisition, and organisationategutin
upgrading td_P in order to provideleareinnsightsregarding the factorsyhich might facilitate
organizations to achieve effectilean outcomes. The studgsults in interestingffirmations
whether the aforementioned factors could be considered as organizationaluadersither
failure or succest certainlean performance variables

This study makes three significant contributiofisit contributes in building a thep
of LP that incorporates workplace and sociotechnical fac(@ysit quantifies theampactof
specific worlplace practices (i.e., training and knowledgequisitior) and organizational
settings (i.e. organizational cultureh LP and (iii) it providesmanagerial recommendations
for companies aiming to upgrade their operationsRoThese contributions are discussed in
the sections below.
Implications for theory
Althoughhuman capital has been considered amongritieal factors for themplementation
of lean, research regarding the effects of individual oriented work practicd? seeins to be
relatively narrowed. In an attempt to provide more useful insights regardicy work
practices affect the implementation of lean we empirically analyzed the prooésssesing
and the acquisition of new knowledge &n international company that has recently
implemented lean practices. Additionally, the impact of organizational cultigebéan
analyzed in the context of organizational sgsimith an impacbnlean. We found empirical
support of our findings to argue that (i) trainiagd knowledgecquisition affect.P but not
holistically. Specifically, training significantly affects ergonomy but ¢gontributesmostly to
predicting continaus improvementsn LP when appropriate business settingsst (i.e.,
supportive organizational culture)ji) training negatively affects waste manageméint)

knowledge acquisitioalonehas negativémpacton continuous improvemenis LP as well
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ason ergonomywhile significantly affectsvaste managemeritv) training together with the
acquisition of knowledge positively affects Léd (v) organizational culturshowed
significant association with the four dimensions of lean performance (i.e., continuous
improvements, ergonomy, product quality and waste management).
Training and lean production
One of the immediatactions that organizations should undertake strivingptgrae toLP is
to train their employees ia way that they develogkills allowing themto adopt and develop
themselves into the new production sys{@hepcel and Molleman (1998)he studyihdings
support thattraining significanty affecs ergonomyand product quality but it contributes
mostly to continuousimprovementwhen the environment is supportive, i.e., when the
appropriate business culture dominates the organization. This finding partialiymsotife
first hypothesis of our study, which postulated tinaihing positivelyaffectsLP.

In line with current research, our study also confirmstti@tecentlyadded eighth type
of waste in leahinking thatof theunderutilizationof skills or the delegation of tasks without
appropriate trainingaffects LP. Training enables employees to develop the appropriate
mindsetin order to better comprehend the meaning of wastes thus implementing leangractice
and techniques in their dag-day tasks and activities. Even more, ongoing appropriate training
could also render employees eligible &uhieve sustainablelean outcomes for their
organizations, which, in turn, mighminimize plausible employee turnover, increase
organization’s reputation, profitability and productivity (Paluch, 2008). In other worasnga
could develop employees’ skillset towards thareprinciples and fundamentals. In turs, a
organizations are built on their people, trainiiagilitates organizations to imprevtheir
performance on an ongoing basis.

However study results demonstrate tiv@iningnegatively affectsvaste management

thuscontradicing the narrative of lean theory (Womack and Jones, 2004). The ssdlysr
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alsoindicate that demographic variables suckxgerienceandageinfluencewaste reduction
to a greater extent théraining itself.Suchanimportant firding highlightshe fact that training
itself is not enough to change the mindset of employees ahegitherdeeply rooted in their
prior experiencg, beliefs angbersonal characteristiesd confirms the theory ohiearning
However, when training is combined withowledge acquisitiothe results are different and
discussed in the sectidinatfollows.

Knowledge acquisition and lean production

In Toyota Production System the acquisition of deep technical knowledgenas been

consideredas a‘base line skill and part of the lean process, whichs beersea & a

‘knowledge work joltshop (Liker andMorgan, 2008 Findings of this study reveal thtte

acquisition of nevknowledgéhad a significant yet negative effect@mntinuousinprovement
At first sight this finding could be seen asontroversigl yet it indicates thatontinuous
improvements subject not only to the mere acquisition of new knowledge but also to the
appropriate implementation ohd newly acquired knowledge to existing organizational
practices, routinesind activities before it becomes obsoldiean practice also require
appropriate, effective and @ime dissemination of knowledge within the involved partfes
lean is directly linked to organizational culture, it could be also suggested thapiapie
business settingould enable the sharing of tacit knowledge tmnpote lean; a processhich,
by its nature, is complicated and time consuming and might inhibigédneapplication.
Continuous mprovement depends$o a great extenpn the dissemination ofacit
knowledgesinceit is built on employees’ cognitive blegroundon how to improve processes,
identify nonvalue added activities and remove wasthich by its nature is difficult for
organizations to turit into explicit knowledge and disseminateeffectively. Following the

aforementionedationale,it could be argued that, explicit knowledgeght not affect this
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performance measure in the extauit knowledge des Hence, the effects of these two types
of knowledge (i.e., tacit and explicit) on lean performance shakkparately tested.

The successful implementation ofean practices requires among others,
knowledgeableand multiskilled employeegdDombrowskiet.al, 2013. This also indicates a
possible path dependence of training before actual knowledge acquekesnplace as well
asthe need to create a supportive business cukinewledge acquisitioshowed significant
association witlhwaste managemeand a negative impact @mgonomy According toHelper
and McDuffie (1997), lean implementation requires structured knowledge management
systems facilitating thoseho are involved in lean processes to better absorb technical
knowledge.Upgrading toLP might render existinggnowledge obsolete and skillsluctant
whichmightalsostreseemployees$o change or resist to nexgonomy |n this caseemployees
should acquiréeanknowledgeat the same timasthey perform traditional skillsHelper and
McDuffie, 1997).

Organizational culture and lean production

Findings indicate thadrganizational cultureshowed significant association witlontinuous
improvementwastemanagemenergonomy andproduct quality This variablewas the only
variable that significantly influenced dlP variables Therefore, we food full empirical
support to the third hypothesis of our study, which postulated that organizatidhak
positivelyaffects LP.This finding, in line with the extant literature, confirms that philosophy
of lean thinkingis much more than implementingdntools meaning thatin organization
shouldencompass set of principles and a business philosaghypgrading tdean(Tsasis
and BruceBarrett, 2008).

Despite the positive impact of business culture on the successful transitiam,ta le
number offailed attempts highligig that many organizations in theeaffort to excel in lean

practicesignore theimportance of lean culturé\s we already mentioned, organizations are

23



not able to cultivate lean outcomes without developing and securing appredatEong
business cultuse Bamber and Dale2000). Chen and Meng (201(lso argued thathe
imitation of LP practices, although it is not an appropriate technique, should be adjusted to
existing business settings in order to yield lean outcomes. Tativee effects of werlooking
that “lean calls for cultural change(Napoles and Quintana, 2006), were also reported in
studies byCarteretal. (2011)and Emiliani(2011) whaattributedeanfailures to inappropriate
business cultures dominate public sedioessence, a wasteduction project onlyransitions
to LP when strong and supportive cultures assigtloyeeso embrace it (Lloyd et al., 2009).
Sinceorganizationatulture needs time toultivate,we may confirm that theadnsition
to lean should be seen as a legn perspective. Such a longevity is also required for the
acquisition of new knowledge and its effective implementation in exiptexgices, whiclare
found to be prerequisite to LRelyingalsoon a set ofepetitiveappropriatdraining events
organizationsnayachieve thexpectedean outcomedlowever, it is the combining effect of
the training and the organizational that showed the highest imp#uot snccess of LP.
Implications for practice
Practitioners in charge of lean management should be mindful of the influewoekplace
practices and business settiogdean performance, attributing primarily importance to culture
and training. Organizationalutture affectsemployeesvalues, bekfs andattitudes, which
could berelated to their motives and expectations regarding the accomplishmentoBotas
organizationatulture and trainingould facilitate employees to share thmrceptions towards
ongoingchanges that take place through lead overcome plausible resistance to adjust to
these changes and start lean thinkiRgactitionersshould also consider thahe mere
acquisition of nevknowledgeis not always the appropriate path to achieve lean. Even more,
they should pay padular attention to the types of training they implemengrtow their

employees as well as on the developn@&nappropriate business settings to promote the
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sharing and the dissemination of tacit knowledgjeultaneouslyemployees’ development
should becritical to the degree that influence people perceptions and mimdgsetling the
accomplishment of a task. Finally, there should be awareagasding thespecific areas of
lean applicationsuch as workplace practices and business setiswgsshovn in the current
research.The consideration of the above would assist to the development and the
implementationof appropriate lean processes danjunctionwith the HRM dominate an
organization, which deploys its human capital along with the existehceffective
performance evaluation systeragd processes.

Limitations

The present study has sotheoretical, methodological and samiaheitations that need to be
considered and addressed in future rese&<literature on the examined topsc/narrowed

a review of critical themes took place for the study background and andlgsisample is
limited (only from one company of a specific origin) whereas it could bedbrpavhere
comparison of research findings could take place. As altjmahts are considered employees
of the company, this study reflects merely employees’ perceptuithout exploring the
influential factors of humans’ perceptions. Four different measurdsepkerformancef LP
were chosenHowever, to some, extentan effectiveness measuresight be biased due to
subjectivityissuesastheyrely ony on selfreported responses. A wider variety of measures
of the performance of lean and workplace practices and business setagsbe considered

so that more interconnections to be analysed. The workplace practices and bugingss set
should be enriched also includifactors such aghe role people playn the implementation

of lean, the ways people are managed to adjust to chaagpened when organizatiomske

the decision to applgan until its implementatiornhe role of people management iss(eeg.,
communication, rewards and job design) and intrinsic facegs, Commitmentvalues and

beliefs). Furthermorea thorough and contextualized approachkaals the termperformance
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of LP' is needed, specifying the stage/s of such performance where workplace practices and
business settingsre involved. For instanceshether it refers to adjustment to changes when
lean applications are introduced or/andasultswhich are brought about with the completion

of such applications.

CONCLUSION

In conclusion, th@resent studgrovidesinsights into the important role of training, knowledge
acquisition and organizational culture in upgrading to lean. To this end, we examideddhe
effects of the three aforementioned variables on certain dimensions of leampadery i.e.,
continwobus improvement, ergonomy, product quality and waste management). Using data from
a global company, which has recently upgraded to lean, the study fisdpgsrtednteresting

effects of the aforementioned variabled &showingthatwork practices andusiness settings
alone cannot holistically affect LP. That tke combination of work practices and business

settings that matters, yielding leantcomes.
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Table 1 Characteristics of Respondents

Characteristics Percentage

Sex

Male 64

Female 36
Age

Below 30 19

31-40 47

41-50 25

Above 50 years old 9
Job Level

Senior 60

Supervisory 26

Managerial 14
Job Type

Technical 52

No-Technical 48
Years of Work Experience

0-5 27

6-10 35

11-20 24

Over 20 14
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Table 2 Factor Analysis - Rotated factor loadings for the four Work FPactices

Factor loadings

Culture  Knowledge Training Resistanceo
Have you ever heard of the lean concept? .893
Is continuous improvement culture necessary to sustain lean? 914
Should the learoncept be implemented in isolation i.e. within a division/departmemt in a .884
Can the lean concept and other similar concept be used together to improweraiestficiency in .904
Are you aware that lean concepts originated from the manufacturirgzect .788
| am favorably disposed to the transition from the closed office to anaffies .841
Are you aware that lean concepts originated from the manufacturing®ecto .898
| will crave the work space in the closed office to be replicated in the open office. .887
Do you think the lean concept can be applied in many environments/context? .813
Does lean involve cultural transformation? .561 .670
| believe all the steps in the leaancept should be sequential. 404 .595 -.525
| believe that training (formal and informal) of staff contributes to waetaction in the supply chain. .736
| believe that top management drives all efforts at reducing and diingjiveastes withirthe .832
| am not favorably disposed to major change of processes in the waog pl .872
| would not assign a task to a subordinate when i believe i can handle it. myse .618 AT73
There are so many negative consequences whbarae is implemented 762 461
Initial Eigenvalues 5.242 3.958 2.520 1.390
Initial percent of variance explained 30.837 23.280 14.825 8.174
Rotation sum of squared loadings (total) 4.731 3.846 3.035 1.498
Percent of variance explained 27.830 22.624 17.851 8.810
Cronbachu (sampleN) 917 911 .821 .670

Note: Extraction Method: Principal Component Analysis. Rotation Method: Varimtx Kaiser Normalization. Rotation converged 7
iterations.
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Table 3 Means, Standard Deviations and Correlation Matrix

Variables Mean StD 1 2 3 4 5 6 7 8 9 10 11 12 13
Control Variable
1. Sex 1.36 0.48 1 .541" .878° .201" .775° .165° .434" -333" -417 044 212" -041 -.056
2. Age 222 086 ." 1 578 132 443 .053 .384" -331" -088 -.066 .323" -163 -.098
3. Job Level 153 0.72 1 .022 .737° .156° .466° -387" -.387" .006 .092 -110 -.117
4. Job Type 148 0.50 1 .106 .107 .350° .217" .046 106 .455"° 246" .218
5. Experience 226 1.01 1 .279° 406" -292° -458° .188" .327° .119 .128
Human Resources Factors
6. Culture 0.00 1.00 1 -.009 023 -027 .698" .342° .631" .596"
7. Knowledge 0.00 1.00 1 -026 -123 -175° 177" -147 -.087
8. Training 0.00 1.00 1 011 .234" -001 .244" 221"
9. Resistance Change 0.00 1.00 1 .002 -.033 .054 .101
Lean Performance
10. Continuous Improvement 1.89 0.99 1 .267° .811" .743
11. Waste 1.83 0.98 1 .390" .48
12. Ergonomy 191 0.98 1 .8672°
13. Product 1.87 0.99 1

** Correlation is significant at the 0.01 level {&led).* Correlation is significant at the 0.05 leveltélled). Std: Standard Deviation
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Table 4 Hierarchical regression results of Work Practiceon Continuous Improvement and Waste Management

Continuous Improvement

Waste Management

Variables Step 1 Step 2 Step 3 Step 1 Step 2 Step 3
Control variable
Sex -0.1 -0.7 0.21 3.32* 0.16 2.34* 0.02 0.20 0.04 0.34 0.11 0.72
Age -0.1 -1.1 0.15 4.35"**  0.16 4.30**  0.45 6.26** 0.40 5.48**  0.40 4.91***
Job Level -0.1 -0.6 0.08 1.21 0.04 0.57 -0.8 -6.2***  -0.97 -6.74** -1.00 -6.65***
Job Type 0.08 0.99 0.04 1.24 0.03 1.02 0.25 4.10** 0.18 2.55* 0.16 2.23*
Experience 0.41 3.14**  -0.08 -1.66* -0.01 -0.14 0.75 7.73**  0.48 4.48**  0.57 3.81***
HR Factors
Culture (F1) 0.90 35.8***  0.91 33.8*** 0.28 5.24**  0.31 5.38***
Knowledge (F2) -0.34 -8.32**  -0.25 -3.65*** 0.26 3.00* 0.35 2.37*
Training (F3) 0.32 9.64***  0.36 9.69*** -0.24 -3.44**  -0.21 -2.61*
Resistance Change (F4) 0.05 1.69* 0.01 0.21 -0.10 -1.56 0.10 0.86
| nteractions
F1* F2 0.06 1.39 0.09 0.90
F1*F3 0.02 0.69 0.04 0.55
F1*F4 -0.06 -1.29 0.21 1.94*
F2*F3 0.00 0.10 0.09 0.88
F2*F4 0.00 0.08 0.11 1.37
F3*F4 -0.05 -1.49 -0.09 -1.35
F Value 2.922% 202, 2%+ 125.0%** 38.52%++ 29.05%** 17.93%+*
Adjusted R? 0.046 0.902 0.905 0.490 0.564 0.565
A R? 0.071* 0.835*+* 0.005 0.503*** 0.080*** 0.014

Standardized regression coefficients are reported. Within cells, first row figbeta coefficients and second row thest values, significant at‘p <0 .10,**p <0.01, ***p

<0.001.

36



Table 5 Hierarchical regression results of Work Practiceson Ergonomy & Product Quality

Ergonomy Product Quality

Variables Step 1 Step 2 Step 3 Step 1 Step 2 Step 3
Control variable
Sex -0.1 -0.6 0.15 1.54 0.21 1.93* -0.2 -1.2 0.08 0.69 0.19 1.45
Age -0.1 -2.0* -0.03 -0.63 -0.06 -1.14 -0.0 -0.7 0.04 0.64 -0.03 -0.51
Job Level -0.2 -1.4 -0.12 -1.19 -0.16 -1.49 -0.3 -2.0* -0.35 -2.75**  -0.33 -2.54*
Job Type 0.20 2.56* 0.15 2.98* 0.16 3.05** 0.16 2.04* 0.03 0.49 0.04 0.66
Experience 0.47 3.75** 0.01 0.24 -0.10 -0.94 0.59 4.77**  0.23 2.45* 0.07 0.56
HR Factors
Culture (F1) 0.80 20.5***  0.81 19.5*** 0.71 14.8***  0.74 14.6***
Knowledge (F2) -0.18 -2.95*  0.00 0.03 -0.03 -0.49 0.12 0.95
Training (F3) 0.13 2.59* 0.14 2.57* 0.13 2.03* 0.13 1.84*
Resistance Change (F4) 0.06 1.37 0.14 1.67* 0.13 2.26* 0.19 1.79*
| nteractions
F1* F2 0.10 1.45 0.02 0.27
F1*F3 0.13 2.30* 0.22 3.27*
F1*F4 0.10 1.32 0.15 1.58
F2*F3 -0.09 -1.25 0.01 0.19
F2*F4 0.02 0.46 0.08 1.16
F3*F4 -0.00 -0.08 -0.02 -0.41
F Value 7.942%+* 72.77% 46.71%+* 8.218*** 40.98*** 26.94%+*
Adjusted R? 0.151 0.768 0.778 0.156 0.648 0.666
A R? 0.172%+* 0.605*+* 0.016* 0.177** 0.486*** 0.027*

Standardized regression coefficients are reported. Within cells, first row figbeta coefficients and second row thest values, significant at‘p <0 .10,**p <0.01, ***p

<0.001
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