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Abstract

The most popular alternative systems to mass ptadu@t an academic level (lean manufacturing, egil
manufacturing, flexible customization, mass custation...) share many characteristics. Our artidentifies

an extensive set of alternative practices to masdyzxtion; analyzes the classification of practide€ategories
(Flow, TQM, TPM, Customer Relations, Supplier Refed and Human Resources Practices) and analyze the
impact on several human performance indicators sash satisfaction, absenteeism, voluntary turnover,
permanent contracts, knowledge, personal& sociglstthent activities and Workers who become integrat
into ordinary companies
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1. Introduction

The number of scientific publications related tossy@roduction alternative systems in the last 20rs/és
abundant. The most popular alternative system o the academic world is lean manufacturinthcalgh
other ways to refer to the production systems shate many characteristics with lean manufactuannot be
left aside. For example, agile manufacturing (AgarvEhankar, & Tiwari, 2006; Vazquez-Bustelo & Aweel
2006), flexible customization (Narain, Yadav, & Any, 2004; Agarwal, Shankar, & Tiwari, 2006), mass
customization (Ismail, Reid, Mooney, Poolton, & Aiam, 2007; Brown & Bessant, 2003), etc.

Our research is enclosed within the line differaathors are working at international level (Holwg§07;
Shah & Ward, 2007; Portioli Staudacher & Tantard®@07) and cast up from the recent adaptatiortseate
and to validate questionnaires of operation managerpractices in Spanish (Martin Pefia & Diaz Garrid
2007; Tari, Molina, & Castejon, 2007; Urgal Gonzal®iz Comesafa, & Garcia Vazquez, 2007; Vazquez-
Bustelo & Avella, 2006; Marin-Garcia & Carneiro, AI). We extend previous researches in various &spec
First, we confirm that, in practice, the tools defil in production models alternative to mass prtdocare
basically the same, thus defining the set of tamisortant to use in a company. In the second pladesoad
guestionnaire representing a sufficient numberterhs and constructs related to the alternativesttmlmass
production is created. Moreover, we test the rateship between human key performance indicatords)kahd
the operations tools in a sample other than thalume (automotive, electronics, machinery, etc.).

People with disabilities are a social problem afr@asing importance in Spanish society and, inquéat,
should reflect on their effective participationtime labor market. In recent years various stragehave been
articulated in order to facilitate job in this smctof the population. This article discusses theecgy
Employment Centres (hereafter CEE), because ftdsddrmula that has gotten more significantly adéy the
high unemployment figures in this segment of theytation. An CEE is a company with at least 70% of
employees with disabilities to perform productiverivon an equal footing with the ordinary compaiijie
business environment is increasingly competitive;essary to develop and implement the best practare
working with employees, equipment and materialheCEE.

To address the effect of lean production practicasthe results, some authors use financial indisato
(Molina, Llorens-Montes, & Ruiz-Moreno, 2007). Howveg, most authors suggest analyzing the non-firgdnci
indicators, such as competitive advantage, becthese reflect more clearly the direct impact of agigms
management practices and are less influenced bgriie or deterioration of the variables sociofemmic area
outside the corporate action (Diaz, Gil, & Machu2@)5; Fullerton & McWatters, 2001).
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The research presented in this paper reviews aminanizes the literature that investigates the imiahip
between individual practices of lean manufactusiith non-financial performance of the company, detaes
the extent to which Spanish Special Employment &srihave implemented lean manufacturing practioés a
the effect it produces in the non-financial perfanoe of the company. We believe that our reseasch i
interesting because it describes the situation sdaior (Special Employment Centers) and one cp\8rain)
only investigated in the scientific literature ogah manufacturing. In addition, we will further bza the
effects that the implementation of lean manufaotyitbols in companies of different sectors of theomobile.

2. Alternative tools for mass production

Several authors consider that the expressions meamufacturing, flexible, agile or mass customizatio
represent different approaches to the productiveesy (Krishnamurthy & & Yauch, 2007; Da Silveira,
Borenstein, & Fogliatto, 2001). Some opinions aasdd on the fact that a company using lean manufagt
can be considered to be a mass production comgatyhas eliminated wastes whereas a flexible coynjman
different because it has the capacity to betteusidjp the environment but not so fast as an agilapany
(Duguay, Landry, & Pasin, 1997). On the other hadhd,concept of agile manufacture is considerdoktbased
on flexible manufacturing, lean manufacturing anchd based competition (Vazquez-Bustelo & AvellaD@0
For this reason, the authors claim that agile maetufing combines the efficiency of lean manufaotymwith
the operative flexibility of flexible manufacturingffering personalized solutions with similar co$b mass
production. After that, we provide a very brief i@v on each of these systems and verify whethey &ne
really so different to each other with regardshte practices that they start up.

Lean manufacturing is dealt in the literature agiof tools as its main objective eliminating teste (time,
space, personnel, material, rework, stocks, eBhplf & Ward, 2007). The list of lean manufacturiogls is
large and not always homogenous, although theybearlassified in five categories, namely total gual
management (TQM), just-in-time (JIT), total preveatmaintenance (TPM), supplier relationship, anodpct
and process development (Swink, Narasimhan, & KB&@GP5; Bonavia Martin & Marin-Garcia, 2006;
Gurumurthy & Kodali, 2008; Carrasqueira & Macha@®08). Some authors include as a sixth element the
continuous improvement culture and the worker imgolent. But others consider that this element cessary
but independent of the specific practices of leamufiacturing (Ahmad, Schroeder, & Sinha, 2003; Kieaa,
Flynn, Schroeder, & Morris, 1997).

Flexible manufacturing is defined as the abilityaotompany to adapt to the demand fluctuationsthed
other changes in its environment (Duguay, LandryRdsin, 1997). But it is also understood as theaapto
produce diverse products under the same produdi@in, establishing an wide product range, adngittin
production volume modifications and multiple prages (Krishnamurthy & & Yauch, 2007). Flexible sysge
are focused, primordially, on production technolo@gycluding automated material handling systems and
machinery (Krishnamurthy & & Yauch, 2007). The maibjective of flexible manufacturing is to do the
necessary changes to adapt to the new market eaggnts, to improve quality, costs, manufacturinges and
delivery, simultaneously (Duguay, Landry, & Pasif97). In order to ensure these objectives, ieisessary to
maintain a closer relationship with customers amgpsers, use advanced manufacturing technologag an
organizational structure with less levels and ns@vative human resources policies (Duguay, Lanfifpasin,
1997).

Most authors define agility as the ability to attehe customer’s needs in the minor time possibteat low
cost (Vazquez-Bustelo & Avella, 2006; Brown & Bess&2003). It has been suggested that agile manufag
groups up diverse techniques, among them justnie,ticell manufacturing, flexible manufacturing atotal
quality management. All techniques are used withdhjective to improve quality, productivity andstemer
service (Monplasir, 2002). Some authors claim thate exists a clear dividing line between lean ufecturing
and agile manufacturing systems (Vazquez-Busteld\\lla, 2006; Avella & Vazquez-Bustelo, 2005). In
principle, agile manufacture is an integration oftbflexible manufacturing and lean manufacturigpaepts
(Vazquez-Bustelo & Avella, 2006).

Mass customization is a strategy related to thétyald offer customized products or services byame of
flexible processes with high volumes and at a lost {Krishnamurthy & & Yauch, 2007). The main oltjee
of mass customization is to attend the customecifiperecessities (Ahlstrom & Westbrook, 1999). §lis
obtained by means of four customization profileso{n & Bessant, 2003), which include designers wiook
together with their customers, products standarittwthe customer can change during use, a stamqtadiict
set which is unique for each customer; and prodwbish are modified according to specific indivitlueeds.
Mass customization uses some elements of lean metnuhg (product development, supplier chain
management, production management, continuous iraprent), which includes the after-sales service and
marketing (Da Silveira, Borenstein, & Fogliatto,020.

Reviewing the information commented in the previpasagraphs, it seems possible that the principles
underlying philosophies of each of the systems different. Nevertheless, if we pay attention onbythe
practices that are put into practice (see tablevt)can see that they are mainly very similar. #det 1 shows,
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the set of alternative practices to mass produatamm be classified in around 6 constructs and hedsions
with good references in the academic literature

Table 1: Production systems and set of related practicésded in previous research

Construct Dimensions Lean manufacturing
Total Quality| Visual Management (Doolen & Hacker, 2005; Shah & Ward, 2007; MarinrGa,
Management Continuous Improvement

Process control

Pardo del Val, & Bonavia Martin, 2006; GurumurthyK&dali,
2008)

One piece flow

JIT/ Kanban

Process Standardization

SMED

Line Balancing

Continuous flow and Ce
manufacturing

(Shah & Ward, 2007; Kannan & Tan, 2005; Doolen &k,
2005; Gurumurthy & Kodali, 2008; Marin-Garcia, Pardel
IVal, & Bonavia Martin, 2006; Treville & Antonakis2006;
Carrasqueira & Machado, 2008)

Maintenance

Maintenance

(Shah & Ward, 2007; Doolen & Hacker, 2005; Gururhyrg&
Kodali, 2008; Marin-Garcia, Pardo del Val, & BonawWlartin,
2006)

Supplier relationshig

Supplier relationship

(ShaMgard, 2007; Doolen & Hacker, 2005; Kannan & T
2005; Gurumurthy & Kodali, 2008; Carrasqueira & Mado,
2008)

Customer Customer relationship (Shah & Ward, 2007; Dooletd&cker, 2005; Gurumurthy
relationship Kodali, 2008; Carrasqueira & Machado, 2008)
Human  Resourcg€Empowerment
Management Trainign
Team-work (Perello-Marin, 2010; Marin-Garcia & Conci, 2011;ibGon,
Rewards Porath, Benson, & Lawler Ill, 2007; Guerrero & Bard-

Communication Didier, 2004; Katou, 2008)

Most articles published on the effect of lean piitun on non-financial performance of the comparaye
taken joint lean manufacturing practices (consguand analyzed their relationship on performamckcators
independently (Cua, McKone, & Schroeder, 2001; &lgn Sakakibara, 1995; Ketokivi & Schroeder, 2004;
McKone, Schroeder, & Cua, 2001). However, theneeiy little research on the effects of alternapvactices to
mass production on human performance indicators.

3. Methodology

The population subject to this study is compose&hgltered Work Centers for the disabled in Spédi).
After a first telephone contact with the companygetectronic mail address from a person with aoasible job
in that same company (Manager, Person in chargProfluction, Person in charge of Quality, etc.) was
requested so that we could send the link to thetgqmaire which was to be completed on the Weh #ita
guestionnaire was not completed, up to three @mrictmails were sent before the questionnaire wasidered
to be unanswered. A total of 237 answers were vedeiOnly128 of them had all the complete datag1%
rate of answer), which was the information usethim research. We use Regression analysis in codarobe
relations between explicative and criterion vaeabl

4. Results and discussion

Table 2 summarises the descriptive statistics efitktms forming the factors included in the reseafte
degree of use of alternative practices to massyataxh vastly varies amongst the companies includeithe
survey. Thus, while practices such as custometioakhip or human resources management are qeieédnt,
practices as the use of one piece flow or mainemane almost non-existent. In general, the faatbcaistomer
relationship, continuous improvement, standardizatf processes, cell manufacturing and suppliatiomship
are the most widely implemented in the surveyed pamies. In the opposite end, practices like JIThéam
single minute Exchange of die, automatization amgbipetary equipment, design integrated with mactufiéng
and knowledge management virtually do not appedhénsurvey. The rest of the factors are shownedsgb
moderately introduced. Human resource KPIs (conipetadvantage against ordinary firms) are ratediom
to high, but the percentage of workers who becartegrated into ordinary companies is extremely low.
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Table 2. Descriptive Statistics of variables.

N Min Max Mean Std. Dev.
Customer relationship 128 0 5,00 3,0684 1,29143
Supplier relationship 128 0 500 | 23117 | 1,04419
One piece flow 128 0 5,00 1,6800 1,05850
Total Quality Managemen 128 0 4,82 2,4467 1,01247
Human Resources 128 0 458 | 27697 | 087118
Management
Maintenance 128 0 5,00 2,1354 1,54557
Job satisfaction 113 3 5 3,62 0,623
Permanent contracts 112 2 5 3,91 0,787
Knowledge 112 1 5 3,15 0,782
Workers who become
integrated into ordinary 37 1 4 1,86 0,910
companies
Personal& social 38 1 5 3,63 1,057
adjustment activities
Less absenteeism 83 1,00 5,00 3,1566 ,89008
Less Voluntary turnover 83 2,00 5,00 3,9036 ,80569

Analyzing the results of multivariate regressiotable 3), we see that the main effects are gerelatelose
relationships with customers and management of husources. The first one generates demand $syadnild
continuity of sheltered work centers. Because thire satisfaction, a more stable contracts, thétyalo
perform more activities of personal and social atipent, and less intentions to withdraw from thenpany is
achieved. The second is a tool that clearly affdutsjob satisfaction and training of employeeswieer, the
explanatory power of the variables used is quite (between 4% and 27%). These figures, althoudh sti
common in research in the area, suggest us thaamiRIs are mainly affected by a different variaroarces
than operations management tools. At least thiseiconclusion we can draw for companies in thiigtry that
participated in the sample.

Moreover, it is noteworthy that none of the varéabhas been able to significantly affect the irddgn of
disabled staff in ordinary companies. It is alsoatdiwwg further analysis that the use of preventator
autonomous maintenance is related to less abssmié@icompanies.

Table 3.Relationship between human KPIs and alternativks tmomass production (regression standardized
Beta)

Human KPP | Job Permanent| Knowledge | integrated | Personal& | Less Less
satisfaction | contracts into social absenteeism| Voluntary
ordinary adjustment turnover
companies
Customer 1,812+ 0,249** 0,068 0,031 0,408** 0,019 0,219+
relationship
Supplier relationship| 0,266 -0,247** -0,126 -0,142 -0,151 -0,066 -0,147
One piece flow -1,212 0,056 0,031 -0,252 -0,026 1090, 0,0212
Total Quality -0,807 -0,240 -0,064 0,086 0,246 -0,029 -0,226
Management
Human Resources 2,494** 0,178 0,298** 0,316 0,063 -0,032 0,008
Management
Maintenance -0,371 ,050 0,082 -0,011 0,051 0,271+ 0,064
R? | 0,099 0,090 0.094 0,163 0,273 0,042 0,082

5. Conclusions

Lean manufacturing practices can be divided intocsinstructs with several dimensions. The resultsuo
research allow us to identify four constructs vaignificant effects on the human KPIs. It woulddssirable to
extend this research to analyze in detail the @ddr effect of each of the sixteen dimensionefiuman KPls

370

ICOVACS 2010 - International Conference on Valuai@tSustainability



6. Aknowledgements

“Arquitectura de las practicas de alto rendimiesitogestion de operaciones y gestion de recursoarmsn
definicién de los constructos, modelo factoriakyablecimiento del path dependence” (PAID-06-098288m
Universidad Politécnica de Valencia

7. References
Agarwal, A., Shankar, R., & Tiwari, M. K. 2006. Melihg the metrics of lean, agile and leagile supgigin:
An ANP-based approackuropean Journal of Operational Resear&fi3(1) 211-225.

Ahlstrom, P. & Westbrook, R. 1999. Implications mwfass customization for operations management - An
exploratory surveyinternational Journal of Operations & Production Magement19(3): 262-274.

Ahmad, S., Schroeder, R. G., & Sinha, K. K. 2008e Tole of infrastructure practices in the effeetigss of JIT
practices: implications for plant competitivenedsurnal of Engineering and Technology Managem2a¢3).
161-191.

Avella, L. & Vazquez-Bustelo, D. 2005. ¢es la fabdidn agil un nuevo modelo de produccidsiversia
Business Review - Actualidad Econdnt§a94-107.

Bonavia Martin, T. & Marin-Garcia, J. A. 2006. Ampirical study of lean production in ceramic tif@ustries
in Spain.International Journal of Operations & Production Magement26(5). 505-531.

Brown, S. & Bessant, J. 2003. The manufacturingtsgyy-capabilities links in mass customisation agde
manufacturing--an exploratory studyiternational Journal of Operations & Production Magement23(7)
707.

Carrasqueira, M. & Machado, V. C. 2008. Strateggidtics: Re-designing companies in accordance khatm
Principles.International Journal of Management Scienceand Begiing Managemens(4). 294-302.

Cua, K., McKone, K., & Schroeder, R. G. 2001. Relahips between implementation of TQM, JIT, andTP
and manufacturing performancmurnal of Operations Managemea8(6) 675-694.

Da Silveira, G., Borenstein, D., & Fogliatto, F. 201. Mass customization - Literature review a@segarch
directions.International Journal of Production Economid®( 1-13.

Diaz, M. S., Gil, M. J. A., & Machuca, J. A. D. Zd0Performance measurement systems, competitiveitigs,
and advanced manufacturing technology - Some esaéom the aeronautical secttmternational Journal of
Operations & Production Manageme6(7-8) 781-799.

Doolen, T. L. & Hacker, M. E. 2005. A Review of lreAssessment in Organizations: An Exploratory Stofly
Lean Practices by Electronics Manufacturémgernational Journal of Manufacturing Syster2d(1) 55-67.

Duguay, C., Landry, S., & Pasin, F. 1997. From m@sxluction to flexible/agile productiohnternational
Journal of Operations& Production Managemehi (12} 1183-1195.

Flynn, B. B. & Sakakibara, S. 1995. Relationshipaeen JIT and TQM: Practices and performadaademy
of management Journa88(5) 1325.

Fullerton, R. R. & McWatters, C. S. 2001. The pratibn performance benefits from JIT implementation.
Journal of Operations Manageme(1) 81-96.

Gibson, C. B., Porath, C. L., Benson, G. S., & lawlll, E. E. 2007. What results when firms implethe
practices: The differential relationship betweendific practices, firm financial performance, custy service,
and qualityJournal of Applied Psycholog92(6) 1467-1480.

Guerrero, S. & Barraud-Didier, V. 2004. High-invelment practices and performance of French firms.
International Journal of Human Resource Managem&s8) 1408-1423.

ICOVACS 2010 - International Conference on Valuai@lSustainability 371



Gurumurthy, A. & Kodali, R. 2008. A multi-criteriglecision-making model for the justification of lean
manufacturing systeminternational Journal of Management Scienceand Begiing Managemeng(4). 100-
118.

Holweg, M. 2007. The genealogy of lean productimurnal of Operations Managemegg(2) 420-437.

Ismail, H., Reid, I., Mooney, J., Poolton, J., &kiam, I. 2007. How small and medium enterprisdsctif/ely
participate in the mass customization gale&E Transactions on Engineering Manageméed{(1). 86-97.

Kannan, V. R. & Tan, K. C. 2005. Just in time, tog@ality management, and supply chain management:
understanding their linkages and impact on busipes®rmanceOmega-International Journal of Management
Science33(2) 153-162.

Katou, A. A. 2008. Measuring the impact of HRM ornganizational performancelournal of Industrial
Engineering and Managemen{?2). 119-142.

Ketokivi, M. & Schroeder, R. G. 2004. Manufacturiptactices, strategic fit and performance: A roedirased
view. International Journal of Operations & Production Magement24(1/2) 171.

Krishnamurthy, R. & & Yauch, C. A. 2007. Leagile mdacturing - a proposed corpordtaernational Journal
of Operations & Production Managemef¥(6). 588-604.

Marin-Garcia, J. A. & Carneiro, P. 2010. Desarrojlovalidacién de un modelo multidimensional de
produccion ajustaddntangible Capital 6(1): 78-127.

a
Marin-Garcia, J. A. & Conci, G. 2011. Validacion de cuestionario para medir el grado de uso dprkasticas
de alta implicacion de los trabajadorispress(.

Marin-Garcia, J. A., Pardo del Val, M., & BonaviaNin, T. 2006. The Impact of Training aad hocTeams in
Industrial Settingsinternational Journal of Management Science andiBegring Managemeni,(2): 137-147.

Martin Pefia, M. L. & Diaz Garrido, E. (2007). Impade la estrategia de produccién en la ventajapetitiva
y en los resultados operativos. In (pp. 367-377adNtl: International Conference on Industrial Eegiring &
Industrial Management - CIO.

McKone, K. E., Schroeder, R. G., & Cua, K. O. 200he impact of total productive maintenance prastion
manufacturing performancéournal of Operations Managemea®(1). 39-58.

Molina, L. M., Llorens-Montes, J., & Ruiz-Moreno,.A&007. Relationship between quality management
practices and knowledge transféournal of Operations ManagemeB§(3). 682-701.

Monplasir, L. 2002. Enhancing CSCW with AdvancedciB®n Making Tools for an Agile Manufacturing
System Design Applicatiotisroup Decision and Negotiatioh1( 45-63.

Narain, R., Yadav, R. C., & Antony, J. 2004. Pradity gains from flexible manufacturing: Experieggfrom
India. International Journal of Productivity and PerformamManagemeng3(2) 109-128.

Perello-Marin, M. R. 2010. Towards a methodologyiftentifying path dependence in the evolution ofrfan
resources practiceg¥/orking Papers on Operations Manageméit,). 56-58.

Portioli Staudacher, A. & Tantardini, M. (2007). dre Production implementation: a survey in ltaly.(fbp.
1269-1279). Madrid: International Conference orulstdal Engineering & Industrial Management - CIO.

Sakakibara, S., Flynn, B. B., Schroeder, R. C., &4, W. T. 1997. The impact of Just-In-Time maaifiring
and its infrastructure on manufacturing performaianagement Sciencé3(9). 1246.

Shah, R. & Ward, P. T. 2007. Defining and develgpmeasures of lean productiajournal of Operations
Management25(4). 785-805.

372 ICOVACS 2010 - International Conference on Valu@i@Sustainability



Swink, M., Narasimhan, R., & Kim, S. W. 2005. Maacturing practices and strategy integration: Effemt
cost efficiency, flexibility, and market-based perhanceDecision Science86(3) 427-457.

Tari, J. J., Molina, J. F., & Castejon, J. L. 200he relationship between quality management mestand
their effects on quality outcomesuropean Journal of Operational ResearéB3(2) 483-501.

Treville, S. d. & Antonakis, J. 2006. Could learguction job design be intrinsically motivating? riextual,
configurational, and levels-of-analysis issulmurnal of Operations Managemegt(2) 99-123.

Urgal Gonzalez, B., Diz Comesafia, M. E., & Garcéz§uez, J. M. 2007. Automatizacion flexible, Ingefa
de disefio y fabricacion, gestion de al calidad y@nerment: evidencia empirica de su contribucidla a
creacion de capacdidades estratégibasccion y Organizacioi3). 35-52.

Vazquez-Bustelo, D. & Avella, L. 2006. Agile mancffiaring: Industrial case studies in Spalirchnovation,
26(1147-1161.

Vazquez-Bustelo, D. & Avella, L. (2006). Contragmpirico del modelo de fabricacion agil en Espdfa.
Valencia: XVI congreso nacional de la Asociacidrr@ifica de Economia y Direccién de Empresas.

ICOVACS 2010 - International Conference on Valuai@lSustainability 373





