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Abstract. Lean manufacturing impacts several operationaloperdinces. The
usefulness of JIT links with suppliers is also weibwn. However, literature
lacks strong empirical evidences to exhibit theatiehship between lean
manufacturing, operational performances and JIRaljgs with suppliers. This
paper aims to investigate this relationship. A tjoesaire-based international
survey was used to obtain the main purpose ofabearch. Data from a sample
of 200 companies were analyzed using a multipleessijon methodology. The
analysis demonstrates that JIT linkages with sepplpositively moderate the
impact of lean manufacturing on punctuality, whilee moderating effect is
absent when considering efficiency and throughipug performance.
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1 Introduction

Literature generally agrees that lean manufaogurimpacts a number of
operational performances: efficiency [1], [2] ar8], throughput time [3] and [4] and
on time delivery [2] and [5]. JIT links with supets are also useful to improve
operational performances listed above [1], [3],46H [7]. However, in literature we
didn’t find an empirical evidence to demonstrateethier companies implementing
JIT links with suppliers and lean manufacturing gicees show better operational
performances than companies that don’t impleméntidks with suppliers. In other
words, this paper aims to investigate whether tké&ationship between lean
manufacturing and operational performances — swsckfficiency, throughput time
and on time delivery — is positively moderated bg presence of JIT linkages with



suppliers. A questionnaire-based survey was usabtain the main purpose of the
research. A total of 200 complete responses takem fthe High Performance
Manufacturing research project dataset [8] and usedest and analyze three
hypotheses included in the theoretical model: Kages with suppliers positively
moderate the relationship between lean manufagiuaind efficiency (hypothesis
H1), throughput time (hypothesis H2) and on timkvedey (hypothesis H3).

2 Methods

2.1 Data collection and sample

The sampling universe is formed by manufactufimgs operating in machinery,
electronic and transportation components sectd@ ¢8de: 35, 36 and 37). During
the identification stage of the reference popuigtive selected for medium and large
enterprises. Finally, we randomly selected, frons fhopulation, companies from
different countries (i.e. Finland, US, Japan, Genyn&weden, Korea, Italy, Australia
and Spain). An international team of researchetieated data via questionnaires,
that were administered by individual visits or sbytmail. The questionnaires were
sent to different respondents within each compauch as production control
managers, inventory managers, supervisors, ant.sBaspondents gave answers on
lean practices adopted (lean manufacturing and liHs with suppliers) and
operational performances obtained. A total of 266ponses were returned. We
discarded 66 incomplete responses. Data analysis b&sed on a sample of 200
firms.

2.2 Research variables and measures

Two multi-item and three mono-item constructs weigentified: lean
manufacturing (LM), JIT links with suppliers (JITsy efficiency (EFF), throughput
time (TT), and on time delivery (OTD). As to therits composing LM and JITsup
constructs, we asked respondents to indicate opa@nt Likert scale to what extent
each practice proposed was adopted in the comdameéns “not at all” and 7 “to a
great extent”). As to the items composing the thremo-item constructs (EFF, TT
and OTD), we asked respondents to provide theimiopi about company’s
performances compared with its competitors on aibtpLikert scale (1 is for “poor,
low” and 5 is for “superior”). Table 1 reports tfiege constructs with their items, the
results of factor analysis after Varimax rotatioh factors and Cronbach’s.
Convergent validity of the two multi-item constrsids demonstrated since factor
loadings are all above 0.679 and only one comporienteach construct was
identified with total variance explained above B4 [9]. Reliability was ensured by
the high values of Cronbachss all above 0.70 [10]. Finally, scientific literatugave
theoretical validity to the multi-item constructs:



(1) lean manufacturing: this is a six-item scalattimeasure the ability of a
company to obtain a continuous production flow gsappropriate tools and methods,
such as ‘cell’ design (shop floor), SMED, and Heka. The cell provides remarkable
benefits in terms of stream continuity, decreasetatél lead time and stocks,
flexibility performance and goods transfers [11MED is a technique designed to
improve dies and tools exchanges, minimizing setiope, therefore maximizing
machines capacity ratio [12]; Heijunka consists jproduction balancing tool, related
to production processes. It allows to balance petidn activities minimizing supply
fluctuation [13].

(2) JIT links with suppliers: this is a three-itesoale that measure the integration
of JIT techniques and methods (kanban and pulesyst between the company and
its suppliers. Kanban can be defined as a labedsebaystem, designed to mark and
optimize materials and goods transfers along thedymtion line and the supply
network [14]; pull system implies that in a suppigtwork nothing is produced
upstream before a real request downstream [15].

Table 2 shows basic statistics for the five cortttru

Tablel. Validity test of measures

Factor Variance | Cronbach
Factor Item Loading explained a
We have laid out the shop floor so
that processes and machines are 0.689
in close proximity to each other
The layout of our shop floor
facilitates low inventories and fast 0.778
throughput.
Lean We are aggressively working to 0.750
manufacturing lower setup times in our plant ) 52.18% 0.81
(LM) We have low setup times of 0715
equipment in our plant )
Our Wo_rkers are trained to reduce 0.720
setup time
Our manufacturing capacity is
balanced throughout the entire 0.679
manufacturing process.
Suppliers fill our kanban
containers, rather than filling 0.879
) ) purchase orders.
gIT "st with Our suppliers deliver to us in 67.65% 0.76
uppliers kanban containers, without the 0.860 o070 '
(JITsup) )
use of separate packaging.
Our suppliers are linked with us 0.719
b Il system. )
y a pull sy
Efficiency (EFF) | Unit cost of manufacturing Mono-item mono-respondent
;Ii's]rgL(l_lg?;)ut gé/l(i:\ﬁrt;/r)ne (from raw materials to Mono-item mono-respondent
%Ttlgr?e delivery On time delivery performance Mono-item mono-respondent




Table2. Constructs basic statistics

Variables Mean S.D. Range
Lean manufacturing (LM) 4.90 0.70 2.83-6.50
JIT links with suppliers (JITsup) 3.61 1.01 1.44-6.44
Efficiency (EFF) 3.20 0.86 1.00-5.00
Throughput time (TT) 3.41 0.74 2.00-5.00
On time delivery performance (OTD) 3.79 0.87 1.00-5.00

3 Dataanalysis

The research aims to investigate whether the ogistip between lean
manufacturing and operational performances is naiddrby the presence of JIT
linkages with suppliers. Moderated relationship reflected in the concept of
statistical interaction. The equation (1) descrites logic of moderated regression
[16]:

Yy=Bo+PX+PZ+PaXZ +e 1)

where x is LM, the focal independent variable [1Z]s JITsup and y, the dependent
variable, is any of operational performances. ®zéterm in (1) is called interaction
term. We used a hierarchical regression procediable 3 and Table 4 display the
results of the analysis. We considered firm sizeé sector as control variables. The
size was measured by the number of firm’s emplay&be sector was insert in the
model, by creating dummy variables (Electronics dmdnsportation components).
For every operational performance, firstly, we gddhe main effects of independent
variables - i.e. lean manufacturing and JIT linkéhwuppliers - , then, we introduced
in the model the product term xz (LM X JITsup) tmalyze the interaction effects. If
the coefficient of the product ternfis] is statistically significant and R? increases
when this term is introduced in the model, the texise of a moderated effect on x-y
relationship is demonstrated [17].

4 Results

As shown in Table 3 and Table 4, firm size andaeodntrol variables don’t result
significantly related to operational performancéke non-significant values of both
Bs-coefficients exposed in Table 3 do not confirm ¢tyy@ses H1 and H2 about the
moderating role of JIT links with suppliers on thelationship between lean
manufacturing and efficiency and throughput timgfgrenances. To the contrary, the
significant and positiv@s-coefficient shown in Table 4 suggest that it isgible to
confirm the existence of the moderating role of Jifiks with suppliers on the



relationship between lean manufacturing and on tidelivery performance
(hypothesis H3). Additional support is the sigrafit increase of R2 when the
interaction effect was introduced in the model{fr0.084 to 0.126).

Table 3. Hierarchical regression analysis (efficiency &m@ughput time)

EFF T
Main Interaction Main Interaction

effects effects effects effects
Constant (8o) 0.849* 0.318 0.952* 1.753
Size 0.000 0.000 0.000 0.000
Electronics -0.280 -0.276 -0.014 -0.020
Transp. Comp. -0.091 -0.086 -0.121 -0.127
LM (B1) 0.583*+* 0.671* 0.499%*** 0.337
JITsup (B2) -0.085 0.070 0.020 -0.215
LM X JITsup (Bs) -0.031 0.047
R2 Adjusted 0.187 0.183 0.192 0.190
F test 9.097*** 7.568*** 9.198*** 7.712%**

The value reported are unstandardized regresskfficents
* p-value <.05 level; ** p-value <.01 level; **p-value <.001 level
Table4. Hierarchical regression analysis (on time deliyer
OTD
Main effects Ing—:;;:g:ison

Constant (Bo) 1.703%* 6.060%**
Size 0.000 0.000
Electronics -0.019 -0.048
Transp. Comp. 0.064 0.029
LM (B1) 0.414%* -0.469*
JITsup (B2) 0.020 -1.253**
LM X JITsup (Bs) 0.256**
R2 Adjusted 0.084 0.126
F test 4.249** 5.224%x*

The value reported are unstandardized regresskfficents

* p-value <.05 level; ** p-value <.01 level; **p-value <.001 level
The promising results exposed in Table 4 led ua ttetailed study on the marginal
effect of the Lean manufacturing (variable x) oe tn time delivery performance
(variable y), for different values of JIT links Wwisuppliers (variable z), as suggested
by [16] and [17].

We calculated that the marginal effect of LM on OTepends on JITsup,
according to the following formula:



60TD/ALM= — 0.469 + 0.256JITsup 2

T-test reveals that equation (2) is significarnh & 05 level for the values of JITsup
greater than 2.57. Figure 1 shows how the margifiatt of LM varies when JITsup
increases. It is easy to see that LM has an incrgasipact on OTD performance
when the level of JITsup is greater than 2.57.
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Fig. 1. The influence of JIT links with suppliers on theanginal effect of lean
manufacturing

To gain an intuitive understanding of the interactieffect between LM and
JITsup, we computed and graphed the slope of OTifbymeance on LM at few
different values of JITsup. Our strategy was tolgai@ the effects of LM on OTD at
“low” and “high” values of JITsup, where “low” isefined as one standard deviation
below the JITsup mean (i.e. = 2.598), and “highbae standard deviation above the
JITsup mean (i.e. = 4.616) [18]. Starting from treation found out from the
hierarchical regression analysis (ODT = 6.060 —69LM - 1.253JITsup +
0.256LMJITsup) and using the two mentioned valugshe variable JITsup, two
linear equations of OTD performance, depending &dh lere created. Figure 2
reports the graph of the equations. Jaccard andisilassifies this trend as
‘disordinal interaction’ [17], an interaction in vdh the regression line that regresses
y onto the focal independent variable for a givevel of the moderator (high JITsup)
intersects with the correspondent regression bmefdifferent level of the moderator
(low JITsup). The intersection corresponds to &ll®@f lean manufacturing of 4.89
(49% of the sample is below this score). Within ithé range (2.83 - 6.50), all values
of OTD are above the minimum acceptable level (226.00) and below the
maximum acceptable level (4.91 < 5.00).
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Fig. 2. On Time Delivery performance slope at low and Higrels of JIT links with
suppliers

5 Discussion and conclusions

The multiple regression analysis demonstrates akkey findings:

Finding 1: companies adopting lean manufacturing’'tdshow an additional
contribution to efficiency (unit cost of manufadhg) and throughput time by
implementing also JIT linkages with suppliers. Bptrformances are significantly
explained by the implementation of lean manufaotyri

Finding 2: JIT linkages with suppliers moderate itn@act of lean manufacturing
on punctuality. For a company that has high valoe&M (e.g. LM = 5.60) and
medium values of JITsup (e.g. JITsup = 3.61), amwiat increment of LM increases
OTD of about 11%; whereas a one-point incremedb$up increases OTD of about
4.4%. 1t is always better to increase LM rathernthHTsup to improve OTD.
However, the hierarchical regression highlightsdesdrdinal interaction” (Figure 2).
This interaction suggests to implement only leamuf@cturing practices firstly, and
then (when LM overpasses the 4.89 value, whichesponds to the intersection
point) implement both lean manufacturing and Jiikdi with suppliers practices.

Finding 3: the effect of LM could be even negatioelevels of JITsup lower than
1.83 (Figure 1). This means that, when companigs hat JIT links with suppliers,
Lean Management effects on punctuality could bentmproductive. Nevertheless
this result is not statistically significant, théme this finding would be interesting to
test on a wider sample of companies in a futurdystu

In conclusions, the study presents implications hbdbr academics and
practitioners. Our work confirms most of the praigaliterature contributions and
provides to fill the lack of literature concernihgw JIT with suppliers impacts lean
manufacturing and operational performances. It algggests the correct sequence to
implement Lean Manufacturing inside a company aldwith suppliers to obtain



maximum levels of punctuality (OTD). As a matterfaft, data analysis reveals that
for companies which haven’t good levels of lean afacturing is better to improve
these practices first, and then direct their effatso towards JIT links with suppliers.

The research is subject to the normal limitatiohswvey research. The model
tested in this study used a selection of medium lamge enterprises operating in
machinery, electronic and transportation componeetsors. Thus, future studies
should include firms operating in other industeesmall enterprises.
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