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Abstract

As supply chain vulnerabilities and the dependesfceompanies to their partners (i.e., suppliersgnsify,
companies are adopting manufacturing postponenmeatder to reduce potential negative effects ofpup
risks. Indeed, manufacturing postponement allowsdito properly manage point of differentiationsraj
their production lines, improving companies’ reant capabilities. This study built a framework thalates
the adoptions of postponement underlying tacties, (product modularity and process re-sequendmghe
development of flexibility and to the achievemefhtompetitive advantage (i.e., reduced expositmaupply
risks). Based on data collected from 54 Italian afacturing companies we show that the adoption of
manufacturing postponement directly influence firmesiliency. Furthermore, we show that this relaship
can be partially explained by an indirect path tigto flexibility.
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1 | ntroduction

In the last decades many firms have tried to im@rtheir economic performance (i.e.,
market share, return on sales, return on invesshdayt focusing on initiatives (i.e., Lean
Production, Just in Time, off-shore manufacturiaghed to improve speed and reduce cost
of supply chain operations. This has induced congsatowards outsourcing processes thus
increasing their dependence from external parties 6uppliers, distributors and retailers).
Consequently both product and operations performane now strongly determined by the
suppliers' behaviour and in the last few years mapocern has been given to the relevance
of supply chain risks i.e., vulnerabilities relatedthe behaviour of customers and suppliers
(e.g., Lee 2004; Tang 2006; Wagner and Bode 2086¢g Bnd Tomlin 2008; Wagner, Bode
et al. 2009).

Attention has thus been paid on how properly managgnal operations in order to
reduce the potential negative effects of supplyrckialnerabilities and simultaneously gain
competitive advantage. Literature has devoted mattention in providing effective
practices to cope with supply chain risks. Amonggesal, typical practices are:

. choosing the appropriate type of relationship veitippliers by adopting the
strategic sourcing practice (Kraljic 1983; Tang @00

. using vendor rating programs and monitoring thealbedr of partners (de
Boer, Labro et al. 2001; Micheli, Cagno et al. 2009

. designing contracts (Cohen and Agrawal 1999; Cac®3);

. designing and using a system of information-shaaimg integration practices
(Wen-li, Humphreys et al. 2003; Paulraj, Chen et28l06; Krause, Handfield et al.
2007; Zhou and Benton Jr 2007).

In this work attention is paid on one specific dyppghain risk management practice
(SCRM), i.e. postponement (Zinn and Bowersox 19B&aminathan and Lee 2003; Lee
2004).

Many authors (e.g., Zinn and Bowersox 1988; Vandlam and Dada 2001) describe
different types of postponement that could be imaeted by companies. These include
labelling postponement, packaging postponement, ufaaturing postponement, time
postponement and price postponement. Labellingpposiment is a situation where a
standard product is stocked and differently lalellased on the realized demand. In
packaging postponement products are not indivigupickaged until final orders are
received. Assembly and manufacturing postponenedat to situations where assembly or
manufacturing activities may be delayed to the efdthe production process. Time
postponement refers to the concept that produetsa@irshipped to the retail warehouses but
are held at a central warehouse and are shippecustomers directly. Finally, price
postponement prescribes to use the price as amssmoechanism to change demand so that
the modified demand can be better matched givendhegpany production capability.

Here, we focus on Manufacturing Postponement dexibfe strategy allowing firms to
properly react when a supply chain risk occurs anaging decoupling points along their
production lines. Lee and Tang (1997) describe liwhayed differentiation along the
production lines can be achieved via product modyland re-sequencing of production
sub-processes. Many contributions collected by T&@§6) provide analytical evidence



concerning the effectiveness of these postponetaetits in generating inventory savings
and in improving the ability of the firms to copethvsupply chain vulnerabilities: in this
sense postponement was defined by the authoreaiadf robustness and efficiency.

Furthermore, many authors (e.g., Lee 2004; Tang Bowilin 2008; Reichhart and
Holweg 2009) have discussed postponement as a&granabling firms to effectively
increase their flexibility, i.e. the ability of angystem to adapt to internal or external
influences, thereby acting or responding to achiaveesired outcome (Ackoff 1971,
Zelenovic 1982). Flexibility allows companies tchawve superior performance and become
leaders in an increasingly competitive and uncemaarket (Lee 2004).

Limited empirical evidence however is provided hgrhture about the effectiveness of
postponement in influencing resiliency both dirgethd indirectly through firms’ flexibility.
This work is aimed at exploring in deeper deta# telationship among postponement,
flexibility and company’s exposition to supply chaisks. In particular, the remainder of the
paper is structured as follows: in the next secti@npresent the theoretical framework on
which the paper is based and the specific resepropositions we consider, then the
research methodology adopted is described. Empnesalts are then presented, and based
on these discussions and conclusions are drawn.

2 Theoretical framework

The theoretical framework to be examined in thiglgtis depicted in Figure 1. The concepts
of Postponement, Flexibility, and Upstream Vulndigbare discussed in the following
subsections.

| Manufacturing
" Flexibility [

Manufacturing B > Upstream
Postponement Vulnerability

Figure 1. Theoretical model

21  Manufacturing Postponement

In this work we refer to postponement as the preadtrategy allowing firms to enhance
their ability to manage points of differentiatiorioag their production lines (i.e.,
manufacturing postponement). In this section weothice two practices widely recognized
as postponement’s enablers: product modularity gmdcess re-sequencing (e.g.,
Swaminathan and Lee 2003; Tu, Vonderembse et @1)20

Product Modularityis the practice of using standardized product rfesdso they can be
easily reassembled/rearranged into different fenctform, or shared across different
product lines. The key to successful product madidéon is product architecture, a
scheme by which functional elements of a produet alocated structurally independent
physical components. An effective architecture reated when interfaces between



functional components are standardized and spddifi allow the substitution of a range of
components without requiring changes in the desigfisother components (Tu,
Vonderembse et al. 2004).

Process Re-sequencilig the practice of standardizing manufacturing puitesses so
that they can be re-sequenced easily in responseviconmental changes. Feitzeinger and
Lee (1997) suggested that process re-sequencibgsisd on the process standardization
principle (i.e., break down the process into stathdaub-processes that produce standard
base units and customization sub-processes ththefurustomize the base units shared by
products) and allow companies to postpone processeas managing points of
differentiation.

22 Flexibility

Flexibility is often conceptualized based on thensl contribution by Slack (1993) and
Upton (1994). Consistently with them, a systemeXithility is based on internal resources
(e.g. machinery and technology, material handloygrations, programs, etc.), that can be
used to achieve different type of internal flextlgil which in turn can support the system’s
ability to demonstrate external flexibility to enemmental changes. Within manufacturing
literature there is no general agreement on thebeurof internal flexibility types, while is
already clear which types of external flexibilitarc characterize manufacturing systems
(Reichhart and Holweg 2009). Consistently with 8l61993), we can observe four types of
external flexibility: product, mix, volume and dedry. Product flexibility describes the
ability to introduce new products or changes tostxg products. Mix flexibility is the
ability to alter the product mix that the systenlivags. Volume flexibility refers to the
ability to change the system’s aggregated outgoally, delivery flexibility is the ability to
alter agreed delivery agreements (e.g., shortdeimdrtimes or even changing the products’
destination). Obviously, these different facetfl@tibility have been emphasised by various
authors and this has lead to varied views reflettetthe literature. For example Tang and
Tomlin (2008) refer to flexibility as the agilityf @ompanies operating in a supply chain
context, i.e. the ability to respond to short-tecimanges in demand or supply quickly,
handling external disruption smoothly. Moreovehests authors use the concept of external
flexibility in order to clearly define the concept responsiveness. By relying on previous
contributions (Matson and McFarlane 1999; Holwe®3)0 Reichhart and Holged (2009)
define responsiveness as “the speed with whictsygeem can adjust its output within the
available range of thiour external flexibility typesproduct, mix, volume and delivery, in
response to external stimulus, e.g. a customer’orde

Anyway, in this work we are interested in studythg influence of postponement tactics
on resiliency of companies facing supply chainudisances (i.e., supply risks and demand
risks). Consequently, we specifically focus on tagability of the production process to
effectively respond to uncertainty. In order tosty we consider manufacturing flexibility
as the ability to rapidly adapt to external chan@es, supply problems, fluctuation of mix
and volume of demand) by relying on the externatiBility of the manufacturing system
(i.e., capability to effectively alter products,xnvolume and deliveries). This definition is
similar and coherent to the one proposed by prevauthors (Zelenovic 1982; Slack 1993;
Upton 1994; Lee 2004; Tang and Tomlin 2008). Esaliytwve consider a company to be
flexible when it is able to respond to short-tefmacges in demand and supply effectively.



2.3  Upstream Vulnerability

According to Hendricks and Singal (2005), companegeriencing supply chain
disruptions suffered from 33-40% lower stock returelative to their industry benchmarks.
In this sense, the success of companies operatiray supply chain context is strongly
related to their ability to manage supply chaikgjsdamping the variability of their earnings
caused by operational and disruption uncertaintresrder to move a step forward toward
the understanding of how postponement tactics, (peoduct modularity, process re-
sequencing) can help firms to achieve competittheaatage, in this work attention has been
paid on companies’ upstream vulnerability i.e. gwmential risk due to the behaviour of
suppliers.

We rely on the definition provided by Zsidisin (Z)@&ccording to whom, supply risk can
be defined as “the potential occurrence of an emicassociated with inbound supply from
supplier failure or the supply market, in which d@stcomes result in the inability of the
purchasing firm to meet customer demand or causatthto customer life and safety”. This
type of vulnerability has become very relevant dgrithe last ten years and many
contributions have been provided by the curremtrdiiure (e.g., Kraljic 1983; Sodhi and
Chopra 2004; Kleindorfer and Saad 2005; WagnerBodke 2006). Nevertheless, as well
described in the following sub sections, the rela&hip between the adoption of
postponement and upstream vulnerability is scara@hgstigated and limited empirical
evidence is provided about the influence of thiategy in mitigating upstream risks.

24  Research propositions

In this work we are interested in the study of th&ationship between the adoption of
postponement and the reduction of upstream vuliigdyabWe are also interested in
investigating whether this relationship can beiplytexplained by the mediation effect of
flexibility. As we are going to discuss in the fmNing sub sections, many contributions
allow to support the idea of the existence of iaflces among postponement, flexibility and
companies’ exposition to supply chain risks butregampirical evidence is provided until
now.

Furthermore, postponement and flexibility are usuaklated to the mitigation of
downstream vulnerability i.e., uncertainties comirgn the fluctuation of demand and the
unpredictability of changes in customer’'s needs. tBa contrary, in this work we are
interested in investigating the relationship amg@agstponement tactics, flexibility and
upstream vulnerability.

24.1 Theimpact of postponement on upstream vulner ability

Tang and Tomlin (2008) describe how postponememtbeaan effective way to reduce the
expected negative effects coming from process antadd risks (i.e., reduced capability of
specific production lines, overstocking, unpredit@ademand and customer needs).

As manufacturing processes become more flexibleoimsequence of the adoption of
postponement (i.e., different production lines @apable of producing all products because
of standardized and modularized components anggudesses), different kinds of products



can be manufactured in the same production line Aesult companies can shift production
guantities across internal resources reducing peogsks significantly.

Postponement also enables firms to reduce the ingbatemand risks. For example, to
reduce the overstock and under-stock costs ofrdifteversions of DeskJet Printers, HP
redesigned its product by delaying the point offedéntiation. HP first manufactured
according to a make-to-stock system and then sHigeaeric printers to the distribution
centres where are customized in a make-to-ordemeararmhis assembly postponement
strategy allowed HP to become more efficient amduftaneously to quickly respond to
demand changes (Lee and Tang 1997).

Literature mainly addresses postponement to copb@ wiocess and demand risks,
however postponement can also be adopted in aydaahage supply risks. In this work we
specifically focus on the empirical evaluation listrelationship. Hopkins (2005) describes
that the adoption of the tactics underlying the tpasement approach (i.e., product
modularity, processes re-sequencing) allows conegata adopt new configurations of the
production process, typically by postponing the rapens involving unavailable
components, so to manage those situations wheobgmes are temporally unavailable. For
example, after Philip’s semiconductor plant was dged in a fire in 2000, Nokia was
facing a serious supply disruption of radio frequechips. Since Nokia’'s cell phones are
designed according to the modular design concegitiaNwvas able to postpone the insertion
of the unavailable components until the end of #ssembly process. Due to this
manufacturing postponement strategy, Nokia was #@bleeconfigure the design of their
basic phones so that the modified phones couldpactightly different chips from other
suppliers. Consequently, Nokia satisfied custoneenahd smoothly and obtained a stronger
market position (Hopkins 2005).

Based on the contributions here discussed we eanufate the following research
propositions:

RP1. Manufacturing postponement is correlated waittower perception of supply
risks.

2.4.2 Theinfluence of postponement on upstream vulnerability through flexibility
Postponement tactics allow companies to increase ¢apability for reconfiguration of the
production process and at the same time allow aensdfective use of the existing
production capacity (Swaminathan and Lee 2003).s@ening these effects, literature
frequently describes postponement as a method et increase the flexibility of
companies and of the entire supply chain (e.g.,408!; Skipworth and Harrison 2004). As
described by Reichhart and Holweg (2009), produatiutarity and process re-sequencing
can be also considered as internal determinantsopedational factors of companies’
potential responsiveness. The authors also higklitghow within literature the concept of
responsiveness is very close to the one of flagaind how flexibility and responsiveness
describe in practice similar capabilities. In thése, manufacturing postponement would be
considered a firm's internal determinant of flektlgi Therefore, we formulate the following
research proposition:

RP2. Manufacturing postponement is correlated \aitiigher degree of flexibility.



There is an increasing recognition that flexibilitg a necessary condition for
competiveness (e.g., Lee 2004; Tang and Tomlin R@B&ldman and Nagel (1993) defined
flexibility as the ability of a business to grow ancompetitive market of continuous and
unanticipated changes, to respond effectively tpidig changing markets driven by
customers and suppliers. In this sense, flexibitigyn be considered as a source of both
robustness and continuity. Therefore, we formulla¢efollowing research propositions:

RP3. Flexibility is correlated with a lower perdem of supply risks;

RP4. The direct relationship between manufactupogtponement and supply risks
is mediated by flexibility.

3 Resear ch methodol ogy
3.1 Data

In order to test our research propositions we agtbptsurvey approach. In particular, based
on an extensive literature review a questionnamms designed in order to operationalise the
mentioned variables. The questionnaire was refimetheans of five pilot cases in order to
determine the validity of the model and test trecdiminant ability of the questionnaire. In
appendix the specific questions that have been tmedhe purpose of this paper are
provided.

Once the questionnaire was refined and its thonoeigth verified, we managed a survey
analysis on a sample of Italian companies. 30@aliatompanies were selected according to
following criteria:

I Manufacturing companies. We focus on the machinergnufacturing
industry.

il. Upstream supply chain relevance. We selected finoysconsidering the
importance of the supply chain to their operatioins order to obtain an
heterogeneous sample. This selection was made bagbé purchasing costs.

Companies were contacted by phone calls in ordedeatify a reference person (i.e.,
purchasing manager, plant manager or who are imgehto manage the supply chain
network) and to describe the research. Participaate provided with an electronic version
of the questionnaire and support was given in otdeguarantee full understanding of the
questionnaire. Data were collected between thé&sfos May and the end of August 2010.
We run ANOVA on collected data in order to check lte respondent bias. The analysis
shows that no bias affects the collected data (Begaare all higher than 0.29).

Finally, 54 companies provided useful and compietermation for this research (thus
with a response rate of 18%). The sample is dextrib table 1. Companies are mainly
medium sized (48.2% of the sample) but also small large are represented. Different
industrial sectors from the assembly industry amsalered, mainly from the manufacturing
of machinery and equipment. Concerning the incidesfcthe purchasing cost on revenues,
the sample is rather heterogeneous.



@ (b) (c)

Size* N % Ateco** N % Purchases N %

Small 22 40.7 Ateco22 10 18.5 >=70% 9 16.7
Medium 26 48.2 Ateco 26 3 5.6 60% -69% 16 29.6
Large 6 11.1 Ateco 27 6 11.1 50% -59% 11 20.4
Total 54 100 Ateco 28 29 53.7 40% -49% 8 14.8
Ateco29 5 9.3 <40% 10 18.5

Ateco 31 1 1.8 Total 54 100

Total 54 100

Table 1:. Descriptive statistics in terms of (a) size, ifiustrial sector (ATECO 2007), (c) purchasing cost

* Size: Small: less than 250 employees, Medium:-26Q employees, Large: over 501 employees;

*»* ATECO 2007 Code: 22: manufacture of rubber amabfics; 26: manufacture of computers and eleatroni
products, optical, medical electrical equipmentpaptus for measuring and watches; 27: manufaaifire
electrical appliances and electrical equipmennfom-domestic; 28: Manufacture of machinery and goeint
not classified elsewhere; 29: Manufacture of mot@hicles, trailers and semi-trailers; 31: furniture
manufacture

3.2 M easures

In order to measure model’'s variables we appliedcRral Component Analysis (PCA) to
build specific constructs. Reliability of constrsicivas checked by means of Cronbach’s
Alpha and by checking the theoretical validity bé tconstructs (Nunnally, 1994). Variables
and measures of manufacturing postponement, fleéyjband upstream vulnerability are
discussed below.

3.2.1 Manufacturing Postponement

In this paper we investigate postponement practcesbling companies to become more
flexible so as to reduce the negative implicatiohthe occurrence of supply risks (e.g., Lee
2004; Hopkins 2005; Tang 2006). Specifically, byptthg Product Modularity (PM) and
Process Re-sequencing (PR), companies improve tagabilities to shift production
quantities across internal resources and acrofgalit products (Lee and Tang 1997; Tang
and Tomlin 2008). We measured postponement’s uyidgrtactics (i.e., product modularity
and process re-sequencing) by means of 8 itengealling from the flexible manufacturing
literature (Graves and Tomlin 2003; Swaminathan bee 2003; Tu, Vonderembse et al.
2004; Yang, Burns et al. 2004; Tang and Tomlin 200@ms were measured on a 1-5
Likert scale where 1 equals to “strongly disagraed 5 represents “strongly agree”. Table 2
shows results of principal component factor analyeeliability tests (Cronbach’s Alpha)
and descriptive statistics on postponement’s cootstr

Construct Items Average Std. Dev Loading
Product Modularity Products used modularized design 2.76 1.36 0.80
Eigen value: 2.00 Product modules could be assembled
R% 0.67 different sequences 2.50 1.20 0.80
Alpha: 0.75 Different modules as Different features 3.04 1.27 0.85




Production process used modularized de:  3.36 1.03 0.76
Subprocess could be added or removed 3.14 1.13 0.92
Process The Production process modules can
Re-sequencing adjusted for changing in production need:
Eigen value: 3.63  The Production process can be broken di
R?:0.73 into standard and customization st 3.04 1.10 0.92
Alpha: 0.90 processes

Sh-processes can be rearranged so

customization sub-process occur last

2.88 1.19 0.89

2.78 1.19 0.76

Table 2: Postponement constructs

Results are coherent with contributions of previaesks (Tu et al., 2004).

322 Flexibility

In this research flexibility (F) is measured by ateen available from the questionnaire. It
was assessed using the question, “please indicate gurrent degree of flexibility (i.e.,
ability to adapt your products, mix, volume andiwkgies) on a 1-5 likert scale where 1
represents lower than your competitors and 5 higrar your competitors”. This measure is
consistent with the definition of external flexibyl discussed in the previous section. Table
3 shows descriptive statistics on flexibility.

Variable Average Std. Dev Min Max
Flexibility 3.16 0.82 1 5

Table 3: Descriptive statistics on Flexibility

3.2.3 Upstream Vulnerability

Consistently with Zsidisin (2003), our attentionsMacused on two specific supply risks:
supplier failure risk (SF) and purchases unavditghisk (PU). The first one is related to
the cases in which a supplier becomes unavailabke @nsequence of the vendor financial
instability (Wagner and Johnson 2004) or of thedeets vertical integration by a direct
competitor of the focal firm, forcing the end okthelationship (Sodhi and Chopra 2004).
The second supply risk is related to the caseshitiwthere’s no possibility to supply a
specific component because of capacity constraintshortages in the supply markets. In
both cases supply risks can lead to a strong riextuof the firm’s efficiency and ability to
cope with the needs of the final market (Wagner Bode 2006). Hence, supplier failure
risk and purchases unavailability risk can be aergid two of the most relevant forms of
upstream vulnerability (Thun and Hoenig 2009). figyto address the risk assessment issue
many authors (e.g., Mitchell 1995; Ellis, R.M. ¢t 2010) point out the importance of the
subjective judgement of risk as the significantedainant of managerial and customer
choice. Consequently, in order to measure thesestypply risks, we collected information
about the managers' perception regarding potenéightive effects of risk on company’s
performance. Specifically, the impact of supplyjksisvas measured on a 1-5 Likert scale



where 1 represents scarce negative impact to thenimation and 5 severe negative impact
to the organization. Table 4 shows descriptivastatabout supply risks:

Variable Average Std. Dev Min Max
Supplier failure risk 291 1.07 1 5
Purchases Unavailability risk 3.52 0.85 1 5

Table 4: Descriptive statistic on Supply risks
4 Empirical Results

In order to test our model and achieve our objestiwe adopt a two steps approach. First
we applied OLS regression analysis to assess thectdirelationships between
postponement’s underlying tactics and companieposition to supply risks. Then, only
when estimates are significant, we applied pathyaizain order to evaluate the mediation
impact of flexibility. Specifically, path analysis conducted by means of two subsequent
OLS regression models: in the first one flexibilisyregressed for postponement tactics, in
the second one supply risks are regressed by bmgtpgnement tactics and flexibility
(Holland, 1988). If the relationship between mawgtiiaing postponement and supply risks is
fully mediated, then all of the significant varianof that relationship will be accounted for
by the direct effect from flexibility to upstreamulmerability. A partially mediated
relationship is identified whether the direct effed the mediator construct, Flexibility,
accounts for a significant amount of variance isttgam vulnerability, but the relationship
between manufacturing postponement and supply risk&ins significant (Little, Card et
al. 2007).

We also used standardized control variables (b&e, Industry). Size was measured
considering the number of employees of the compbodustry was measured by means of
dummy variables, one for each ATECO 2007 sectoyway, the analysis didn't show any
significant estimate for control variables and detare not reported here for briefness sake.

4.1  Direct relationship between postponement and upstream vulner ability

Table 5 shows the results of the regression amsalysiween postponement practices and
upstream vulnerability.

Interestingly, we can partially accept our firssearch proposition. Indeed, we can see
that process re-sequencing is significantly reldatedpstream vulnerability, thus the more
companies adopt this practice the less they fedbetat risk. On the contrary, product
modularity is not directly related to upstream \arhbility (see models 3a and 3b). This
result can be understood by considering correlatamong variables (table 6) and the path
analysis (table 7) reported above. Correlation yamlshow how both product modularity
and process re-sequencing influence the expectpdcinof supply risks on organizations.
Nevertheless, path analysis show how the direetiogiship between product modularity
and supply risk is completely mediated by processeguencing.

10



Supplier's Failure

Purchases Unavailability

la 2a 3a 1b 2b 3b
Constant 3.91 4.66 4.68 4.26 4.59 4.69
p-value (0.000) (0.000) (0.000) (0.000)  (0.000) (0.000)
Product Modularity -0.37 - -0.03 -0.29 - -0.13
Std. Err. 0.154 0.173 0.121 0.149
P-value (0.021) (0.840) 0.020) (0.386)
Process Re-sequencing - -0.57 -0.56 - -0.37 -0.29
Std. Err. 0.151 0.184 0.132 0.160
P-value (0.000) (0.005) (0.006) (0.074)
R-squared 0.12 0.27 0.27 0.13 0.16 0.19
Adj R-squared 0.10 0.25 0.24 0.10 0.15 0.15
Table 5: Supply risks regressed on postponement’s undertgictirs
PM PR SF PU
Product Modularity (PM) 1 -
Process Re-sequencing (PR) 0.55*** 1
Supplier’s Failure (SF) -0.35%*  -0.52% 1
Purchases Unavailability (PU)  -0.36**  -0.41** 0.23 1
*% n<0.01, ** p<0.05, * p<0.1
Table 6: Pairwise correlation among postponement tactics sungply risks
Indirect path Direct path
Product Modularity ---> Process Re-sequencing-> Supply Risk Product Modularity --->  Supply Risk
+0.59**+* -0.50*** -0.03
PM R%*= 0.034 PR R=0.27 SF PM R*=0.27 SF
+ K%k | * _
PM 02.59 PR 0.33 PU PM 20.15 PU
R?=0.034 R=0.19 R?=0.19

¢ n<0.01, ** p<0.05, * p<0.1

Table 7: Path Analysis on postponement underlying practcessupply risks

4.2

Indirect relationship through Flexibility

In the light of the results presented in the prasisubsection, we now considering only the
indirect relationship between process re-sequeneimdy supply risks. First, correlation
analysis (table 8) show that manufacturing flexipiis strongly related both to higher
adoptions of process re-sequencing and to lowezagd impact of supply risks.

PR Flexibility SF PU
Process re-sequencing 1 -
Flexibility 0.42%** 1
Supplier’s failure -0.52*  -0.44*** 1
Purchases Unavailability -0.41** -0.36**  0.23 1

¢ n<0.01, ** p<0.05, * p<0.1

11



Table 8: Pairwise correlation among process re-sequendiegjbility and supply risks

We can then analyse the indirect path between psoce-sequencing and supply risks
through flexibility (table 9 and table 10).

Supplier’s failure Purchases unavailability
4a 5a 4b 5b
Constant 4.67 5.37 4.63 5.11
p-value (0.000) (0.000) (0.000) (0.000)
Process Re-sequencing - -0.44 - -0.30
Std. Err. 0.167 0.151
P-value (0.013) (0.054)
Flexibility -0.56 -0.33 -0.38 -0.24
Std. Err. 0.194 0.195 0.168 0.176
P-value (0.007) (0.077) (0.031) (0.180)
R-squared 0.20 0.33 0.13 0.22
Adj R-squared 0.17 0.29 0.10 0.18

Table 9: Supply risks regressed on Process re-sequenciddlaxibility

Indirect path Direct path
Process Re-sequencing  ---> Flexibility ->-- Supply Risk Process re-sequencing ---> Supply Risk

+0.39** -0.35% -0.44**

PR F SF PR SF
R?=0.016 R=0.33 R?=0.33
+0.39** -0.24 -0.30*

PM F PU PR PU
R?*=0.034 R=0.22 R*=0.22

*** n<0.01, ** p<0.05, * p<0.1

Table 10: Path analysis on process re-sequencing, flexibélitgd supply risks

The above results (table 9 and table 10) suppartiasi three research propositions: the
indirect path through flexibility can partially etgmn the direct influence of manufacturing
postponement on companies’ resiliency. Indeed, istamgly with Little et al. (2007), we
identify a partial mediation effect of flexibilitgn the direct relationship between process re-
sequencing and the supplier’s failure risk: fidte indirect path through the mediating
variable (i.e., flexibility) is significant (seerét row of table 10). Second, the direct
influence of process re-sequencing on the supfdiéure risk is still significant but with
lower magnitude and significance (see model 2aallet 5 and model 5a in table 9).
Anyway, the indirect relationship between processeaquencing and the expected impact of
product unavailability through flexibility appearbeing not significant (table 10).
Consequently, we can assert that flexibility does produce any mediation effect on this
specific relationship.
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5 Discussion and Conclusion

This work provides evidence of the effectivenespastponement in reducing perceived
supply risks. Furthermore, we empirically demortstrghat these relationships can be
partially explained by an indirect path through gamies’ flexibility.

Based on the presented analyses, we documentedotin@ianies can directly reduce the
negative impact of supply risks on their organmatby developing postponement tactics.
Indeed, when supply risks occur, the adoption oftpanement allows companies to
partially cope with that by re-sequencing interpgkrations (i.e., gaining time) and by
modifying the final product design, increasing fh@bability to find consistent suppliers
(Swaminathan and Lee 2003; Hopkins 2005). Furtheemae empirically demonstrated
that only the process re-sequencing practice camobsidered an effective risk management
lever, while product modularity represent a neenhegstment. Interestingly, these results
confirms what previous contributions conceptualynped out: Lee and Tang (1997) stated
that in order to standardize and postpone a prastegs one needs first to modularize the
product’'s architecture and standardize product’symmnents. Moreover, Reichhart and
Holweg (2009) describe that adjusting product decire can be considered as a way to
employ decoupling points in order to manage ungis. In this sense, product modularity
can be seen as an enabler of process re-sequammihgs adoption indirectly influence
companies’ resiliency.

Finally, we provide empirical evidence about theeefveness of postponement strategies
in enhancing companies’ flexibility as well as thkility to manage internal resources to
effectively respond to external unexpected evehtsthis sense, consistently with the
definition by Slack (1993), process re-sequencimd) @roduct modularity can be considered
as two determinants of internal flexibility, whiat turn can support the system’s ability to
demonstrate external flexibility to environmenthbaoges.

This paper thus contributes to the literature byleming previous contributions coming
from both supply chain risk management and manuifex literature (e.g., Lee and Tang
1997; Swaminathan and Tayur 1998; Swaminathan ae2D03; Lee 2004; Hopkins 2005;
Tang and Tomlin 2008). Most importantly, we proveelapirical evidence concerning the
power of postponement tactics in reducing suppbksi Moreover, we show how
manufacturing flexibility partially mediate the pinge effect of manufacturing
postponement on companies’ resiliency. Finally, @@ argue that this research, even if
limited to a small sample of companies, can suppaacttitioners in evaluating decisions
concerning new possible manufacturing investmentdeed, our results clearly show the
benefits coming from the adoption of manufacturipgstponement (i.e., improved
flexibility, reduced supply chain vulnerability)

In the end we would also like to address the litiates of this work. First of all, the
sample is limited to only 54 companies. Thus, fetworks should refer to wider datasets so
to ensure statistical validity of the mentionedatieinships. We should also consider that
only flexibility has been considered as a mediatiactor for the relationship between
postponement and resiliency. Furthermore, thisabéi is measured by only one item.
Future works should build a more reliable constraotl take other capabilities into
consideration in order to confirm and extend osults.

13



References

Ackoff, R. L. (1971). 'Towards a system of systaroacepts.Management Sciendg(11),
661-671.

Cachon, G. P. (2003). Supply Chain Coordinatiomw@bntracts. Handbooks in Operations
research and Management Science: Supply Chain Mar&g. S. a. d. K. Graves,
T., North-Holland

Cohen, M. A. and N. Agrawal (1999). 'An analytica@mparison of long and short term
contracts.llE Transactions31(8), 783-796.

de Boer, L., E. Labro, et al. (2001). 'A review rakéthods supporting supplier selection.’
European Journal of Purchasing and Supply Managem@®-89).

Ellis, C. S., H. R.M., et al. (2010). 'Buyer perttep of supply disruption risk: A behavioral
view and empirical assessmedaurnal of Operations Managemez&, 34-46.

Feitzinger, E. and H. L. Lee (1997). 'Mass Cust@tman at Hewlett-Packard: the Power of
Postponementtiardvard Business Reviefs(1), 116-121.

Goldman, S. L. and R. N. Nagel (1993). 'Manageméathnology and agility: The
emergence of a new era in manufacturihgteérnational Journal of Technology
Managemen8, 18-38.

Graves, C. and T. Tomlin (2003). 'Process flexipiin supply chainsManagement Science
49(7), 907-919.

Hendricks, K. B. and V. R. Singhal (2005). 'An Engal Analysis of the Effect of Supply
Chain Disruptions on Long Run Stock Price Perforoeaand Equity Risk of the
Firm.' Production and Operations Managem@d{1), 35-52.

Holweg, M. (2005). 'An investigation into suppl@sponsiveness: Empirical evidence from
the automotive Industrylhternational Journal of Logistics Management, Ti&¢l),
96-119.

Hopkins, K. (2005). 'Value opportunity three: Impireg the ability to fulfill demand.’
Business Week

Kleindorfer, P. R. and G. H. Saad (2005). 'Manadbigruption Risk in Supply Chain.’
Production and Operations Managemé#(1), 53-68.

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

Krause, D. R., R. B. Handfield, et al. (2007). Thelationship between supplier
development, commitment, social capital accumutati@and performance
improvement.Journal of Operations Managemez§, 528-545.

Lee, H. L. (2004). 'The triple-A supply chairarvard Business Revie82(10), 102-113.

Lee, H. L. and C. S. Tang (1997). 'Modelling thestsoand benefits of delayed product
differentiation.Management Sciendg, 40-53.

Little, T. D., N. A. Card, et al. (2007). 'Strucalirequation modeling of mediation and
moderation with contextual factordMlodeling contextual effects in longitudinal
studies 207-230.

Matson, J. B. and D. C. McFarlane (1999). 'Assesdshre responsiveness of existing
production operations.'International Journal of Operations & Production
Managemen19(8), 765-784.

14



Micheli, G. J., E. Cagno, et al. (2009). ' Reducthg total cost of supply through risk-
efficiency-based supplier selection in the EPC stidu’ Journal of Purchasing &
Supply Managemenb, 166-177.

Mitchell, V. W. (1995). 'Organizational risk perdcem and reduction: a literature review.'
British Journal of Manageme 115-133.

Paulraj, A., I. J. Chen, et al. (2006). 'level a@fategic purchasing: Impact on supply
integration and performancdournal of Purchasing & Supply Managemég; 107-
122.

Reichhart, A. and M. Holweg (2009). 'A theoreticgaview of flexibility, agility and
responsiveness in the operations management Uiteraffoward a conceptual
definition of customer responsiveneskiternational Journal of Operations &
Production Managemer29(1), 30-53.

Skipworth, H. and A. Harrison (2004). 'Implicatiohform postponement to manufacturing:
a case studylhternational Journal of Production Researd®(10), 2063-2081.

Slack, N. (1993). 'The flexibility of manufacturingystems.'International Journal of
Operations & Production Managemer(@), 35-45.

Sodhi, S. and S. Chopra (2004). 'Managing riskavoid supply chain breakdowMIT
Sloan Management Revie\, 53-61.

Swaminathan, J. M. and H. L. Lee (2003). DesignHostponement. Handbook of OR/MS
on Supply Chain Management G. a. d. Kok.

Swaminathan, J. M. and S. R. Tayur (1998). 'Marmadproader production lines through
delayed differentiation using vanilla boxédanagement Sciened(161-172).

Tang, C. S. (2006). 'Perspectives in supply chalnmanagementlhternational Journal of
Production Economic$03(2), 451-488.

Tang, C. S. and B. Tomlin (2008). 'The power okifvdity for mitigating supply chain
risks.'International Journal of Production Economit$6(1), 12-26.

Thun, J. H. and D. Hoenig (2009). 'An empirical Iggig of supply chain risk management
in the German automotive industipnternational Journal of Production Economics

Tu, Q., M. A. Vonderembse, et al. (2004). 'MeasyrModularity-Based manufacturing
Practices and Their Impact on mass Customizatiqrakity: A Customer-Driven
PerspectiveDecision Science3s(2).

Upton, D. M. (1994). 'The management of manufaoturiflexibility.’ California
management revie@6(2), 72-89.

Van Mieghem, J. and M. Dada (2001). 'price versuslyction postponement: capacity and
competition.Management Scieneé®, 1631-1649.

Wagner, M. and C. Bode (2006). 'An empirical inigegion into supply chain
vulnerability.'"Journal of Purchasing & Supply Managemé#g; 301-312.

Wagner, M., C. Bode, et al. (2009). 'Supplier défdapendencies: empirical evidence from
the automotive industryEuropean Journal of Operational Reseaft®9), 150-161.

Wagner, M. and J. L. Johnson (2004). 'Configuringl dManaging strategic supplier
portfolio.' Industrial Marketing ManagemeB8(8), 717-730.

Wen-li, L., P. Humphreys, et al. (2003). 'Predigtipurchasing performance: the role of
supplier development programdournal of material processing technolods,
243-249.

Yang, B., N. D. Burns, et al. (2004). 'PostponemArneview and an integrated framework."'
International Journal of Operation and ProductioraRhgemen24(5), 468-487.

15



Zelenovic, D. M. (1982). 'Flexibility-a conditionoff effective production systems.'
International Journal of Production Resear2f, 319-337.

Zhou, H. and W. C. Benton Jr (2007). 'Supply chaiactice and information sharing.'
Journal of Operations Managemez§, 1348-1354.

Zinn, W. and D. J. Bowersox (1988). 'Planning PtgisDistribution with the principle of
postponementJournal of Business Logisti® 117-136.

Zsidisin, G. (2003). 'Managerial Perception of dyppsks.' Journal of Supply Chain
Managemen89(1), 14-26.

16



Appendix A. Metricsfrom the questionnaire

1. Please indicate the current performance for ymginess on the following scale (where 1 equalsniach
worse than competitors” and 5 represents “mucleb#ian competitors):

Economic Performance lower higher
Market share 1 2 3 4 5
Return on sale 1 2 3 4 5
Return on interest 1 2 3 4 5

2. Please indicate the current performance for yoanufacturing process on the following scale (whér
equals to “much worse than competitors” and 5 egrts “much better than competitors):

lower higher

Flexibility (i.e., Product, Mix, Volume and Deliwgr 1 2 3 4 5

3. Please indicate the perceived negative impaitteofollowing risks to your organization:

Supply Risk Scarse Severe
Supplier Failure (e.g., as a consequence of batdyrugr vertical integration 1 2 3 4 5
with a your competitor)
Purchases Unavailability (e.g., because of capamitystraints of supply 1 2 3 4 5
markets)

4. How much do you agree with the following claims?

Postponement Strongly Strongly
disagree agree

Products use modularized design 1 2 3 4 5
Product modules could be assembled by differentesazps 1 2 3 4 5
Different modules as Different features 1 2 3 4 5
Production process used modularized design 1 2 3 4 5
Sub-process could be added or removed to the piiodyzrocess 1 2 3 4 5
The Production process modules can be adjustedhfamging in productior 1 2 3 4 5
needs
The Production process can be broken down intalatdnand customization 1 2 3 4 5
sub-processes
The Production process modules can be rearrangdthsoustomization sub 1 2 3 4 5

process occur last

17



