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Outsourcing with Quality Competition: Insights from a Three Stage Game
Theoretic Model

Abstract

Outsourcing decisions by organizations have strategic and operational implications.
Strategically, understanding the market and competition is necessary to make effective
outsourcing decisions. In this paper we recognize this concern and model the situation
where an organization with quality and cost pressures and operational strategies may
arrive at different outsourcing solutions based on competitor quality strategy traits. We
develop a three-stage game-theoretic oligopolistic model based on differentiated product
strategy and integrating quality expectations of the market. The model is solved for
equilibrium points on price, outsourcing activity, and investments in quality. The results
show that these decision factors are sensitive to market expectations and quality
performance of competitors. Performance measures based on profitability and market
share results are also presented within this model. Observations and insights are also
presented.
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I. Introduction

Early in a product’s life cycle, with an emerging market, business organizations
typically will perform most operational functions internally as vertically integrated
entities. As the product life cycle matures, and competition increases, organizations will
come under pressure to become more efficient. Efficiency goals may be met through
aspects of cost cutting such as continuous improvement and business process
reengineering efforts (Aitken, et al., 2003). Organizational efforts to help accomplish
these tasks include strategic simplification of processes and focusing on organizational
core competencies (Prahalad and Hamel, 1990; Quinn, 1999). A relatively
straightforward method to achieve simplification and efficiencies of processes is to
offload non-essential organizational activities, processes and functions to an outside party,
i.e. outsourcing.

This process spin-off tendency is reinforced as features of the business resources,
routines and activities — e.g. technologies and infrastructures in particular - become more
commoditized and knowledge about business best practices diffuses as the product
market expands and matures (Magnani, 2006). Under this development, organizations
are almost coerced to become more concentrated on selling their core competencies
which demonstrate a definite comparative and competitive advantage in the product
market.

Even though outsourcing has become a concept with significant definitional
dissonance, it typically is concerned with an issue of product quality vs. costs (Aron, et
al., 2008; Reyniers and Tapiero, 1995). In this paper, we investigate this classical
dilemma in a game theoretic perspective. By setting up a model developed in the product
differentiation literature in economics, we analyze a case where a quality competing
oligopolistic firm outsourcing its inputs from competitive subcontractors decides on key
variables spanning over three stages; product quality (via R & D investment), the rate of
outsourcing, and finally the price of the product.

This problem is modeled and analyzed using a game-theoretic concept defined as
Subgame Perfect Equilibrium through backward induction. This approach to the issue of

outsourcing has several advantages over other models for understanding the dilemma of



quality vs. costs tradeoffs. First, this model explicitly introduces the realities in which
there are quality differences of a product, manufacturers with brand names compete in
terms of qualities as well as in terms of prices. Second, we find an outsourcing strategy
is generally adopted by a firm that is less sensitive to product quality. That is, its
operations strategy would put greater emphasis on cost reduction and metrics rather than
a quality based production and operations strategy. Hence this firm should be aware of
the fact that a possible degradation of a quality through outsourcing might affect its
market share through quality competition with other oligopolistic firms. This feature of
the consequences of outsourcing may be captured and analyzed by our model. Third,
outsourcing may affect a customer’s preference and utility. The responses of customers
to outsourcing are incorporated using economically modeled customer utility functions.
Fourth, outsourcers faced with quality performance competition are generally under an
oligopolistic market structure, while subcontractors with easy entry and exit who depend
on lower wages are under strong competitive pressures can be evaluated.

The remainder of this paper begins with some background discussion that
motivates the problem and issues faced in outsourcing. Then the three stage game
theoretic model is introduced. We then provide some characteristics of the solution to
this model. Some initial analysis and insights through an experimental parametric
analysis provides some initial insights follow. Finally a conclusion with summaries of
our findings and extensions for future investigation are provided.

I1. Outsourcing and the Quality-Cost Competitive Environment

Despite popular usage of the term ‘outsourcing’ by media and the public, there
still remains some confusion over the definition of outsourcing. According to Bhagwati et
al (2004), during the 1980s, ‘outsourcing’ typically meant a situation when business firms
expanded their purchases of manufactured (physical) inputs from outside rather than in-
house. For instance, car companies may purchase their essential physical inputs such as
tires, brake system, window cranks, passenger seats, and so on from another company
which may have a long term contract with the original firms. Currently, however, in
which commodity (whether it is a good or service) information is easily accessible
around the globe with a click on a mouse, the meaning of ‘outsourcing’ expands into a

specific segment of the growing international trade in services (Aron et al., 2008). This



environment alters the definition slightly to take a form of purchase of services abroad,
either through transactions by firms or with direct consumption purchases by individuals'.

Delegating a specific project or a responsibility to an outside third-party entity,
sub-contractor, a specialized firm, or even an overseas production development unit,
whether it is a product or service, is what we will define as outsourcing. It generally
occurs for production process activities. The original producer would employ an outside
producer and contracts to make portions or components of a product (or some process of
production) using its own resources. There is ample evidence that partial outsourcing is a
significant market practice where it was recently estimated that only the information
technology (IT) outsourcing practices to offshore locations represented a $178 Billion
market in 2005 (Chakrabarty et al., 2006). In the mobile telephone industry, Nokia,
Motorola, and Ericsson outsource mobile handsets at between 15%-40 % rates
(Economist, 2002). Part of the argument for outsourcing is the decrease in production
costs. Some estimates have shown that effective outsourcing can reduce costs by overall
production costs by 20-40% per year (Domberger, 1995; Domberger et al 2002).

While cost saving may be a dominant reason behind the rush toward outsourcing
for many firms, potential quality degradation resulting from unscrutinized offshore
subcontracting may become a highly detrimental threat as in the case of Mattel in the toy
industryz. The recent case of mass recalls of Mattel toys provide an excellent example of
the dilemma faced by an outsourcing firm. The toys were made by Chinese local firms
through a typical offshore outsourcing arrangement, called Original Equipment
Manufacturing (OEM). In general, American toy makers design and process a product
and then transfer a knowledge regarding the product to subcontractors in China, buy back

the products, and sell them to domestic customers with its own brand. Outsourcing via

'The WTO categorizes four different ways in which services can be traded. Mode 1 refers to arm’s-length
supply of services with both of the trading partners remaining in their respective locations. This type of
trade has come into existence through IT revolution and unlike goods trade, it could not readily be
subjected to customs inspection. In Mode 2, as in tourism and medical care, service recipients move to the
location of service providers. Mode 3 categorizes a case where the service provider establishes a
commercial presence in another country as in banking and insurance. In general, this type of trade requires
foreign direct investment. In Mode 4, as in construction and consulting, service providers move to the
location of the service buyer. When they discuss the problem of “outsourcing”, most economists and
policy makers have meant trade in Mode 1 services. (Bhagwati et al(2004))

% See for instance, The Globe and Mail (2007).



offshore production enabled the domestic firms to enjoy low production costs with much
less managerial underpinnings. U.S. producers did not fully recognize, however, that a
lower cost ultimately led to a quality degradation, to such an extent that the final product
couldn’t keep up with the domestic safety standard for the product, which happened to
grow higher with income; local producers in China could not see any incentives to follow
high quality standards set in the US, since the Chinese government was much less
stringent to quality standards and the original producer in the US did not elaborate to
monitor the performance. The worldwide recall of nearly 20 million lead-painted toys
further damaged outsourcing from China, coming after pet food found to contain
melamine, toothpaste tainted with diethylene glycol and tires that separate at the treads.
This is a case where a low quality (cost-driven) producer underestimated the value of
monitoring costs, inducing more equilibrium rate of outsourcing, hence naively enjoyed
an expansion of market and high profit.

Part of the outsourcing quality degradation arguments and difficulties not only
relate to product quality, but other dimensions of product quality such as effective
customer service and product delivery (Tan et al., 1998). This cost/quality tradeoff for
outsourcing is a common enough occurrence and concern that particular attention to this
strategic decision and tradeoff is warranted (Reyniers and Tapiero, 1995; Wadhwa and
Ravindran, 2007).

In economics, outsourcing practices of firms are characterized as an important
topic related to the boundaries of the firm within the framework of the theory of
organization. Hence there exist many interesting and important papers using the theory
of transaction costs, contract theory, industrial general equilibrium, vertical and
horizontal integration and differentiation, among others to address this issue and supply
chain relationships. The research and theoretical frameworks we focus on in this paper
has seen relatively little study. There are a few oligopolistic models using Cournot and
Bertrand competition which do relate to our research. Kamien, Li, and Samet (1989)
applies an auction approach in a duopoly framework with Bertrand (price) competition,
allowing subcontracting to each other. Shy and Stenbacka (2004) explores the strategic
nature of outsourcing under Cournot competition in the final goods market. Even though

these and other papers have investigated outsourcing from a game theoretic perspective,



the inclusion of various customer expectations and quality dimensions, have not been
completed.  Outsourcing in a three stage game framework has not yet seen any
development in the research literature. We take advance this area of study by providing a

three-stage game model that provides significant and robust managerial insight.

III.  The model

To begin the model development, we consider a duopoly model with vertical
differentiated products introduced by Mussa and Rosen (1978). It is assumed that
customers are heterogeneous in their marginal valuation of product quality, or quality
expectations which is denoted by v. There is a population of customers whose total
number is equal to N and each customer buys at most one unit’. For simplicity, we
assume that a uniform distribution of customer types and their quality expectations is

given by v, ~U[0, N]. For a given price p, and level of product quality &, with
j= {A,B} , A and B represent two competing firms where firm B is seeking to make an

outsourcing decision, the net utility for a customer with quality expectation v, is

def

u(vi):‘a/‘vi_kg_pj (1).
In this paper the quality of each firm is determined through its product innovation which
is investment in the quality of its product. We assume that firm j chooses its quality &, at

def
period one with a research and development (R&D) cost’ of @(0,) = ﬂ(ﬁj —Q)2 if 6,>

@, 0 otherwise. The R&D process or quality improvement investments are not always
required since each firm is assumed to be endowed with a minimum quality level’ 8,

which is assumed to be large enough to cover the market.’

* A unit may be representative of a single product, a lot of products, or even a long term contract. The
expectation here is that for this “unit’ the quality requirements and expectations are the same.

* Research and Development costs would be used to improve product quality, this cost may also incur costs
for improving process quality through Six-Sigma, Total Quality Management, or a ISO 9000-like
programs.

> Here @ is assumed to draw constant utility for customers independent of their quality expectations.

% A covered market means that the minimal expectations of all customers are met with this level of quality.
Some papers adopt a vertical differentiated product model with covered market. See Crampes and



Producing final products requires various inputs which can be obtained by
different production modes. We assume that each final product of firm j requires / inputs
which the total number of inputs is normalized to one (competing products are assumed

to have equal levels of inputs). For acquiring each input, two options are open to firm j:

in-house production and outsourcing via outside subcontractors. 7, € [0,1] denotes the

percentage of inputs produced by the outside subcontractors. We assume that outside
subcontractors are specialized in producing inputs for the products in a competitive
market with normalized zero unit costs. Therefore, the price of outsourced inputs is
assumed to be zero. On the other hand, the unit cost of in-house production of an input is
¢ for firm j (j=A, B). This assumption reflects the assumption that in-house production
is less efficient, more costly, than outsider subcontractors and one of the main factors for
firms to outsource their inputs production to lower its unit cost of production. However,
outsourcing also incurs two different types of costs, expected quality performance costs
and monitoring costs.

To comment briefly on the two types of costs, we first assume that the product

produced partially by outside subcontractors entails reduction in expected (perceived)

def
quality performance, denoted by «(r,) = ar, which is assumed to be constant across all

customers. The parameter « captures the marginal impact on the expected quality
performance. We assume that an increase in the outsourcing rate has a negative impact
on expected quality performance due to increased difficulty in managerial coordination
and oversight by the producer or the incomplete nature of contracts on the quality of
inputs production between the outsourcer and the outside subcontractors. We assume
that these costs are the same across all final customers or at least independently

distributed with the valuation of customers for the product. The second type of cost

def
incurred with outsourcing is a firm’s increased monitoring cost denoted by m(r,) = yr;

to ensure the quality of inputs produced by outside subcontractors. It is assumed to be an
increasing convex function of the rate of outsourcing. The parameter y captures the

marginal impact on the outsourcing monitoring costs.

Hollander (1995), Boom (1995), Ecchia and Lambertini (1997), Maxwell (1998), Wang and Yang (2001),
and Wang (2003).



In order to emphasize explicitly the strategic effect of outsourcing on competition
and quality level we carry out this task within a framework where only one firm with low
quality product (i.e., firm B) is able to outsource its production. Given the outsourcing
rate r, the customer’s net utility becomes

Oy, +0-p, if the customer buys product A
u(v,)= {(QBvi +@—ary)—p, if the customer buys product B with the outsourcing rate r,
2).
To help solve the outsourcing problem we consider a three-stage game with the

following stages:

Stage one: Each original production firm (4 and B) chooses its R&D or quality

investment to improve its level of quality (OJ. )
Stage two: Firm B decides the rate of outsourcing the production of its inputs (rB),

thereby firm B produces (1-7,) and buys (r,) portion of inputs from the outside
subcontractors.

Stage three: Each firm chooses its price ( P, )to maximize its profit.

IV. Solving for Equilibrium in the Three-Stage Game
To find the Subgame Perfect Nash equilibrium (SPNE), we begin with period three.

1. Stage Three: price competition with given quality and outsourcing rate

In Stage Three, with given quality levels (6,, 8,) and the outsourcing rate 7, the

two firms (4 and B) compete for customers in terms of pricing. Even though there are
pricing expectations, it is assumed that due to competitive reasons the quality
expectations are at a minimal level or higher in this quality competitive environment.
When customers make their purchase decision, they choose the option that yields the

highest net utility. We consider the case of 8, > 6, , without loss of generality, where

firm A is competing primarily on maintaining higher quality than its competitors and firm

B will have the option to further improve its quality or further compete on pricing. In this



case, a customer’s optimal choice between products or companies for a given price and

quality level can be divided as follows:

Pa= Py~ purchase product from Firm A

QA - HB

Pa=Pp— Ol
QA - HB

V< purchase product from Firm B

Thus, for a given price and quality level, there will be a customer with quality

expectations denoted by v that is indifferent between buying products from firm 4 and B

if 0,%40-p,=(6,y+0—ar,)-p,. This feature of the self-selection choice of

customers between products is shown in Figure 1.
Figure 1 about here

Each firm’s demand then can be described as

Py~ Pp—Qlp (3)

Given the marginal cost ¢, firm A, which is assumed will not outsource, maximizes its

profit by

M (0, -0 N =22 | (0, -0) .

Similarly, given the reduced marginal cost via outsourcing, firm B maximizes its profit

Max (p, —(l—rB)c)(Mj—ﬂ(HB —0) —yr; (4b).



By solving each team’s profit maximization problem, we derive the equilibrium

price (p*) and market share (¢*) as follows.

1 (6,.0,.1,)= l(ar +(3-1,)c+2N(0,-6,)) (5),
23 (0,.0,,1,) %( 5 (a+2c)+N(0,-6,)) (5b),

—%( ] (62).
and ¢, (0,,0,.7,) = 3{1\7—%} (6b).

The corresponding equilibrium profits are as follows:

—¢)+2N(0,-6,))
9(6,-6,)

(ry(@=¢)=N(8,-6,))

9(6,-6,)

”;(6,4: eB’rB):(rB (a _IB(QA_Q)Z (7a)

and ”;(HA’QB’FB): _ﬂ(es_g)z_yrgz (7b)-

2. Stage Two: Choice of production mode. How much to outsource?
We now turn to firm B’s optimal choice on its rate of outsourcing. The objective

is to simply maximize equation 7(b) with respect to r,, which yields the following

necessary first-order condition:

om0, 0,r,) 2(r(@=c) =(9rm+(a-c)N)(8,-6,))
o 9(6,-6,)

=0 ®,

which gives us

10



\ _ (a-¢)N(6,-6,)
1y (0,,6;)= (o) —97(0,-0,) 9).

In other words, firm B produces a(l - r;) proportion of its product inputs in-house

and buys a r, proportion of its product inputs from outsourced subcontractors. To ensure
concavity of the profit function with respect to r,, we require the following second order

condition:

. 2
8272'3(@1) O5.75) = 2p+ 2(0{—6)

or? 9(6,-6,)

<0 (10)

From this second order condition we derive

c=3r(0,-6,) <a<c+3,r(6,-6,) (11)

which means the marginal disutility of outsourcing of customers on the expected quality
performance should not be too large or too small when compared with the magnitude of
the firm’s unit production cost, to have an interior solution of the optimal rate of

outsourcing.  Also, incorporating the boundary condition of the outsourcing rate

(OSr; Sl), we have

;(2c+N9 ~0,)~J0,-0, 367+ N* (9, 9))<a<c (12).

Combining these two conditions from eq. (11) and (12) together, we derive the following

constraint for the solution.

max{c 3J7(6,-6,). (2c+N9 ~0,)-J8, 0,367+ N* (8, 0))}@9(13).

3. Stage one: choice of quality investment and quality level

11



At period one, the firms choose the level of quality to maximize their own profits, which

are given respectively by
2
N (8,-6,)((@~c) ~67(6,-6,))

((a—c) ~97(0,-6,))

(0, 0,)= -p(6,-0Y) (14a)

IN?y*(8,-6,)

and  7,(0,,0,)= . 5
((@=c)~97(6,-6,))

(a-c)N(6,-6,) J

a—c) ~97(6,-6,)

—ﬂ(eg—g)z—yl(
(14b)

The best response function can be derived in terms of its own first order conditions.

dry(0,,0,) _1 2(a—c)

—| 4N?-18p3(0,-6
de, 9 pl0.-0)+

~N*-185(6,-0)+

3

dry(0,.65) _ 1
do, 9

V. Empirical Investigation and Discussion

Due to the complex algebraic expressions in equations (12a) and (12b), it is
mathematically intractable to derive the optimal equilibrium quality choice of the firms in
explicit functional forms. To understand the decision mechanisms of the firms and the
results in from the game equilibrium numerically, we run some analyses. In this
empirical analysis, we compare the effects on the decision variables (outsourcing
percentage (7, ), price (), p,), and investment in quality programs (&,,6,) ) by the
exogenous parameters, « (factor of marginal decreases in quality due to outsourcing), ¢

(unit product cost), and y (factor of marginal increase in monitoring costs due to

12



outsourcing). Tables 1, 2 and 3 summarize these results, where we fixed other parameter
valuesat N =1, f#=1,and € =1, respectively.

1. The effect of the marginal disutility of customers on outsourcing (expected

quality performance)

The results in Table 1a and Table 1b show that as the customers become more quality
sensitive about outsourcing, their perceptions of outsourcer quality, the optimal rate of
outsourcing, equilibrium quality and price difference between the two firms will be
lowered. In this situation, the relative market share and profit of the high quality producer
(firm A) will tend to increase as expected since quality competition tends to increase as
this customer quality sensitivity increases. This result can be easily explained through
intuition. As the customers become more sensitive about the quality degradation from
outsourcing, low quality, low price producer seeking through outsourcing will be
discouraged. Thus, there will be pressures or incentives to increase quality investments
and raise price. Hence the equilibrium price difference between the quality oriented (A)
firm and the price/cost oriented (B) firm will be lessened. If the low quality producer be
oriented toward quality competition, the high quality producer will gain, hence its
optimal market shares (¢*) and profits (p*) will be relatively higher as the market’s
(customer’s) quality expectations increase. Therefore, from this reasoning, we can make

the following observation:

Observation 1 The more the customers are sensitive to outsourcing quality, quality and

price competition becomes more intense, and the high quality producer will gain.

Tables 1a and 1b about here
We also see that customers can expect the prices of their products to increase as their
sensitivities increase, since the optimal prices for maximizing the profits for both firms
tend to increase. Even though the prices increase for both firms, firm B, the cost-driven
firm, will lose market share as its prices get closer to the quality leading firm A, as shown

by the ratio (¢, / q, ) in Table 1b. Overall, the optimal profitability of firm A will tend to

increase in this environment. A strategic marketing outcome of this observation is that

13



firm A should try to further differentiate itself on quality and reinforce the perception in

customers that firms that outsource will have poorer quality performance.
2. The effects of unit production cost difference from subcontractors

We have assumed that subcontractors are under competitive pressure and normalized
their unit production cost to be zero (guaranteeing a lower production cost than the
original firms A and B). In this situation, increases in the unit production cost of by
quality competing firms (firm A) presents the case where outsourcing accrues greater
benefit in production cost. Tables 2a and 2b shows the effects on firms’ equilibrium
decisions of this manipulation.
Tables 2a and 2b about here
These second stage results show a slightly different result from the previous stage.

As the unit production cost (c¢) increases, the potential benefit of outsourcing tends to also

increase. Hence, the optimal outsourcing rate (7, ) of the low quality, cost-driven,
producer firm (B) will tend to increase. The equilibrium quality differential (represented

by the ratio ((9: +Q) / («9; +Q)) in Table 2b), will be higher since there will be more

outsourced products. In this case, the outsourcing firm B, the cost-competitive, lower

quality producer, will expand their market share (g, in Table 2a) and will have a higher

relative equilibrium profit (7, /7, in Table 2b). But the effects on the equilibrium prices

(p*) are less clear. The direct effect of an increase in the unit production cost will be an
increase in product prices. The indirect effect via outsourcing, however, will induce a
price decrease. The relative effects of these two contradicting forces in equilibrium
depend on the intensity of quality competition. The table shows that if the difference of
the unit production cost is relatively minor between the original product firm (B) and the
subcontracting firms, and hence outsourcing savings, are relatively insignificant,
increases in the unit production cost will bring lower equilibrium differences in prices.
This result occurs because outsourcing contributes little to quality in this stage, the lower
quality producer will be more sensitive to price caused by a cost increase as in-house

production is much more significant. As the difference of the unit production cost

14



becomes greater between the outsourcer and subcontracting firms, the lower quality
producer (firm B) will become less sensitive to an increase in the cost of in-house
production. This situation will ultimately result in an increase in the equilibrium price
difference. This reasoning leads to an implicit proposition that there might be a level of
the cost incentive of outsourcing resulting in a minimum difference in equilibrium prices
in oligopolies under quality competition. Also, we can observe that as production costs

increase, the quality oriented firm (A) will tend to invest more in its quality initiatives

(6, in Table 2) on an absolute level and when compared to firm (((9: +Q) / (9; +Q) in

Table 2b).

Observation 2 As the cost benefit of outsourcing becomes larger (c becomes larger), the
equilibrium quality difference will be greater, and the outsourcing low quality producer

will gain.

Remark 2-1 In the initial stage of outsourcing, where in-house production is dominant,
cost increase in the outsourcer’s industry will be associated with lowered price
differences. But in the stage of significant percentage of outsourcing, cost increase will

bring clear quality difference and hence price difference.

Remark 2-2  Whether an increase in outsourcing, resulted from a cost increase in the
outsourcer’s industry, will bring an increase in price difference between the high quality

producer and the lower quality producer, is an empirical and open question.

We can postulate that it price differences may increase or decrease in difference (the
P, / p, ratio in Table 2b) amongst the firms may be estimated by empirically finding the

minimum level of price difference over the span of various degrees of outsourcing. Thus,

if firm B feels that the pricing difference can be improved if they are not at this minimal
difference level by manipulating the outsourcing rate (7, ). If the current stage of

outsourcing is believed to be below the rate of that minimum level, an increase in the rate

15



of outsourcing due to the cost benefit will bring weakened price competition. Otherwise,
the price gap will be deeper.
3. The effects of monitoring costs

It is intuitively clear that as the outsourcing monitoring costs increase (i.e., as ¥ becomes
larger), the equilibrium rate of outsourcing (7,) will decrease. The results shown in

Tables 3a and 3b of the first stage of the three stage game, verify this intuition.
These table results show that as quality monitoring costs for outsourcing increase,
the optimal rate of outsourcing decrease, leading to a decrease in quality and price

difference . In this scenario, the relative market share of the quality oriented producer

(A) increases (¢, in Table 3a) and hence will ultimately gain ground on B. This
situation occurs as the equilibrium investment in quality by A (&, and ((9: + Q) / ((9; + Q))

actually decrease. Another surprising finding here is that even if monitoring costs

increase, the equilibrium profitability increases slightly. This increase in profitability

seems to occur from increases in equilibrium prices for A (p),) and B ( p,).

Observation 3.  Higher quality outsourcing monitoring costs will lower the
optimal rate of outsourcing, quality and price differences, and will be beneficial to the
quality-oriented producer.

One interesting, but very intuitive operations strategy implication from this result
is that all other things being equal, industries with a lower level of standardization (higher
customization and hence in need of more careful observation) will be less prone to

outsourcing and a high quality producer will ultimately gain.

VI. Conclusion.

In this paper, we analyzed firm decision problems of outsourcing in light of
operations strategy and product differentiation by setting up a three stage game relating to
factors of quality competition, outsourcing, and price competition, respectively. By
incorporating the effects of outsourcing on customers’ welfare, quality improvement
(R&D) costs, and quality outsourcing monitoring costs, we were able to derive and

observe some interesting results relating to decisions on outsourcing. We clearly observe

16



that there is a conflict and tradeoff associated with production cost benefits and quality
degradation typically associated with outsourcing in a quality competitive market. The
introduction of quality into an outsourcing decision framework is necessary in quality
competitive environment, but the results have implications in most decision environments,
even in situations where price and quality are less tradeoff oriented.

By borrowing the basic insights and theoretical developments from vertical
differentiation literature within economics, and by incorporating an outsourcing decision
problem of the firms into a classical quality and price competition model, we were able to
make a number of insights. First, the outsourcing decision will amplify the difference of
firms in the relative investments in quality programs. More precisely, based on our three-
stage game theoretic model, firms will choose more divergent quality management
strategies when faced with outsourcing possibilities. Second, if customers and the market
becomes more sensitive to (perceptions of poor quality increase) with outsourced
products, quality and price competition will become more intense with less equilibrium
differences, and the quality-oriented operations strategy producer will ultimately gain.
Thirdly, as the production cost gain of outsourcing increases, mainly through production
cost increases in an outsourcer’s industry, outsourcing will become more attractive and
the quality differences will be larger. Price differences at the equilibrium may vary
depending on the direct effect of the production cost increases on pricing and the indirect
effect of cost reduction of outsourcing.  Fourth, if outsourcing requires additional
monitoring of the outsourced production processes, the equilibrium rate of outsourcing
will drop, leading to lowered price and quality differences (hence competition becomes
intense). Within our framework, outsourcing brings expanded market share for the lower
quality producer and hence better possibilities of profit gain.

Alternatively, any decrease (improvements) in outsourcing monitoring costs (e.g.
through additional monitoring technology to improve efficiency or more careful selection
of high quality suppliers (Aron et al., 2008)), improving market perceptions of
outsourcing quality, or increases in production costs will increase outsourcing incentives
and ultimately benefit cost-oriented producers by providing an improved competitive

(relative market share and profitability) stance.
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Well designed outsourcing may allow a firm to be more focused on strategically
more important sets of tasks and to become more competent in its core capabilities. But it
is also claimed that excessive outsourcing, without considering long term strategic
consequences, may lead to unduly heavy dependence on subcontractors, undermining its
R & D capabilities and causing potential technology predation by those suppliers (Wu et
al (2005)). Advances in our model may require that we incorporate these other factors as
potential strategic costs associated with outsourcing. Our model specifically addresses
the issue that with quality competition in mind, this conclusion may be misleading, the
lower quality producer by introducing and expanding the possibility of outsourcing may
already committed to go for a lower quality acceptance of their product. This result does
not mean that the industry as a whole will suffer from quality degradation. Rather, in fact,
the high quality producer will actually put more labor for an upgrade, to go for greater
differentiation as the quality producer in this market in the threat of outsourcing
competitors. Hence, our results imply that outsourcing may actually provide customers
with more quality product choice than before.

For a lower quality —cost-driven firm, this claim of higher quality through
outsourcing decisions might be very valuable to be accounted for, but for an analyst more
concerned about the whole picture of the consequences of outsourcing, the claim will be
surprising, though it may describe the reality well enough. Thus, instead of just
predicting whether organizations should outsource we find it is important to consider the
problem within a framework of general quality competition rather than just explaining
and predicting the outsourcing market for the sake of outsourcers themselves. The
implications for operations strategy are also pretty clear here. Organizations seeking to
outsource in a quality sensitive market should be wary of customer perceptions and that
shifting to cost-based operations strategies may entail risks.  Alternatively, for
organizations in cost sensitive markets, having too much investment in quality initiatives
may be detrimental to market share and profitability. An appropriate operations strategy
balance is necessary depending on market characteristics, subcontractor capabilities, and
organizational competencies.

Our approach to outsourcing with a three stage game theoretic model to provides

significant insightful results, but there are some limitations, which provide ample
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opportunity for future research. In our model, we implicitly assumed that the quality-
oriented producer does not outsource, but it excludes many interesting cases from
strategic interactions among the firms, including some dynamics. This may be a future

task of our research.
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Figure 1. Customer’s quality choice/perception ranges and utility values
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Table 1. Numerical Analysis with respect to customer

outsourcing () (withc =2, y=1)

quality sensitivity to

*

*

*

*

*

*

*

a 7y o, | 6 | Pr. Py 4 q5 z 7Ty

0.2 | 0281594 | 1242420 | 2.65932 | 2.01991 | 0.530677 | 0.469323 | 0.29112 | 0.194365
0.4 | 0231022 | 1.23419 |0 | 2.69958 | 2.07256 | 0.566835 | 0.433165 | 0.341702 | 0.178202
0.6 | 0.189061 | 1.22884 |0 | 2.731 | 2.11972 | 0.594869 | 0.405131 | 0.38248 | 0.165948
0.8 | 0.153353 | 1.2256 |0 | 2.75573 | 2.16317 | 0.616617 | 0.383383 | 0.415097 | 0.156625
1 | 0.122207 | 1.22377 | 0 |2.77511 | 2.20425 | 0.63338 | 0.36662 | 0.440867 | 0.149553
12 [0.0943772 | 1.22283 | 0 | 2.79005 | 2.24402 | 0.646086 | 0.353914 | 0.460788 | 0.144259
14 10068922 | 1222410 | 2.80115 | 2.28341 | 0.65539 | 0.34461 | 0.475603 | 0.140418
1.6 | 0.0451004 | 1.22226 | 0| 2.80883 | 2.32323 | 0.661747 | 0.338253 | 0.485839 | 0.137811
1.8 [0.0223033 | 122222 | 0 | 2.81333 | 2.36429 | 0.66545 | 0.33455 | 0.491846 | 0.136298
2 [0 1222220 | 2.81481 | 2.40741 | 0.666667 | 0.333333 | 0.493827 | 0.135802

* In this table, 9; =0 because of a corner solution to the optimal problem. This result is not surprising since

we generally obtain the maximum quality differences in equilibrium in the vertical product differentiation

literature due to introduction of a minimum level of quality, & , or € ; is bounded from below. Table 2

and 3 show the similar results.
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Table 1b: Numerical Analysis with respect to customer quality sensitivity to outsourcing

(a)(withc=2, y=1).

a ry (0:+0)/(6,+0) | pi/pPy | 4ilas | 7i/7,
0.2 0281594 | 224242 1.31656 | 1.13073 | 1.4978
0.4 0231022 | 2.23419 1.30253 | 1.30859 | 1.9175
0.6 | 0.189061 | 2.22884 1.28838 | 1.46834 | 2.30482
0.8 0.153353 | 2.2256 1.27393 | 1.60836 | 2.65026
1 [0.122207 | 222377 1.25899 | 1.72762 | 2.94789
12]0.0943772 | 2.22283 1.24333 | 1.82554 | 3.19417
1.4]0.068922 | 2.22241 1.22674 | 1.90183 | 3.38705
1.6 | 0.0451004 | 2.22226 1.20902 | 1.95636 | 3.5254
1.8 ] 0.0223033 | 2.22222 1.18993 | 1.98909 | 3.6086
2 0 2.22222 1.16923 | 2, 3.63636
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Table 2a. Numerical Analysis with respect to product input manufacture cost (¢) (a=1, y=1)

¢ T 0, | 6| P Py q, s 7 7y

1 |0 1.22222 |0 1.81481 | 1.40741 | 0.666667 | 0.333333 | 0.493827 | 0.135802
1.2 |1 0.0223033 | 1.22222 | 0 2.01333 | 1.58213 | 0.66545 | 0.33455 | 0.491846 | 0.136298
1.4 | 0.0451004 | 1.22226 | 0 2.20883 | 1.75029 | 0.661747 | 0.338253 | 0.485839 | 0.137811
1.6 | 0.068922 | 1.22241 |0 2.40115 | 1.91098 | 0.65539 | 0.34461 | 0.475603 | 0.140418
1.8 [ 0.0943772 | 1.22283 | 0 2.59005 | 2.0629 | 0.646086 | 0.353914 | 0.460788 | 0.144259

2 10.122207 | 1.22377 |0 2.77511 | 2.20425 | 0.63338 | 0.36662 | 0.440867 | 0.149553
2.2 1 0.153353 |1.2256 |0 2.95573 | 2.3325 | 0.616617 | 0.383383 | 0.415097 | 0.156625
2.4 10.189061 | 1.22884 |0 3.131 2.4441 | 0.594869 | 0.405131 | 0.38248 | 0.165948
2.6 10231022 |1.23419 |0 3.29958 | 2.53395 | 0.566835 | 0.433165 | 0.341702 | 0.178202
2.8 10.281594 | 1.24242 |0 3.45932 | 2.59463 | 0.530677 | 0.469323 | 0.29112 | 0.194365

3 10344212 | 1.25407 | 0 | 3.60657 | 2.61486 | 0.483682 | 0.516318 | 0.228837 | 0.215832

Table 2a. Numerical Analysis with respect to product input manufacture cost (¢) (a =1, y=1)

¢ o | (6:+0)/(6,+0) | pilps | a4y | 77
1[0 222222 128947 | 2. 3.63636
1200223033 | 2.22222 127254 | 1.98909 | 3.6086
1.4 | 0.0451004 | 2.22226 126198 | 1.95636 | 3.5254
1.6 0.068922 | 222241 125651 | 1.90183 | 3.38705
1.8 | 0.0943772 | 2.22283 125554 | 1.82554 | 3.19417
2 [0.122207 |222377 125899 | 1.72762 | 2.94789
220.153353 | 22256 126719 | 1.60836 | 2.65026
24 0.189061 | 2.22834 128105 | 1.46834 | 2.30482
260231022 | 2.23419 130215 | 1.30859 | 1.9175
28 (0281594 | 2.24242 133326 | 113073 | 1.4978
3 [0.344212 | 2.25407 1.37926 | 0.936792 | 1.06026
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Table 3a. Numerical Analysis with respect to the level of monitoring costs(y) (a =1, c=3)

v

*

*

s

*

*

*

*

*

Iy g, | 6, | p. Ps a; y 7, Ty
0.8 | 0493564 |1.27071 |0 |3.5181 |2.27192 | 0.407723 | 0.592277 | 0.137956 | 0.20215
1 0344212 | 125407 |0 | 3.60657 | 2.61486 | 0.483682 | 0.516318 | 0.228837 | 0.215832
12 (0263718 | 1243720 | 3.65334 | 2.79923 | 0.525307 | 0.474693 | 0.283801 | 0.210705
14 (02135 | 12375 |0 |3.68267 | 2.91433 | 0.55165 | 0.44835 | 0.320187 | 0.203177
1.6 | 0.179253 | 1.23357 | 0 | 3.70288 | 2.99293 | 0.569792 | 0.430208 | 0.345939 | 0.196177
1.8 [0.154434 | 1.23096 | 0 | 3.71768 | 3.04997 | 0.583028 | 0.416972 | 0.365087 | 0.190172
2 | 0.135633 | 1.22915 |0 | 3.72901 | 3.09324 | 0.593102 | 0.406898 | 0.379869 | 0.185109

Table 3b. Numerical Analysis with respect to the level of monitoring costs(y) (a =1, c=3)

Lo |(6:+0)/(6,+0) | pilps | 4i/as | 77
0.8 [ 0.493564 | 2.27071 154851 | 0.688399 | 0.682442
I [ 0344212 | 225407 137926 | 0.936792 | 1.06026
120263718 | 224372 130512 | 1.10662 | 1.34691
1402135 |22375 126364 [ 12304 | 1.5759

1.6 | 0.179253 | 223357 123721 | 1.32446 | 1.7634

1.8 ] 0.154434 | 2.23096 121802 | 1.39824 | 1.91977
2 | 0.135633 | 2.22915 1.20554 | 1.45762 | 2.05214
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