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Abstract
The objective of this paper is to study determisdot outsourcing of successive levels of
logistics activities in food processing industryhel decision examined is the outsourcing
(buying) versus development of five logistics aitids internally (making). Surveys were
mailed to logistics managers in firms with at lefsty employees in the Netherlands and
Taiwan. Of the 890 surveys mailed, a valid samj#e ®f 114 was received, yielding a
response rate of 14.25%. Main findings are thagtagsecificity and core business closeness
determine the lower level of logistics outsourcifgansportation and transportation
management); and supply chain complexity determimgiser level of logistics outsourcing
(distribution network design). Thus, consideratianis outsourcing in different logistics
activities should be varied, and supply chain caxip} is suggested to be included as well.

Keywords: Logistics outsourcing, Levels of outsourcing, Fbtparty logistics service
provider, Food industry.

1. Introduction

The objective of this paper is to study determisdot outsourcing of successive levels of
logistics activities in food processing industryhel decision examined is the outsourcing
(buying) versus development of five logistics aitids internally. In sequence of levels, these
activities are transportation )l packaging (%), transportation management and inventory
management (% and distribution network design"

Many have been written in recent years about lmgisbutsourcing (third-party logistics,
logistics alliances). Most of the early papersufboon reasons, concerns, acquisition process
for logistics outsourcing logistics (R C Lieb 199 C Lieb and Randall 1996; Mclvor 2000;
Millen et al. 1997; Pache 1998), but most of thewklat general tactical activities, such as
transportation or warehousing functions, or lookoaty one region or country. Whereas
recently additional attention has been given tacess factors, the role of logistics service
providers in supply chain management, comparisomofti-region (Arroyo et al. 2006;
Koster and Warffemius 2005; Wilding and Juriado £20However, these existing literature
still provides almost no discussion of the makdsoy- factors for logistics activities
(Capgemini 2005 ; R C Lieb 1992; R. L. Lieb etl#193; Rao and Young 1994; Van Damme
and Van Amstel 1996; Wilding and Juriado 2004) pitesthat a great body of research have
been done on information technology or productictivdies (Aubert et al. 2004; MaCarthy
and Anagnostou 2004; Madhok 2002; Poppo and Zehg68; Robertson and Gatignon
1998).

In this research, the logistics process is analysetktail at four basic levels. These levels
show outsourcing sequences and their dependalaitoredhips. This means that when the
later level of activities is outsourced, the prexsdevels must be outsourced as well. These
four levels in sequence arE® level: The first level of logistics refers to the executievel of
activities, such as transportation and warehouairtiyity. 2™ level: It refers to the value-
added activities, such as packaging and labeliisgembly, sizing, blending and mixing etc.
3 level: The third level means the planning and contretl®f logistics activities. Examples
of activities are inventory management, transpimmatmanagement. Sub-activities of



inventory management are sale forecasting, stonkaloand event control. Sub-activities of
transportation management include route plannindy soheduling, road carriers’ selection,
mode selection, delivery time window negotiationd avent control4™ level: At the top
level is the distribution network design. This bejs to the strategic planning and control
level. Functions of distribution network design doeation and site analysis and logistics
network management. Within the present study, wii@tty select one or two activities out
of each level. These activities are transportat{@), packaging (%), transportation
management, inventory managemefft)@nd distribution network design"(¢ The empirical
portion of this study is based upon an analysisvef different logistics activities in the food
processing industry.

2. Theories

Transaction cost economics: asset specificity and performance measuring uncertainty
Neo-classical economics describes the firm as dyston function, which is a technological
construction, transaction cost economics (TCE) riless the firm as a governance structure,
which is an organization construction (Williamso@98). In TCE, firms and markets are
alternative modes of governance. Rather than vievefficient boundaries of the firm in
terms of technology (economies of scale and scdbe)efficient boundaries can be derived
by aligning different transactions with governanst&ructures (firm or market) in a
discriminating way (Williamson 1998). Thus, transac cost economics begins with an
archetypal problem-vertical integration-or, in monendane terms, the make-or-buy decision
(firm-or-markets) (Williamson 1998).

Transaction cost economics invokes the discrimigatilignment hypothesis, according to
which transactions, which differ in their attribsiteare aligned with governance structures,
which differ in their cost and competence, so asafiect a (mainly) transaction cost
economizing results (Williamson, 1998). Asset #p@ty, uncertainty are two major
attributes (determinants) discussed in literat@ibes/id and Han 2004; Williamson 1975).

Asset specificity takes a variety of forms-physiealsets; human assets, site specificity,
dedicated assets, brand name capital, and temgueaificity-to that individuated governance
structure responses accrue (Williamson 1998). Thetien-specific assets involve
investments in human and physical capital that oarme redeployed without losing
productive value. These assets may be the sp&oifiwledge or expertise that can carry out a
certain activity or serve a particular customemptigh collective learning or accumulated
experience in a certain time (human asset spdygificor these assets may be in plat and
equipment that dedicated in producing a specifiodpct or services (physical asset
specificity) (Robertson and Gatignon 1998). In oesearch, these activity-specific assets
refer to the current assets that have been existfate transactions. Empirical research has
provided strong and consistent support for the rired relationships between transaction-
specific investment and governance form. RobergswhGatingnon (1998) proved a negative
relationship between asset specificity and decisionse R&D alliances in the development
of a technology. Poppo (1998) finds that the preseof firm-specific assets encourages
internalisation. Based on these statements, we ulate the first hypothesis. When the
specificity of existing assets is high, the goveg®acosts of alliances render them inferior to
internal modes (Williamson 1991).

H1: The higher the asset specificity of a specific logistics activity, the more likely that a
food firm will keep this activity in-house rather than outsourceit.



Transaction uncertainty is a very broad conceptalt be distinguished into three categories
(David and Han 2004): market condition uncertaiteéghnology uncertainty; and behavioural
uncertainty. Here we focus on behavioural uncertdiecause it is the most often discussed
in make-or-buy decision. Furthermore, including laélhavior uncertainties (performance
measurement uncertainty and technological unceéyyeseems unnecessary in this study since
we focus on perception of service buyer (food camgs). And the performance
measurement uncertainty is much more concerneetyyce buyers, while service providers
concern more on technological performance espgdialcontracting process. Performance
measurement uncertainty is one of behavior uncdigsi (David and Han 2004) as the
difficulty in evaluating performance (Poppo and gen1998). Thus we would suggest the
prior importance of performance measurement uriogytén our study. Empirical studies
have provided a negative relationship between thasmrement uncertainty and outsourcing
(buy) decisions (Anderson 1985; Poppo and Zeng®8;1Robertson and Gatignon 1998). In
brief, when performances cannot be easily assesséty markets can be “inefficient” (i.e.
less profitable than in-house), the contractingtcaae high when writing an incentive
compatible contract under a complex performancesassent. Thus we formulate another
hypothesis:

H2: The higher the performance measuring uncertainty when outsourcing a logistics
activity, the more likely that a food firm will keep this activity in-house rather than
outsourceit.

Resour ce-based view: cor e business closeness

Literatures have suggested that core activity wba'toutsourced, because it allows firms to
leverage their unique competencies (Insinga andéA&800; Leiblein and Miller 2003) and
offers long-term competitive advantage (Quinn artiner 1994). Core activity, or called
core competencies, distinctive competencies, carsinbss, is central to the company
successfully serving the needs of potential custerire each market (Mclvor et al. 1997).
Insinga and Werle (2000) further distinguish busiectivities into four different types
according to their potential to yield competitivdvantage. These activities are commodity
activity (readily available), basic activity (needéo be in the business), emerging activity
(has the potential to become a competitive diffeator) and key activity (a competitive
differentiator). In this paper, we focus not on tloee business because the core business to a
food firm usually refers to processing activitiasppoduct development and design, but not
logistics activities. Instead, we measure a logsstctivity's closeness to core business for
food companies, as a decisive criterion.

The question here is how to assess the closenete dive logistics activities to the core
business? We use similar criteria that assess ea amiivity to assess a core business close
activity in this research. The resource based wéwstrategic management examines the
resources and capabilities of firms that enablenth® generate above-normal rates of return
and a sustainable competitive advantage (Barneyl)19%he logic suggests that business
processes that exploit valuable but common ressucae only be a source of competitive
parity, business processes that exploit valuablg¢ @me resources can be a source of
temporary competitive advantage; and business gsesethat exploit valuable, rare, and
costly-to-imitate resources can be a source ohsext competitive advantage (Barney 1991).
In brief, a core activity is usually measured Isnialue, rareness and uniqueness, thus can be
a source of sustained competitive advantage; haweare we focus on core business. And it
is measured only by value, which can only be ac®aof competitive advantage.



What does “value” mean? Resources are said to hmbla when they enable a firm to
conceive of or implement strategies that improgesifficiency and effectiveness (Barney
1991). Logistical resources include tangible assatsl intangible assets. Trucks or
warehouses are examples of tangible assets; arstidagjcapability (intangible assets) is the
capacity for a team of logistical resources to genf some task. It is a complex bundles of
individual skills, accumulated knowledge exercisétdlough organizational process that
enable firms to co-ordinate activities and makeafdbeir resources (Olavarrieta and Ellinger
1997) and it could be developed experientiallyhat firm or plant level (Leiblein and Miller
2003). A logistics activity is executed or transthby employee’s sills or knowledge through
use of tangible assets. For example, transportaiivity is executed by truck driver’s
driving skills; inventory management activity iseexited by employees’ ability to predict
stock levels through use of software. In brief, kbgistic activity is close to core business
(valuable) when this activity could improve logésti efficiency and effectiveness.

To conclude, the likelihood that a firm choose akendecision also depends on the core
closeness of an activity to firm. In this regaraoae business closeness activity is more likely
to be kept in-house because it is valuable to fimmther word; this activity is executed more
efficiently and effectively than competitors.

H3: The closer a logistics activity to the core business, the less likely that a food firm will
outsource that activity.

Supply chain management: supply chain complexity

It is still new that supply chain management apghos used to evaluate a make-or-buy
decision. In 1994, Rao and Young conceptually nosmetil that logistics outsourcing
decisions might be related to a certain supplyrcloharacteristic, such as product complexity
(perishability, size, density), process compleXttgne sensitivity, manufacturing cycle), and
network complexity (number of trading companiesjrddes and continents) (Rao and Young
1994). Milgate (2001) further mentions that an @ase in supply chain complexity could
deteriorate delivery performance, so we add suppfin complexity as one of considerations
in make-or-buy decision, since we study a logistitain.

What is the concept of supply chain complexity? @ypmhain (network) refers to “all
interconnected companies that exist upstream amthgtceam to any one company in the
value system.” In this paper, the system we comsdiéncludes the supply, production,
distribution and demand bases. And the complextyiéwed from the perspective of the
focal company. Supply base refers to a portionhefgupply chain network that is actively
managed by the focal company through contracts @mdhasing of parts, materials and
services, and production base is a portion mant#gedgh manufacturing and processing of
parts and materials into final products or semisfied products. Distribution and demand
base is the portion where selling of semi-produots) products and services.

Complexity refers to the level and type of intei@as$ present in the system (Milgate 2001).
Complexity is viewed as a deterministic componentranrelated to the numerousness and
variety in the system. Building on the conceptugirdtions of complexity used by Milgate
(2001) and Choi (2006), we regard complexity isoagged with the “number of elements”
within the system and the degree to which thesmetés are “differentiated”. In this regard,
supply chain (network) complexity means the number of elements within the focal amis
supply, production, distribution and demand, anel degree to which these elements are
differentiated.



Followed from previous statements, there are twoedisions of chain complexity: number

and degree of differentiation. In this research, then use these two dimension and four
portions along a chain: supply, production, disttin and demand to describe supply chain
complexity. Number of elements refers to the nuntfeurrent supplier, product, production,

customers with enduring business relations; an@reifitiation means the degree of different
characteristics (variety, and uncertainty) along supply, production, distribution and

demand. However, due to our interest on the ladrqf the supply chain, we omit the supply
base. Thus, in this paper, to describe the compl@fia food supply chain, we developed
seventeen items (Goor et al. 2003; Milgate 2005 &&d Young 1994; Stadtler 2005). There
are four in product characteristics: perishabilityymber of stock keeping units, number of
product groups, storage variety; three in productmrtion: number of packaging lines;

production uncertainty; production volumes; twodamand portion: demand uncertainty;
demand fluctuation; and eight in distribution ponti number of clients, number of

international clients, number of warehouses, distion channel varieties, delivery frequency,
lead time requirement, distribution size, distribotuncertainty.

The level of supply chain complexity affects thedkeof effort, or operational load, required
to manage a system (Choi and Krause 2006). Simpiylarge number of clients increases
the level of coordination needed to improve efficig of operations. With fewer clients, the
focal company can implement a more efficient busugoplier interface through more cost-
effective inventory control. To summarize, supplyaim complexity is higher for a focal
company if its supply, production, distribution adémand portions are in great number or
varying to a large degree. Then focal company reguiigh level of effort or operational load
to manage this system. To ease or transfer suclplegity, the focal company might seek
forming a logistic alliance with logistics compasiie

H4: The more complex the supply chain setting, the more likely a higher level of logistics
activity is outsourced.

Logistics strategy

Another construct to identify characteristics diren for a certain outsourcing decision is by
their logistics strategy. Generally, strategy isduso describe activities that involve a long-
term time horizon, both with regard to the timéakes to accomplish such activities and the
time it takes to observe their impact (Wheelwridl®84). Besides, strategy also denotes
actions or patterns of actions intended for thaimttent of goals, and sequence of decisions
(Swamidass and Newell 1987).

The hierarchical view of strategy visualizes thpggnary levels of strategy (Wheelwright
1984): corporate strategy, business strategy amdti@unal strategy. Corporate strategy
specifies the definition of the business (suchraslycts or markets) in which the corporation
will participate, and the acquisition of resourae®d their commitment to each of those
businesses. Second level, each business unit iggetife scope or boundaries of each
business in a way that operationally links the hess strategy to the corporate strategy; and
also specifies the basis on which that businesswiliachieve and maintain a competitive
advantage. Third, functional strategy forms a jpéra cluster of functional area strategies
such as marketing strategy, financial strategyistars strategy etc., which support the desired
competitive advantage (business strategy) and hawilicomplement the other functional
strategies.



Unlike manufacturing strategy, not much literatusasdy specificity on logistics strategy. In
recent strategy or manufacturing strategy litemtthiere is a tendency to mention the
dimensions of manufacturing strategy. They arec(st, (2) quality (3) flexibility, and (4)
dependability (on time delivery or reliability) (Wblwright 1984). These competitive
dimensions are referred to as competitive prigitienese lists are closely related to the idea
of generic strategies from the business strategsature (Porter 1980). Cost, as a competitive
priority, would correspond to cost leadership, whtie others (quality, flexibility, reliability
etc.) would correspond to differentiation. Adoporfr these concept, in this research, we
discuss three types of logistics strategy: costtedfyy, flexibility strategy and food quality
strategy.

-low cost strategy: It refers that companies seek to design, prodirad, market a comparable
product more efficiently than its competitors (RortLl980). At perspective of logistics,
companies may compete through lower cost than ctiogpe at distribution cost
(transportation and handling costs), manufactuciogf, inventory cost etc.

-flexibility strategy: Aspects of flexibility can be many. Here we us#ume flexibility and
delivery flexibility (Beamon 1999). A business thaimpetes on the basis of volume and
delivery flexibility emphasizes its ability to adesate or decelerate production very quickly.
Other companies compete through delivery flexipiliémphasizing its ability to handle
unexpected orders.

-food quality strategy: quality has wide concept, such as actual quality perceived quality.
The perceived quality is often more a function @lfisg and advertising approaches. Here we
focus on the actual quality, specifically, the nembf the shelf-life days. A business that
competes on product shelf-life emphasizes its tgbilo extend length of time before
consumption than its competitors.

To be effective, each type of logistics strategystraupport through a consistent pattern of
decisions and trade-offs on competitive priorities.other word, logistics-related decisions
should reflect the goals and strategies of thenmssi, and enables the logistics function to
contribute to the long-term competitiveness andoperance of the business. For instance,
decisions in such area as distribution, transportatinventory, outsourcing, selection of
carriers-all subparts of the logistics strategytstiobe very different if the desired
competitive priorities are low cost than it if dtexibility. With regarding with outsourcing
decisions, not many empirical evidences are foundthe relationship between logistics
strategy and outsourcing choice. Bolumole (200hceptually mentions that outsourcing for
operational and cost based reasons will tend tticed SPs’ involvement to the basic
logistics functions (Bolumole 2001). Elaboratednirbis statements and arguments discussed
above, we formulate another hypothesis.

H5: A food manufacturer with a low cost supply chain strategy is likely to outsource only
execution activities; a food manufacturer with a flexibility differentiation strategy is likely
to outsource higher level of activities

Other variables

Three variables are considered as controlled asafize of firm, changes of sales growth
rate and geographic region. Size of firm could possibly influence an outsdngcdecision.
However, we don't set an expectation on the refatigp between size of firm and the
outsourcing decision. Even with available fundingihternal logistics activities, larger firms
could also favor external alliances because they inave greater bargaining power
(Robertson, 1998). Thus, in this research, sif@mofis regarded as a control variable.



3. Data

The research is tested using Dutch and Taiwanetse d@he sample frame consists of a
mailing list of food manufacturing firms from membkip lists of Dutch Chamber of
Commerce (www.ksv.nl) and Taiwan’'s Industry & Teclugy Intelligence Service
(www.itis.org.tw). Surveys were mailed to logisticsanagers in firms with least forty
employees. Following Groves et al's (2004) survegthndology, initial mailings were
followed by phone calls after two weeks. If necegsaecond mailings were preceded. Data
was gathered from September 2006 to February 2@fthe 890 surveys mailed (NL: 385;
TW: 505), 66 had incorrect contact information (NBZ; TW: 9) and were returned by the
postal service. A total of 138 responses receiddtd 76; TW: 62), of which 24 had missing
data and were judged unusable, thus yielding a lsasipe of 114 (NL: 69; TW: 45) with a
response rate of 14.25% (114/800). The responséensnio the studied variables is close to
the recommended rule of thumb for binary logisigression (Hair 2005).

Measures

Make or buy choices

The constructs for testing are shown in the apperidi It also indicates the actual
questionnaire items and reliability coefficientsive- logistics activities are identified:
transportation, packaging and labeling, transpioriamanagement inventory management
distribution network design. The scope of the openafor each activity was assessed using a
three-point scale with three anchors (have outssljrintend to outsource, and won't
outsource). In order to measure the boundary choicee correctly, we coded the status of
“had outsourced,” “planning to outsource” as a “beiyoice for the studied activities.

Asset specificity

Logistics-specific assets were measured using trument adapted from Poppo and Zenger
(1998) and Roberson and Gatignon (1998). The imsnis comprise three-item scales. The
scales assess the extent to which the firm conthetsnvestments for each logistics activity.
Items are measured using 10-point scales anchoyretstibngly disagree” and “strongly
agree.”

Performance measuring uncertainty

Performance measuring uncertainty was measuredg uam instrument adapted from
Robertson and Gatignon (1998). In their researtingetitem scales were used, with
alpha=0.68. In our research, two items scales wsesl. This scale assesses the extent to
which the firm evaluates the performance of logsstservice provider. Items are measured
using 10-point scales anchored by “strongly disagaad “strongly agree.”

Core business closeness

Core business closeness refers to potential of céimitg to be a source of competitive
advantage. This construct is estimated by threesures-the value of this activityalue is
measured by contribution to improving the firm'srfpemance (Hafeez et al. 2002),
specificity, the efficiency and effectiveness (Bayrrl991). Three-item scales are created and
designed with alpha=0.75 to measure the core absseof a logistics activity to firms. ltems
are measured using 10-point scales anchored lynfgir disagree” and “strongly agree.”

Supply chain complexity

A new scale was developed to measure supply clemplexity. Two dimensions measures
are assessed in product, production, demand atribdigon parts: uncertainty/variety-related
complexity and number-related complexity. Literatweviews and interviews with logistics



manager were used to identify the measures. Ihttutaresults in seventeen items of supply
chain complexity: perishability; number of stockepéng units, number of product groups,
storage variety; number of packaging lines, pradactincertainty; production volumes; two
in demand portion: demand uncertainty; demand dkitdn, number of clients, number of
international clients, number of warehouses, diation channel varieties, delivery frequency,
lead time requirement, distribution size, distribnt uncertainty. Respondents were then
asked to rate the degree to which the item complicdogistics management in their
organization on a seven-point Likert scale randhogn (1) extremely low to (7) extremely
high. After factor analysis the item “perishabilttynumber of stock keeping units,” “number
of product groups,” “storage variety,” “productioncertainty,” and “number of international
clients* were dropped due to the differences indtstributions of the scores for the Taiwan
and the Netherlands and also due to unacceptadténtp factor. This then results in three
new meaningful variables, naming general compleixitymber of packaging lines, number of
clients, delivery frequency, lead-time requiremgedt¥tribution complexity (storage variety,
number of warehouse, distribution channel variehgtribution uncertainty) and demand
complexity (production volumes, demand uncertaiatyd demand fluctuation). Overall

reliability results show that the minimum Cronbrackx of the three measures is 0.782,
indicating that these variables are reliable.

LT3

Logistics strategy

Logistics competitive strategy was measured usmgstrument adapted from Sum and Teo
(1999) and Beamon (1999). This variable is a dunwaayable. The instrument consists of
three-item scales to measure operations objecthaisare used to classify different type of
companies. Items are measured using scales anchypredst, flexibility and food quality.”
Respondents were asked to rank each of objectivesportance in percentage with overall
sum of 100. Thus three indicator variables weretee to specify whether the logistics
strategy if cost, flexibility or food quality, threference is the equivalence of the three items.

Control variables

Firm size This measure is used as a control variable. Inréssarch, firm size is measured by
number of employees in national scalales growth rate changes between 2003 to
2008Respondents are asked to provide sales growtlthareges of their division for the last
three years (from 2003-2005) and expect sales grohanges level for the next three years
(2005 to 2008). Thus two indicator variables waesated to specify whether the sales growth
rate is increasing or decreasing, the referennerischangeGeographic region This measure

is also used as a control variable. One indicatoiable was created to specify whether the
focal firm is headquartered in the Netherlands @wan.

Make or buy model

Objective in this research is to determine theti@tahip between the firms’ transaction and
intra-firm’s characteristics and levels of outsangcdecision. A great body of literatures has
suggested binomial (or binary) choice models tduate the relationship between the make-
or-buy decision and a set of covariates. Thus, sehinary logistic regression to predict a
categorical dependent variable and to determineptreent of variance in the dependent
variable explained by the independents; to rankrétative importance of independents; to
assess interaction effects; and to understandntipagt of covariate control variables. The
resulting multivariate statistical model takes tbiédowing basic form:

Buy (outsourcing) 50 +£1-3 Controls $4 Asset specificity #5 Measuring uncertainty 6 Logistics

strategy $7 General complexity 88 Distribution complexity 9 Demand complexity &(1)



Analysis

The likelihood ratio test was used to test theificance of the coefficients. “Likelihood" is a
probability, specifically the probability that thebserved values of the dependent may be
predicted from the observed values of the indepatsdé.ike any probability, the likelihood
varies from 0 to 1. The log likelihood (LL) is itsg and varies from O to minus infinity (it is
negative because the log of any number less thamégative). The principle of likelihood
ratio test is to compare observed values of thporese variable (dependent variable) to
predicted values obtained from models with and euththe variable. (Hosmer and
Lemeshow 1989).

Sample description

The food processor companies represented in thplsaange widely in terms of number of
employees. The majority is distributed in the “lélsan 50 employees” group (27.2%), and
“less then 100 and larger than 50 employees” (23.B¥sides, these companies also widely
range in terms of processor types. A large numibeegpondents is in the “others” group
(28.9 %), these comprises processor of bread, ilBs@ugar, cocoa, macaroni, coffee etc.
Other processors are distributed in is in the grolumeat (16.7 %), dairy products (10.5%),
prepared animal feeds (9.6%), fruit and vegetalfB=8%), beverages (7 %), grain mill
products (5.3%), fish products (4.4%), lunch boXd%4) and oil and fats (1.8%).

4. Results

Table 1 presents test results of hypothesis fors#tection of outsourcing model of the five
activities. Model | is a baseline model. Model fitroduces measures of derived from
transaction cost theory, resource based view, apdhg chain management theories. Model
Il adds an interaction term between uncertaintg asset specificity. Likelihood statistics
and measures of overall model fit are includechatliottom of the table. Correlation tables
are presented in the Appendix 2.

The goodness of fit of the model is assessed withsbmples. For each activity, samples
number of the make and buy choices was differehichvshowed below the tables. The best
model is assessed by the improvement of the ligelihratio (-2LL), which reflects the
significance of the unexplained variances. For edanthe best model for the transportation
activity is the Model Il because adding the fiverigbles can significantly improved the
model, X (9, N=114)=71.696, p<0.001. Given the stability ofir results across
specifications, we focus Model |l for the packagiagtivity, Model Il for transportation
management, Model Il for inventory management, Mddléor distribution network design.

Asset specificity

The firm’s investment in specific logistics assefi significant predicator of whether to buy
or make decision of transportation, packaging, pantation management and inventory
management activities. As hypothesized, the lover durrent investment by the firm in
transportationf{= —0.886;p <0.001), packaging3€ —0.864;p <0.01), inventory management
(B= —-0.875;p <0.05) and transportation management activity ¢0.289;p <0.10), the
greater the likelihood that these activities argied out by logistics companies rather than
internally. Hence, the hypothesis 1 is supportemhast of the studied activities.

Performance measuring uncertainty

As measuring uncertainty increases, the likelih@bdforming an alliance with logistics

companies to carry out distribution network degigm 1.249;p <0.05) activities increases as
well. This result contrasts to our hypothesis. Tliag hypothesis 2 is rejected in this activity.



Core business closeness

Decision to outsource transportation managemenegmtively related to the core business
closenessfE —0.424;p <0.05), just as hypothesized. However, core bgsiretoseness is
positively associated with an increased incidentdoaning alliances for transportation
(=0.631;p <0.001), and packaging<£0.688;p <0.05). Thus, the hypothesis 3 is partly
supported.

Our data show that a firm regards transportatioth packaging as core business closeness
activities. Why transportation and packaging atiigi are still outsourced despite its critical
importance? This could be interpreted by two reasone is that maybe the service market of
transportation is highly saturated, thus outsogr@htransportation is a preferred choice. In
such instance, using long term contracts or codipgravith familiar logistics companies
would be a balance solution. As the reasons fokaming activities, a firm who operates
under a great number of packaging lines will reguilexibility from logistics service
providers if they change packaging lines very oft8nch food firm requires high flexible
packaging system if it changes products or prodesign very often. Thus complementary
with outside sources becomes important.

Supply chain complexity

Prior to binary logistic regression, we carry cattbr analysis on this construct to reduce the
data. This results in three variables, named géwreraplexity, distribution complexity and
demand complexity. Our data show that decision utsaurce packaging and distribution
network design depends on degree of supply champtxity. In particular, as general
complexity increases (many packaging lines, mamgntd, high delivery frequency, strict
lead-time), the likelihood of outsourcing packagiactivity increases as welp£ 0.864;p
<0.05). Besides, the probability to outsourceritigtion network design increases when a
firm confronts with higher demand complexity (largeoduction volume, high demand
uncertainty and high demand fluctuatiofy=(1.085; p <0.10). Thus the hypothesis 4 is
supported here.

General complexity and packaging. General complexity is a combination of the numbkr
packaging lines, number of clients, delivery fraguyeand lead-time requirement. Our data
show that a firm who produces large number of pcodarieties and deliveries under high
frequency and strict lead-time requirements torgel@mount of clients is likely to outsource
packaging activities. We noticed that most of thiémes in the general complexity are time-
related; this may explain its relationship with smurcing of packaging activity. Choi (2006)
proposes a negative relationship between complexity (supplier) responsiveness. Van
Hoek (1999) also mentioned the relationship betwaastponement and some supply chain
settings. For instance, by working with a limitaghtber of clients, the focal company can be
more effective in communicating its needs and aatebrespond to clients’ needs. Thus, this
can better induce the focal company to be moreorespe to clients’ immediate needs.

Demand complexity and distribution network design. A firm under great demand complexity
(production volume, demand uncertainty and demaraduation) is more likely to outsource
distribution network design activity. This meansttllecisions to locate a new factory or
warehouse, and to control inventory level or togdlee delivery schedule are transferred to a
logistics company. Operating under the conditidnlasge production volume and high
demand uncertainty and great demand fluctuatiomight be difficult for a firm to manage
its distribution system or production system, thesvery performance may be damaged. By
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cases and for a long term), capacity can be betikred because the peaks and drops in  Formatted

transport quantities offered by different clienendbe counterbalanced, and backhauls are
often available to maintain or improve the senleel.

L ogistics strategy

A firm who does not pursue low cost strategy iselljk to outsource transportation
management activityBe —1.518;p <0.10). In other word, a firm outsources transgtioh
management activity not because of cost reductiaaan, could be to increase flexibility, and
also could be to increase food quality. As for tbigsources either for flexibility or food
guality reason in particular, our data did not slamy significant difference.

Table 1. Results of logistics regression analysis 6utsourcing choice model for
transportation, packaging, transportation managémeénventory management and
distribution network desigh®

Activity Transportation Packaging
Independent variables Model | Model Il Model Ifl el | Model Il Model Il
Intercept -1.602(.961)  -3.329(2.123) -5.230(2.58()3.532(1.297)** -6.644(2.927)* -10.069(4.331)*
Dutch firm 1.257(.536)*  1.991(.858)*  1.790(.843) .323(.644)  425(.879) .152(.896)
Firm size 374(.172)*  .619(.237)**  .587(.238)* 446(227) 365302) .434(.322)
Sales growth (increasing) .331(.581) .647(.768) .687(.775) -.095(.741) -19%)  -.069(1.031)
Sales growth (Decreasing) .384(.652) .315(.841) .311(.844) -.914(.982)  -1(B2M9) -1.388(1.430)
Cost strategy -.238(.838) .067(.891) 1.127(1.022)  1.466(1.132)
Flexibility strategy -.391(1.028)  -.286(1.037 .507(1.287) .992(1.365)
Food quality strategy -.496 (.744) -.405(.766) -1.365(1.137)  -.865(#R4
General complexity -.229(.281) -.097(297) .864(.403)* .975(.456)*
Distribution complexity .095(.258) -.017(272) .167(.285) .212(.295)
Demand complexity .084(223) .032(.225) -.212(.328) -.269(.346)
Core business closeness .631(.210)**  .570(.210)** .688(.299)* .680(.319)*
Asset specificity -.866(.222)**  -.386(.404) -.864(.316)*  -.440(.431)
Measuring uncertainty .187(.136)  .670(.397)y .039(150) .719(.543)
Asset specificity* -.088(.066) -121(.092)
measuring uncertainty

Log likelihood -125.316 -89.468 -87.532 -79.993 -53.223 -51.344
-2 [ L(B)- L(model 1] -15.402(4)*** -12.876(4)**

-2 [ L(model I)- L(model 11)] -71.696(9)*** -53.54(9)***

-2[ L(model 11)- L(model 111)] -3.871(1)* -3.758(1)*
Correctly classified (%) 71.7 78.1 79 85.8 89.3 87.4
Cox & Snell R Square .07 .335 347 .059 .269 .282

2 Positive coefficients indicate a greater probabiif external governance (i.e., outsource or buy)
® For each variable, the estimated coefficientveij and standard errors are in parenthesis
€ pp<0.10; <0.05; ** p <0.01; *** p <0.001
9 N=114; For Transportation :oMsource79;Nhot outsource35 and Log likelihood for null model was 133.017
For Packaging: Bsource=18;Nnot outsource96 @and Log likelihood for null model was 86.431
For Transportation managementudurcz42;Noot outsource 72 @nd Log likelihood for null model was 139.462
For Inventory management,MNouree6;Nnot outsource 108 and Log likelihood for null model was 40.300
For Distribution network design: dNsourc&12;Nnot outsource 102 and Log likelihood for null model was 61.605
Appropriate degrees of freedom are reported inrheses
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Table 1. (Continued)

Activity

Transportation management

Inventory masragnt

Distribution network design

Independent variables Model | Model Il Model llI el | Model Il Model llI Model | Model Il Model 11l
-3.888(2.118) - - -5.239 (3.053) -
Intercept -1.547(.906)y  .594(1.482)  -2.239(1.890 19.185(7588.020.444(7492.6-1.576(1.624) 10.675(4.682)
91) 73) *
Dutch firm .636(487) 585(574) 538(.581)| -.424(1.092) -.136(1.311) -.159(1.285) -.665(.852)-.952(.972)  -.497(1.013)
Firm size A131(.152)  .356(.195)y  .372(.205)y .315(.378) .460(.499) .469(.514 -.251(.276) -.2329) -.017(.402)
Sales growth (increasing) .213(.572) .594(.685) .927(.743)| -.589(1.274) -1.987(1.878)-2.088(1.870) .487(1.135) A475(1.477)  -.685(1.633)
Sales growth (Decreasing) | .046(.642) .876(.789) 1.403(.871) .349(1.277) -1.329(1.932)-1.583(2.018) .646(1.206)  .690(1.458) -.211(1.602)
Cost strategy 1.518(817)y  -1.643(.833)" 19'6950()7 588'019'68712()7 492.6 1.271(1.253) 2.032(1.655)
Flexibility strategy .374(882)  -786(.937) 17'91970()7 588'018'02772()7 4926 646(1.744)  .969(2.174)
Food quality strategy _434(613)  -502(.648) 16'64931()7 588'016'79702()7 4926 -282(1.354)  .612(1.737)
General complexity -.102(.223) -.199(.236) .121(.525) .032(.544) .366(.348) -.054(419)
Distribution complexity .034(.203) -.043(.211) .632(.525) .572(.551) -.401(.329)  -.553(.388)
Demand complexity .081(.182) .199(.195) -.649(.538) -.519(.553) .536(.361) 1.085(559)
Core business closeness -424(.205)*  -.674(.258)** .359(.434) .181(.467) .285(.273) .043(.357)
Asset specificity -.269(.142)y  .593(.347Ww -.875(.445)  -.377(.729) -.326(.264) .832(.536)
Measuring uncertainty .135(.111) .839(.310)* -.003(.234)  .579(.766) .051(.204)  1.249(.536)*
Asset specificity*measuring -.149(.057)** -.112(.140) -.239(.096)
uncertainty
Log likelihood 137.379 108.957 100.964 38.067 26.079 25.406 60.272 47.140 38.701
-2 [ L(B)- L(model 1)] -4.166(4) -44.466(4) -2.666(4)
-2 [ L(model 1)- L(model 11)] -56.844(9)*** -23.976(9)*** -26.264(9)***
-2[ L(model 11)- L(model 111)] -15.986(1)** -1.346(1) -16.878(1)***
Correctly classified (%) 62.3 735 735 95.3 95.0 96.0 91.5 92.9 93.9
Cox & Snell R Square .019 .223 .282 .021 127 133 .012 125 .196
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Control variable

Firm size The likelihood of outsourcing transportatidi+(0.619;p <0.01) and transportation
managementpE 0.356;p <0.10) increases if firm's size is larg&hange of sales growth
rate Change of sales growth rate is a controlled végials expected, none of activities is
found to be related with the change of sales growath. Geographic region Among the five
activities, only the transportation’s outsourcingcigion is influenced by geographic region.
Firms in the Netherlands are more likely to outseuransportation than firms in Taiwaf=(
1.991;p <0.05).

Determinantsfor levels of logistics outsourcing

Our survey results also reveal that value-addedvites are outsourced less than
transportation management activity. This contradict our prior assumptions. Perhaps it
reflects the real phenomenon of food industry: @added activities are more important than
transportation management activity. In this regavd, reshuffle the activities based on our
findings, see table 2. After such rearrangementfouad that key determinants for low and
high levels of logistics outsourcing seem more dvito identify. Asset specificity and core

business closeness seem related with much lower ééwutsourcing, while the supply chain

complexity plays a key role in higher level of auiscing. Such results imply that

considerations of make or buy decision of differlagistics activities should be varied. In

particular, traditional outsourcing approach usualetermines low level of outsourcing,

while higher level of outsourcing consults supghain management approach.

Table 2 Key determinants for levels of logistic$sourcing

Relationship between activities and Asset Measuring Cgre Logistics Supply
) o . business chain
determinants specificity | uncertainty Strategy .
closeness complexity
o Transportation - +
5o 2v Transportation - - -
o § 4 Inventory management -
g 5 Value-added activities - + +
4 Distribution network + #

5. Discussion and conclusion
Our findings conclude two important points here:

1.Considerations on different types of logistics activities should be varied. Asset specificity
and core business closeness determine lower level of logistics outsourcing; supply chain
complexity determines higher level of logistics outsourcing.

Traditional make-or-buy approaches (transaction ttwory and resource-based view) play a
major role on determinants for lower levels of outxing, such as on transportation or
transportation management activities. More speétificthese outsourcing decisions is
influenced by firms’ asset specificity and core ibass closeness of these activities. These
results are largely consistent with expectationd @esults published in the literature. Such
outcome is not surprising because most of theseatiires only focus on low levels of
logistics activities. But, for higher levels of sotircing (packaging or distribution network
design), the decisions are influenced by the supp8in complexity degree, adopting from
supply chain management approach. A firm's pacl@adimes numbers, client’'s numbers,
delivery frequency and lead-time requirement pesiyi influence outsourcing of packaging
decision. While outsourcing of distribution netwodlesign is positively determined by a
firm’s production volume, demand uncertainty andndad fluctuation. According to our
assumptions, when outsourcing of higher level gidtics activities, the lower level will be
outsourced as well. It means that when a firm autsgs distribution network design, it will
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also consider asset specificity and core businlesgmess, but supply chain complexity is the
major determinant.

2.Supply chain complexity is suggested to be included in make-or-buy considerations of
logistics activities

System complexity could jeopardize performance. démhber of authors had discussed
impacts of system complexity on the performancer Egample, Guimaraes (1999)
investigates impacts of manufacturing system corigle(number of product types
manufactured, the number of operation types imdhitbe number of operations involved,
and the amount of maintenance required by the isyst& performance (production costs,
output, flexibility, cycle time, and product quglitThey mentioned, for example, that
execution of modern computerized manufacturingesystmostly relies on the performance
of the technology, making relatively little use liman competence. Even a moderately
complex system will show frequent stops when thstesy is operated by experts who
designed it. To make matters worse, the expertsllysieave the daily running to less
competent operators. When a breakdown occurs tbeseators have little chance of
identifying the source of the error, and can ongjitor the experts to come and do the repair.
Likewise, Mapes (2000) also observed that higheguering plants (productivity, quality
consistency, customer lead times, delivery religiutilizes processes and procedures that
have lower levels of variability and uncertaintyarh low-performance plants. The
performance drivers (such as high adherence tadstdydow processes time variability, low
variability in process output/scrap rate) are digantly higher for high-performing plants
than for low-performing plants.

In brief, system complexity raises a great efforttanage the system (Choi and Krause 2006).
In this regard, outsourcing of a certain logistagivity makes a great sense when a firm
operates under great supply chain complexity-esfigcthe general complexity (large
number of packaging lines, clients, high delivawgliency, and strict lead-time) and demand
complexity (large production volume, high demangertainty and high demand fluctuation).
Because the levels of effort or operational loathemage such supply chain system increases.
In term, the supply chain responsiveness coulddpeagied as well. Thus, relying on logistics
service provider who has expertise and experieocoegkl be an alternative of timesaving and
risks avoiding.

To conclude, our logistics outsourcing frameworlogwses that an effective outsourcing
depends on varied considerations on different tmgisactivities. Moreover, supply chain
complexity is also suggested be considered as wsideccriteria, especially the general
complexity (large number of packaging lines, cleritigh delivery frequency, and strict lead-
time) and demand complexity (large production vadumigh demand uncertainty and high
demand fluctuation). These are especially impoff@aniigher level of outsourcing.

Limitations and further research

This research provided a detail look at logistiatsourcing behavior of food processors, but
it was limited in several ways that might be addeesin future research. First, some activities
are not included in this research, such as warémgusnd other value-added activities.
Second, we focus only on outsourcing behavior @dfprocessors. A food supply chain
includes not only food processors, but also growarsretailers. Thus, we recommend
including these food actors for further researdhesrder to achieve better generalization of
the findings.
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Appendix 1. Measures and coefficient alphas

Asset specificity (0=0.69)
< We have invested in special equipments to conduct thistac
¢ We have acquired special knowledge and skills to perfoisrattivity.
* ltis very costly to outsource this activity.
Performance measuring uncertainty (a=0.30)
*«  We specify precise measures for evaluating the perfuzenaf this activity.
« ltis difficult to measure the performance of logistice/&e providers for this activity.
Corebusiness closeness (¢=0.75)
*  This activity contributes highly to our competitive advaeta
«  This activity is essential to support our core activities.
«  Compared to our rivals, this activity is performed efficiently
Supply chain complexity
General complexity (¢=0.82)
¢ Number of packaging lines
. Number of customers
. Delivery frequency
¢ Order lead time
Distribution complexity (a=079)
¢ Variety of product in storage conditions
. Number of warehouses
. Distribution channel variety
*  Uncertainty of distribution time, quantity and quality
Demand complexity (a=0.83)
¢ Annual demand volume
¢« Demand uncertainty
¢ Demand fluctuation
Firm size
Full-time employees
Changes of sales growth rate
Development of total sales volume over the 20035200
Expected development of total sales volume oveP@t5-2008

Appendix 2. Descriptive statistics and correlatifur transportation, packaging,
transportation management, inventory managemendiatribution network design

Transportation Mean SD. 1 2 3 4 5 6 7 8 ° 10
1. Make .69 .463

2. Location 1.39 491 -.163

3. Firm size 3.69 1.564 101 .517(*)

4. Sales growth 1.61 763 -.057 .006 -.063

5. Logistics strategy 2.62 1.092 -126 -.099 -151 022

6. General complexity 4.1091 1.44664 -.063 -116 .042 -.024 114

7. Distribution complexity 34299 154249 11 036 .188(*) -078 037 BOA*

8. Demand complexity 45929 156013 128 -.028 107 -.065 -168  .432(*) .436(*)

9. Corebusiness closeness 70715 1.80052 037 .245(+) 217(%) -.160 .006 590 -.047 -.082

10.  Asset specificity 49181 215549  -.386(*) 153 147 -.145 138 129 -152 -137  .394(%)

11.  Measuring uncertainty 5.9649  2.43474 116 -462(%)  -.240(%) -.068 161 128 046 -.009 -.057 034
Packaging Mean SD. 1 2 3 4 5 6 7 8 o 10
1. Make 16 366

2. Location 1.39 491 093

3. Firm size 3.69 1.564 .255(*%) 517(*)

4. Sales growth 1.61 763 -.043 .006 -.063

5. Logistics strategy 2.62 1002 -.204(%) -.099 -151 022

6. General complexity 41091 144664 .194(%) -116 042 -024 114

7. Distribution complexity 3.4299 1.54249 185(%) 036 .188() -.078 -037  489)

8. Demand complexity 45929 156013 .099 -.028 107 -.065 -168  .432(*) .436(*)

9. Core business closeness  gg143 211909 034 -.025 158 -.084 015 -.087 204 -145

10.  Asset specificity 6.2105 2.10422 -.208(*) -121 .015 -.027 079 -002 076 -051  .666(*)

11.  Measuring uncertainty 47321 2.74759 .052 -.086 -.028 -079 .160 138 1.17 .005 164 .189(%)
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Transportation

Mean SD. 1 2 3 4 5 6 7 8 9 10
management
1. Make 37 485
2 Location 1.39 491 -.096
3 Firm size 3.69 1.564 034 517(*)
4 Sales growth 161 763 -.049 .006 -.063
5. Logistics strategy 262 1.092 114 -.099 -151 .022
6. General complexity 41091 1.44664 .051 -116 .042 -.024 114
7 Distribution complexity 34299  1.54249 055 036 .188(*) -078 037 5OA(*
8 Demand complexity 45929 156013 1107 -.028 1107 -.065 -168  .432(*) .436(*)
9 Core business closeness g >g65 152648  -.347(*) .163 .221(%) .009 .002 010 .044. -154
10.  Asset specificity 53494 217137  -314(*%) 130 231(%) 007 -.004 980 .002 -074  592(%)
11 Measuring uncertainty 53243 2.43893 087 -283(*) -.062 -032 111 er2 120 083 045 116
Inventory
Mean S.D. 1 2 3 4 5 6 7 8 9 10
management
1. Make .05 224
2. Location 1.39 491 131
3. Firmsize 3.69 1.564 147 B17(%)
4. Sales growth 1.61 763 .055 .006 -.063
5. Logistics strategy 262 1092 pp.e -.099 -151 022
6. General complexity 41091  1.44664 -.004 -116 .042 -.024 114
7. Distribution complexity 3.4299 154249 .049 036 .188(%) -078 -037  5HA(*
8. Demand complexity 45929  1.56013 -.065 -.028 107 -.065 168 .43R(** .436(**)
9. Core business closeness 70137 1.95426 .066 030 .220(%) -.019 -.040 030 065. 018
10.  Asset specificity 6.0015  1.94384 -.075 015 .236() .046 .093 107 99.0 020 .588(*)
11 Measuring uncertainty 4.6000  2.62381 -071 -124 -.014 -.047 .158 004 009. -.073 .163 .243(Y)
Distribution network
Mean SD. 1 2 3 4 5 6 7 8 9 10
design
1. Make 11 .308
2. Location 1.39 491 015
3. Firm size 3.69 1.564 -.024 517(**)
4. Sales growth 161 763 -023 .006 -.063
5. Logistics strategy 262 1.092 -.223(%) -.099 -151 .022
6. General complexity 41091  1.44664 .004 -116 042 -.024 114
7. Distribution complexity 34299  1.54249 -012 036 1188(*) -078 037 594(
8. Demand complexity 45929 1.56013 170 -.028 .107 -.065 -168  .432(**) .436(")
9. Core business closeness ¢ 3353 2.29396 -.038 -.041 .237(9 -.019 015 026 063 .036
10.  Asset specificity 53799  2.29703 -.109 067 .320(*) 045 057 116 064. 051 .641(*)
11 Measuring uncertainty 45185 250413 -.014 -.040 .082 .091 .081 -.005 76.1 -.077 206(*)  .408(**)
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