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Contextual factors intervening in the manufacturing
strategy and technology management-performance
relationship

Abstract

The relationship between technology management (&M) manufacturing strategy
(MS) can be an important factor for increasing apenal performance (OP) and
contextual variables may affect this relationshifhe purpose of this study is to
empirically verify whether MS or/and TM improve O&nd whether contextual
variables influence OP in the electronics and maalyi industrial sectors. A total of
231 firms from fourteen countries have been studitidrarchical regression analysis
has been applied to test the formulated hypothegks. findings show that MS
significantly improves OP in both sectors, but TMlyin the machinery sector.
However, the MS-TM relationship is shown to havsignificant interaction effect on
OP in both types of industries. Additionally, thelusion of contextual variables does
not indicate any significant direct effect on Ofhdlly, analysis results show that the
greatest improvement in OP occurs in both sectdienwMS, TM and contextual
variables are included in the model. The evidenggessts that these industries should
implement MS and TM to improve OP, while simultangly considering contextual
variables (indirect effect). Therefore, this pap&iso proposes that significant
differences in OP are determined not only by thelémentation of MS and TM
practices, but also by contextual variables inteirvg in the relationships between these
practices and OP. Overall, MS and TM should be idened important manufacturing
practices by managers, who should take into accahet interaction effects of
contextual variables if they wish to be competitivehe global, dynamic market.

Keywords: Manufacturing strategy, Technology Management,dperéance,
Machinery sector, Electronics sector

1. Introduction

Manufacturers are under unprecedented pressure ffi@m product introduction by
competitors, rapid technological innovation, shorpgoduct life cycles, constant
changes to customer requirements, and advancesamufacturing and information
technology. As a consequence, companies have takemplementing operations
programmes that have been successful in other.fl@perations programmes are sets
of practices, techniques, improvements, etc., jtagether for a common goal or a
function of the plant for higher competitivenes®(iteros et al., 2014; Lee et al., 2015;
Schroeder and Flynn, 2001; Wang et al., 2015; Wikylzad Vastag, 1993). The
international high performance manufacturing (HPptbject considers operations
programmes such as Lean Manufacturing, Technologgnaddement (TM),
Manufacturing Strategy (MS), Total Quality Managem€rQM), Human Resources,
Information Systems and others, in the belief thatroll out of these practices should
lead to superior performance (Flynn et al., 1999r8eder and Flynn, 2001). However,
superior performance requires the alignment ohthaufacturing function and business
strategy (Amoako-Gyampah and Acquaah, 2008). Thategic potential of the
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manufacturing function can be realized throughftrenulation of the MS, which can

lead to superior competitiveness (Thun, 2008).Tiheee MS is commonly seen as an
important operations programme that could enabfienato attain high performance.

For example, several studies have found a positlationship between MS and
operational performance (OP) in different typesnoustries and countries (e.g., Morita
and Flynn, 1997; Devaraj et al., 2004; Corbett,20da Silveira and Sousa, 2010,
Acquaah et al., 2011; Machuca et al., 2011; LedA4P0So, MS is perceived as an
operations programmes which, when implemented, orgs both business and the
relationships between MS and other operations progres, working as a lever to
further boost operational performance (OP) (Scheoadd Flynn, 2001).

In addition, TM is an immensely important operasigorogrammes for companies
today due to constant technological changes to paitducts and processes and their
necessary management for business success. Thisc@raomprises both hardware
systems and human and organizational aspects (ldaonPeng, 2010). Nowadays,
manufacturers are increasingly using advanced t#abies. This trend is driven by the
assumption that the use of TM will lead to improesits in OP. In the literature, there
is evidence that TM has a positive effect on OPy@et al, 1996; Flynnand Flynn,
1999; Maierand Schroeder, 2001; Tsai, 2004; Raymond, 2005; Maxhktal, 2011).
However, there are also studies that conclude ttiatimplementation of TM is not
significantly related to improvements to OP (eBeaumontand Schroeder, 1997;
Boyer et al, 1997; Swamidasand Kotha, 1998; Caglianand Spina, 2000; Daand
Jayaram, 2003) as the link between TM and OP cbeldnfluenced by contingent
factors (Malhotreet al, 2001) such as plant size, organization strucamek plant focus
(Dasand Jayaram, 2003).

In spite of TM being able to provide a company vitie required core competence
(product and process technologies) in such a vasthnging world, it nonetheless
requires an MS to be developed that links busisgasegy and manufacturing. Without
such a strategy, it is highly likely that an orgaation’'s core competencies could
fragment, leaving business objectives unmet (Baref000). MS implementation may
help to identify the technologies needed to fulfillsiness needs. In fact, the MS-TM
relationship may be an important factor in enhag€@®; for example, Machuc al.
(2011) show that the MS-TM relationship positivedffects OP in the automotive
components sector.

Thus, on its own, just implementing TM is not enlou must be coherent with the
MS and contingent variables in order to be effec{iSchroedeand Flynn, 2001). From
this it can be deduced that the impact of the MS+EMtionship on OP might depend
on the context or conditions in which the compasy operating. Consequently,
companies should align these two practices (MS BM in order to achieve high
performance manufacturing, and also adapt thenhéo bwn circumstances, which
may vary from one industry to another, or dependcompany size, amongst other
things. Not only MS and TM, but also contextual tbas may contribute to the
explanation of performance variation, (Kotnad Orne, 1989).

MS, TM and OP interrelationships have only beemlistlito a limited extent (e.g.,
Machucaet al, 2011; Garridcet al, 2015) and there is still a lack of empirical work
especially regarding the inclusion of contextuaiataes (Heineet al, 2003). In other
words, MS and TM have been studied as the contoibutf individual practices to
performance on the one hand and the interactiondset MS and TM on the other, but
few studies have focused on the relationships ¢S, TM and OP and contextual
variables. As such, a research gap exists as tonjbect that contextual variables have
on the relationships between MS, TM and OP, amglthis gap that this paper seeks to
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fill. It is important to understand whether contgdtvariables have any effects on MS,
TM and OP relationships, and whether their outcoanegositive or not.

There are several possible contextual variablesthis research focuses on plant
size, environmental complexity, plant focus anchpldescription (see Annex F), which
are all related to internal manufacturing procesaed have been used in earlier
research. For example, Dasd Jayaram (2003) found a plan focus (make to stock
(MTS) / make to order (MTO)) effect in relation T and OP. Likewise, Machuasat
al. (2011) in the automotive components sector, andid@aet al. (2015) in the
machinery, electronics and automotive componert®ee found that plant size has no
effect on MS, TM and OP relationships. Meanwhil@ri@lo et al. (2015) found that
environmental complexity and plant description eliéfd in the machinery, electronics
and automotive components sectors, which may exjplte differences found in TM
and MS implementation in their study. These auttmuggested that implementing
operations programmes can mask contextual effactndustries, so future studies
should investigate the possible holistic effectsirafustrial contexts and production
practices in technology, production strategy and@ieotproduction programs on
performance.

The main purpose of this study is, therefore, tiecally explore whether either
MS or TM, or a combination of the two, improves @R¢g whether contextual variables
may also influence OP. This investigation focuses tewo industrial sectors, the
electronics and machinery industries, which welecsed for four reasons: first, they
are industries in transition and operate in globalironments; second, they are
industries with a substantial number of plants mekica, Asia and Europe, the three
geographical areas on which the HPM research grimeases; third, the two industries
operate in different competitive environments; dodrth, they are industries with
different characteristics in terms of products;daample, product life cycles are shorter
in the electronics industry than in the machinequistry.

The results should provide a better understanding® and TM relationships and
contextual variables, and guide practitioners whshwo pinpoint the manufacturing
practices that are most relevant for their paréicdperating environment. This study
also contributes to contingency theory (Lawremeel Lorsch, 1967) in Operations
Management (Sousand Voss, 2008) by showing that the effects of MS arM
practices on OP can depend on contextual factors.

The remainder of this paper is organized as follo8ection 2 analyzes the prior
literature on this topic. Section 3 describes tlethomdology and hypotheses. Section 4
sets out the analysis and discussion of the reshitglly, conclusions and further
research are presented, along with the implicatainthis study for practitioners and
academics.

2. Theoretical background and hypotheses

2.1. Manufacturing strategy and operational peréoroe

MS has come to play a major role in manufacturiognganies due to constant changes
in process technology, the need to address turbuhamkets and the obligation for
greater customer-supplier collaboration. This hexs business units to become more
aware of MS’ importance in improving the compangsmpetitive position. As such,
operations managers have to juggle constant imprexs to manufacturing processes
with prudent investments in new processes, usir@gtataand human resources to
maintain their competitive position in the markébnsequently, for MS to be properly
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implemented and well-aligned in a plant, aspectsukh be included such as the
anticipation of new technology, the link between &&l business strategy, the formal
strategic planning process that involves the ptamtanagement, and the right MS
implementation (Schroedand Flynn, 2001; Machucat al, 2011). The implications of
these dimensions of MS may require integratingfthretional areas of the company
and being consistent with the business strategywel as anticipation of new
technologies that could lead to improving competitiess and operational performance
(Sardaneet al, 2016; Yarbrouglet al.,2011; Bate®t al, 1995; Skinner, 1969).

Several studies in the literature that evaluatesefifects of MS on OP have shown
that MS is associated with a significant positifiea on OP (e.g., Millinget al., 1999;
Devarajet al, 2004; Amoako-Gyampaand Acquaah, 2008; Thun, 2008; da Silveira
and Sousa, 2010; Machucet al. 2011; Lee, 2014; Sardare al., 2016). Annex A
summarizes the main previous research on this.t@&picept for Machuceat al., 2011,
and Garridoet al., 2015, these empirical studies have not paid mutEntan to the
contextual variables or the sector type. Consedyegrmpirical evidence is needed on
this topic and the following hypotheses will betéels

Hypothesis 1a: MS implementation is positively asded with OP

Hypothesis 1b: MS implementation is positively asged with OP in the presence

of contextual variables

2.2. Technology management and operational perfocena

Many companies have identified that manufacturifeyp a critical role in effective
process and product innovation. In order to bringdpcts to market more quickly and
cost-efficiently, it is important for manufacturirig understand product requirements,
ensure that products are manufacturable (manufagt@and supplier involvement in
product design), and provide suitable and capabdeess technologies. In addition,
customers generate product customization, whicHi@snphe need for organizations to
increase their product portfolios (Starr, 2010)tHis context, product modularization is
one possible strategy for increasing an organiaaicompetitiveness (Piraet al,
2016). In light of the above, product modularizatiananufacturing involvement in
product design, and supplier involvement can allcbasidered key TM dimensions
affecting OP (Schroedand Flynn, 2001; Machadet al, 2017).

However, not all companies have effectively invalvbeir production personnel or
modified their manufacturing practices to supporbcgss and product innovation
(Hendersorand Clark, 1990; Utterback, 1994, Prajogo, 2016). [tegpe fact that both
have a positive effect on business performancedgvand Ahmed, 2007), there is
only a limited understanding of the contextual &akes under which these two different
forms of innovation could be beneficial. While TMwudies have shown the
effectiveness of product and process innovatiobet@ competitive strategy, they also
suggest that this effectiveness is influenced leyethvironmental context in which the
firm operates and competes (Barney, 2001; Jaetsah 2006; Katilaand Shane, 2005;
Tsai and Yang, 2013). The reason for this is that althoddgh can be effective in
improving performance in certain environments, @ymot be as effective in others.
This could be why the previous literature presamisconclusive findings as to the
effects of TM on performance (see Annexes B andSone researchers have found
that TM has positive and significant direct effeotsOP (e.g., Boyest al, 1996; Flynn
and Flynn, 1999; Fawcetand Myers, 2001; Maieand Schroeder, 2001; Tsai, 2004,
Raymond, 2005; Fang, 2016; Prajogo, 2016) (see »ArBe However, empirical
evidence also exists that does not support the TiRr&lationship (e.g., Beaumoad
Schroeder, 1997; Boyet al, 1997; Swamidasand Kotha, 1998; Caglianand Spina,
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2000; Dasand Jayaram, 2003, Machued al, 2011; Jayararet al.,2014.; Belloet al,
2015) (see Annex C). Some researchers have linkisdpattern of inconclusive or
varying results to the influence of contingencytdas, such as plant size, manufacturing
process type, work organization methods and comngetstrategy (Surand Gertsen,
1995, Swamidasand Kotha, 1998; Caglianand Spina, 2000).

As a result, there is a need for more empiricallenwce on the TM - OP relationship
and the effects of contextual variables in saictr@hship. Therefore, the following
hypotheses will be tested:

Hypothesis 2a: TM implementation is positively assted with OP

Hypothesis 2b: TM implementation is positively assed with OP when contextual

variables are present

2.3. The relationships between MS and TM and ojuerait performance

Organizations behave differently in stable and dyiceenvironments. Also, when they
implement operations programmes to improve thempetitive positions, organizations
should not only consider contextual factors butoatsy interconnections among
operations programmes (Schroeded Flynn, 2001). Moriteet al. (2001) assert that the
interrelationship between practices must haveaegiic objective. The strength of the
relationship between practices will depend on hoacfices relate to each other and on
how each is individually improved. If practice coage and integration are appropriate,
a plant will attain high performance.

Additionally, if capabilities for designing and namng the interrelationship are
high, a plant will be able to realign the links\Wween practices, even if the competitive
situation changes. From this perspective, the etiethe MS - TM relationship on OP
has been approached by different studies in thrtiire, as is shown in Annex D (e.g.,
Matsui, 2002; Sonntag, 2003; Ketokiand Schroeder, 2004; Machued al., 2011,
Ortegaet al, 2012; Garridcet al., 2015). In the same way, the presence or absence of
contextual variables could materially affect thdluence of MS and TM on OP
outcomes (Imand Lee, 1989; Primrose, 1992; Groenevelt, 1993; Bateal, 1997,
Caglianoand Spina, 2000; Ahmadt al, 2003).

Although the literature on this topic has studikd joint effect of MS and TM on
OP, only Machuceet al. (2011) have undertaken research on the impact theat
presence of contextual variables has on the relstip. This study suggests that MS is
positively related to OP and that this continuedacthe case when contextual factors
are present. In the case of TM, their study shomedelationship with OP, even when
contextual variables were included. While, the gtdiocused on only one specific
industry, namely, automotive components supplieggaved the way for future studies
in other industries to address the question of kdrethe influence of both of the
practice sets in question remains significant eaéler the inclusion of contextual
variables.

This study continues this line of research andrefioee, the following hypotheses
will be tested:

Hypothesis 3a: MS and TM in conjunction are posltivassociated with OP

Hypothesis 3b: MS and TM in conjunction are posltivassociated with OP when

contextual variables are present

In other respects, it is possible that any relatmm between TM and MS constitutes
an interaction. In this sense, the most importaason why Japanese manufacturing
companies have generated competitive advantagetheinglobal market may be
technological development in conjunction with avatted MS (Matsui, 2002). This
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combination enables technological development tagba set of competitive weapons
to the plant (Itamand Numagami, 1992; Zahrand Covin, 1993). It can therefore be
said that, in a way, a firm’s technological res@srcegulate its failure or its competitive
success, as TM is a manufacturing practice thatdcomteract in the relationship
between MS and OP. To the best of our knowledgestudies found in the literature
address the MS - TM interaction effect on OP or thle contextual variables
contribute to improving this relationship. Thus,sed on the arguments above, the
following hypotheses are formulated:

Hypothesis 4a: MS -TM interaction positively aféeCP

Hypothesis 4b: MS -TM interaction positively afe€iP when contextual variables
are present

2.4. Contextual variables and operational perfogean

When they seek to attain high performance manufiacfucompanies should adopt the
operations programmes that (adapted or not) josgtythe production plant on the path
to high OP. The link between operations programraed performance is highly
influenced by contingent factors (Malhoted al, 2001; Schroedeand Flynn, 2001,
Lam et al., 2016). As Ketokiviand Schroeder (2004) mentioned, other contextual
variables besides manufacturing practices can taffecformance. Thus, the mere
existence of operations programmes is not enougty must be coherent with the
contingent variables in order to be effective (Heh al, 2003, Schroedeand Flynn,
2001).

Notwithstanding, few studies have focused on thatiomship between contextual
variables and OP. Consequently, to date no resdamshbeen conducted into the
influence of contextual variables on OP in the eghbf the electronics and machinery
sectors. The environmental complexity, plant foqoisant size and plant description
variables can have different impacts dependinghenindustry’s distinctive features.
This could be the case of the machinery and eleicisosectors, where processes and
product characteristics differ widely. For exampiethe case of plant description, the
machinery sector is characterized by low or singlé production volumes, whereas
volumes are high in the electronics sector. Sinyilaiant size could limit a company’s
flexibility to respond to any changes requireddbdize.

Some empirical studies have considered contextaatorfs that influence the
effectiveness of operations programmes, for ingahtS, TM practices and plant size;
environmental complexity and plant description (eMachuceet al.,2011; Garridoet
al., 2015); and TM with plant size and plant focus (&l Jayaram, 2003). Thus,
contextual variables can have a significant effectOP. The following hypothesis is
therefore formulated:

H5.Contextual variables are positively associateith \@P.

The research model has been represented in Figure 1



a) Hla c) H2a

Contextual
variables

Contextual
variables

Contextual
variables

b) H1b d) H2b f) H3b h) H4b i) H5a

Figure 1 - Research model

3. Research methodology

3.1 Sampling and data collection

The empirical analysis was based on the currergbdae of the fourth round of the
international HPM (High Performance Manufacturipgpject database (2016), which
includes 309 manufacturing plants (auto supplieacimmery and electronics). The
research technique used for data collection wastey. The analytical unit was the
plant. The HPM database covers the machinery asxirehics industries in fourteen
countries (Austria, Brazil, China, Finland, Germalsyael, Italy, Japan, Korea, Spain,
Sweden, Taiwan, UK and Vietnam), with data takemmfr231 plants with 100+

employees, divided into 116 plants from the maalyirsector and 115 plants from the
electronics sector (see table 1).

Table 1 — Sample profile.

Country Electronics | Machinery Total
Plants plants

Austria 1 6 7
Brazil 5 7 12
China 10 17 27
Finland 6 6 12
Germany 6 13 19
Israel 21 5 26
Italy 7 17 24
Japan 6 7 13
Korea 8 5 13
Spain 8 7 15
Sweden 4 4 8
Taiwan 19 10 29
UK 4 5 9
Vietnam 10 7 17
Total 115 116 231




Each questionnaire in this research study wasréailto the expertise of the focal
informant following the key informant method (Bagoet al, 1991). The items used in
the present research were responded to by atteaslifferent managers/workers (plant
accounting managers, direct labor, human resouraeagers, inventory managers,
process engineers, plant managers, quality managepervisors) in the plant for
information to be triangulated. A total of 23 resdents per plant submitted their
surveys. All the scales and measures of manufacfymactices considered in the HPM
project were included in these questionnaires. & drferent researchers developed and
reviewed items for the scales to ensure the comalidity of the questionnaires. The
guestionnaires were piloted using industry expartd academics, and items were
included in at least two different questionnairesréormation could be triangulated for
greater reliability. This provided a cross-sectiomaage of the plants that prevented
individual bias (Van Bruggenet al, 2002; Sakakibaraet al, 1997) while
simultaneously increasing validity.

3.2 Reliability of the scales

The items and questions in each scale were randdstey in each of the questionnaires
in order to prevent any respondent bias. The iteere reviewed by a panel of experts,
bibliographical review and structured interviewgdapiloted in several plants to improve
content validity (Nunnally, 1967). The questioneaimwere reviewed during the first,
second and third rounds of the HPM project on theidof the data collected and
lessons learned from analyses, with invalid scelesinated or modified to improve
their reliability and validity. Other scales wells@added to evaluate new concepts. The
questionnaires were translated to local language®mn-English speaking countries and
then back-translated by different individuals teedk their accuracy. Any differences
identified during this process were resolved befthhe surveys were launched.
Questionnaires were also analyzed for reliabilitgd @onstruct validity using the usual
statistical tests (including inter-correlation nmeds, Cronbach's alpha (Cronbach,
1951), factor analysis and canonical correlatiohy. a result, internal consistency,
content validity and construct validity all achieviigh values on the scales eventually
used (Sakakibarat al, 1999 Amahadand Schroeder, 2002; Schroedand Flynn,
2001; Flynret al, 1995, Machuca et al., 2011).

Additionally, Harman'’s single factor test was usedest the common method bias.
This method is the most widely used in the litemt(Podsakoffet al, 2003). For
electronics the total variance explained by thet faomponent was 30.919% and for
machinery it was 25.754%. As the percentage of teance explained was below
50% in both cases, nonsignificant common methosl éfiects existed.

MS and TM were measured perceptually on a sevem-fokert scale from 1=
strongly disagree to 7 = strongly agree. Religbivas measured by Cronbach’s alpha
(Cronbach, 1951) and values were above 0.6 (gtat, 2011), implying that they were
internally consistent. Tables 2 and 3 show the @ach's alpha values obtained for each
scale and industry and their confidence intervidlsn{ng and Franses, 2003Yhe MS
construct achieved Cronbach's alphas of 0.732 aB@20in the machinery and
electronics sectors, respectively.TM achieved Caghls alphas of 0.742 and 0.738 in
the machinery and electronics sectors, respectiVdlg items corresponding to each of
these subscales are given in Annex E. Additionalbyyvergent validity was tested for
the average variance extracted (AVE). All AVE vaugere above the recommended
threshold value of 0.5 (Fornelhd Larcker, 1981).

OP was measured through 5 items (Tables 2 ande3pdRdents were asked to rate
their plant's performance against its primary cotmbgrein the industry on a five-point
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Likert scale from "poor, low end of industry" (19 tsuperior" (5). The OP construct
achieved Cronbach’s alphas of 0.834 and 0.829 céisply in the machinery and
electronics sectors. In case of the AVE, all theles were above 0.5.

Composite reliability (CR) also was calculated atidthe MS, TM and OP values
were higher than the minimum recommended valuadoeptable internal consistency
(CR above 0.70) (Kline, 2011).

The contextual variables used in this research :.w#amt size (PS); environmental
complexity (EC); plant focus (PF); and plant dgstton (PD). Annex F lists the item
measures for each of these contextual variabldde Bashows the average values of the
contextual variables by sector.

Table2 — Reliability of scales in machinery sector

Load Cronbach’s a
Variable / Dimension (Confidence AVE CR
Factor :
intervals)
0.732
MS (0.639 — 0.801) 0.599 0.851
MS1| Formal strategic planning 0.857
MS2 | Anticipation of new technologies 0.484
MS3 Implementation of manufacturing 0.871
strategy
MS4 l\_/lanufactunng—busmess strategy 0.821
linkage
0.742
™ (0.771 — 0.871) 0.664 0.855
TM1 | Modularization of products 0.763
™2 Mar)ufacturlng involvement in produdt 0.829
design
TM3 | Supplier involvement 0.850
0.834
OP (0.778 — 0.875) 0.607 0.885
Conformance to product specificatiops 0.744
Product capability and performance 0.790
On-time new product launch 0.738
Product innovativeness 0.823
Customer support and service 0.797

Table 3 — Reliability of scales in electronics sect

Load Cronbach’s a
Variable / Dimension (Confidence AVE CR
Factor X
intervals)
0.822
MS (0.689 — 0.842) 0.677 0.891
MS1| Formal strategic planning 0.874
MS2 | Anticipation of new technologies 0.57(
MS3 Implementation of manufacturing 0.900
strategy
MS4 I\_/Ianufacturmg-busmess strategy 0.896
linkage
0.738
™ (0.640 — 0.809) 0.656 0.851
TM1 | Modularization of products 0.827
™2 Manufacturlng involvement in produdt 0.788
design




TM3 | Supplier involvement 0.815
oP 0.829 0.600 0.882
(0.771-0.872)] '
Conformance to product specificatiops 0.649
Product capability and performance 0.829
On-time new product launch 0.75
Product innovativeness 0.839
Customer support and service 0.7456
Table 4 - Descriptive information on the contextvaliables
Machinery | Electronics
Variable Mean Mean
PS: Plant size 5.918 6.104
EC: Environmental complexity 3.171 3.348
PF: Plant focus (type of plants) 2.853 3.336
PD: Plant description 2.627 3.124

3.3 Model evaluation

Hierarchical regression analysis was used to beshypothesis. This analysis allows the
researcher to identify the percentage of varianpéaened by each independent variable
in a separate mode (Pedhaaad Schmelkin, 1991; Caglianet al, 2006). Division of
variance by hierarchical regression analysis isntlest appropriate methodology when
there are correlations between the independentablas. Hierarchical regression
analysis is also recommended over structural egumtmodeling (SEM) when the
sample size is under 200 (Kline, 2011; Barrett,2200h this research, the samples are:
115 for electronics sector; and 116 for machinecta.

Correlations between the variables considered enatialysis are shown in Table 5
(machinery plants) and Table 6 (electronics plantsinust be noted that significant
correlations exist between contextual variables NS, and OP. These correlations
should be considered for further analysis.

Table 5 - Correlation results for machinery plants

Mean| S.D. | PS | EC PF PD MS ™ OP
PS |5918| 1.200| 1 | 0.1 | -0.059 0.065 0.170 | 0.259** | -0.150
EC | 3.171| 0.909 1 0.119 | 0.349*** | 0.024 | 0.030 | -0.054
PF | 2.853| 0.831 1 0.131 | -0.149| 0.086 0.071
PD | 2.627| 1.188 1 0.182 | 0.089 0.050
MS | 3.923| 0.473 1 0.340*** | 519%**
TM | 3.738] 0.655 1 .380***
OP | 3.713] 0.644 1

*P<0.1; *P<0.05; **P <0.01
Table 6 - Correlation results for electronics plant

Mean | S.D. |PS| EC PF PD MS ™ OP
PS | 6.104 | 1.161| 1 | 0.100| -0.041 | -0.080 |0.451** | 0.087 0.118
EC | 3.348 | 0.771 1 | -0.045|0.510** | 0.087 0.128 0.026
PF | 3.336 | 0.928 1 -0.062 | 0.129 0.051 0.042
PD | 3.124 | 1.100 1 -0.049 | 0.085 | -0.030
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MS | 4.004 | 0.542 1 0.376*** | 0.535***
TM | 3.789 | 0.564 1 0.288***

OP | 3.807 | 0.626 1
*P<0.1; **P<0.05; **P<0.01

The independent variables were included one bytortest the hypotheses, and in
two stages depending on whether the contextuahbias were present or not. In the
first stage (not considering contextual variabl®$y was included in isolation (Model
1; H1a); subsequently TM was included in isolaiiptodel 2; H2a); next both variables
were included together (Model 3; H3a) and lastly thteracting effect of TM on the
MS-OP relationship was included (Model 4; H4a).

In the second stage, first the control variablessviiecluded (Model 5; H5); then MS
was included in isolation (Model 6; H1b); subsedle®M was included in isolation
(Model 7; H2b); and lastly the two independent ableés were included together
(Model 8; H3b). Finally, Model 9 (H4b) included tiMS - TM interaction effects. The
contribution of each set of variables was evaludtgdletermining the significance of
the F-statistic associated with the change in &ejud? after including each set
(Pedhazuand Schmelkin, 1991; Cagliaret al, 2006).

The required sample size for testing an overalieggion model is 50+8k (k is the
number of predictors or independent variables)miodels 1, 2 and 4 there is one
predictor (k=1), thus requiring a sample of 50+8&#5 order to contrast the regression
model in full. For model 3, there are two predist¢k=2), resulting in a minimum
sample of 66 companies, while model 5 requires foadictors (k=4) and a minimum
sample of 82 companies. For models 6, 7 and 9 therdive predictors (k=5), which
requires a sample size of 90. Finally, model 9 $iaspredictors (k=6) and requires a
sample size of 98. For testing individual predisidhe required sample size is 104+k
(Tabchnickand Fidell, 2013). According to individual predictothe minimum sample
in this research should be 110 because k = 6, d@emsg the maximum number of
independent variables to test (PS, EC, PF, PD, M&TaM). Therefore, the samples
used of 115 for the electronics sector and 116rfachinery sector meet the minimum
requirements satisfactorily.

4. Results and discussion

4.1. The machinery sector

The results obtained for the machinery sector ukiagarchical regression analysis are
given in Tables 7 and 8. In the first stage, whiee tontextual variables were not
considered, the results showed that both MS anch@ relationships with OP that are
positive and significant. Therefore, Hla and H2a accepted. When both variables
were included, results were again positive and ifsoggmt for OP, with Model 3
achieving better results (adjustei=R0.302, F = 22.021, p <0.01) than the previous tw
models, thereby supporting H3a. This highlightsithportance of having both of these
advanced manufacturing practices implemented toaagOP in the machinery sector.
Model 4, which included the interaction effect, wassitive and significant for OP
(adjusted R=0.271, F = 37.016, p <0.01). H4a is thereforeepted. However, Model
3 was better with the joint inclusion of the tworiahles than when their interaction
effect was analyzed (Model 4).
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Table 7 — First stage: MS, TM and OP in machinexgtar

OoP
Factor Model 1 Model 2 Model 3 Model 4
MS 0.519*** 0.441***
™ 0.380*** 0.233*
MS*TM 0.528***
F 35.668*** 16.186*** 22.021*** 37.016***
R2 0.269 0.144 0.317 0.278
Adjusted R2 0.261 0.135 0.302 0.271

P<0.1; *P<0.05; **P<0.01

Contextual variables were added in the second sMgdel 5, which included only
contextual variables, did not show any significagffect. Only environmental
complexity presented a significant negative infeeeron OP; therefore, H5 is not
supported. When MS was added to the linear regne¢bodel 6), the results showed a
significant effect on OP while contextual variablesntinued to show no effect
(adjusted R=0.261, F=5.095, p<0.05). In Model 7, TM showedignificant positive
effect. This was not the case of any of the contxtariables (adjusted’R0.180, F=
3.548, p < 0.01) except for EC, which presentedgaifscant negative effect on OP.
These results lend support to H1b and H2b. WhenT&and the contextual variables
were analyzed in conjunction (Model 8), MS and TNbwed a significant positive
effect on OP (adjusted?R0.348, F=6.155, p<0.01). The contextual variabstinued
to be non-significant except for EC, which had gnsicant negative effect. Therefore,
H3b is supported. Finally, when the interactingeef§ of MS-TM were included
(Model 9), the results showed a positive effect@ (adjusted &0.335, F= 6.847,
p<0.01), supporting H4b. The highest adjustédeRel was in Model 8. This means that
Model 8 predicts OP better than the other modeist@ contextual variables affect this
improvement.

The results of the second stage in machinery plantsved that the presence of
contextual variables influenced the improvementO&f, except for EC, which had a
significant negative effect in the model. In otheords, the contribution of the
contextual variables (except EC) examined is, imegal, a positive but non-significant
effect on OP, which results in an increase in theffecients that measure the MS - OP
relationship (Model 1§ = 0.519 vs. Model g} = 0.538) and TM (Model 33 = 0.380
vs. Model 6, = 0.430). Likewise, TM made a greater contributionOP in the
presence of the contextual variables and MS (M&¢l = 0.233 vs. Model 8p =
0.322). The impact of the TM interaction effect tre MS-OP relationship was
observed to increase in the presence of the carstexariables (Model 45 = 0.528 vs.
Model 9, = 0.590). These results show that joint MS and ifflyplementation and
interaction have an effect on OP even in the pmsad contextual variables. This
means that in the joint implementation model (&thkof the independent variables, MS
and TM, have effects on OP that are not conditiomal the value of the other
independent variables, and the value of the inddgr@nvariable itself is not conditional
on OP or on any other independent variable. Inctse of the interaction model (9), it
is implied that the form and/or strength of theeeffthat a plant's MS has on its
effectiveness is contingent on TM and, at the same, the form and/or strength of the
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effect that a plant’'s TM has on its effectivenessontingent on MS. In simpler terms,
the interactive effect of a plant's MS and TM vitipact OP.

Therefore, machinery plants have to implement bofferations programmes
together. This means that joint and interactivel@mgntation of the two practices will
result in higher performance than the implementatid either of the two practices
individually. In other words, when the two practcare implemented in interrelation
with one another, they result in higher performamdgen the company context is
considered in terms of PS, PF and PD.

Hierarchical regression analysis results showetth®avariable EC has a significant
negative effect on OP. One possible explanationtHer is that machinery plants that
opt for jobbing and project processes are oftemdon the engineer to order (ETO) or
make to order (MTO) sectors. Thus, these plantk #ee ability to customize and to
reduce their operating expenses. This is partiguldifficult in this sector, as these
firms are not always able to adopt mass produgbimtessing efficiencies (Hendry,
2010).

Table 8 — Second stage: contextual variables, N\M&amd OP in machinery sector

OP
Factor Model 5 | Model 6 | Model 7 | Model8 | Model 9
PS 0.034 -0.131 -0.074 -0.186 -0.138
EC -0.283** -0.218 -0.308** -0.247** -0.270**
PF 0.063 0.156 0.050 0.132 0.112
PD 0.095 0.040 0.133 0.077 0.097
MS 0.538*** 0.454***
™ 0.430%** 0.322***
MS*TM 590***
F 1.154 5.095** 3.548*++ [ 6.155*** 6.847***
R2 0.079 0.325 0.251 0.415 0.392
Adjusted R2 0.011 0.261 0.180 0.348 0.335

P<0.1; *P<0.05; **P<0.01

4.2. The electronics sector

The first stage results for the electronics seetidh the inclusion, first of MS in
isolation, and subsequently of TM in isolation, green in Table 9. First (Model 1) the
effect of MS on OP was tested and the result watipe and significant (adjusted’R
0.279, F = 36.976, p <0.01), so Hla is supportexkt \Model 2) the effect of TM on
OP was tested and a significant positive relatignstas also obtained (adjusted R
0.072, F = 7.610, p <0.01). Hence H2a is suppoiféeén, the combined effect of the
two variables was tested; MS was observed to repasitive and significant, whereas
TM had a positive but non-significant effect on @@justed R= 0.272, F = 16.913, p
<0.01). Finally (Model 4) the interaction effecttbe two variables was tested, resulting
in a significant positive effect on OP (adjusted R 0.230, F = 26.352, p <0.01).
Therefore, H3a is not supported while H4a is.

Table 9 — First stage: MS, TM and OP in the eletits sector
OoP
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Factor Model 1 Model 2 Model 3 Model 4
MS 0.535*** 0.495***

™ 0.288*** 0.092

MS*TM 0.489***

F 36.976*** | 7.610*** | 16.913*** [ 26.352***
R2 0.287 0.083 0.290 0.239
Adjusted R2 0.279 0.072 0.272 0.230

P<0.1; *P<0.05; **P <0.01

In this first stage, it was observed that in theecaf the electronics industry the
effects of the two studied variables independehdy significant positive impacts on
OP. Notwithstanding, when the two variables weduded together, the effect of TM
on OP decreased and ceased to be significant, vii§e remained positive and
significant. However, the interaction effect betwethe two variables showed a
significant positive relationship with OP. One pbksreason for these results could be
industry-specific characteristics, such as shavtpct life cycles, volatile markets and
high global competition, all of which require an Nt&t guides these types of industries
toward OP improvement and the preservation or geioer of competitive advantages.
Thus, it can be seen that TM must be present ®MB-OP interaction relationship to
be competitive.

Contextual variables were included in the secoadesbf the analysis (Table 10). In
the first instance (Model 5), only the effects loé tcontextual variables were measured
and a weak relationship with OP was observed. TowreH5 is not supported. When
MS was added to the analysis (Model 6), it sigaifity affected OP (adjusted’R
=0.284, F=4.731, p<0.01), while the contextual afsles did not (H1b supported).
However, when TM was added to the analysis (Modleh&ther TM nor the contextual
variables showed significant relationships with @& H2b is not supported. When MS,
TM and the contextual variables were included toge{Model 8), only MS continued
to be significant (adjusted®R0.229, F=3.176, p<0.05). These results do not aipp
H3b. Finally, when the interaction effect was ir#d (Model 9), the results showed a
positive effect on OP (adjusted’®.162, F=2.703, p<0.05), supporting H4b. This
provides some support for the assertion that tisea@ interaction relationship between
the two practices.

These results show that the effects of contextaahiles are nuanced depending on
the operations programmes with which they are aatsuat For example, in Model 6 the
contribution of the contextual variables in thecélenics sector can be observed to have
nonsignificant negative coefficient values, whicltaymresult in an increase in the
positive impact of the MS coefficients on OP (Modelp = 0.535 vs. Model 63 =
0.621). Similarly, the contribution of MS to OP irases in the presence of the
contextual variables and TM (Model 8= 0.495 vs. Model 8} = 0.571). This suggests
that electronics companies must implement MS toavg OP, irrespective of PS, CE,
PF and PD. To the contrary, TM’s contribution to @Ecreases and ceases to be
significant in the presence of the contextual \@ea (Model 28 = 0.288 vs. Model 7,

B = 0.251). However, the impact of the TM interacteifect on the MS-OP relationship
is observed to decrease in the presence of thexdoat variables (Model 4 = 0.489
vs. Model 98 = 0.458). This means that TM is sensitive to plardracteristics such as
plant size, type of manufacturing process, etc.
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Table 10 — Second stage: contextual variables, M&and OP in electronics sector

OoP
Factor Model 5 Model 6 Model 7 Model 8 Model 9
PS 0.111 -0.153 0.106 -0.107 -0.02¢
EC 0.013 -0.002 -0.003 0.012 -0.018
PF -0.010 -0.062 0.004 -0.050 -0.020
PD -0.212 -0.126 -0.241 -0.137 -0.188
MS 0.621*** 0.571***
™ 0.251 0.018
MS*TM 0.458***
F 0.661 4.731%** 1.313 3.176** 2.703**
R2 0.058 0.360 0.144 0.334 0.257
Adjusted R2 -0.030 0.284 0.034 0.229 0.162

P<0.1; *P<0.05; **P <0.01

Therefore, companies in the electronics sectorlghoansider that MS has a greater
impact on OP than TM. However, TM is consideredmmon practice in this type of
industry, and its implementation can interact withe MS - OP relationship.
Specifically, implementing an MS via strategic plartg and anticipation of new
technologies can provide the means to respondoidlyeevolving technology and short
product life time in this type of industry and uitately to improving OP (Livand
Liang, 2015).

5. Conclusions and final considerations

5.1 Empirical evidence and previous literature

Organizations are increasingly implementing MS andl practices to improve
performance (e.g., Matsui, 2002; Ketokiend Schroeder, 2004; Prajogo, 2016).
However, the literature shows mixed results whean@ring the relationship between
MS and TM practices and OP (Matsui, 2002, Macletcal, 2011). Some studies have
found that MS and TM practices together can leadligher performance than when
they are implemented individually (Matsui, 2002;n8tag, 2003; Machucat al,
2011). However, joint MS and TM implementation éated to OP, but not in the same
way in different industries (Garridet al, 2015). Nevertheless, the literature has
provided little explanation as to how the MS and Téfationship affects OP when
different contextual factors exist. Drawing on dongéncy theory, this paper tests
whether the relationship between MS and TM is &#@dy contextual factors in two
industrial contexts, the electronics and machirsagtors. These sectors have different
competitive environments and characteristics im$eof products and processes.

The results show a positive effect of MS on OPtlfar two sectors studied and that
this effect improves in the presence of context@lables. These results corroborate
earlier studies, such as Machuwetaal. (2011), which concluded that MS has a positive
relationship with performance in the automotive poments sector and continues to do
so even in the presence of contextual factors. éfbe¥, empirical evidence has been
found that indicates that MS is an essential pradih the machinery, electronics and
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automotive components sectors and that it mustrggemented for OP to improve
(Machuceet al, 2011; Garrideet al. 2015).

With respect to TM, this practice significantly iagds OP in the machinery sector,
but not in the electronics sector. The resultsiobthin the electronics sector are in line
with Machucaet al. (2011), who did not find any empirical evidence &positive TM-
OP relationship in the automotive components seeiitiner. These results seem to be
incompatible with the characteristics of the elewcics sector: for example, fast
technological evolution and short product life time@ the automotive components
sector, which needs to rapidly adapt to technoldghanges in the automobile
industry. Furthermore, these two sectors have mvecwl with fierce global competition.
According to these results, TM might be considesepractice that is a requisite for
survival in the electronics and automotive compdsesectors, i.e., a minimum
requirement, an order qualifier. As a result, TM little influence on OP. However, in
a sector such as the machinery industry, charaetérby less repetitive processes,
complex information exchanges with the customed, soradic customer orders, TM
can be a differentiating practice capable of beognan order winner. As such, the
results reveal differences between sectors in MeOP relationship and this creates a
new research gap with further evidence needed efeffect of TM on OP in other
sectors.

Likewise, when a plant seeks to implement only oh¢he two practices (MS or
TM), the benefits are maximized when the plant asplements the basic techniques
of the other practice, and this is even more pentinn global markets, where there is a
dynamic and highly competitive environment (Kareh al., 2008). In line with the
above, the results of this research in the machirsactor show that the joint
implementation of MS and TM practices and theietiattion can produce a greater
improvement to OP than implementing either of theo tpractices individually.
However, the results reveal certain nuances in ithprovements to OP in the
electronics sector when either MS or TM is impletedrin isolation compared to when
the joint effect is analyzed or the two practicgeinact. In other words, MS is observed
to make a greater individual contribution to OPntlnghen it is linked with TM. This is
in line with the Machucat al. (2011) study on the automotive components sector,
which shows that the joint MS - TM effect does patduce a significant improvement
to OP. This creates a gap in research with resesetied on these two practices’ joint
and interaction effects in other types of indussector.

In other respects, when contextual variables watkided in the models, the results
showed certain differences between sectors. Somextaal variables (PF and PD) did
not have a positive relationship with OP in thecklmics sector (Model 5) and none
was significant. However, when they were includethwiS, only Model 6 improved
slightly on Model 2. In all other cases, none o ttmodels considering contextual
variables improved. In the case of the machinecyosgof all the contextual variables
only environmental complexity had a significant atge effect and the model
improved overall. Furthermore, the results of Med&through 9 showed improvements
in the presence of the contextual variables congptwevhen they were not included
(Models 1 through 4).

In other respects, MS - TM interaction showed aificant positive effect on OP in
both sectors, both in the presence of the contextrgables were present and when
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they were not included (Models 3 and 8). The jamplementation of the two practices
only had a significant positive effect on OP in thachinery sector (Model 4), and this
was even greater when the contextual variables ineheded (Model 9). Therefore, this
paper also posits that there are significant dffees in performance that depend not
only on the implementation levels of MS and TM pices in plants, but also, to a
certain degree, by the contextual variables thatranluded in each specific case.

5.2. Theoretical implications

This paper looks beyond the challenges that plEas when implementing MS and
TM. It considers the specific challenges to corgimgy theory in Operations
Management with respect to the influence of cont@xtvariables on MS and TM
practices in two different industries, electroréecsl machinery, in 14 countries on three
continents (America, Asia and Europe). Researclpgeals are developed through a
survey of research questions, enabling this staaffer some theoretical contributions.

First, and most importantly, the paper identifiegious degrees of MS and TM
implementation that enhance OP for manufacturersoith of the studied industries.
Thus, these findings contrast with previous widsdgepted views that internal practices
and techniques provide a better explanation ofoperdnce than the context in which
plants operate by supporting an alternative vieat tthe joint implementation of
manufacturing practices and contextual factors rdmutes to the explanation of OP
(Schroederand Flynn, 2001; Sousand Voss, 2008). In addition, further research is
needed to identify whether a more holistic multi&e fit model with several operations
programmes requires contextual factors to allowrfdustry constraints.

The second contribution identifies that performamappears to be a function of
interaction in the MS-TM relationship. This obsdrea suggests that overcoming
challenges may well involve studying these prastit®yether on the bivariate level,
which may help to identify and structure future ersfanding of the areas that
researchers ought to consider when trying to utaedsthe connection between MS-
TM and OP outcomes for other types of industriessupport of this suggestion, the
study argues that decisions and activities arelylike be embedded in plants
considering well-integrated practices that contebido competitiveness in conjunction.
Taking this broad, integrative perspective of tlmacpces in question should enhance
understanding of the way that manufacturers ofediffit products implement such
practices and overcome, or fail to overcome, kewllehges as they attempt to
manufacture. Manufacturing in both our selectedustdes is likely to involve MS
processes that are based on, and linked to, TMepses. These processes run in
parallel, with important points of contact betwetie practices involved in both
processes that appear vital to successful prodacufacture. Although this approach
can generate some bureaucratic issues, in comtrgsior research (Sonntag, 2003), it
appears to also possibly mean that firms adoptnanmoan manufacturing process that
plant employees understand, despite the poterti@hge that the interaction brings.
This common understanding may thus be an imporactor in whether or not
manufacturing practices or initiatives are sucagdsdflanagerial implications emerge
with regards to the responses adopted to overcey@keraction challenges across two
types of industries with differing products. Thigggests that manufacturers should not
uncouple their established MS-TM integration, desgiome calls to do so (Matsui
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2002). Instead, manufacturers with strong inteosstishould attempt to create new
system fits in parallel with, and in support ofeithother existing practices, recognizing
that retaining one focused interaction may ultiyatesk limiting their ability to
successfully compete. If disruptive manufacturihgeatens to destroy their existing
market completely, then a more radical shift towaranore holistic focus may be
preferable. Plants attempting to build new manuii@egy models face challenges around
key practices, needing to provide incremental suppdnile attempting to deliver step
changes in OP. Plants may need to have lines ofmtomtation, reduce conflict,
enhance learning, and understand issues to respahdse challenges. Structures also
need to be put in place to support clearer intemacicknowledgement and to help with
the constraints in many plants that hinder impletatgon efforts. This paper’s findings
suggest that contextual factors do not improve @Bnathis interaction is implemented.

The study’s third and final contribution focuses tre processes and actions
identified in this research that clarify and deefienevidence on the importance of the
two relationships, MS and TM, with performance. Sfpeally, findings show that MS
improves OP in both sectors. However, TM is ongngicant in the machinery sector.
Furthermore, the empirical evidence clarifies theerplay among these practices and
illustrates which are essential when seeking aarsal fit between either MS or TM
and OP.

5.3 Managerial implications

The outcomes of this paper can guide managersregtkidefine TM and MS and their
implementation options in their plants. Specifigalthis paper provides valuable
information for industrial plant managers by idéntig some relevant practices that
must be considered when integrating manufacturingpgnams. The usual
implementation of MS and TM (joint implementatiomda interaction) results in
significant differences in effectiveness outcomaes sectors with short life cycle
products, such as the electronics sector, and tiidkdonger life cycle products, such
as the machinery sector. Further, although wealhjtiagree and have discussed that
contextual factors may also contribute to the exgi@n of competitiveness variation,
they resulted few to none: contextual factors sagtS, CE, PF and PD were believed
to affect performance, none did so. Moreover, aogsjple environmental effects
(whether positive or negative) are minimized whe@ &d TM are integrated.

For manufacturers at more mature stages of MS awdirfiplementation, these
results may offer guidelines for reshaping theirplementation in operations
management. This part of the paper indicates thanh eén such different sectors as
machinery and electronics, plants’ internal pragimay provide a better explanation of
their effectiveness than the context in which thpgrate. This also further supports the
theory that well-integrated manufacturing prograncan lead to significant
improvements in competitiveness. Nevertheless, gemahave to be aware that the
different implementation options afforded by suchograms are never free of
contradictions.

5.4. Limitations and further research
The exploratory nature of this study means thaitdtions exist with regard to its
generalizability. This paper has attempted to wggtish manufacturers with particular
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approaches identified in the worldwide HPM projgwit have chosen to focus not only
on MS and TM, but on several other practices, sashTQM, Total Productive
Maintenance, Supply Chain Management, Lean Manufiacf, Information Systems,
as well as on more of a “rifle approach”. Two sfpecindustries (machinery and
electronics) were selected rather than making amsénminate approach with data
collected from a wide range of industries, since thsults were expected to be more
generalizable and readily interpretable. Howevarure research could consider
additional variables and industries that might iotpthe effectiveness of responses to
various fit approaches, such as interaction, coatlun, and universal fit (i.e., only one
program influencing performance) in challenges tacfice implementation, such as
differences in gender or age or length of serviagure research should also test the
impact and challenges posed by the implementatigheoidentified practices, and the
types of responses adopted, using large samplesantifacturers in other industries.
Another potential limitation relates to the hetasogity of the industries. Although
further exploration is required, the present papeapproach has provided important
insights into the commonality of practices acrossywdifferent plants within industries
and, thanks to its integrative approach to researah be seen to also give interesting
insights into common issues that many manufactieees

Further studies in the future can approach anduatalMS, TM and contextual
variables for each OP scale separately to determimeh variables have a direct effect
on specific operational measures. This analysisaftextual variables should also
provide guidance for researchers looking to ina@eth® practical relevance of their
research and the depth of their analysis by emglilvem to focus sharply on the
contextual variables that are of paramount impagai his study can also be extended
to other contextual variables, manufacturing pcastiand industries to ascertain what
effect they have on OP. Similarly, the interven@ffiects of contextual variables on MS
and TM relationships or other manufacturing pragishould be analyzed in detall
using the fit concept; both the bivariate perspegtsuch as mediation and interaction,
or the systems perspective, such as covariatian,Lastly, it would be interesting to
conduct longitudinal studies to determine whether interrelationships of advanced
manufacturing practices must change or evolvene lvith market changes. In this
regard, projects such as the HPM project, with mgerations over a number of years,
provide a good basis for research (Hallgaed Olhager, 2006).
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Sonnta and’serF\)/iF::e Texplain how companies adgptot only for companies to be able |to
20039’ roviders in the to technological change anddapt to technological change, but also
P ) what the source of that chander their ability to adapt to changes |in
countries of the| .
is. the future.
European
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2004 industries in | argument in MS research. contingency argument has stronger
Germany, ltaly, support.
Japan, the UK
and the USA.

90 auto s_upp_lle . . MS has a positive relationship with
companiesin | To examine the relationship

Germany, ltaly,| between MS and TM and itgerformance, and continuegfo do so

Machucaet o N even when contextual factors are
Japan, South | effect on OP; likewise in the
al., 2011 . resent. However, TM does not have ja
Korea, Spain, | presence of contextu - . L
Sweden and thevariables positive relationship with performance

USA/Canada. in either case.

90 auto supplie
companies in

Austria, To examine the interaction fit N N .
. No significant deviation in OP from
Finland, between a set of MS . . .
Ortegaet . . igh and low implementation levels [of
al 2012 Germany, Italy,| managerial practices and a T he MS / TM relationshi
N Japan, South | set and the link between this fi P

Korea, Spain, | and OP.
Sweden and thé
USA/Canada.
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supplier,
machinery and| To examine whether there are
electronics | differences in the ways that TM
plants in and MS are implemented |MS and TM implementation is related
Garridoet Austria, different  sectors, wheth¢to OP but not in the same way in the
al., 2015 Finland, implementation is linked tpthree sectors because of the influence of
Germany, ltaly,| performance, and whetherontextual variables.
Japan, South | contextual factors explain the
Korea, Spain, | differences.
Sweden and thg
USA/Canada
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ANNEX E. Items related to MS, TM and OP scales.

Manufacturing Strategy (MS)
Adapted from: Schroedand Flynn (2001), Matsui (2002), Machuegal. (2011), Ortegat al.
(2012) and Garridet al.(2015).

MS1: Formal strategic planning

» Our plant has a formal manufacturing strategy mecehich results in a written mission,
goals and strategies.

» This plant has a manufacturing strategy, whichuisito writing.

» Plant management routinely reviews and updatesgriange manufacturing strategy.

MS2: Anticipation of new technologies

* We pursue long-range programs in order to acquarufacturing capabilities in advanceg
of our needs.

« We make an effort to anticipate the potential ofvnmanufacturing practices and
technologies.

» Our plant stays on the leading edge of new teclgyalo our industry.

» We are constantly thinking about the next genematfomanufacturing technology.

MS3: Implementation of Manufacturing Strategy

=

* The improvement programs that we pursue to improperations are based on oy
manufacturing strategy.
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* Improvement programs are an essential elementrahaaufacturing strategy.

» Changes to the manufacturing strategy are deplioytee entire manufacturing area.

* The plant’s performance measures clearly reflecpiant’s goals.

* What the strategy says and what we pursue on thefstor are two different things.

» Corporate decisions are often made without conaiaer of the manufacturing strategy

MS4: Manufacturing-business strategy linkage

* We have a manufacturing strategy that is activahgped.

» Our business strategy is translated into manufaciuerms.

* Potential manufacturing investments are screenedcémsistency with our busines
strategy.

» At our plant, manufacturing is kept in step withr business strategy.

1¥2}

Technology Management (TM)
Adapted from: Schroedand Flynn (2001), Matsui (2002), Machuegal. (2011), Ortegat al.
(2012) and Garridet al. (2015).

TM1: Product modularization

* Our products are modularly designed so they canajmdly built by assembling modules.
*  We have defined product platforms as a basis toréuproduct variety and options.
» Our products are designed to use many common nm&dule

TM2: Manufacturing involvement in product design

» Manufacturing engineers are heavily involved pt@the introduction of new products.
* New product design teams have frequent interaetitmthe manufacturing function.

* Manufacturing is involved at the early stages off peoduct development.

» The manufacturing function is the key to improvimeyv product concepts.

TM3: Supplier involvement

» Suppliers are involved early in product design refo

* We partner with suppliers for the design of newdpiais.

» Suppliers are frequently consulted during the desighew products.
» Suppliers are an integral part of new product desifprts.

Operational Performance
Adapted from: Miller and Roth (1994), McKoret al. (2001), Schroedeand Flynn (2001);
Ketokivi and Schroeder(2004), Ahmaet al. (2010), Machucat al(2011), Pharet al. (2011)
and Hilmolaet al(2015)

» Conformance to product specifications.
* Product capability and performance.

* On-time new product launch.

* Product innovativeness.

» Customer support and service.
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ANNEX F. Items on contextual variables scales.

Contextual variables
Adapted from: Schroedeand Flynn (2001), Ahmacet al. (2003), Dasand Jayaram, (2003
Machucaet al.(2011) and Garridet al. (2015)

PS: Plant size (number of employees)
PS = natural logarithm (number of employees)

EC: Environmental complexity.
Percentage of production volume manufactured ih eathe ways listed below. The sum of t
five items must be 100%.
* Dedicated flow line(s).
e Assembly line.
¢ Mixed model line(s).
e Manufacturing cells.
e Job shop.
e Other ways.

CE =5/600 x (1 x “other ways” + 2 x “job shop” +x3manufacturing cells” + 4 x “mixed
model line” + 5 x “assembly line” + 6 x “dedicatédw line(s)")

PF: Plant focus (type of plant).
Percent of plant production manufactured accortbrie strategies listed below (total sum
must be 100%):
* Engineer to order.
e Make to order.
e Assemble to order.
* Make to stock.

PF =5/400 x (1 x “engineer to order” + 2 x “makeorder” + 3 x “assemble to order” + 4 x
“make to stock”)

PD: Plant description.
The production processes in this plant are bestclexized as follows (total sum must be
100%):
* One of a kind.
* Small batch.
e Large batch.
¢ Repetitive/line flow.
» Continuous.

PD = 1/100 x (1 x “one of a kind” + 2 x “small bhtct 3 x “large batch” + 4 x “repetitive/line
flow” + 5 x “continuous”)
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