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Abstract

In recent years, companies have paid growing adtertb supply chain management at a
global level. However, an under investigated p@nhow companies in different contexts
experience the effects of global sourcing and thames from their investments in the
supply chain. Based on a model proposed by Gatidikalchschmidt (2010), the aim of this
paper is to verify whether different companies -terms of contingency variables -
experience different impacts of globalization ang®y chain management on the material
inventory level. In this work several contingencgriables were selected according to the
literature i.e., size, product complexity, type mpbduction, type of purchases, number of
suppliers and number of suppliers per item. Reslitsv that when considering groups of
companies characterized by different contingentiabdes, the relationship between
globalization, supply chain investment and matenaentory level is valid only for some
groups, while for others loses its significance.

Introduction

Driven by market standardization, openness of berdeprovements in transportation and
communication technologies globalization has baealaways more relevant phenomenon in
the last decades. In order to exploit advantagggobfalization (e.g. low cost labor, resources,
access to new markets) and to respond to the siogeaompetition, companies have
expanded more and more their supply chains beyahdnal barriers (Hilsmann et al., 2008;
Skjott-Larsen and Schary, 2007).

In this paper we focus on global sourcing, defiasdhe purchases made by a plant outside its
continent.While opening new facilities abroad can require releargncial efforts, global
sourcing is a strategy viable also to smaller camgsaand it is therefore more diffused
(Quintens et al., 2005; Trent and Monczka, 2003)weler, performing global sourcing
effectively is all but simple. When taking into acoit intercontinental transactions, global
sourcing is not much diffused and the effect orfgrarance is not always positive (Cagliano
et al.,, 2008; Trent and Monczka, 2003). Severatlistu actually that did not find any
significant impact of global supply chains on comipa’ performance (Kotabe and Omura,
1989; Steinle and Schiele, 2008).

When globalizing the supply chain, one of the peabladdressed is how to keep the
inventories low. As a matter of fact, longer distes increase the consignment lead times and
variability, thus companies might have to keep brgimaterial inventories to avoid stock-outs
and production stops, as confirmed by several stualbout global sourcing (Han et al., 2008;
Stratton and Warburton, 2006).

In order to limit this problem, companies can irtvessupply chain management. Generally
speaking, supply chain management means to findgwafyen in collaboration with other
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actors in the chain - like suppliers - in ordemake the supply chain more efficient and/or
responsive (Fisher, 2003). One of the benefits gaally to reduce or better allocate
inventories, as for example happens with justsimetitechniques (e.g.Adair-Heeley, 1988).
However, this can be complicated when suppliersfareway, as sharing information and
collaborating is usually more difficult or the catwhs to operate in just-in-time, as for
example physical proximity, are not met. As a cousace, other types of supply chain
management investments are usually adopted in Igbolaicing contexts as: multiple supply
sources (Minner, 2003); information sharing systdidassimbeni and Sartor, 2007; Trent
and Monczka, 2003); internal standards and proesdi@uintens et al., 2006; Zeng, 2003).

In this literature stream, Golini and Kalchschm{@010) provided evidence that in the
manufacturing industry it is possible to almostyfuhoderate the negative impact of global
sourcing on material inventory level through supgigin management investments (SCMI).

In that work, authors considered three typologids S&CMI, namely: rethinking and
restructuring supply strategy; implementing suppl@gevelopment and vendor rating
programs; increasing the level of coordination lainping decisions and flow of goods with
suppliers including dedicated investments. All heSCMI have a beneficial effect on

reducing the material inventory level, especidily improvement of coordination of planning
decisions and flow of goods.

Nevertheless, there are several factors potentiaffgcting such result that should be
considered. Of course, in the analysis of globalpsuchains, differences among industries
and countries have been found (i.e. World Tradea@eation, 2009). However, these results
are not always useful to operatively manage glahgply chains. As a consequence, we
decided to extend these researches consideringisviteg effect of the company, production
and purchasing characteristics.

This is a highly important topic for companies aedearch. Since implementing SCMI has
usually a relevant cost, it is important to usentha the situations in which there is higher
need and where these investments can be moreiedfect

Because of that, starting from the Golini and Kattimidt (2010) model, we aim to verify
whether that model holds for different groups ompanies defined on the basis of a set of
literature-based contingencies. As detailed inliteeature review, the selected contingencies
can potentially affect not only the variables (g&bal sourcing, SCMI and inventory level),
but also their relationships. This is in line wlBousa and Voss (2008) who support a more
systemic view over the contingency analysis in @pens Management. In particular, the
identified contingent variables are: company sa®duct complexity, type of production,
type of purchases and number of suppliers. Sinesetlvariables cannot be traced back to a
unique grand theory, we consider this paper asxpioeatory analysis, in line with other
contributions performing similar contingency analye.g. Shah and Ward, 2003)

Thus, the research question that we want to ad@sess

To which extent the relationships among global smg, SCM investments and inventory
performance are influenced by size, type of pradoctype of purchases, product complexity
and the number of suppliers?

As a side result, we will also verified whether tiheodel proposed by Golini and
Kalchschmidt (2010), based on data collected irb2660ll holds using data collected in 2009.
This was useful to show whether it is still possitd reduce the impact of global sourcing on
inventories through SCMI.



The remainder of the paper is therefore structametbllows. In the next section, the concept
of global sourcing is described, the literaturettom relationship between global sourcing and
inventory levels is reported and the most relevamitingent variables and their effects are
presented. Next, the research method is describédh@&n empirical analysis. Subsequently,
a proper discussion of the results is provided, &ndlly, we draw conclusions and suggest
potential future research.

Literature Review

Global sourcing, inventories and supply chain management

Global sourcing can provide several advantagesotopanies, mainly lower procurement
prices, new technologies, knowledge or higher-gualioducts (Bozarth et al., 1998; Frear et
al., 1992; Monczka and Trent, 1991; Nassimbeni 8ador, 2007). However, also fiscal
aspects (e.g. taxation or currency), trading agesésnbetween countries, access to new
markets, shorter product development processespaydlict life cycles, or even company
image can be also motivating factors (Frear etl8B2; Nassimbeni and Sartor, 2007).

On the other side, it is not always easy to exgodh benefits due to the difficulties that arise
when sourcing globally (Dornier et al., 2008; Haeldf, 1994; MacCarthy and Atthirawong,
2003). Geographical distances cause longer and vaoigble lead times as multiple means of
transportation are used. Moreover, for efficienalges(e.qg. to fill containers), batches ordered
from far away suppliers have to be larger thanéhfiosm domestic suppliers. Furthermore,
global sourcing carries specific issues relateda ttower knowledge of the suppliers and
possible infrastructural deficiencies in developicmuntries (Meixell and Gargeya, 2005).
Finally than can be major risks of supply chainrgision, political instability in sourcing
countries, exchange price fluctuations that caretmahe global sourcing profitability (Carter
and Vickery, 1989; Dornier et al., 2008).

Because of that, in a global sourcing setting, camgs typically use inventories as a shield
for supply variability and disruption (HendricksdaBinghal, 2005; Stratton and Warburton,
2006). This, however, can be particularly costld &ard to sustain, especially in periods of
financial constraints (Guariglia, 1999). One way dgercome the problem is sharing
inventory risk with suppliers (Lai et al., 2009), enore in general, apply SCMI to reduce
inventories (Krause et al., 1998; Tan, 2001; Watis Hahn, 1993).

In literature, the SCMI identified as more benefidor inventories reduction are those related
to supply chain coordination. We can group suclestments in two categories: information
sharing and system coupling (e.g. Cagliano e2@D3; Frohlich and Westbrook, 2001).

Information sharing regards exchanging informatwith suppliers about inventory levels,

production plans, forecasts. This practice requaestandardization of the information

technology infrastructure, so its adoption has b&gnificantly fostered by the diffusion of

Internet based tools (e.g Caniato et al., 20093ty coupling is reached by putting in place
with suppliers processes like just-in-time (JITpllaborative planning forecasting and

replenishment, vendor managed inventory, in ordeachieve faster flows of products with

less inventory levels (e.g. Power, 2005).

Investments both in information sharing and systempling aim at a better coordination of
the material flows among suppliers and custometk eéneficial effects on the inventories,
also for global supply chains (Babbar and Pras@#é81Trent and Monczka, 2003). However,
when suppliers are closer, it is easier to putlate such investments with higher pay-offs.
For instance, JIT is based on frequent, fast deéiseand small batches, a condition that can
be difficult to obtain in a global sourcing conteffiandfield, 1994). Thus, even if it is

3



possible to achieve efficiency through global Xis improvement cannot be compared to
what can be gained at a domestic level (Das anddfitdsh, 1997). Because of that,

information sharing is usually a practice more dddpthan system coupling in global

contexts (Trent and Monczka, 2003). However theh&mr away suppliers are, the more
difficult is to share information due to culturatcatechnological barriers and mutual trust
(Hartmann et al., 2008; Ives and Jarvenpaa, 198&sisbeni and Sartor, 2007).

Because of this general difficulty in performingpply chain coordination with global
suppliers, several authors focused on the supmgmozation and strategy that a company
should develop to perform global sourcing effedtive

First of all, we can analyze the supply organizatnd strategy. Some authors (e.qg.
Gelderman and Semeijn, 2006) found the adoptidfraljic’s purchasing portfolio approach

beneficial to manage a global supply base. In @aer, in order to reduce the complexity
induced by global sourcing, companies try reduae ribmber of suppliers (e.g. Choi and
Krause, 2006). On the other side, the risk assetiatith global supply chains (fluctuating

exchange rates, supply disruptions, strikes ortipaliissues, lead-time variability) can be
reduced using multiple supply sources (Minner, 208&8rda and Hannet, 2006), although
companies must deal with a larger supply base.

Next, related to supply base reduction, there esabncept of supplier development (Ogden,
2006). When selecting few global strategic supplieompanies often put in place vendor
rating and supplier development programs in ordeedtablish a collaborative relationship
with suppliers aimed at performance improvement.

An effective synthesis of these three areas ofaI&CMI (i.e. coordination, supply strategy
and supplier development) is provided by Golini &adichschmidt (2010). The results of this
paper provide evidence of a relevant negative immdcglobal sourcing on inventory
performance that can be partially reduced throlghaidoption of proper SCMI. As a matter
of fact, global sourcing companies that have imee@gsin SCM have inventory levels
comparable to that of local sourcing companies. &él@x, global sourcing companies that
have not invested in SCM have the worst inventagyfggmance of the entire sample. In
particular, even if coordination with suppliers glsothe highest potential in reducing
inventories, it is not much adopted in global smgacontexts probably due to the difficulties
in coordinating with far away suppliers. On theeastkide, investing on efficiently managing
the supplier base (suppliers portfolio strategyda rating, supplier development) shows a
higher level of adoption in global sourcing conterind effectiveness in reducing material
inventory levels.

As already shown in the introduction, limited ewvide is however provided regarding the
extent to which this result is valid in generalwinether only some kind of companies are
affected by the mentioned relationships. Becaugbaif we performed a literature review to
identify which can be the most relevant contingeartables to be taken into account.

Contingencies effect

In the literature review, we identified several ttogent variables that can affect the variables
under analysis (i.e. global sourcing, SCM investinanventories) and their mutual
relationships. These variables can be classified product, company, production and
purchasing characteristics.

Starting from the industry characteristics, we fdymoduct complexity as a relevant variable
affecting sourcing decisions (Sharon and Epping6f1). Product complexity can indeed
have a twofold effect over sourcing globalizatidime less complex the product is and the
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easier is to scout for and communicate with supplédroad (Perona and Miragliotta, 2004;
Westhead et al., 2001). On the other side, whedindeavith complex products (i.e.
technologically intense) companies might be forteedook for suppliers abroad if they are
not available at a local scale (Chung et al., 2004)

About company characteristics, company size isairtbe most relevant variables identified
by literature. In order to source globally and nwast in SCM, both financial and human
resources are needed, therefore bigger companredirch it easier. However, there are
studies proving that also smaller companies care rewconsiderable adoption of global
sourcing even if they can miss the necessary ressuo perform it effectively (Cagliano et
al., 2008; Cavusgil, 1980; Lee and Whang, 2000n€@uis et al., 2005).

About production characteristics, literature coessdthe position of the decoupling point
(Naylor et al., 1999; Olhager and Ostlund, 1990)m@anies operating in make-to-stock
contexts can be more efficient in managing theitemia inventory and plan consignments.
On the other side companies operating in makederamust be more reactive so either they
are more integrated with suppliers or they havieetep higher inventory levels (Gunasekaran
and Ngai, 2005).

Finally, as purchasing characteristics we iderdits relevant the total number of suppliers,
the average number of suppliers per item andyipe of products purchased. Having many
suppliers allows to keep suppliers in competitionl @void under-capacity issues, but can
reduce suppliers’ responsiveness (Choi and Kra2(3@5; Handfield et al., 2000). Moreover
especially in global sourcing contexts, where tis& of disruption is higher, it might be
necessary to keep some local suppliers to cope emithrgencies. On the other side, having
few suppliers can allow to establish partnerships supply chain integration programs more
effectively (Choi and Krause, 2006). However, sitice total number of suppliers can be
related to the industry, we considered also theaee number of suppliers per item as a
proxy of the purchasing strategy. According to Kea(1983) companies should adopt a
single, dual, parallel or multiple sourcing straésgaccording to the different product
categories. Other contributions suggest to down#izenumber of suppliers keeping 2-3
suppliers at most per item (Goffin et al., 1997 dég, 2006).

For what concern the type of products purchased,materials show specific characteristics
different from purchasing components and sub-systdfrst of all, raw materials have a
lower degree of customization and usually are saggy large multinational companies, so
creating partnerships with these companies canffieutt and not always necessary. Given
the low information complexity and specificity tager with highly capable suppliers, the
relationship with raw material suppliers is usuatn-length and based on price (Gereffi et
al., 2005). This is also confirmed by Cagliano le{2003) who found that companies in the
upstream part of the value chain tend to have @id@adoption of integration and eBusiness
tools with suppliers.

As we have seen, there are several contingentr&ttiat can affect at the same time global
sourcing and SCMI with a complex possible outconme tlee material inventory level.
Because of that, we focused our attention on tlaisaships among global sourcing, SCMI
and delivery performance under different contingantors.

Research Method

Golini and Kalchschmidt (2010) have provided evitkeof a complex relationship among
global sourcing, SCM investments and inventoriag, o evidence is provided regarding
under which conditions this result holds. Thus,fellbwed two steps in this research:



» First of all, replicated Golini and KalchschmidtO@®D) analysis on a new sample so to
check whether those results hold;

* second, we tested this model under the effect thérdnt contingency variable, so to
identify whether and how contingencies play a role.

Thus, this paper is exploratory in its nature simee aim at evaluating whether or not a

contingency effect exists. In order to achieve guals stated above, we analyzed the
mentioned relationships by means of data collefrmd an international research project. In

the following paragraphs the sample is describeshsures for the considered variables are
provided and details regarding the adopted analydipproach are given.

The sample

In order to investigate the above research questdeta were collected from the fifth edition
of the International Manufacturing Strategy Sur¢iSS 5) collected in 2009. This project,
originally launched by London Business School ardhl@ers University of Technology,
studies manufacturing and supply chain strategiésmthe assembly industry (ISIC 28-35
classification) through a detailed questionnairemiagstered simultaneously in many

countries by local research groups. Responses gadteered in a unique global database
(Lindberg et al., 1998).

The sample is described in Table 1. In particugs dompanies (out of the 677 of the global
database) provided information for this researommganies are distributed along 19 different
countries. Companies are mainly constituted of bs@hpanies (50.5% of the sample) but
also medium and large companies are representdterddit industrial sectors from the
assembly industry are considered, mainly from thanufacturing of fabricated metal
products, machinery and equipment.

Table 1 — Descriptive statistics in terms of (ajcy, (b) size, (c) industrial sector (ISIC codes)
(a) (b)

Country N % Country N % Size* N %
Belgium 25 5.2 Japan 18 3.7 Small 245 50.5
Brazil 29 6.0 Mexico 11 2.3 Medium 84 17.3
Canada 13 2.7 Netherlands 39 8.0 Large 156 32.2
China 32 6.6 Portugal 7 1.4 Total 485 100
Denmark 13 2.7 Spain 27 5.6
Estonia 19 3.9 Switzerland 29 6.0 (c)
Germany 29 6.0 Taiwan 25 52 | SIC** N %
Hungary 59 12.2 UK 9 1.9 28 159 32.8
Ireland 5 1.0 USA 55 11.3 29 135 27.8
Italy 41 8.5 Total 485 100 30 7 1.4
* Size: Small: less than 250 employees, Medium: 251-500l@yees, Large: over 501 employees 31 55 11.3
**|SIC Code (Rev. 3.1): 28: Manufacture of fabriedtmetal products, except machinery and 32 24 4.9
equipment; 29: Manufacture of machinery and equigmet classified elsewhere; 30: 33 25 5.2
Manu_facture of office, accounting, gr_]d computingmaery; 31: Manufa_lcture of (_electrical 34 29 6.0
machme(y a_nd apparatus not classified elsewhérMéhufactur_e of rad|0_, ;elewsmn, ar_1d 35 19 3'9
communication equipment and apparatus; 33 Manufciumedical, precision, and optical :
instruments, watches and clocks; 34: Manufacturaabr vehicles, trailers, and semi-trailers; NA 32 6.6
35:Manufacture of other transport equipment Total 485 100
Measures

To measure the extent of the globalization of sogractivities, we collected information
regarding the percentage of purchases outsideotitenent where the plant was based.

Because we were interested in the impact of sogr@n inventories, we took into
consideration the raw material and components iavgnlevels. We measured material

inventory level (MIL) in terms of days of produatigon average) that are carried in the raw
material/components inventory.



To measure supply chain management investments (G@¥ defined a latent variable
based on three items available in the questionn@ltese are single items which cover the
three main areas of global SCMI identified in therhture, i.e. coordination, supply strategy
and supplier development. Going into the detaith@se items, companies were asked to
provide information regarding their degree of userothe previous three years of the
following action programs (in 1-5 Likert scale):

» Coordination: increasing the level of coordinataplanning decisions and flow of goods
with suppliers including dedicated investments .(argormation systems, dedicated
capacity/tools/ equipment, dedicated workforce);

e Supply strategy: rethinking and restructuring sypgtrategy and the organization and
management of supplier portfolio through e.g. tlenetworks, bundled outsourcing, and
supply base reduction;

» Supplier development: implementing supplier develept and vendor rating programs.

Given their high correlatiofswe considered these items into a unique SCMItoacis Its
reliability is supported by a Cronbach’s alpha af@® and by high factor loadings (see Table
4).

The descriptive statistics for all the variables sihown in Table 2. SCMI is calculated as the
average of the three items described above. Wes@arthat companies purchase about 15%
of their total spending globally, but that halftbE companies purchase 5% or less globally,
indicating a very left-skewed distribution. Thisnféioms the low level of diffusion of global
sourcing that other contributions have previoudintified (Cagliano et al., 2008; Trent and
Monczka, 2003). Considering inventory levels, wa sae that companies have 27 days of
stock on average but that half of these compareep kess than 15 days. In the end, SCMI
(that range from 1 to 5) has an average adoptioR.&f and they are quite symmetrically
distributed.

Table 2 - Descriptive statistics for inventory lewgobal sourcing and SCMI

Measure Mean Median Std. Deviation Minimum Maximum
o n. of days of
Material inventory level . 27.52 15.00 31.343 0 220
production
5 .
Global sourcing % p”r‘;ggﬂgg outof 1466  5.00 20.876 0 100
SCMI* 1-5 2.94 3 0.914 1 5

* Calculated as the average of: coordination, sepplevelopment, supply strategy

We considered these variables inside a structguateon model (Figure 1 and Figure 2 in
Appendix) that replicates the one by Golini anddkachmidt (2010).

From left to right we can identify two paths frontoBal Sourcing (GS) to Material Inventory
Level (MLI). Following Path 2, GS should increake MIL (direct effect). Following Path 1,
GS should positively affect Supply Chain Managenewstments (SCMI) that in turn
should reduce MIL (indirect effect).

! Supply Strategy — Supplier development: Pearsumetion: 0.536 (sig. 2-tailed: 0.000)
Supply Strategy — Coordination: Pearson Catiah: 0.475 (sig. 2-tailed: 0.000)
Supplier development — Coordination: Pearsorrélation: 0.567 (sig. 2-tailed: 0.000)



Figure 1 - Structural model. Squares are obsenathbles, ovals latent variables. +/- is the expmett
impact of one variable on the other. Thin and dbderows represent measurement weights (factors)
while bold arrows are structural weights.
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We tested this model for the overall sample to khvegether the hypothesized relationships
are verified and which the total effect of GS orlLNH, considering the joint effect along the
two paths.

Next we defined groups of companies facing differantingent contexts in terms of size,
type of production, type of purchases, product demify, total number of suppliers, average
supplier per item.

Size was measured by means on the total numbenplogees and companies were divided
according to whether they were SME (Group 1 —1leas 250 employees) or large companies
(Group 2 — more than 250 employees).

The type of production was evaluated by means ef gbrcentage of orders managed
according to either an ETO or MTO or ATO or MTS gwotion system. If the orders
managed in ETO or MTO were more than 50% we asditjredg company to Group 1 while if
the orders in ATO or MTS were the majority we asseidjthat company to Group 2.

About the type of purchases, we put in Group 1 comgs purchasing raw materials for more
than 50% of their spending and in Group 2 all ttireers (i.e. they spend more than 50% for
parts/components, subassemblies/systems).

For what concerns product complexity, we definegew variable as the mean of four 1-5
Likert-scale based items: type of product desigmduatar or integrated); type of product
(component or finished product); number of partsfponents (few or many); number of
production phases (few or many). Summing thesesitlgether was justifiable as the factor's
Cronbach’s alpha is equal to 0.72. By averagingdh#éems we obtained a new variable
ranging from 1 to 5 and we set 3.5 as a thresh@drichinating low (Group 1) from high
(Group 2) complexity products. We set 3.5 as astiokl in order to have Group 1 with more
200 companies given the statistical analysis peréal after.

We defined 100 as the threshold number of suppleeseparate Group 1 and Group 2. This
threshold was decided from one side because o$ttiestical purposes and from the other
because 100 is typically considered a high numlbeuppliers for a supplier base (Christy
and Grout, 1994; Goffin et al., 1997). In this wag could identify in Group 2 those who do
actually have a very broad supplier base.



Since the total number of suppliers can be depdndenthe type of industry, we also
considered the average number of suppliers per. itare we set at 2 the threshold since this
is the median value and, in this way, we could riisioate companies pursuing a
single/dual/parallel sourcing versus a multiplersong.

Table 3 summarizes the defined groups characteisti

Table 3 - Groups definition for the different dagent factors (in brackets the number of companies
for each group)

Group 1 Group 2

Size Number of employees < 250 Number of employees >=250
(255) (284)
Type of production Production mainly based on ETO or Production mainly based on ATO or
MTO (351) MTS (179)
Type of purchases Raw materials are more than 50% of Parts/components,
the total purchases (280) subassemblies/systems are more than
50% of the total purchases (247)

Product complexity <3.5 (203) >=3.5 (343)
Total number of <100 (233) >=100 (253)
suppliers
Average number of <=2 (252) >2 (195)

suppliers per item

After that, we assessed the impact of contingeramethe model variables (GS, MIL, SCMI)
by measuring differences between groups througtaanMVhitney test (i.e. a non-parametric
two independent samples test).

Finally, we performed a multiple-group analysistbe original model to assess differences
between groups in the structural weights - thedgds among the main variables. We adopted
a procedure similar to that one described in Arbei¢R005), Cook et al. (2006), Tausch
(2007). The procedure consists of the following fsteps:

1. Configural equivalence: check if the model holdsewhthe groups are considered
separately, i.e. to establish whether the factarcgire and the model is valid for the
different groups. To do this, no constrain is $ebag groups.

2. Measurement equivalence: check if factor loadings iavariant among groups, i.e.
establish whether groups perceive factors in theesavay. To do this, an equality
constrains is set on the measurement weights d&reift groups (see Figure 1 for
measurement weights).

3. If the previous steps have a positive outcome, madyaed differences among structural
weights (see Figure 1) keeping the equality comdgaamong measurement weights. In
this way we could assess differences among groupghe relationships (structural
weights) among variables.

4. Finally, we checked how much the total effect of @SMIL for different groups is.

Results

Overall model

As explained in the Methodology section, first dif we run the model by considering the
whole sample and we found that the model holds|€Talprovides a summary of the model
fit). Since variables are non normal (see Tablenl@ppendix), we validated results through
Bollen-Stine p-value based on a 2,000 iteratioratsitap procedure.



Table 4 — Model fit statistics for the overall mbde

chi-square df p-value Bollen-Stinep-value NFI RMSEA CFlI
Default model  5.053 4 0.282 0.348 0.989 0.022 0.998

*NFI: Normed Fit Index (good above 0.95)
*RMSEA: Root Mean Squared Error of Approximatiogopd below 0.05)
CFI: Comparative fit index: close to 1 means verpdjfit

In Table 5 we can see that the factor loadings Ipaséive and high factor scores (i.e. greater
than 0.5) and that all the structural weights dtesignificant over 5% of confidence. In
particular, the hypothesized relationships turnetl to be confirmed: GS is associated to
higher MIL by a standard estimate of 0.097 (diefé¢ct). However GS is related to a higher
adoption of SCMI by 0.162 that in turn lowers Mli b0.137 (indirect effect).

Table 5 — Estimates of the overall model

Relationship Estimate Std. Estimate P

GS 2> MIL .145 .097 .025
GS 2> SCMI .006 162 .000
SCMI 2> ML -5.501 -.137 .005
SCMI - Coordination 1.000 712 -
SCMI -  Supply strategy .943 .668 .000
SCMI - Supplier development 1.147 .798 .000

In conclusion, thanks to the mediation effect oMBCthe total effect of GS on MLI is 0.075
(while the direct was 0.097). These results confliose obtained in Golini and Kalchschmidt
(2010); table 6 provides a direct comparison odatiand indirect effects in the two works.

Table 6 - Direct, indirect and total effect of gdlsourcing on material inventory level in (Golemd
Kalchschmidt, 2010) and this paper

Standardized Estimate Standardized Estimate
(Golini and Kalchschmidt, 2010) (this paper)
Direct effect 0.094 0.097
Indirect effect -0.026 -0.025
Total effect 0.068 0.075

Multi-group analysis

After the overall model assessment, we measuredhtpact of contingencies on the model

variables (GS, MIL, SCMI) by measuring differentedween groups through an independent
sample Mann-Whitney test (the equivalent of a t-fes non parametric data). Results are
reported in Table 7.

Table 7- Average values for different groups fa thain model variables (values in bold identify a
significant difference between groups with sig..e3assessed by a Mann-Whitney test).

Variable Size Type of Type qf Produc.t Numbgr of Avg. sgppliers
purchases production Complexity suppliers per item
1 2 1 2 1 2 1 2 1 2 1 2
MIL 26.63 | 28.57| 28.28] 26.8] 27.9p 27.98 2646 28]186.32 | 28.66| 26,74 26,24
GS 11.02 | 1799 | 1279 | 1659 | 11.75 | 20.76 | 11.06 | 1682 | 12.70 | 16.03 | 1645 | 11,61
SCMI 2.67 3.17 2.81 3.08 2.87 3.08 2.76 3.05 2.83 3.09 2.91 2.96
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We can see that MIL is never significantly differ@mong groups while the level of GS is
always higher for each group 2. Specifically, oample shows that companies adopting
global sourcing are typically large companies, adgp ATO/MTS production systems,
copying with relevant costs of purchasing, highdue complexity and with several suppliers
(both in absolute terms and relatively). SCMI ade@ed more by companies in groups 2.
The only exception is companies with many and feypsers per item that do not show
significant differences on SCMI.

After that, as explained in the methodology, weeassd configural and measurement
equivalence. Models used to assess equivalence alaways (i.e. for any contingency
variable considered) a good fit that tends to iaseewhen constraining measurement weights.
Specifically RMSEA is always lower that 0.05, NBEl higher than 0.975 and CFI is higher
than 0.990 (in appendix Table 11 provides detailsn@asures of fit) This result is confirmed
also by a bootstrap analysis (Bollen-Stine p-valte)overcome possible non-normality
issues. By means of a chi-square test, we ass#saethe increase in the fit is significant,
meaning that considering measurement weights iddrgical among groups improves the fit
of the model. In conclusion, the model and thedischold for different groups for all the
contingencies and we moved to analyze differentéisa structural weights.

Using the models constrained on the measuremenghtgeito be identical, we finally
compared regression coefficients between groupsi€Ta.

Table 8 - Standardized structural weights for ¢lwerall model and the different groups (in bold the
regression coefficients with sig. < .05 are highligd)

GS->MIL GS-> SCMI SCMI ->MIL
Std. Est Sig. Std. Est Sig. Std. Est Sig.
Overall model .097 .025 162 .000 -.137 .005
Size Group 1 .004 .952 .088 216 -.126 .080
Group 2 153 .009 135 047 -.169 013
Type of Group 1 .078 .146 .088 141 -.043 474
production Group 2 164 .031 .268 .002 -.318 .000
Type of Group 1 .167 .005 152 024 -.197 .003
purchases Group 2 .041 519 124 .090 -.082 .268
Product Group 1 .069 .325 .095 253 -.209 .013
Complexity Group 2 .100 .066 156 .010 -.110 .070
Number of Group 1 131 .044 .149 041 -.214 .004
suppliers Group 2 103 .102 .078 .282 -115 116
Avg. Number of Group 1 .051 427 173 .015 -.157 .028
suppliers Group 2 176 .013 111 174 -.181 027

As we can see, the estimates are always signifaamgtfor:

» large companies (size - group 2);

* ATO/MTS companies (production — group 2);

» companies with less than 100 suppliers (numbeuppléers — group 1);
* high raw materials share purchasers (type of pgeha group 1).

We can notice that for these groups the struciueddhts are higher than those calculated for
the overall sample, meaning that GS has a stramggative impact on MIL, but GS induces a
higher adoption of SCMI and that SCMI has an higpetential in reducing MIL (for
ATO/MTS companies in particular).

For the other cases relationships are never sigmifj meaning that it is not possible to relate
GS to a higher adoption of SCMI or to higher MIL.
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Looking at complexity, we find that relationshipse aonly partially confirmed for both
groups. Low complexity companies (group 1) havesitive reduction of their MIL thanks to
SCMI, but global sourcing is not related to thesgiables. High complexity companies,
instead, tend to have higher SCMI caused by high®r but the impact on MIL is not
significant.

Similarly, companies that tend to use few supplpsitem (i.e. single or dual sourcing) tend
to have a higher adoption of SCMI when GS increa®esthe contrary, companies that use
several suppliers per item have a significant aoditppe impact of GS on MIL. Quite
interestingly in both groups SCMI significantly deases MIL but its effect is stronger for
companies that have several suppliers per item.

Finally we analyzed the total effect of GS on MILaple 9). We can see that overall effect,
when significant, is always positive even if it s differences among the considered
contingencies. In the next section these resutsliscussed.

Table 9- Total standardized effect of globalizaiinrestment on delivery performance (in bold are
marked only groups for which structural weights evell significant in Table 8)

Model Group Total effect of GSon MIL
Overall model .075
i Group 1 -.007
Size Group 2 131
T f oroduct Group 1 074
ype of production Group 2 079
Group 1 137
Type of purchases Group 2 031
. Group 1 .078
Product complexity Group 2 071
. Group 1 099
Number of Suppliers Group 2 094
Avg. Number of Group 1 .023
suppliers Group 2 .156

Discussion

The empirical analyses provide interesting insigregarding the complex relationships
among global sourcing, supply chain investmentsraatérial inventories.

First of all, results provided in Golini and Kaldhsnidt (2010) are confirmed, thus the
replication of the study confirms that the impat€tgtobal sourcing on material inventory

level is mediated by supply chain management invessts that, at least partially, reduce the
negative effect of global sourcing (i.e., increa$ematerial inventory level). The provided

statistics confirm also the intensity of the redaships (see Table 5). Replication is an
important part of the scientific process (Frohlastd Westbrook, 2001): theory-building must
be followed by rounds of verification and elabasat(Flynn et al., 1990). In particular, a fast
evolving issue, such as globalization, needs tonbeitored to test the robustness of initial
findings and eventually to identify evolutionargmds.

Second, the impact of the analyzed contingenciesis¢o be relevant. Quite interestingly the
overall impact of contingencies is somehow peculiae theoretical model is valid only in
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some contexts. Thus, we cannot conclude that oelstiips vary for different companies but
that the overall model is valid only under certaircumstances. In particular, the mentioned
relationships are confirmed only in some conditjosecifically for larger companies, for

companies with a limited number of suppliers, fompanies characterized by ATO/MTS

production processes and when purchases are nfiaimgw materials. Quite interestingly the

model is not completely significant when producingdexity and average suppliers per item
are considered. Discussion of these results isigeedvin the following.

Company size

The model is verified and significant only for largfirms - i.e. with more than 250
employees. This means that within small and medamterprises various conditions can be
found thus not allowing the model to be confirmieakger firms tend to adopt global sourcing
and SCMI more than smaller firms and the impacthete variables on materials inventory
level is stronger for larger companies. The totiéad of global sourcing on material
inventory level (see Table 9) confirms this resilhis consequence is also related to the
capabilities that larger firms may have of copywigh higher inventories and their financial
implications.

Type of production

Again, the model is verified only for one group.e.j companies based on ATO/MTS
production systems. In this case, the impact opluphain investments is very high (std.
estimate is -.318) also considering the strong thpé global sourcing on inventory level.

Companies based on ATO/MTS production systems havpay particular attention to

inventory levels also due to the relevant implimasi of out of stock situations. For this
reason, these companies tend also to invest motheosupply chain (see Table 7). This is
also due to the higher adoption of global sourtivag characterizes these companies.

Type of purchases

The model is significant only for companies thay lboainly raw materials. The impact of
global sourcing on inventory level is high (stdtimste is +.167), thus these companies tend
to use global sourcing less than companies maiajynly parts and components (see Table
7).

Product complexity

In this case the model is not completely verifiesgen if companies with different product
complexity adopt differently global sourcing angply chain investments (see Table 7) the
relationships among the considered variables atecommpletely verified. In particular for
companies facing contexts where simple productsraeaged and manufactured, the only
significant relationship is between supply chaiwveistments and inventory levels, while
companies with higher product complexity show anifigant relationship between global
sourcing and supply chain investments. These mesuiggest further investigation in how
global sourcing is adopted in contexts charactdrigedifferent product complexity.

Number of suppliers

The model is verified only for companies with aited number of suppliers - i.e. less than
100 suppliers. For these companies the impactmlgichain investments on inventory level
is very high (std. estimate is -.214). This medna tvhen only a limited number of suppliers
is adopted companies can more easily leverage &l.SKhe total effect of global sourcing
on inventory level, even if still positive, is lowthan the case for larger firms. This result is
particularly interesting since SCMI are not sigraftly different between the two groups of
companies (see Table 7).
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Average number of suppliers per item

As for complexity, in this case the model is nomgbetely verified. Even if companies with
different numbers of suppliers per item adopt défely global sourcing (see Table 7) the
relationships among the considered variables atecompletely verified. In particular, for
companies with few suppliers per item, we founchigigant relationships between global
sourcing and SCMI and between SCMI and inventovele but no significant relationship
exists between global sourcing and inventory lev@is the contrary companies with several
suppliers per item show a significant relationshgtween global sourcing and inventory
levels and between SCMI and inventory levels, butralationship between global sourcing
and supply chain investment.

Conclusions

This paper contributes to the research on the ilgfaglobalization on companies operations.
Specifically attention is here devoted on the maliaeffect of supply chain investment on

the relationship between global sourcing and maiténventory level. The paper provides

evidence that the impact of global sourcing on meey level is mediated by supply chain

management investments, but that its effect isigtyoaffected by the context companies are
facing. Specifically, the identified relationshipse confirmed only for larger companies, for
companies with a limited number of suppliers, fompanies characterized by ATO/MTS

production processes and when purchases are mfanlyaw materials. The paper thus

provides an original contribution to current liten@ on the impact of globalization (and

specifically global sourcing) on companies perfongea(i.e., material inventory level).

Besides, the paper provides evidence of the specdinditions under which companies
should pay more attention to supply chain managéemeestments to keep inventory levels
under control in a global sourcing condition. Tteper also indentifies that in some contexts
the relationships among the mentioned variables nate clear and this suggests future
research to explore in deeper detail these comgitio

In the end, we would like to highlight some of timaitations of the work. First of all, this
work contributes to the vast debate on the rolesugply chain investments in improving
companies performance. However, supply chain imvests imply costs and frequently
higher managerial complexity, for this reason congs may be not willing to spend
significant effort specifically when the cost-behéfade-off is not positive. In this work we
did not consider the costs that supply chain mamagé may imply, and thus future works
should address this topic directly. Second, ouagkit includes companies only from the
manufacturing industry, even if the ISIC code ramgeelatively wide. Anyway different
outcomes could be found in other types of industridoreover only some contingency
variables were considered: attention was paid milegency variables that are considered as
relevant global sourcing literature. Other varigbleay be significant and thus exploratory
research would important to identify other relevaaintingent factors. Next contingent
variables can be correlated among them, e.g. @&higgmplexity product could be related to a
higher number of suppliers, so this could be takém account in following studies. Finally,
the overall model (i.e. not discriminating betwegoups) holds: this means that there can be
some complex compensating effects when puttingtihegethe companies that might need
further investigations.

14



References

Adair-Heeley, C.B., 1988. JIT purchasing: sevepsfer successful implementation.
Production and Inventory Management Review and APNews 8 (12), 22-23.

Arbuckle, J.L., 2005. Amos 6.0 user’s guide. ChaggPSS.

Babbar, S., Prasad, S., 1998. International pumthamventory management and logistics
research. International Journal of Operations &Botion Management 18 (1), 6-36.
Bozarth, C., Handfield, R., Das, A., 1998. Stageglabal sourcing strategy evolution: an
exploratory study. Journal of Operations Managerménf-3), 241-255.

Cagliano, R., Caniato, F., Golini, R., Kalchschmbt, Spina, G., 2008. Supply chain
configurations in a global environment: A longitndi perspective. Operations Management
Research 1 (2), 86-94.

Cagliano, R., Caniato, F., Spina, G., 2003. E-lmssrstrategy: how companies are shaping
their supply chain through the internet. InternagiloJournal of Operations & Production
Management 23 (10), 1142-1162.

Caniato, F., Cagliano, R., Kalchschmidt, M., GglRi, Spina, G., 2009. Evolutionary
patterns in e-business strategy. Internationalnkwf Operations & Production Management
29 (9), 921-945.

Carter, J.R., Vickery, S.K., 1989. Currency exclarajes: their impact on global sourcing.
Journal of Purchasing and Materials Managemen825.0-25.

Cavusgil, S.T., 1980. On the internationalizatioogess of firms. European Research 8 (6),
273-281.

Choi, T.Y., Krause, D.R., 2006. The supply baseitsmdomplexity: Implications for
transaction costs, risks, responsiveness, and atioov Journal of Operations Management
24 (5), 637-652.

Christy, D.P., Grout, J.R., 1994. Safeguarding Buplpain relationships. International
Journal of Production Economics 36 (3), 233-242.

Chung, W.W.C., Yam, A.Y.K., Chan, M.F.S., 2004. Metked enterprise: A new business
model for global sourcing. International JournaPobduction Economics 87 (3), 267-280.
Cook, A.J., Brawer, P.A., Vowles, K.E., 2006. Tearfavoidance model of chronic pain:
validation and age analysis using structural equatiodeling. Pain 121 (3), 195-206.
Dornier, P.P., Ernst, R., Fender, M., Kouvelis,Z008. Global operations and logistics: Text
and cases. Wiley-India.

Fisher, M.L., 2003. What is the right supply chanyour product? Operations management:
critical perspectives on business and managemént3.0

Flynn, B.B., Sakakibara, S., Schroeder, R.G., Bde5s., Flynn, E.J., 1990. Empirical
research methods in operations management. Jafr@gerations Management 9 (2), 250-
284.

Frear, C.R., Metcalf, L.E., Alguire, M.S., 1992 f€hfore sourcing: its nature and scope.
International Journal of Purchasing and Materiaimibement 28 (3), 2-11.

Frohlich, M.T., Westbrook, R., 2001. Arcs of intaion: An international study of supply
chain strategies. Journal of Operations Managef(2), 185-200.

Gelderman, C.J., Semeijn, J., 2006. Managing tbleaglsupply base through purchasing
portfolio management. Journal of Purchasing ancoudanagement 12 (4), 209-217.
Gereffi, G., Humphrey, J., Sturgeon, T., 2005. §beernance of global value chains. Review
of international political economy 12 (1), 78-104.

Goffin, K., Szwejczewski, M., New, C., 1997. Managjisuppliers: when fewer can mean
more. International Journal of Physical Distributi& Logistics Management 27 (7), 422-
436.

15



Golini, R., Kalchschmidt, M., 2010. Moderating tingpact of global sourcing on inventories
through supply chain management. Internationalrdwf Production Economics
doi:10.1016/j.ijpe.2010.06.011

Guariglia, A., 1999. The Effects of Financial Caastts on Inventory Investment: Evidence
from a Panel of UK Firms. Economica 66 (261), 43-62

Gunasekaran, A., Ngai, E.W.T., 2005. Build-to-orsigpply chain management: a literature
review and framework for development. Journal oe@gtions Management 23 (5), 423-451.
Han, C., Dresner, M., Windle, R.J., 2008. Impaaglobal sourcing and exports on US
manufacturing inventories. International JournaPbjsical Distribution & Logistics
Management 38 (6), 475-494.

Handfield, R., Krause, D., Scannell, T., MonczkayIR 2000. Avoid the pitfalls in Supplier
Development. Sloan Management Review 41 (2), 37-49.

Handfield, R.B., 1994. US global sourcing: patteshdevelopment. International Journal of
Operations & Production Management 14 40-40.

Hartmann, E., Trautmann, G., Jahns, C., 2008. @sgaonal design implications of global
sourcing: A multiple case study analysis on thdiagtion of control mechanisms. Journal of
Purchasing and Supply Management 14 (1), 28-42.

Hendricks, K.B., Singhal, V.R., 2005. An Empiri¢datalysis of the Effect of Supply Chain
Disruptions on Long Run Stock Price Performancekquity Risk of the Firm. Production
and Operations Management 14 (1), 35-52.

Hulsmann, M., Grapp, J., Li, Y., 2008. Strategiaattiity in global supply chains-
Competitive advantage by autonomous cooperatideciational Journal of Production
Economics 114 (1), 14-26.

Ives, B., Jarvenpaa, S.L., 1991. Applications obgl information technology: key issues for
management. MIS Quarterly 15 (1), 33-49.

Kotabe, M., Omura, G.S., 1989. Sourcing Strategidsuropean and Japanese
Multinationals: A Comparison. Journal of Internaii Business Studies 20 (1).

Kraljic, P., 1983. Purchasing must become supplgagament. Harvard Business Review 61
(5), 109-117.

Krause, D.R., Handfield, R.B., Scannell, T.V., 1988 empirical investigation of supplier
development: reactive and strategic processesndlooir Operations Management 17 (1), 39-
58.

Lai, G., Debo, L.G., Sycara, K., 2009. Sharing meey risk in supply chain: The implication
of financial constraint. Omega 37 (4), 811-825.

Lee, H.L., Whang, S., 2000. Information sharingisupply chain. International Journal of
Manufacturing Technology and Management 1 (1), 39-9

Lindberg, P., Voss, C., Blackmon, K.L., 1998. Inronal manufacturing strategies: context,
content, and change. Kluwer Academic Pub.

MacCarthy, B.L., Atthirawong, W., 2003. Factorseating location decisions in international
operations a Delphi study. International JournaDpérations & Production Management 23
(718), 794-819.

Meixell, M.J., Gargeya, V.B., 2005. Global suppham design: A literature review and
critique. Transportation Research 41 (6), 531-550.

Minner, S., 2003. Multiple-supplier inventory mosl@ supply chain management: A review.
International Journal of Production Economics 81283-279.

Monczka, R.M., Trent, R.J., 1991. Global sourciagtevelopment approach. International
Journal of Purchasing and Materials ManagemenR72(8.

Nassimbeni, G., Sartor, M., 2007. Sourcing in Changypology. International Journal of
Production Economics 107 (2), 333-349.

16



Naylor, B.J., Naim, M.M., Berry, D., 1999. Leagjtiintegrating the lean and agile
manufacturing paradigms in the total supply cheaternational Journal of Production
Economics 62 (1), 107-118.

Ogden, J.A., 2006. Supply base reduction: An emglistudy of critical success factors.
Journal of Supply Chain Management 42 (4), 29-39.

Olhager, J., Ostlund, B., 1990. An integrated ppsthmanufacturing strategy. European
Journal of Operational Research 45 (2-3), 135-142.

Perona, M., Miragliotta, G., 2004. Complexity maeaugnt and supply chain performance
assessment. A field study and a conceptual framevmternational Journal of Production
Economics 90 (1), 103-115.

Power, D., 2005. Supply chain management integratia implementation: a literature
review. Supply Chain Management: An Internatiomairdal 10 (4), 252-263.

Quintens, L., Matthyssens, P., Faes, W., 2005.Hasiag internationalisation on both sides
of the Atlantic. Journal of Purchasing and Supplgngigement 11 (2-3), 57-71.

Quintens, L., Pauwels, P., Matthyssens, P., 200fhdb purchasing: State of the art and
research directions. Journal of Purchasing and Igiy@nagement 12 (4), 170-181.

Shah, R., Ward, P.T., 2003. Lean manufacturingtecanpractice bundles, and performance.
Journal of Operations Management 21 (2), 129-149.

Sharon, N., Eppinger, S.D., 2001. Sourcing by DedRyoduct Complexity and the Supply
Chain. Management Science 47 (1), 189-204.

Skjott-Larsen, T., Schary, P.B., 2007. Managingdiodal supply chain. Copenhagen
Business School Press.

Sousa, R., Voss, C.A., 2008. Contingency researcipérations management practices.
Journal of Operations Management 26 (6), 697-713.

Steinle, C., Schiele, H., 2008. Limits to globalignng? Strategic consequences of
dependency on international suppliers: Clusterrfhaesource-based view and case studies.
Journal of Purchasing and Supply Management 148{1}.

Stratton, R., Warburton, R.D.H., 2006. Managingttaee-off implications of global supply.
International Journal of Production Economics 183 §67-679.

Tan, K.C., 2001. A framework of supply chain mamagat literature. European Journal of
Purchasing & Supply Management 7 (1), 39-48.

Tausch, N., Hewstone, M., Kenworthy, J., Cairngrist, O., 2007. Cross-community
contact, perceived status differences, and intepedtitudes in Northern Ireland: The
mediating roles of individual-level versus groupdkthreats and the moderating role of
social identification. Political Psychology 28 (bB-68.

Trent, R.J., Monczka, R.M., 2003. Understandinggnated global sourcing. International
Journal of Physical Distribution & Logistics Managent 33 (7), 607-629.

Watts, C.A., Hahn, C.K., 1993. Supplier developn@ograms: an empirical analysis.
Journal of Supply Chain Management 29 (2), 10-17.

Westhead, P., Wright, M., Ucbasaran, D., 2001.iftenationalization of new and small
firms:: A resource-based view. Journal of Businéssturing 16 (4), 333-358.

World Trade Organization, 2009. World Trade Reo@9.

Zeng, A.Z., 2003. Global sourcing: process andgtegir efficient management. Supply
Chain Management: An International Journal 8 (8y-379.

17



Appendix

Figure 2 — Structural equation model

o, 0, o,
Coordination Supplier Supply
w/ Suppliers development strategy

GS > MIL

Table 10 — Skewness and kurtosis (a ratio highen thor lower than — 2 is considered a significant
departure from a normal distribution, while highttian 10 or lower than -10 is considered a severe
non-normality)

Variable skew c.r. kurtosis c.r.
Glca 1.863 17.786 3.017 14.404

SC9b -061 -.584 -769  -3.671
SC9c -118 -1.124  -908 -4.334
SC9a -141 -1.346  -814  -3.887

PC3a 2.528 24.136 8.421 40.202

Table 11 — Configural and measurement equivalermaets fit.

Bollen-
chi-square df p-value Stinep- RMSEA NFI CFlI
value

Size

Configural equivalence 8.696 8 .369 452 .000 .980 .998

Measurement equivalence 8.893 10 .542 .608 .000 .979 1.000
Type of production

Configural equivalence 7.542 8 479 .584 .000 .984  1.000

Measurement equivalence 8.838 10 .548 .635 .000 .981 1.000
Type of purchases

Configural equivalence 7.357 8 499 .595 .000 .984  1.000

Measurement equivalence 9.793 10 .459 .575 .000 .978 1.000
Product Complexity

Configural equivalence 5.993 8 .648 .692 .000 .987  1.000

Measurement equivalence 6.896 10 .735 .782 .000 .985 1.000
Number of Suppliers

Configural equivalence 7.935 8 440 514 .000 .980 1.000

Measurement equivalence 9.986 10 442 .505 .000 975 1.000
Avg. Number of suppliers

Configural equivalence 8.420 8 .394 423 .011 .979 .999

Measurement equivalence 13.902 10 178 217 .030 .966 .990
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