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Abstract

This paper analyzes the outsourcing model whichig@pdevised to develop its

latest commercial airplane model: Dreamliner (B78#)e development of this
airplane which seemed to be very promising in tegirming turned into the
longest delayed program in the history of the camgp#n this paper, we propose
an integrated outsourcing framework through whiehtey to find the root causes
of the delays and the resulted extra costs. Thegsexd framework shows how the
interaction of all influential factors in four owtsrcing dimensions (who, what, to

whom, and how) determines the performance of agoouting program.

Keywords: Outsourcing; Supplier Management; Boeing; Dreaenlin

1. Introduction

On the 28 of January 2003, Boeing revealed the general fpation of its latest airplane
design. The new airplane was a fuel efficient petlimade of mostly composite materials — an
innovative and unparalleled design which the conemakaviation industry had never seen the
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like of it. The plane was eventually dubbed Dreastlior Boeing 787 (B787). The Dreamliner,

with its appealing and unique features, turned thiomost successful release in the history of
commercial aviation industry with a record numb&b00 orders within the first three years of

the program’s official launch. Later on, Dreamlisenrders even exceeded 900 at some point

However, the Dreamliner came to be known as thgdsndelayed program in the company’s
history with more than undesirable consequencefydimg huge extra costs, lost and delayed
revenues, loss of customers’ and investors’ confide not to mention a reshuffle of the top

management.

When the first signs of the problems were obselined007, the company started to pour
money and resources into the program. At that tithe, top management was under the
impression that they could contain the problem gixamonth delay (considering some cushion
for then unforeseen problems). A six month delaghninot look unacceptable for a mega
project to develop an extremely complex productvetheless, only the six-month delay
resulted in around $1 billion of extra costs andeatimated reduction of $3.5 billion in revenues
for the consecutive year (Gates, 2007). Howevethasubsequent events showed, the roots of
the problems were so deep that they caused manghhee years of delay and many times more
extra costs.

In this paper we try to analyze the Boeing’'s chgks in this program, which seem to have
roots in the outsourcing model the company estagtidor developing this airplane. Similar to
many other challenging cases in the past, this sagsports the idea that outsourcing is a double-
edge sword which can ultimately offer either sigriht positive business achievements or huge
negative business impacts, depending on how #gsggded and implemented.

Outsourcing literature is rich with papers whicly to demonstrate the interaction of
influential factors in an outsourcing program -hertto explain the outcome or to prescribe an
approach. Most of these papers, however, focusnoitetl number of factors. In reality, each
outsourcing program is influenced by a network ainm influential factors. In some cases,
focusing on a selected number of factors could h&eading — as we will show for the
Dreamliner case. In this paper, we offer a framéwohich can help us to identify all the

influential factors from a holistic point of viewlsing the existing results in the literature, one

' The number of outstanding orders is a changing figure due to new orders and cancelations.
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can then analyze the interaction of these factotsntlerstand/design an outsourcing program —
again we demonstrate it for the Dreamliner case.

In this paper, we first introduce our framework lghieviewing the related literature. We
then provide the case background and our obsengtiothis case. Using this framework, we
analyze the Dreamliner case to find the root caw$ake problems. Managerial insights are
provided at the end.

The authors acknowledge that the analysis of a @ag®st is much easier than doing so ex
ante. We want to emphasize that this analysis bjmeans undermines the efforts of executives
and managers at Boeing and the decisions they dhawake under very a turbulent business
environment. It is partly through their visions afating that we can enjoy such advancements in

the commercial aviation field.

2. Related Literature and Conceptual Framework

Outsourcing of a specific business activity canrdferred to as the process of transferring the
responsibility of performing a function from int@lremployee groups to external non-employee
groups (Zhu et al, 2001). Due to its potential bgsieoutsourcing has become one of the key
business strategy themes for companies in theféastdecades over which the evolution of
outsourcing can be classified into three periodat@Hen and Eriksson, 2009): the era of cost
cutting by (domestic) outsourcing via arms-lengtation (1980s), the era of capability
enhancement by (international) strategic sourciagstrategic alliances (1990s), and the era of
organizational transformation by (global) transfational outsourcing via collaborative
development (2000s).

The evolution of outsourcing has been accompanigdaligmentation of outsourcing
variants. This resulted in quite an extensive ditere which looks at outsourcing from different
perspectives. In order to gain a comprehensiveppetive, capable of capturing all related
factors, we propose a general framework with fautsourcing dimensions. These outsourcing
dimensions are in fact four questions the answerhich can fully characterize all the influential
factors in any outsourcing program. These outsagraimensions (questions) are: {&ho
wants to outsource and what are the capabilitiethefoutsourcing firm? (byvhat is being
outsourced and what are the characteristics andleaity of the product or service being

3



outsourced? (o whomshould a firm outsource and what are the requireifications of the
suppliers? and (djow outsourcing is being done and how effective afidient they are?

Throughout the rest of this section we briefly esvithe literature related to our case and
show that the existing results can be viewed froengerspective of this framework. In fact, each
paper in the literature tries to explain the relaship between two or more factors in different
outsourcing dimensions. For each paper we spebigydimension(s) under discussion in a
bracket.

Because of the vastness of the outsourcing litexafar the sake of brevity, we focus only
on the outsourcing of design (or R&D) and New Priddevelopment (NPD), which is related
to the case under study in this paper.

Nowadays, many companies have developed compegemcimanaging NPD projects to
play mainly the role of system integrators. Them @hers who have kept the development of
few critical components or subsystems in-house @rtdourced the development of the rest to
suppliers. All these companies can then enjoy #nefits of outsourcing of NPD which include:
access to a larger pool of resources (either filmhoc talent) [who & to whom], greater focus on
core competency and customer requirements [wholicedd costs through lower labor and talent
costs [to whom], global growth through access fticat local information and markets [to
whom], more employee flexibility [who] through trsferring the responsibility of new
employees to suppliers (Rundquist, 2008), potergralfit margin benefits (Calantone and
Stanko, 2007) [who], and lead-time reduction [what]

There are a variety of challenges in outsourcinganeral and the outsourcing of design and
NPD in particular. In the past, firms usually pref®to keep NPD processes in-house since its
outsourcing would be associated with future vulbiityg of the firm because of either
intellectual property concerns (Munsch, 2004; Rog &ivakumar, 2011) [who], or dependency
concerns (Mclvor, 2005) [who]. However, due to atsovementioned benefits, outsourcing of
design and NPD is becoming more common over time.

For a stronger focus on core competencies, firnseaicouraged to consider outsourcing
everything which is not a core competency (Windetral, 2009). However, distinguishing core
from non-core compentencies or equivalently deteimgi the scope of outsourcing [what] is not
an easy task. Mclvor et al. (2010) proposed a freonke which helps to identify what should be

outsourced and what should not. Depending on tlagive capabilities of the outsourcing firm
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[who & to whom] and criticality of the processeshkie outsourced [what], the authors propose
four outsourcing options: 1) collaborative outsangc (low capability, critical); 1) retain in-
house (high capability, critical); I1ll) transactanoutsourcing (low capability, not critical); and
IV) outsource or spin-off (high capability, nottazal).

Design and NPD processes require the interactionrags-functional teams and as such
having effective and efficient communication is lbatritical and challenging. The required
interaction can be escalated by the complexityhef groduct or service (Zhao and Calantone,
2003) [how & what]. To facilitate communication, @tectronic industry, extended enterprises
have been formed where Original Equipment Manufactu (OEMs) have extended their
collaboration with companies that manage productmoduct introduction, and even product
design for the more complex and technologically aaded parts of a product or module
(Johansen, 2005) [how & what]. In fact, the modulature of products in some industries has let
companies outsource detailed design of componamderutheir general design requirements.
Such a practice [how] has been observed in Japaraseompanies (Dutton, 1992), Chrysler
(Minahan, 1998), and Apple (Magee, 1992). When dutar design is possible, the challenge of
dealing with the complexity of the product reduteeghe challenge of managing the interfaces of
the proruct sub-systems [how].

In the conventional NPD, we usually observe cotledaeams relying on designers and
engineers located in engineering centers. In cshitrmowadays, NPD has more globally
distributed teams using an entirely digital NPD gqass to facilitate distributed, collaborative
engineering (Eppinger and Chitkara, 2006) [how$elems, however, that there is no established
model that describes how this virtual network ofesaor should be managed (Monroy and
Vilana Art, 2010) [how & to whom]. When it comes WPD outsourcing of complex products,
co-location of outsourcing firm and suppliers ivigdd in general design and integration phases
Tripathy and Eppinger, 2011) [how].

Another challenge in outsourcing of NPD is the cinee of supply chain. To address the
challenging task of managing a network of supplieften delegated sourcing strategy is applied
(Cousins and R. Spekman, 2003) [to whom & how].sTétructure has become popular in the
aerospace and automotive industries since the @@0sl In delegated sourcing, a few key
suppliers known as first-tier suppliers are eadpoesible for the delivery of an entire sub-

assembly as opposed to an individual part. Theoouttng firm delegates authority to the first-
5



tier suppliers to manage the manufacturing of tsoaated components of the sub-assembly.
Such a structure can be applied when a modulaglésifeasible. In this approach a first-tier
supplier is, in essence, a strategic partner. Tims designs the sub-systems and develops a
hierarchical network of its own suppliers (Mazaud d.agasse, 2007) [to whom]. Such a dual
responsibility for the first-tier suppliers is eaanely critical in success of such outsourcing
programs. Any shortcoming in qualifications andhtacal strengths of the first-tier supplier is
potentially transferred to the outsourcing firm arah result in delays and other negative impacts
[to whom].

An influential factor amplifying these outsourcirgpallenges is the complexity of the
product [what]. Complexity could pose challengesapacity estimation when launching new
products. This could possibly lead to over committrgtuations (Yu et al, 2010) [what & to
whom]. Moreover, complexity of products can cauballenges in having a modular design
which is critical in outsourcing of design and NRLanglois, 2003) [what]. To outsource the
design and NPD of complex products, when learnpnglding matters, the OEM should retain
some component specific knowledge in-house (Zir@old Becker, 2011) [what & who].
Through empirical analysis of 323 projects, Huiakt (2008) have argued that, due to high
interdependency of activities within stages of carprojects, outsourcing firms suffer from
lack of domination over the activities and as sfade challenges in control and monitoring [how
& what]; leading to poor performance. In outsougcithe NPD of a complex product it is
difficult to clearly define the outsourced function state a clear performance measure (Tadelis,
2007). Moreover, for a complex product, the deth8pecification of the product might evolve
as the development program proceeds, which preWleatsutsourcing firm from having a well-
defined contract. Lack of clarity in the contragtofften a source of renegotiations and change in
contract terms, which can result in considerabdieléin costs (Tadelis, 2007) [how & what].

Complexity of product can also influence the typeeatation between the outsourcing firm
and its supplier. One extreme type of relation kn@s arms-length or contractual (Kamath and
Liker, 1994) [how] is where suppliers manufacturm@e parts, either standard across the
industry or designed by the outsourcing firm. Ae tbther end of the relation spectrum is
partnership in which the supplier is fully integrdtinto the product development processes of

the outsourcing firm.



The contract/relation between the outsourcing famd suppliers should also provide proper
incentives for the suppliers to exert enough fund aeffort [how]. For outsourcing the NPD of
complex products where the scope and performanesumes cannot be clearly defined from the
outset, these incentives usually cannot be propgedyced through direct payments. In these
cases, other mechanisms such as revenue sharitigatenor royalty payments can be used
(Quinn, 2000) [how].

There is a similarity between our conceptual framdgwand the classification of literature
proposed by Hatonen and Eriksson (Hatonen and deniks2009) with the primary difference
that our framework is to be applied for analysisanfoutsourcing program while Haténen and
Eriksson’s classification tries (among other regutb categorize the subjects of the published
articles in the general field of outsourcing. Ferthore, one of our contribution is to highlight
that the interactions of the factors in differemhensions (questions) are extremely critical in the
analysis of an outsourcing program. Hence, theseemsions should be analyzed (questions
should be answered) in accordance with each ottech of these four dimentions can be
characterized by different factors as is depictetigure 1 (see also table 1 for the state of each
of these factors in the Dreamliner program). Theumeaof these factors in each dimension and
their interaction can identify the level of succegsan outsourcing program. In our analysis
section , we will show how these interactions nesllin delays and extra-costs in the
Dreamliner’s oursourcing program.

We chose the factors in each outsourcing dimen($igmre 1) based on the existing results in
the literaturé and the observations in our case. In fact, eash has its own influential factors
with different levels of importance. What we wantemphasize in this framework is that, in any
outsourcing program, we need to look at the fousawrcing dimensions and characterize the
influential factors of each dimension in that sfieccase. Then, the interaction of all these
factors should be considered and analyzed to gei@lete picture of the performance of the
outsourcing program. As we will show in our casmsidering only a limited number of factors
could be misleading.

? See for example the references mentioned in this section. Monroy and Vilana Art (2010) enumerates ten
outsourcing success factors.
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Figure 1 — Four outsourcing dimensions and th@icgl associated factors

3. Methodology

In this research we performed an in-depth studh@dretical results in the literature (focused on
outsourcing of R&D and NPD). Based on this studypneposed our conceptual framework. We
also carried out a case study to show how our fwaoriecan be applied in practice. For our case
study, we used two sources of data/informationlige interviews and published materials.
Specifically, we conducted semi-structured intamgavith industry experts and analysts as well
as Boeing’s union representatives. In parallel,caeefully compiled and analyzed all publicly
available data/information including published newemments, analyses in media and the
company website. Over time, we could gather swaffitiinformation from interviewees and
publicly available materials by realizing saturatim new information. Through the gathered
information and our conceptual framework, we tiednalyze the root causes of this costly and
well publicized delay and its impacts. Our analysidased on the related events which have
happened by the end of October 2011.



Despite repeated attempts, probably due to extendelays and escalation of public
criticisms, none of the key decision makers at Bgeaind at the first-tier suppliers were willing
to be interviewed. This can be viewed as one ofntlhén sources of data limitation in our case
study.

There have been many news reports and company meeleses since the program was first
announced in 2003, some supported and some cilididie many controversial issues that
surrounded the program. To the best of our knovdetitere has not been any publication which
has a comprehensive and analytical look at theyddlarogram to date. This article could be a

first attempt at such a comprehensive and analytGoa.

4. Case Background

In this section we provide background informatian tbe Boeing Company, its products, the
Dreamliner design, and the Dreamliner program. Théskground information, which is
presented according to our conceptual frameworbyiges the context for our analyses which
proceed.

4.1. Who: Boeing, an Extraordinary Company

The Boeing Company is one of the nation’s largestogers by value (Reed, 2009). It was
founded in 1916 and it is the world’s largest arabtrdiversified aerospace company as of 2010.
Boeing designs, manufactures, and supports comahggtliners, defense systems, satellites, and
launch vehicles. At the end of 2009, with customiers90 countries, $34.1 billion of the
company’s sales was from the commercial airplanssidn, contributing to approximately 50%

of Boeing’s annual reventie

4.2. What: Dreamliner, an Extraordinary Design
The Boeing 787 is a mid-sized, wide body, twin eegtommercial jet airliner. At the time of

launch, the Dreamliner was rated as the most efftatommercial airplane ever made by Boeing

3 http://www.boeing.com/companyoffices/aboutus/brief.html
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and would be 20% more fuel efficient than similazed airplanes The change from the
traditional hydraulic systems to electrical arctiitee, higher usage of composite materials
(derivatives of carbon fiber), use of advanced netbgies for a better in-flight experience, and
reduced airplane maintenance costs were some ofetlyenotable features of this plane (Hale,
2006).

The usage of composite materials in the Dreambnstructure was not Boeing’s first
experience with these exotic materials. The compamys a facility dedicated to this purpose
called Composite Manufacturing Center. What difféisged the Dreamliner's design from
Boeing’'s other models such as B707 and B777, wasfftent to which these materials were
used. The extensive use of composite materials sniddee Dreamliner 30,000 to 40,000 pounds
lighter than similar aircrafts. It also let Boeidgsign the structure of the plane from very few
large body parts (sections) which could reduceasmbly time and use much fewer fasteners.

4.3. How: Dreamliner Development Program
Boeing not only introduced a revolutionary produmtt also revolutionized the way it developed
the new airplane. The company decided to outsotiteemanufacturing of the airplane more
extensively. Boeing also outsourced, for the firse, the design, engineering, and integration of
the majority of airplane parts including differesgctions of the fuselage, the horizontal tail, and
the wings. Although Boeing had the proper capabditd expertise within its own engineering
team, the company offloaded the design and engimgeg@hase to suppliers, while limiting its
role mainly to the provider of the general desigd ¢he assembler of the sections delivered by
the suppliers. More than 90% of engineering, mastufeng and the integration of the
Dreamliner were outsourced to outside suppliéfie vertical fin remained the only major part
which was designed and manufactured directly byirfigpe

Boeing named its major suppliers th®kal Supply PartneréGSP) since participation of a

supplier necessitates investing its own funds aesources to perform the engineering

4 http://www.boeing.com/commercial/787family/programfacts.html

> Boeing originally outsourced more than 70% of the design and manufacturing of the Dreamliner to suppliers.
Later on, the company sold of its Wichita and Tulsa plants, increasing outsourcing, according to industry experts, to
more than 90%.
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development and integration. These major supplinpes were also calleisk sharing partners
since they agreed to receive part of the revenigeltihg each airplane as their payment (Drew,

2009a). So, they accepted to share Boeing's riskiocess or failure of the program.

Made by Kawasaki in Japan

BUILDING THE 787 Iﬂ?&eﬁ?ﬂmmg
Sosing’s 787 represants & new way in Frederickson,
of assembling airplanes. Only final WINGTIPS HORIZONTAL  Wash.
assemily will be done in Everett Made by KAL-ASD  STABILIZER
Mo planits in Italy, Japan and South i South Korea Made by Aleia
Carolina were built to manufacture | in Italy
the lange composite pleces, which | CENTER
were delivered by Boeing's large ; FUSELAGE
cargo freighter or Dreamiifier 1 Mé::ael by Alenia |
| in taly L - AFT FUSELAGE
FORWARD
FUSELAGE | Made by Vought
Made ' in Charleston, 5.C.
FORWARD s MAIN LANDING GEAR WHEEL WELL
FUSELAGE r Made by Kawasaki in Japan
ety - FIXED TRAILING EDGE
1

MOVAELE

4 L - TRAILING EDGE
ey = Made by Boging
S CENTER WING BOX ~ WING in Australia

Mada by Fuji Made by

in Japan Mitsubishi  FIXED AND MOVABLE LEADING EDGE

in lapan Made by Spirit in Tulsa, 0kla.

PARTS NOT SHOWN
Landing gear Messier-Dowty  England Passenger entry doors Latecoere  France
Wing/body fairing  Bosing Canada Engines GE Evendale, Ohio
Landing gear doors  Boeing Canada Engines Rulis-Royce England
Cargo access doors  5aab Sweden Engine nacelles Goodrich  Chula Vista, Calif.

Figure 2: Outsourced parts of the Dreamliner aed guppliers
Source: Seattle Post-Intelligencer

4.4. To Whom: First-Tier Suppliers

The major partners chosen by Boeing were Spirito8gstems (USA), Alenia Aeronautica
(Italy), Kawasaki Heavy Industries (Japan), Voudtitcraft Industries (USA), Fuji Heavy
Industries (Japan), and Mitsubishi Heavy Indust(igspan) (Lott, 2010). Figure 2 shows the

sections outsourced to each supplier.

4.5. What Happened

By convincing suppliers to invest their own fundsedaesources, Boeing managed to cut the
development costs to around 55% of the originadtyneated $10 billion budget for the program
(Lunsford and Micheals, 2004). As a resttig GSP model was received very well by the industry

experts, analysts, and even investors. As sucheBt&chaffer, vice president and general
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manager of the GSP at Boeing Commercial Airplanes named the supply chain manager of
the year (2007) by the Purchasing Magazine. Allineveryone seemed to be excited about the
brilliance of the program design.

The events that followed this initial hype, howevproved that neither the outsourcing
model nor its implementation was free of major aBtarting in 2007, Boeing faced a series of
problems in its Dreamliner program, which led tsaies of delay announcements. Figure 3

shows the timeline of these delays and the annaureasons.

Roll out ceremony O

Power On @
First flight
First delivery

(1)Fastener shortage Q
(2)Supply chain problems [0
(3)Problems at shop floor [3)
(4)Supply chain problems 0
(5)Labor Union strike Halt in production
ot HEEEEEN

(m)[>2

of []

[ Planned date /A Revised Schedule () Completion without delay

@ Completion with delay () Announcement
Figure 3: Dreamliner program timeline

Boeing managed to display the first assembled Dliaanin its roll out ceremony, as it was
scheduled, in July 2007. Boeing insisted on hatregroll out on July 8 2007 since the digits
of this date symbolize the airplane name (07/C8#387). The B787 which was displayed to the

public in this ceremony was not as complete asokéd. Most of the parts delivered to Boeing'’s
assembly facility were incomplete. Engineers arghiecians at Boeing had to use temporary
fasteners to pull the parts together for the sHowact, Boeing rushed the suppliers to deliver
the parts even if they were not complete so thaduld keep its promise for the symbolic roll out
date. After another 5 delay announcements, findlg, first Dreamliner took off the ground in
December 2009.

The impact of these delays, which were accompdydaluge extra costs, had many tangible
and intangible impacts on Boeing. As an examplecame look at the possible impact of this

program on the Boeing's stock performance. Figurshdws Boeing’'s stock performance
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compared with its industry average (Aerospace agigise) from 2004, when the program was
launched, till fall 2010 (both Boeing’s stock priaed the industry average are normalized to an
index of 100 at the beginning of 2004).
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Figure 4: Being’s stock performance compared withAerospace/Defense industry average

Boeing’s stock increasingly performed better thiae industry average since the launch of
the program till the roll out date. This was theige of time when the program was mostly
praised and received a record number of orders. sTiperiority of Boeing’s stock started to
decline after the first delay announcement. Thiglide continued and in mid 2008 Boeing’s
stock started to actually perform weaker than dighe industry average until late 2009 when
the maiden flight (first take-off) happened and Bgés stock managed to gain part of its old
strength. Although Boeing’s stock price might hdeen affected by internal factors other than
the Dreamliner program, Figure 4 shows that thera strong correlation between the success
and failure of this program and Boeing'’s stock @ric

5. Observations

In this section we introduce highlights of Boeinglsallenges in B787 development program and
company’s responses to them. For brevity’'s sake,dwenot discuss all the documented
problems.
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5.1. Fasteners problems

One of the first supply chain problems that surdaicethis program was a shortage of fasteners.
In 2007, there was a general shortage of fasteweluption capacity in the industry (Glader and
Lunsford, 2007). This problem was even worse fer@meamliner program. The new composite
design needed about 80% fewer fasteners. In additiee airplane was in the development
phase. So, the orders were for very few numbermirpfanes. The relatively small volume of
fastener orders from the Dreamliner program did stot an enthusiastic response from the
suppliers who preferred to exploit their limitedpeaity in larger orders. Hence, it was natural
for the fastener manufacturers to give lower ptiesi to smaller orders. This situation posed
serious threats to the Dreamliner program (Wall268y).

Following the fastener delay, Boeing and Alcoa pkxh to develop ways to speed up
production. Alcoa’s plan was to add up to its ergpicapacity at Mexico and Hungary and also
to open up a new plant in China (Ostrower, 2009weler, the problems with fasteners
continued to haunt the Dreamliner program. On arsgaccasion, the delay was caused by
improper installation of the fasteners. Due to aaclspecifications of how to install these
fasteners, close to 3% of the fasteners instal&tith be removed and reinstalled. In response,
Boeing emphasized that they would improve theifiguenanagement systems and the training

of workforce on fastener installation (Gates, 2008a

5.2. Travelled work
Suppliers, who could not complete their parts adiogy to the specified requirements, passed on
incomplete or substandard sections of the airplari&oeing’s final assembly facility at Everett,
WA. Workers at Everett had to incorporate additlaféort to finish the incomplete work. They
named this type of extra work “travelled work.” $hivas compounded by the problem of
mechanics at Everett having to encounter parte$semblies sometimes without proper paper
work or even assembly instructions in another lagguwhich required translation (Lunsford,
2007).

Boeing had to include travelled work into its afitgatight production schedule, which
resulted in further delays. For example, flaws @nnrfacturing of the mid fuselage structures by

Alenia Aeronautica, the Italian supplier, made Bgeio issue a “stop work” order to the
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supplier. Boeing realized the problem after Aleh&éa manufactured 23 mid fuselage sections.

To fix the problem, Boeing had to apply patchethodefective areas (Drew, 2009b).

5.3. Problematic sub-suppliers

In GSP model, Boeing for the first time outsourtlkee sub-systems to its supply partners, and
these partners in turn outsourced different taskgheir contracts to sub-suppliers. The
subsequent events showed that Boeing was not teadal with this more complicated supply
chain, nor these sub-suppliers were all able ta eeing’s high standards.

For instance, Vought Aircraft Industries, a supghain partner in charge of building the rear
fuselage of the Dreamliner, offloaded the productaf floor grids to IAl (Israel Aircraft
Industries). However, IAl failed to deliver the egirated floor grid of the first Dreamliner on
time. Under pressures from Boeing, Vought shippedfirst rear fuselage to Everett which had
only 16% of its structure completed and none ofsystems installed. To solve the problem, 1Al
was directed to supply unassembled floor grid @eaed as such, after about one year, the
fuselages from the Vought plant were 98% complgtesthucture and had 87% of the systems
installed, before being delivered to Everett foafiassembly (Gates, 2008b).

Another instance rose when Boeing outsourced thakeBrControl Monitoring System
(BCMS) to General Electric (GE), who in turn subicanted the design of the software to Crane
Co. The delivered software caused serious feedpeatdems at Everett due to the improper test
and verification of the software by HCL, an Indisubcontractor of Crane. Crane accepted the
responsibility and spent many times its initial getito rework the job. After the problem was
resolved by Crane, Boeing realized that the tentperayenerated in the brakes was higher than
expected during the taxi testing of the first Dréaar. They needed to redesign the BCMS;
requiring an additional investment by Crane. Tinget however, Crane was not willing to pour
more money into this project. In a legal battleeBg was directed to pay $18.9 million for the
redesign cost. It was then decided that Boeing dvaudrk directly with Crane rather than with

GE as intermediary (Ostrower, 2009).

5.4. Delays and Shortage of Financial Resources
The supply partners in GSP model were expectedate he financial strength to afford the

development cost and to wait for the Dreamlinerivéeles before they receive their
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compensation. The extensive delays, however, eidrhudke financial abilities of some of the
supply partners to support the reworks and extsascof the program. Entering a period of
global economic downturn added to the problemsnanicially troubled suppliers. On the other
hand, Boeing, who had time constrained obligatitngs customers, was pushing the supply
partners to increase their investment in the progra expedite the production. This was, of
course, beyond the means of some of the supplpgrart

For example, Vought and Global Aeronautidauilt two facilities in Charleston, South
Carolina, dedicated to Dreamliner program. To nesthe supply chain problems and increase
the production capacity, these facilities needediteshal investments. However, Vought and
Global Aeronautica, who had already invested hganilthe program and did not receive any
income due to the extended delays, were hesitapotws more money into these facilities.

Therefore, Boeing was left with no choice but ty the facilitie<.

5.5. Labor union strike

A 58-day strike by 27,000 Boeing workers causedh@ur delays in the already delayed
Dreamliner program. One of the major issues in dispute (the second time in three years) was
the employees’ concern about their job securityictvthad been intensified by the extensive
outsourcing in the Dreamliner program. While Bo&ngmployees felt that they were losing
their jobs to outside suppliers, at the same tithey were asked to use their considerable
experience and expertise to fix all the unfiniskexks which the inexperienced suppliers failed
to complete (travelled work).

The strike, which was the longest in 13 years, 8usting $100 million per day in deferred
revenue. The strike ended when the machinist usegured a four year contract in which
Boeing offered a 15% pay rise over the four yearopeof the contract. Boeing included this
extra pay as an incentive in the contract to geixilfility and prevent further obstruction by the
workers to its future outsourcing plans (Lunsfd&d0s).

After the two month strike, Boeing decided to opesecond assembly line in South Carolina

to ramp up production for its delayed Dreamlinesgsam. The company decided to open the

® Global Aeronautica was a 50%-50% joint venture between Alenia Aeronautica and Vought Aircraft Industries.
” Dominic Gates, interview with authors, Jun.4, 2010.
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new facility to isolate the program from potentdisruptions by its unionized workforce in
Washington State. The South Carolina plant hadatiantages of no labor union problem,
relatively lower labor cost, and being closer te tiwo other Dreamliner production facilities
(which originally belonged to Vought and Global Aeautica) In this way, Boeing wanted to
ensure Dreamliner production remains continuousaut any labor disruption to meet the
production goal of manufacturing 10 airplanes penth by the end of 2013 (Ostrower, 2010).

6. Analysis

Many interconnected factors played influential sol@ turning the Dreamliner outsourcing
program into an operational and financial nightm&leing our conceptual framework, we try to
show how the interaction of these factors led ® dielays and extra costs. Table 1 shows the
influential factors for each of the four dimensioos outsourcing, as well as the status of

associated factors in the Dreamliner program.

Who

] - Very strong, possibly stronger than all other sigspl(except in a few subsystems
Technical Capability

which have always been outsourced such as engiviesiics ... )

] ) N Very strong, Boeing managed to pay an estimateco@n of extra costs during
Financial Capability
almost three years of delays

. Boeing was experienced in outsourcing the manufagfiout novice in outsourcing
Supplier Management ] ) . .
the detailed design of the airplane sections

o Boeing owned one of the largest and richest cadeatf experienced engineers and
Talent Availability o o
technicians in this industry

Since Boeing intended to play to role of a systetegrator, it was not very strict about
IP Concerns

keeping in-house its know-how of airplane detadedign

Through its revenue sharing contracts, Boeing veas@ry concerned about its
Dependency Concerns
dependency on supply partners

Employee Flexibility Boeing’s workforce was stropginionized. Boeing intended to create more fldiibi
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What
Complexity Extremely complex product
Criticality for the OEM What is outsourced was veritical
Development Cost Very high initial investment wagquired
Lead Time Usually very long for this type of protiuc
To Whom
Technical strength Evidence suggests that someedduppliers where not up to the task

] ) Supply partners were financially strong to makeittitgal investment as long as the
Financial strength
program was not delayed

Sub-Supplier Problems with sub-suppliers shows that some o§tipply partners were not
Management particularly good at managing sub-suppliers
Cost advantage Suppliers were NOT located in cladsg or talent locations
How
Outsourcing scope Extensive outsourcing of desighraanufacturing
Contract type Revenue sharing

o The communication level was less than needed #oothsourcing of NPD of an
Communication level
extremely complex product

Control and Monitoring Less than enough control ermhitoring

Table 1 — The status of influential factors of felements of outsourcing in the Dreamliner program

The GSP model can perfectly be justified by certmimbination of the factors mentioned in
table 1. However, we will show in this section, hthe interaction of other factors can, and did,
result in delays and extra costs. The combinatibthe following four factors could have
persuaded Boeing to follow GSP model.

1. The very high initial cost of development program,

2. Boeing’s desire to reduce the risk of initial intraent,

3. Boeing’s desire to play the role of a system irdéqyr, with greater employee flexibility,

4. The availability of supply partners with reasonatdehnical capability and resources,

who are willing to invest their own funds in thevédlopment of the program and wait for

a share of revenue as their compensation.



Desire to Reduce the
Initial Investment Risk

Desire to Become a Global Supply Partner Very High
System Integrator Approach Development Cost

Availability of Suppliers
with Reasonable
Financial and Technical
Strength

Figure 5 - Factors which persuaded Boeing to follbevGSP model

Figure 5 shows how these factors are related ta fmutsourcing dimensions. The
combination of these four factors makes the GSP emn@dimost the best model for the
development and production of the Dreamliner. Havethere are other factors which should
be considered before we can have a holistic vieth@foutsourcing program. Below, we try to
identify main factors whose interactions causedbasrproblems for the program. We look at
these factors from two perspectives

» Core competency point of view

» Delay/extra-cost point of view

6.1. Core Competency Point of View
The old debate about what processes should beuraésband what should be kept in-house
applies to Boeing too. However, it is not alwaysyeto identify the core competency processes
which should be kept in-house. The approach chéseBoeing suggests that the company
considered its main core competency to be itstghi manage the development program as a
system integrator. However, the case evidence slibatsBoeing was not very accurate in
evaluating its core competency.

Historically, Boeing has shown great ability in raging mega-projects of developing new

airplanes. In the Dreamliner program, Boeing kéjpg project management role, as well as the
19



assembly of the final product, in-house and outssdirpretty much everything else. The
Dreamliner development project, however, was natilar to the projects that Boeing had
previously experienced. There were many featureh®fDreamliner program which made it
quite distinct from its predecessors: (a) the symplain structure was multilayered and more
complex, (b) suppliers were responsible for thegrations of the major sections of the airplane,
(c) and above all, the detailed design of the anplsections was done by the suppliers. Many of
the supply chain problems which delayed the prognare clear evidence that Boeing was not
specifically experienced in managing such a projettich means the project management in
this program could hardly be Boeing’s core comp&ten

Prahalad and Hamel (1990), in their seminal pageyue that “core competencies are the
collective learning in the organization, especialbw to coordinate diverse production skills and
integrate multiple streams of technologies.” The owre competency of Boeing, which resulted
in its successful introduction of many differentpdane models in the past, seems to be Boeing’s
know-how to perform all the detailed design, engimgg, and assembly of all the parts with
partial outsourcing of manufacturing process. Bgasiranother core competency is its ability to
absorb all the learning which happens when theilddtalesign and engineering are done
internally.

Granstrand et al (1999) argue that companies shoutd create a portfolio of competencies
to remain competitive. However, they emphasizeldmg a new competency should not result
in the destruction or weakening of other “distiaeti or “core” technological competencies.
Boeing's attempt to create a core competency itesysntegration could come with the cost of
weakening its real core competencies as we disdusd®mve. This weakening in core

competencies, in turn, could result in the follogvimegative impacts. See also figure 6.

Intellectual Property Concerns

Boeing, due to outsourcing detailed design, hadhare with suppliers some of the unique
design knowledge and techniques which had beenradated at Boeing through designing and
developing airplanes for almost a century. For gdama proprietary manual, “How to Build a

Commercial Airplane”, which was developed by Boegmgineers for over five decades, was
shared in large part with Tier-1 suppliers deveigghe Dreamliner (Nolan, 2009).
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Dependency Concerns

Boeing limited its access to the detailed desigrsufsystems, under GSP model. Since the
suppliers spent their own funds to design and dgvitle sections, they naturally retain details of
these designs as their own property.
“That means Boeing will have to depend on supplisss any changes or
modifications in future, for the parts that will gmto the 787. Boeing has no idea
what went into the design, because they don't olva design. It is on their
(suppliers’) computers, the design principles amel ¢alculations are all with them
(suppliers) and they own it legally and intelledtyia
explains Stan SorscHer
Future troubleshooting could also be a more coratdit task, especially if the problem involves
two or more sections developed by different supplids an example, in July 2009 Boeing
announced that the joint between the center wing &od the wing faced a stress related
problem. Mitsubishi Heavy Industries had developeel wing and Fuji Heavy Industries had
developed the center wing box and Boeing had depeeldhe interface. Since neither of the
suppliers owned the interface and nor did Boeingehaccess to the design of the parts, Boeing
had to re-test the already completed Dreamliner lzeat the cost of over runs (Gates, 2009).
Similar problems might happen if Boeing wants tdkenany modification or extend the features

of the airplane.

Transferring the learning process

The ownership of the design and manufacturing gh Malue-added parts and processes can be
considered as the source of core competency foomapany. Aerospace industry, and in
particular commercial aviation, has a very stisgpning curvedue to the extreme complexity of
the products. That is, the first airplane of a neadel costs many times more than the tenth
airplane, for instance, since the processes campmved dramatically by learning how to do
things properly. By outsourcing the engineeringnuafacturing, and integration of the major
sections of the Dreamliner to outside suppliersgiBg let this learning process, and the

corresponding high value-added functions, transféinose suppliers.

8 Stan Sorscher, interview with authors, July 26, 2010.
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Weaker future innovation capability

The ability to innovate products depends on thétglbo innovate the related processes. In other
words, when a company deals with the manufactuprazesses of a product, the ability to
innovate related new processes lies within thatpaong. These new processes, in turn, could
enable the company to manufacture the next geoarafithat product (Pisano and Shih, 2009).
A good example could be Boeing's ability to intrcduthe Dreamliner as a composite airplane.
This could be due to Boeing’s past experience tighcomposite materials. Thus, when Boeing
outsourced almost all the detailed design and naatwifiing of the airplane structure to outside
suppliers, the ability of future innovations in nmak airframe structures from composite
materials was also transferred to these suppliEig can limit Boeing’s competitiveness in

introducing future generations of composite airpkan

Weakened
Core
Competency

Future
Innovation
Capability

Dependency

] Concerns

Misjudgment

Transferring
Learning
Process

Figure 6 - Factors which could result in weakenddre competitiveness

6.2. Delay/Extra-Cost Point of View
There are several factors whose interactions irDtteamliner program resulted in the extensive
delay and huge extra costs. Figure 7 shows theactten of the main factors in the four

outsourcing dimensions. Blow, we briefly explaiedk interactions.
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Figure 7 — How the interaction of different outsting element can be problematic

Less Than Enough Monitoring and Communication

Although Boeing had enough experience in how tsa@utce manufacturing, it was relatively
inexperienced in outsourcing detailed design. Adftecades of designing airplanes, Boeing had
developed practices which were keys in turningntbia successful airplane designer and
developer. Boeing was so used to knowing and im@fgimg these practices that it failed to
understand that these are not common knowledge @itosupply partners. As Lynn Lunsfrd
metaphorically puts it, these practices have becpantof Boeing’'s DNA. For instance, it has
been a common practice in Boeing that all partdethiled design are reviewed bypasignated
Engineering Reviewe(DER) to guarantee the consistency of differenttspaf the detailed
design. Boeing did not articulate this practicatsosuppliers and it was surprising for Boeing

that some of the suppliers had failed to have tHesigns approved by a DER. Since Boeing

° Lynn J Lunsford, interview with authors, July 15, 2010.
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expected its supply partners to perform this taskny of Boeing’s DER had already been either
retired or laid off’. So, Boeing was not able to address the problesnausckly.

Boeing’'s lack of experience in outsourcing desigsuited in an insufficient level of
monitoring and communication with supply partnédaitsourcing the design of an extremely
complicated product to multiple parties needs a lehnew level of monitoring and
communication which is not comparable to what Bgaised to have. Furthermore, the product
design was also unprecedented due to new matendldechnologies, which brought along its
own surprises to the project. This was anothercsof uncertainty which necessitates a more
rigorous control and monitoring mechanism for thejgct. This fact was reminded to Boeing by
a senior advisory group which consists of retiresiBg’'s managers whom the company invited
back in 2010 to analyze Boeing’s challenges. Thisow Joseph Suttérthe unofficial leader of
the advisory group, addresses the problem of ingroponitoring and communication with
suppliers in the Dreamliner program:

“You better damn well have a high percentage ofiBpeuys there (at supplier

locations) looking over their shoulders” (Sand@10).

Human Resource Related factors

The successful development of an airplane depeedsilii on having experienced and skillful
workers, technicians, and engineers especiallypimdustry whose learning curve is very steep.
So, it is not just a good design which leads ta@assful product, it is also the learning process
which happens throughout the development progrdiis [Earning process is feasible when the
technical teams possess the proper skills and stastet this culture.

Being in this business for almost a century, Bodag nurtured generations of skillful
employees, who developed and manufactured manyessftt airplane models. Boeing's
workforce and the accumulated knowledge which essidith them seem to be the company’s

real core competency.

10Lynn J Lunsford, interview with authors, July 15, 2010.

" Joseph Sutter is the most renowned living veteran of Boeing and is considered as a legendary figure in the
aerospace world. He was the head of the design team of the world’s first Jumbo-Jet, B747.
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Boeing workforce proved their competency againthe Dreamliner program, by fixing all
the unfinished travelled work which suppliers fdil®® complete during the early stages of the
program. As another piece of evidence, among ting fesv sections of the Dreamliner which
was delivered, relatively, on time and on budges$ wee vertical fin which was designed and
manufactured by Boeing’'s employees.

In the Dreamliner program, however, Boeing weakehedole of its experienced employees
by relying mostly on its global supply partnersistapproach not only put this valuable resource
on the side, but also created a sense of job ingg@mong the employees; one of the major
concerns in the machinists strike in 2008.

“One of the biggest issues of the strike was theinaed outsourcing of the company
and it remains an issue that it is our work (whghgoing out to suppliers),”
says Connie Kellihéf, IAM**spokesperson.

Problem Solving

In many of the reported supply chain delays, its®¢hat the problems surfaced at a very late
stage, when it was very difficult to deal with thehine fastener shortages as well as the defects
in the mid fuselage are both examples of the problevhich could have been detected and
resolved much sooner. However, they surfaced where were no other choices but to delay
the program and spend a lot more money than itreaty needed. The reason could be either
lack of a proper monitoring system, or lack of agar problem solving culture which reacts to
the signals of trouble in a timely manner. In otudges we found evidence showing that there
has not been a close relationship between the tofagement and the body of the company. The
most obvious evidence could be two labor uniorkesrin three years (in 2005 and in 2008).
Lack of trust and/or a good relationship betweem moanagement and the body of the
company could be a barrier that prevents a smoathtianely flow of information from those

who can detect the problems to those who can niekddcisions to resolve the problems.

2 connie Kelliher, interview with authors, July 19, 2010.

3 )AM District 751 is the International Association for Machinists and Aerospace workers of Washington State
District representing active and retired aerospace workers at Boeing Industries in Washington State.
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Another reason for poor problem solving could lklaf a mechanism which encourages the
supply partner to share, as soon as possible, ranplé which could cause a delay. In such
situations, the suppliers usually tend to postgbeesharing of the unpleasant news.

“Many of the delays on the 787 program have comietlst because suppliers, who
were supposed to raise their hands for help, wadtetant to do so. They had to deal
with their egos and legal reasons,”

says Lynn Lunsford.

Suboptimal supplier selection

In the GSP model, only those suppliers could padie who had the financial capability of
investing their money up front in the program aritling to wait until Boeing sells the airplane
before they receive any payment. This was a stamdy limiting prerequisite. Therefore, the
technical capability of suppliers received secowndanority. This could potentially result in
suboptimal selection of suppliers from a produateli@ment point of view, which is supported

by the existence of a few very problematic supgalstieers in this program.

Supply Partners’ Incentives

One inherent problem within this supply chain madethat when the program starts to deviate
from its schedule, it can deteriorate the partictpaincentives in doing their best. Assume a
scenario in which the program is delayed becauggailems at one supplier. Now if another
supplier spends a lot of resources to deliver oretiit will not gain anything. In fact, in this

case, it would be in supplier’s best interest tengpas little as possible and be just slightlydvett

than the worst supplier, who would endure all thames and bad publicities. If every supplier
knows the progress of all other suppliers, in arfget information” situation, this behavior

would not hurt the program. However, due to supglienperfect information, each one of them
decides about its effort level based on guessiegptibgress level of the others. This behavior
can seriously hurt the program. Not all supplieesassarily behave in this way, however, the
general setup works against suppliers’ incentivéaoheir best. What intensified this problem in

14 LynnJ Lunsford, interview with authors, July 15, 2010.
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the Dreamliner program was that the supply partoersed the design of the outsourced section.

So, they had strong bargaining powers and couldeoéplaced easily.

Hidden Costs

“Back in 2003, the odds were against the programi\s.a result, the only way you

get this thing (the Dreamliner program) going isyibu promise to limit the

development costs to a tiny fraction of what thegudd have been. The only way to

do that was to develop an extremely unrealistipbepmodel,”
says Richard Aboulaffa

In 2003, Allan Mullaly (then CEO of Boeing CommaeaiciAirplanes) managed to get the

project through, against some opposition from tlear@ of Directors. To do so, Mullaly had to
reduce the financial risk of the project by redgdhe required upfront investment and spreading
the risk among various supply chain partners. Wmatompany overlooked was the fact that the
new GSP model devised a much more complicated guhalin and engaged the company in a
program with little previous experience. This metrg program had to endure a much higher
level of operational risks. That is, the new GSRleldhad considerable expectediden cost
The history of the program suggests that Boeingetextimated the operational risks in the
program schedule and resources. On the other tamaperational risks and financial risks are
not independent of each other. When the comparsdfadl the realized operational risks, they

brought back all the financial risks along withrthand all the expected hidden costs surfaced.

6.3. Consequences

The interaction of the abovementioned factors teduh Boeing’s longest delayed program with
the total investment mounting to almost 3 timesithial expected budget (Gates, 2011). The
delays resulted in (a) poor stock performance {gpee 4), (b) deferred revenue, (c) penalty
payments to customers for late delivery, (d) undakesl (direct or indirect) payments to
suppliers who delivered their sections on timeofeler cancellations, and (f) a drop in Boeing's
credit worthiness by credit rating agencies (Si20)9). These delays, on the other hand, caused

the program to enter a period of national and dlebanomic downturn, which in turn became a

!> Richard Aboulafia, interview with authors, June 22, 2010.

27



problem for suppliers who invested heavily in theggam and did not receive any payments.
Therefore, the suppliers’ financial problems becamether source of trouble for the supply

chain. See figure 8.
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Figure 8 — The consequences of the developmentgmsband delays

Observing these consequences, Boeing might regi€&3P model for its future programs.
"We outsourced too much. ... We didn't consideretktent of the risk we'd take on by
going outside," said Jim Albaugh, CEO-Boeing ConuiarAirplanes (Gates, 2010).
"We will make sure the voice of the engineers immore involved in the decision

making as we go forward."

7. Conclusion and Insights

One can hardly find a major development programaémospace industry which has been
delivered in time or on budget. Due to extreme dewify of the products and very high

standards of this industry, each development prodras its own surprises. The extended delay
and huge extra costs of Dreamliner program, howewas unprecedented in the history of
Boeing. As we discussed, the interactions of maffgrént factors resulted in these delays and

extra-costs.
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We first highlighted that the new outsourcing modeh be fairly justified by looking at
factors such as high initial development costs thiedtendency to reduce the initial investment
risk. However, after mapping all major factors, arealyzed the root causes of delays and extra
costs within a network of interconnected factors.

Our conceptual framework is built upon the existmgisourcing literature which mostly
focuses on the impact of different factors on thesourcing performance in a relatively isolated
way. Our framework, instead of focusing on limitedmber of factors, tries to focus on the
interaction of all influential factors in four dimsions of outsourcing (Who, to Whom, What,
How). In spite of its simplicity, this conceptualamework is sufficiently comprehensive to
analyze complex outsourcing programs.

Although this case study focuses on the outsourainiye detailed design and engineering of
a commercial airplane, the insights can be apgdkctba wider range of outsourcing situations
which have similar characteristics. In fact, thédiwing managerial insights can be concluded
from this case study.

1- Safequard the real core competencis accurate evaluation of company’s core

competencies is needed before an outsourcing gyratn be laid out. An outsourcing
program should not threaten company’s core compgteiss we showed in this case,
Boeing’'s decision to outsource almost all the dedaidesign and manufacturing
weakened its core competency and resulted in egteddlays and extra cost.

2- Appreciate the value of in-house detailed desigth manufacturingin an industry with

a very steep learning curve, detailed design andufaaturing present precious core
competencies that is worth maintaining. Companies are really good at manufacturing
tend to be good at innovation, whereas companies eutsource their manufacturing
often find that innovation has followed (PlambeckdaTaylor, 2005). Moreover,
Outsourcing the detailed design can cause unexpgutablems down the road with
respect to intellectual property.

3- Consider all the influential factord'here are many factors which play influentialein

the success or failure of an outsourcing prograherdfore, an outsourcing decision
should not be made based on only few selectedrfaatbich support a certain course of
action. A Holistic consideration of these factonsl dheir possible interactions is needed,

in particular when dealing with an extremely comgbeoduct.
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4-

Be mindful of change®utsourcing of a complex product or service rezgplicertain

capabilities and processes in the outsourcing fildmmajor change in what is being
outsourced, therefore, might require different seif competencies. Building
competencies in outsourcing detailed design andrbeg a system integrator is not a
trivial task and need time and effort. Since caympetencies are built through a process
of continuous improvement and enhancement, it ralag 1 decade or longer to build a
new core competency (Prahalad and Hamel, 1990).tfEmsition from fully in-house
detailed design to fully outsourcing of detailedsida needs time and special
considerationWe believe some of the major challenges in thig@nm might have been
eased by
a. making more gradual changes, i.e. outsource thale@tdesign of very limited
number of sections to most capable and reliablglgrp, while performing the
rest of the detailed design and engineering in-bpus
b. making much stronger preparation for addressing pgbtential challenges of
implementing a new approach (GSP model) or teclyyo(oomposite airframe),
e.g. a much stronger control/coordination oversiygplier partners,
c. considering (more thoroughly) the potential sugsisn the schedule and budget
of the program.

Consider the hidden cost of outsourcing

It often appears to be cheaper to outsource a gspemd it usually ends up being more
expensive. Although any outsourcing program brirggtain benefits, there are
associated hidden costs which inevitably come alithg the benefits. These hidden
costs can be viewed as the risks of outsourcingrpro. It is essential to try to identify
and quantify the potential hidden costs, utilizeysvéo minimize them, and have some
contingency plan. Based on the existing resultthen outsourcing literature, exhibit 1

shows main factors which increase the expectedehiddst in an outsourcing program.
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The expected hidden costs of an outsourcing progir@increasing in these factors:

Product complexity [what]

Geographical distance [to whom]

Cultural and legal differences [to whom]

Cultural differences [to whom]

Regulatory differences [to whom]

Contract vagueness which could be due to [how]:

o Lack of clear performance measure

0 Lack clear definition of project scope

Difficulty or lack of monitoring [how]

Lack of OEM'’s experience in outsourcing what id&outsourced [who]
Lack of suppliers’ technical capabilities [to whom]

Misalignment of suppliers’ incentives with OEM’sas [how & to whom]

Closeness of outsource function to OEM’s core cammpey (IP transfer)
[who & what]

Rate of evolution in what is outsourced (changeroduct features or
processes) [what]

Exhibit 1 — Hidden cost factors
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