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1. Introduction and theoretical summary

My Ph.D. dissertation examinéise effects of certain manufacturing contingencies the
extent of use of manufacturing practices by manufaing companies, and also the
consequences of these effects on operations peréoce.

Research conducted on contingencies in the fielwpefations manageme(®M), and more
specifically in the field of manufacturing practsceras not so deep, so the topic is both very
actual and relevant. In the field of OM Sousa — 3/¢2008) highlighted the neglected
situation of the examination of contingencies. Theint out that more and more studies were
published recently that question the universal ltesaf manufacturing practice use — i.e. by
using the same manufacturing prectice, applyingpaories get different results from case to
case. These studies explain this phenomenon wélcontext-dependency of the practices.
Contingency theory that examined contingencies famnorganisational design point-of-view
was used earlier in the field of OM. The originahtingency theory works infiltrated OM
through the work of Skinner, and they led to thenufacturing strategy contingency
paradigm, according to which if the external antermal consistency of manufacturing
strategy decisions exists, that phenomenon improgegpany performance (Skinner, 1969).
At the same time though manufacturing practicesewmmt examined from this aspect, so it
was a logical choice to conduct my research omthaufacturing practices neglected from
the contingency theory aspect.

The choice of topic identifies several researchbpgms simultaneouslirst, there is an
obvious research gap in OM concerning contingen@esisa — Voss, 2008). Second, one can
find a lot of contradicting statements, resultgha existing knowledge about contingencies,
which raises the question of the generalizationtgiof certain theory. Third, one can find a
lot of untested hypotheses, models, propositionacepts inside theories of contingencies

generally, not just related to manufacturing.

The topic of my research fits into tleuropean research traditionThe history of OM
thinking was strongly influenced by the USA sinbe Second World War, which of course
affected the European trends as well. At the same there were some ideas born in Europe
which spread the whole world. One of these wastimtingency theory school in the middle
1960s, which was connected directly through OM bgodivard (1965). She uncovered

different factors of contingencies of OM and tedbgg in the manufacturing organisation



(Karlsson, 2009). The later development of contnayetheory was significantly influence by
the Aston studies (Pugh et al. 1963; Pugh et &8;1Bugh et al. 1969a; Pugh et al. 1969b).

In order to answer my research question | use uineeg method primarily, so my reseacrh
deals with the European approach in a more Amernicay) because research based on large
surveys is very popular among American scientistsertain industries, where the goal is to
reach statistical significance and reliability vehénalysing narrow research questions very
deeply with quantitative techniques on large databaOn the contrary, in Europe many
scientists work in industry or quite close to im&l sample, broad, longitudinal examinations
are frequent. Output is more about description laypbthesis fabricating than hypothesis
testing. My survey is supported by a series ofrimésvs | conducted with industry experts,

and they were used to discuss my results.

Logic of the research

Figure 1 shows the logic of my research togetheh wy research question | wintend to
answer. The reseacrh question is preceded by teratlire review sections.

First section: Which are those contingencies thet be considered as the most important
ones in the life of organisations based on prevexjgerience?

Chapter 1 of my dissertation shortly overviews ¢hosiajor fields that emphasize
contingencies to a greater extent. After that kpn¢ the identified contingencies from two
aspects in detail: first from the point of view ofganisation theory, then from strategic

management.

Second section: How can be these identified coaticigs interpreted and how do they
appear in the field of OM?

Chapter 2 of my dissertation investigates this ematin which | examine how can one
translate the identified contingencies to the lagguof OM as manufacturing contingencies,
while also presenting the existing OM literature @amtingencies and the actual problems

related to them.

Research question: Do manufacturing contingenadlsience, and if yes, how, the use of
manufacturing practices and the operations perfarogaof the manufacturing companies?
What kind of contingency — manufacturing practioafigurations can be identified and how

do these affect operations performance?



This question is investigated by statistical anefyt methods. The research question is
transformed into testable hypotheses, which amedoted in Chapter 3 of my dissertation

along with the research model.
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Figure 1 — Logic of the reseacrh



2. Research methodology

Figure 2 shows the elaborated research model, wdunhists of three major blocks. The first

block is the configuration of manufacturing progeawhich affects the second block, namely
operations performance. The third block includes ¢bntingencies which have a dual role.

First, they act as a driver of manufacturing praedi Second, | propose that contingencies
have a moderating effect on the relationship betwaanufacturing practices and operations
performance. As | mentioned earlier | identifiedifomportant contingencies whose effect

will be tested in the model: environment, size htedogy, manufacturing organization and

strategic focus. Similarly to Mintzberg (1979) Icapt the assumption that the causal
direction goes from the contingencies towards maetufing practices.

H4
i Manufacturing programs
driver
Contingencies:
H1
§ - eAiIronment
k3 - fize H3
h - technelogy moderator )
- strategic focus
R .
v . & 1 HE.
i /

Operations performant B

Figure 2 — The research model

The model is simpler than the theoretically possiii order to be able to handle the
relationships and does not include other continiganthat could be involved (e.g. culture,
country of origin, industry). |1 also do not analyflee relationship between operations

performance and business performance.

During testing the model | apply two forms of fitamely the interaction and the system
approach (Drazin — Van de Ven 1985), which are diferent level of the analysis. As for
the interaction approach, | investigate the refaiops between single manufacturing

programs and contingencies and their effect onatjpsis performance. During the system



approach | analyze different configurations of auggncies and manufacturing programs,
and the effect of these configurations on operatmerformance.

The interaction view is used to test the realtionships described with solid blénes on
Figure 2. First | uncover the connections betweeamurfacturing practices and operations
performance if the effect of contingencies is radrassed. This is followed by the addition of
contingencies to the empirical analysis. | exantirgerole of contingencies, to what extent are
they drivers of the use of certain manufacturingcpces, then | investigate the moderating
effects of certain contingencies on the relatiopsbetween manufacturing practices and
operations performance. In order to test thesmpgse three major hypotheses:

H1: the manufacturing programs investigated in thesearch model have significant
effect on operations performance.

H2: the contingencies investigated in the reseanctodel have significant effect on the
implementation of manufacturing programs.

H3: the contingencies investigated in the researomodel moderate the relationship

between manufacturing programs and operations penfiance.

Hypotheses H1-H3 are tested by SEM (structural equation modeling)remprecisely with
the PLS (partial least squares) approach, durinigtwhcan accept or reject hypotheses by
analysing regression equations. The PLS approackdrae very beneficial characteristics for
the analysis (Henseler et al. 2009):

1) it does not require any a priori assumptionshendistribution of the data;

2) it is robust using various scales;

3) it can handle complex models;

4) it can be used with smaller sample size too; and

5) it is adequate for explorative research likedhe | present in my dissertation.

The system view examines the joint effect of several contingenaesl manufacturing

practices on operations performance, and the mnegudonfigurations may be analyzed further
(Hypotheses H4 and H5). This configurational viesy the natural extension of the
contingency approach (Ahmad et al., 2003), andintportance is also marked by the

argument of Boyer et al. (2000). This also means ttiis part of my research is an aggregate



research under the terms of Sousa — Voss (2008hviype is in minority compared to the
inferential research in existing literature, hemm@easing the professional value added of my
research. In OM literature configurational resear@thods appeared earlier, but the existing
models are restricted to the field of operatiomategy. | have not met studies during my
literature review that used configurational methods manufacturing practices and
contingencies. My fourth hypothesis is the follogin

H4: there are different stable contingency-manufacing practices configurations that

coexist simultaneously.

The configurational approach supports that in amgrgenvironment one can be successful
in more than one way, i.e. explicitly accepts tbaaept of equifinality. (Meyer et al. 1993)
The system approach makes it possible to expl@aexistence of equifinality in the context
of certain configurations which is reflected in bypesis H5:

H5: the state of equifinality can be shown, i.e.fférent and stable contingency-
manufacturing practices configurations exist tha¢&d to the same high level of operations

performance.

In order to test hypotheses H4 and H5 we need fement configurational methods
(Venkatraman 1989; Venkatraman — Prescott 1990¢. mhain problem at the time of the
writing of the cited articles was the fact, thagrh were no really elaborated ways to test fit
theories mathematically. There are several possbletions for this problem as there are

many ways to interpret the concept of fit (see &dbl

One dimension to assess fit is the extent of sjpéygif This means that how precisely can
we formulate the fit function of the investigatedriables. It shows a strong correlation with
the number of the investigated variables: with fewaiables we are able to determine the fit
function more precisely than the other way arourids relationship is reflected in the right-
hand column of Table 1.

The other dimension reveals whether the fit andegsing is linked to some exact criterion
(e.g. some kind of efficiency indicator) or not.

With these two dimensions Venkatraman (1989) dfiitiated six perspectives of fit.



Low Profile deviation (5) Gestalts (4) Many

Number of
Degr ee of - - : :
o Mediation (2) Covariation (6) variablesin the
specificity ) _
fit equation
High Moderation (1) Matching (3) Few

Criterion-specific Criterion-free

Table 1 — Different perspectives of fit (Venkatramal989)

In order to test the perspectives of fit markechwitimbers (1)-(6) one can apply different

methods.

We can use three different methods to test hypethd#4 and H5(gestalts, profile
deviation and covariation). In the following werimduce these three method briefly (based on
Venkatraman 1989).

Gestalts: in this case we investigate the degree of inteowdlerence among a set of
theoretical attributes. It is vital to analyze thettributes jointly because a strictly pairwise
analysis may result in inconsistencies among dice®ntingencies. To put it another way, by
using the gestalts method we intend to create gfgbe. The most important analytical issues

are the descriptive validity and the predictiveidify of the gestalts.

Profile deviation: in this case fit is the degree of adherence taexernally specified
profile, and in this sense it is similar to thetpat analysis of Drazin — Van de Ven (1985).
The method differs from the gestalts method bectheserofile is linked to a certain external
variable. This makes it possible to the researtthereate ideal types, and the method is very
useful to investigate environment-strategy relaiops because deviation from the profile
can be connected to a reduction in performance.nd& important analytical issues are the
following: developing the ideal profile, adding fdifential weights for the multiple

dimensions and using a baseline model to asseg®tiner of the test.



Covariation: in this case fit is a pattern of covariation cremmal consistency among a set
of underlying theoretically related variables. Thygporoach is similar to the interpretation of
strategy as a pattern and, besides covariation,gédstalts method is also very good to
investigate this kind of strategy interpretatiomeTmain difference between the methods is
that during the gestalts method we perform clustealysis, while during the covariation
method we perform factor analysis. The most imparemnalytical issues are distinguishing
between the exploratory and confirmatory approauth tasting the impact that performance

has on fit modeled as covariation.

| chose the gestalt approach and cluster analgses datistical tool, which is well known in
OM, especially in case of manufacturing strategyfigurations (see e.g. Miller — Roth, 1994;
Bozarth — McDermott, 1998; Cagliano, 1998; Jons&890; Kathuria, 2000; Sousa — Voss,
2001; Christiansen et al., 2003; Sousa, 2003; Suath,e2004; Cagliano et al., 2005; Oltra et
al., 2005; Zhao et al., 2006; Martin-Pena — Diaz¥(@o, 2008).



3. Resaults

In my dissertation | examined the effect of certaanufacturing contingencies on the use of
manufacturing practices by manufacturing compan@gsl its impact on operations

performance. In total | identified four contingeexi environment, size, technology and
strategic focus (which is a specialty of the fiefdOM and marks the strategic orientation of
manufacturing of a company). | also reviewed therditure on the relationship between
manufacturing practices and operations performaBesed on this knowledge | built my

research model and five hypotheses, of which theltewere the following:

H1: the manufacturing programs investigated in thesearch model have significant effect
on operations performance.

H2: the contingencies investigated in the researofodel have significant effect on the
implementation of manufacturing programs.

Hypotheses H1-H2 are mostly supported. At 1% level no fewer than 27 relationships were
significant. The following contingencies have sigrant effect on manufacturing practices at
this level (in brackets one finds the number ofdigant relationships): Complexity (4), Size
(1), Product complexity (3), Technology level (®ustomer order (1), Quality focus (1),
Flexibility focus (1) and Sustainability focus (3)here were no significant relationships
between Competition, Process type, Cost focus lamanianufacturing practices. If we take a
look at the manufacturing practices, the followhnye significant relationships with at least
one performance dimension at 1% level (in brackets finds the number of significant
relationships): HR practices (1), Process focustmes (4), Quality practices (2) and Product
development practices (1).

At 5% level much fewer, only 9 relationships weigngficant. | The following contingencies
have significant effect on manufacturing practieésthis level (in brackets one finds the
number of significant relationships): Complexity),(Process type (2), Customer order (1),
Flexibility focus (2) and Sustainability focus (1. we take a look at the manufacturing
practices, the following have significant relatibips with at least one performance
dimension at 1% level (in brackets one finds thember of significant relationships): Quality

practices (1) and Product development practices (1)

10



Table 2 shows these results, also displaying 1)chvigontingency affects how many
manufacturing practices significantly, 2) manufaicty practices are affected by how many
contingencies, and how many performance dimensims affected by manufacturing
practices, and 3) each performance dimension isciaf by how many manufacturing

practices significantly. This gives a quantitatoxerview of the more important factors.

How many
How many Affected
) } Affected by | performance
) practices | Manufacturing ) ) Performance by how
Contingency ) how many dimensions ) )
are practice ) } dimension many
contingencies? are )
affected? practices?
affected?
Complexity 5 HR 4 1 Cost
Competition - Process focus 4 4 Quality 4
Size 1 Technology 8 - Flexibility 2
Product } S
) 3 Quality 5 3 Sustainability 2
complexity
Technology . Product
level development
Process type 2
Customer )
order
Cost focus -
Quality focus 1
Flexibilit
Y 3
focus
Sustainability 4
focus

Table 2 — Summary of the results

H3: the contingencies investigated in the researmiodel moderate the relationship between
manufacturing programs and operations performance.

During the investigation of Hypothesis H3 only very few significant relationships were
discovered, hence this hypothesis is supported only to a very limited extent. Only
Sustainability focus showed some moderating eftactthe relationship between process
focus practices and the performance dimensionsthsiteffect was not weak at all. The
power of the effects were between 0.023-0.064, wiscabove the 0.02 threshold, from

which the strength of moderation can be considereak. How can we interpret this result?

11



Based on the moderating effect the level of théasusbility focus of the firm has a positive
moderating effect on the relationship between m®ckcus practices and performance
dimensions, i.e. if two companies use process fqrastices to the same extent, then the
company with the greater focus on sustainability kealize higher performance growth than

the company with a lesser focus on sustainability.

H4: there are different stable contingency-manufacing practices configurations that
coexist simultaneously.

The resulting clusters supported Hypothesis H4. What werethe main cluster
characteristics?

- In case of cost focus there were no significaffeidence among the clusters, the order
winner role of price is considered as more impdrthan the average by all the clusters.

- On the other hand members of Cluster 3 top thkimgs in the case of every variable. Their
environment is the most complex, they face thenggest competition. They are the largest in
size, and besides cost they treat all other comiyepriorities as the most important in order
to win orders from major customers. The produetis® very complex, the technology level is
high, and the process is more standardized witlerhomogenous customer orders. They also
use manufacturing practices to the greatest exi@sded on these they can be called the
.Large leaders”.

- Their mirror image is Cluster 4, whose members nsnufacturing practices to the least
extent. The product is quite complex, but technpltayel is lower than average. Basically
they focus on cost and quality, the other two fectare not that important. Environment
complexity is low, they face the weakest competitibhey are the smallest in size. Process
type and customer orders are more uique and onérb#fy can be named as the ,Small
laggards”.

- The remaining two clusters are similar to eacheptin many aspects. There are no
significant differences between them in size, pgezecompetition (which is above average),
technology level (average), and the use of teclyicdd and quality practices (below
average). The other manufacturing practices are rmphasized by Cluster 1, as well as the
focus on quality, flexibility and sustainability.ni8 may be the consequence of a more
complex environment they face. There is nonethedessajor difference between the two
clusters: members of Cluster 1 manufacture onepodiducts in order to satisfy unique

customer orders, while members of Cluster 2 hawe rttost standardised process and

12



customer orders. Because of this difference membér€luster 1 are named ,One-off
manufacturers”, while members of Cluster 2 ,Massdpicers”.
- There is a clear distinction between the clustdong process type and customer order.
Two-two clusters are mass producers and unique factowers. But beyond this the clusters
with the similar process type and customer orderrat alike. One-off manufacturers and
Mass producers are very similar in many aspectslewhe Large leaders and the Small
laggards are mirror opposites.
- We can also see that environment complexity mevigs strategic foci: companies in more
complex environments focus more on quality, fleypiand sustainability in order to win
orders from major customers.
- Compared with previous research we can find ehssthat are similar to the clusters in the
dissertation:
- clusters similar to teh Large leaders were foope.g. Kathuria (2000), Christiansen
et al. (2003), Zhao et al. (2006), Martin-Pena -azbGarrido (2008), where cluster
members usually treat all or most dimensions ingrarand have high values along
these dimensions.
- clusters similar to the Small laggards were fobgce.g. Kathuria (2000), Sum et al.
(2004), Zhao et al. (2006), where low values aumndant.

H5: the state of equifinality can be shown, i.e.fférent and stable contingency-
manufacturing practices configurations exist tha¢&d to the same high level of operations
performance.

Concerning traditional performance dimensions One-off manufacturers and Mass
producers supported Hypothesis H5. Small differences along the other performance

variables also give further underpinning to the hypothesis.

One-off manufacturers and Mass producers showraastlsimilar performance improvement
along all performance dimensions in the last thyears. The small differences are not
significant between the two clusters. Large leaderds Small laggards clearly pop out, the

former upwards, while the latter downwards.
1) if we look at the cost structure, One-off maraitaers are significantly better than Small

laggards in terms of manufacturing fixed costs 42% vs 21.80%). Large leaders payed

significantly less direct wages than the others Q% vs 22.5-24.5%). Interestingly Small

13



laggards spend significantly less on direct maltecsts than Large leaders and Mass
producers (44.58% vs 53.36% and 52.01%).

i) in the case of other process variables onlyodlghput efficiency was different
significantly: Large leaders (65.72%) were moreicefht than One-off manufacturers
(51.89%) and Small laggards (52.15%).

iii) finished goods inventory levels were not difat significantly among the clusters (13.06-
16.28 days). Raw material inventory levels wereaificantly lower at Large leaders (22.71
days) than at Small laggards (35.02 days). Worngrotess inventory levels were lower at
One-.off manufacturers (10.69 days) compared tosNdagducers (23.6 days).

Iv) in the case of quality costs only internal dtyacosts showed significant differences,
between Large leaders (19.97%) and One-off matwias (27.02%). The other quality cost
elements were generally the same across the dustpection costs between 33.34-37.36%,
prevention costs between 22.03-26.57%, and exteumlity costs between 16.89%-19.71%

with no obvious sequence in the ranking of thetehss

14
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