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ABSTRACT: Many argue that offshoring is an inexorable trend, since a variety of in-
formation technology (IT) skills have become global commodities and they are vastly
cheaper in other parts of the world. According to this view, most IT work would be
drained from the United States to overseas locations. However, the loss of jobs to
offshoring has increased pressure to impose restrictions. On the supply side, as IT
salaries in outsourcing vendor nations increase, they become less attractive for
offshoring. The literature identifies multiple factors—some enhancing, others inhib-
iting—that affect the growth of offshoring. In this paper, we attempt to add to that
knowledge by asking, "What are the mechanics by which these factors interact to
produce the observed growth in IT ofFshoring?" We use the system dynamics meth-
odology to build a two-country simulation model of offshoring growth that captures
individual cause-effect relationships generated by its supply and demand drivers.
Examined as a whole, these individual relationships reveal larger feedback loops that
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constitute the mechanism underlying offshoring growth between the two countries.
Simulation experiments show how the dynamic behavior of offshoring is likely to
evolve beyond the current high-growth period. The model contributes to our under-
standing of offshoring by offering a causal foundation for its growth pattern. It can
also be used to computationally study different scenarios of offshoring growth.

KEY WORDS AND PHRASES: business policy, growth modeling, offshoring, outsourcing,
simulation, system dynamics modeling.

IN SIMPLE TERMS, INFORMATION TECHNOLOGY (IT) outsourcing is turning over se-
lected parts of a firm's IT projects or functions to another provider for a specified
period of time, usually at least a few years. These functions include software develop-
ment and maintenance, network and computer operations, and research and develop-
ment. In the United States, the term IT offshoring is used to refer to outsourcing when
the provider is in another country such as India, Ireland, Philippines, or China. The
rapid growth in IT offshoring has attracted considerable attention in the United States
among IT practitioners, legislators, and the public at large, with strong views being
expressed in favor of as well as against the practice [17,24,28]. The academic litera-
ture has also weighed in with a variety of studies examining the phenomenon mostly
from the perspective of the source country, usually the United States. Of course, inter-
est in offshoring is just as high in the destination countries, which see it as a way of
participating in the global economy and bettering their own lot.

Regardless of the specific circumstances surrounding individual countries, it is evi-
dent from the literature that IT offshoring is driven by a variety of factors, chief among
them being the pressure to reduce cost [3,20]. However, there are opposing factors as
well. Legislative action, stemming from security concerns or public pressure to re-
duce the outflow of IT work, has the potential to slow down IT offshoring [29, 38].
Moreover, there is the natural process of the destination country's IT workforce sala-
ries increasing over time and diminishing its attractiveness as an outsourcing destina-
tion. However, these opposing forces do not act independent of each other. Not only
do they interact at one point in time, they also react to one another across time. So,
although the literature is rich in identifying the factors that drive offshoring, it has not
yet adequately addressed the question: "What are the mechanics by which these coun-
teracting forces interact to produce IT offshoring growth?" This research attempts to
represent these interactions formally, resulting in a computational model of the me-
chanics underlying the growth of IT offshoring. We will then use the model to exam-
ine the dynamics of IT offshoring growth under different scenarios. By enabling us to
relate the dynamic behavior of offshoring to the undedying mechanics, the model
offers a causal explanation for observed growth patterns, which can be useful for
planning and policy-making purposes.

The outsourcing phenomenon, as well as its incarnation as offshoring, have been
studied in different forms in the academic literature. For instance, in the information
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systems (IS) literature, several authors have examined the relationship between tech-
nology and how firms organize to conduct business. This research could be viewed as
a precursor to the outsourcing phenomenon, since it predicted a shift away from ver-
tical integration toward a more market-based organization of work. Clemons et al. [8]
analyzed the organization of economic activity of firms and concluded that IT has the
potential to lower coordination costs without unduly increasing transaction risks, lead-
ing to more outsourcing, but with a relatively small set of suppliers. Hitt and
Brynjolfsson [21] found that increased investment in IT by firms goes hand in hand
with a move toward more decentralized authority and related practices. Brynjolfsson
et al. [6] found that IT leads to smaller firms, suggesting once again a move away
from large-scale vertical integration. In an empirical study of 55 U.S. companies, Loh
and Venkatraman [26] examined how the degree of IT outsourcing was correlated
with various determinants such as IT cost structure, IT performance, business perfor-
mance, and financial leverage. The positive correlation with cost-based determinants
and negative correlation with performance-related ones suggest that firms were
outsourcing to improve cost structure as well as business performance.

Based on data from about 200 senior executives, Grover et al. [ 18] study the effect
of provider service quality, and the ability of companies to build a partnership, on the
success of outsourcing projects. They also conclude that transaction-coSts theory pro-
vides a good framework within which to study offshoring. Smith et al. [37] compared
a number of firms that entered into large-scale outsourcing contracts w*ith those that
did not, analyzing year-by-year financial performance around the time of outsourcing,
and argue that firms enter into outsourcing arrangements to lower costs and generate
cash. Lee and Kim [25] find empirical support for the hypothesis that partnership
quality (as determined by participation), information sharing, communication, and
top management support are key predictors of outsourcing success. Aron et al. [2]
argue that risks associated with outsourcing have been the primary impediment to
business process outsourcing, particularly across borders. They then introduce the
term right sourcing, to refer to selective outsourcing aimed at achieving the best long-
term risk-adjusted rate of return. In summary, this body of literature looks at outsourcing
at the firm level, and the findings can help firms design the nature and extent of their
outsourcing activities and manage them for successful outcomes.

Clearly, IT offshoring—indeed, outsourcing or offshoring at large-^is related to
the larger economics debate on free markets and globalization. For example. Garner
[14] examines the economic effect of offshoring and finds that although offshoring of
service jobs hurts some U.S. workers, it should not permanently lower U.S. employ-
ment or production. This finding about the steady-state effect on U.S. employment
argues against restrictive government actions and suggests that the appropriate re-
sponse is to retrain displaced workers and move them into expanding industries. The
point that free trade—the premise of globalization—entails free flow of labor and
work, and thus encourages economic efficiencies that will ultimately benefit both
countries, has been made, for example, by Bhagwati [4]. And, in Bhagwati et al. [5],
the authors argue that outsourcing is just another form of trade. Moreover, the inter-
national trade literature has extensively examined the issue of comparative advantage
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of nations, and the effect of changing work patterns on social welfare, national com-
petitiveness, and living standards [15]. They recognize the local and short-run disrup-
tions caused by globalization, but conclude that, in the long run and on average,
countries that were previously left behind can benefit from offshoring [16].

The preceding literature review identifies several factors that drive offshoring, es-
tablishes the role of IT in facilitating offshoring, and suggests that there are benefits
to be enjoyed on both sides of the practice. As mentioned earlier, the objective here is
to contribute to our understanding by constructing and testing the mechanics by which
these factors interact to produce offshoring growth.

Modeling Methodology

WE CHOSE TO MODEL THE GROWTH IN IT OFFSHORING using the system dynamics
(SD) methodology [13,34]. SD models are computational representations of the causal
structure of systems—be they physical, social, or economic—as a set of differential
equations using stock and flow variables. This representation can then be simulated
to generate the dynamic behavior of the system under study. The mantra of SD is
"structure determines behavior," and in order to change behavior patterns of a sys-
tem, it is necessary to understand the underlying mechanics. This characteristic of the
methodology is well suited to our needs here, because we are trying to understand the
mechanics that drive the growth of a phenomenon over time. SD has a long history of
being successfully applied to analyze problems in a variety of application domains
including environmental policy, corporate strategy, health care, operations manage-
ment, and change management [9]. However, it has not seen extensive application in
the IS literature. Therefore, before developing the offshoring model, we first provide
a short primer on the methodology. It is common practice to represent the causal
structure in a more visually appealing form called causal loop diagrams (CLD), so
we start there.

Consider the basic business operation of replenishing inventory. As sales occur,
inventory falls and orders are placed to restore inventory to a desired target level.
Orders are fulfilled, after some delay, by shipments from warehouses. This is the
well-known "order-up-to" replenishment policy. Figure 1 shows the causal structure
of this replenishment system in CLD form. The two constructs used here are causal
links and causal loops. Links are directed arcs showing cause-effect relationships,
and ths'ir polarities show the direction of effect. It is important to recognize that a link
polarity represents how the effect would change in response to a change in that one
cause, and that one cause alone. A positive polarity means that the direction of change
in the effect is the same as the direction of change in the cause. It does not mean that
the effect only increases in magnitude. If the cause decreases (increases) in magni-
tude, the effect decreases (increases) in magnitude. A negative polarity means the
direction of change in the effect is the opposite of the direction of change in the cause.
It does not mean that the effect only decreases in magnitude. Thus the negative link
from current inventory to inventory shortfall implies that as current inventory de-
creases, inventory shortfall increases. By following the polarities of the links around
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Figure 1. CLD of Replenishment

the loop, it can be easily seen that if current inventory level decreases, inventory
shortfall increases, and production increases, leading to an increase in current inven-
tory. In other words, a drop in inventory induces an outcome that ultimately corrects
the drop. This is a classical negative feedback loop. It is easy to show that a negative
feedback loop has an odd number of negative polarity links, whereas apositive feed-
back loop has an even number of negative polarity links. Since the behavior of ge-
neric positive and negative loops is well known, CLDs offer a visually powerful way
to express the underiying mechanics of a phenomenon in terms of a few major feed-
back loops. However, CLDs do not show the specific functional form of causal rela-
tionships and are not directly usable for computational representation of the mechanics.

To facilitate computation, SD uses an equivalent representation called a stock flow
model. Figure 2 shows the stock flow representation of the CLD shown in Figure I.
Figure 2 has the same variables as Figure 1, but shows new symbols—a box and pipes
with regulators on them. The former represents stocks, which are accumulations of
things. The latter represent/Zow^, which are rates of change of things. These rates are
controlled by information fiows, represented by the thin directed arrows in the figure.
For instance, inventory shortfall is the information that drives the flow called produc-
tion. Variables such as inventory shortfall and desired inventory level are called aux-
iliaries. They represent constants or formulas that compute a derived value. Based on
these definitions of stocks and flows, it is easy to see that the time behavior of inven-
tory level, /(f), can be represented by the following equation:

i{t)='5{p{t)-s{t))dt+i{o), '
0

where P{t) and S{t) represent production and sales at time t, and /(O) is the initial
value of inventory. P{t) and S{t) can be defined depending on the replenishment policy
and sales pattern.

In SD, this differential equation is written in discrete form to enable computation,
which leads us to the third and final model variant, called the equation-form repre-
sentation. Figure 3 shows this form of the inventory replenishment system and the
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1. Production = DELAY 1 (Inventory Shortfall, 9, 0)
2. Current Inventory Level (f + At) =

Current Inventory Level (0 + (Production - Sales)* At

Initial - 50
3. Desired Inventory Level = 50
4. Inventory Shortfall = max(O, Desired Inventory Level - Current

Inventory Level)
5. Sales = STEP(5, 10)

Figure 3. Equation-Form Representation of Inventory Replenishment System

discrete version of/(f) can be seen in equation 2. Equation 1 expresses the formula for
P(t), which incorporates a delay, whereas equation 4 implements the "order-up-to"
policy. This representation can be simulated to study system behavior. For example,
if we have a step increase in demand, as shown by equation 5 in Figure 3, the system
reacts as shown in Figure 4. The delayed replenishment causes oscillations in inven-
tory. In fact, if this same replenishment structure is replicated upstream to produce a
two-stage supply chain, one can reproduce the well-known bullwhip effect. The main
advantage of such a causal representation is that we can link system behavior, inven-
tory oscillations in this case, with the mechanism that is causing it—a negative feed-
back loop with delay. This provides a basis for understanding and changing system
behavior in desirable ways. For instance, the little experiment in Figure 4 suggests
that unwanted oscillations can be reduced by shortening delays in the feedback loop,
be they physical shipment delays or informational delays associated with order pro-
cessing. While the equation-form representation of an SD model captures the full
functional relationship among variables, and is ultimately needed for simulation, it is
not as easy to visualize the causal mechanisms from the forest of equations. Hence
the equation-form and CLD versions of a system dynamics model are usually viewed
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as complementary, the former being necessary to produce computational analyses of
behavior and the latter being more useful in assimilating and presenting causal struc-
ture in the large. We will also follow this practice and use CLDs to present our
offshoring model.

Even though one tends to associate stocks and flows with physical things, stock-
flow modeling has very general applicability and can be used to model a wide variety
of systems. For instance, intangibles such as "goodwill," "fatigue," and "satisfaction"
are also things that accumulate and are amenable to representation by stocks. Activi-
ties can fill and drain these stocks much as in physical settings. For instance, overtime
can fill the stock called fatigue, whereas extra time off can drain it. Increases in ser-
vice level can fill the stock called satisfaction, whereas sustained drops in service
level can drain it. Hence one sees system dynamics being applied to study a wide
range of problems. Some examples include customer turnover in online services
[10], software project management [1], environmental policy analysis [12], drug
use and public policy [22], diffusion of the Internet in developing countries' [II],
market modeling [27], and developing-country economic growth [35]. The method
is particularly useful when we wish to understand the mechanics underlying some
phenomenon that evolves over time. Typically, such causal understanding is desir-
able when one is trying to alter behavior of the phenomenon through physical or
policy intervention.

A Basic Offshoring Model

W E CONSIDER A BASIC SCENARIO in which there are two countries engaged in off-
shoring. Country 1 has high IT labor costs and is relatively advanced in its deployment
of information and communication technologies at the individual and organizational
level. Thus there is a strong base of providers of IT products and services with healthy
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competition among them. Moreover, the assimilation of IT into business processes
within public and private sector organizations is high, meaning that organizations are
dependent on IT to a significant degree for day-to-day operations and to meet strategic
organizational goals. So, although IT may not be their core competence, they find
themselves devoting substantial resources to acquire, implement, and manage the tech-
nology. The United States, United Kingdom, France, and Germany are examples of
such countries. Country 2 has significantly lower IT labor costs relative to Country 1;
there is a pool of technically qualified labor and it is otherwise suitable for transfer of
IT work. In other words, infrastructure, trade policies, legal frameworks, political sta-
bility, and other relevant parameters make it a suitable destination for IT offshoring.
India, China, the Philippines, some European countries, and Ireland are examples of

Country 2.
Consistent with our eariier review of the relative strengths and weaknesses of the

three representational forms of SD models, we will present the offshoring model
using CLDs. At appropriate points, functional forms of specific cause-effect rela-
tions will also be given to provide a more detailed specification of the model. Fig-
ure 5 shows a causal loop diagram for the two-country offshoring model. Table 1
shows a legend of variable names used in the model and their descriptions. Note that
the CLD in Figure 5 has an equivalent equation-form representation, just as in the
case of the CLD shown earlier for inventory replenishment. This is the representation
used to carry out simulation experiments whose results are reported in the next sec-
tion. In developing the model, we have drawn on relevant factors identified in the
literature that was surveyed eariier. We will first justify the major structural elements
of the causal loop diagram and then identify the resulting feedback loops that drive
offshoring growth. Collectively, these feedback loops will provide an understanding
of the mechanics driving offshoring growth. Most of the variables shown in Figure 5
have the suffix 1 or 2. Suffix 1 will be used for variables pertaining to Country 1, the
source country, whereas suffix 2 will be used on those pertaining to Country 2, the
destination country. The reader may refer to the legend in Table 1 for a more detailed
description of each variable name.

A natural way to understand the causal structure in Figure 5 is to start in the middle
with the key variable named OffshoringRate. This is the rate at which IT work is being
transferred from Country 1 into Country 2. As reported in the literature, this rate has
remained high in recent years, and has even increased in selected niche areas [33]. By
adding the effects of individual factors one at a time, and then their interrelationships,
it becomes possible to see how the mechanics underlying the phenomenon develop.

Eariier in the paper, we observed there is substantial evidence that cost pressures
are driving the IT offshoring trend. One of the major elements of this cost pressure is
the high cost of IT labor in Country 1. Viewing OffshoringRate as the center of the
diagram, the mechanics of labor-cost effects are shown in roughly the northwest quad-
rant of Figure 5. The direct cause is CL-Diff, the amount by which labor cost in Coun-
try 1 is greater than that in the destination country. Hence the positive polarity link
from CL-Diff -** OffshoringRate. As the cost differential increases, the offshoring
rate increases and vice versa. Recall from the previous section that a link polarity



OFFSHORE OUTSOURCING 23

<Titiw>-

RelCLabor-2

CLaborOther

Salary-2

DesCost-1

PressureTo
RestrictOff-1

OffRestrict-1

<Titite>
CorpPrqfit-2

+

RelSector Sector
'ital-2 CapitalOther

+1 RkQual-2

TechInfra-2

RkPool-2 Sector '^
+ %/ j^Capital-2

TrainQual-2

Figure 5. Causal Loop Diagram of Two-Country Offshoring Model

reflects the effect of one cause and that cause alone. As can be seen in Figure 5,
OffshoringRate is affected by other causes as well. Their collective effect will be-
come evident once the individual effects are specified and the resulting feedback
loops identified. In the equation form of Figure 5, we assume that the effect of CL-
Diff on OffshoringRate is linear, and labor rates, whether in Country 1 or 2, are nor-
malized to range between zero and one. Working backward from CL-Diff, we see it is
driven by the difference between CLxibor-l and RelCLabor-2. Even though we are
building a two-country model, it is important to recognize that there are multiple
destination countries competing for offshoring business. So, Country 2 is not the only
destination for Country 1 to offshore and we should not use CLabor-2 directly to
drive OffshoringRate. This reality is captured in the model by introducing the inter-
mediate variable RelCLabor-2, which is CLabor-2 adjusted for CLaborOther, the
average labor cost in competing destination countries. The functional form of CL-Diff=
(1 - RelCLabor-2/CLabor-l), so as the labor cost in Country 2 rises, the effect is to
lower the offshoring rate.
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Table 1. Legend of Variables for Offshoring Causal Loop Diagram

Variable Legend

Average cost of IT labor in Country 1 (2).
Average cost of IT labor in destination countries other than
Country 2.
Size of trained IT labor pool in Country 2.
Demand for IT labor in Country 2.
Size of entering rookie labor pool in Country 2.
Average quality of rookies entering the IT workforce in
Country 2.
Average IT salary level in Country 2.
Quality of IT training in Country 2.
Attractiveness of IT sector to labor pool in Country 2.
Composite indicator of technical and human capital in
Country 2.
Composite indicator of technical and human capital in other
destination countries.
Ratio of composite indicator of capital in Country 2 and that
in competing destination countries.
Ratio of IT labor cost in Country 2 compared to other
destination countries.
Average IT profit levels in Country 2.
Average technology infrastructure level in Country 2.
Index of fitness of labor pool in Country 2 to undertake
offshored work.
Desired average operational cost in Country 1.
Average operational cost for firms in Country 1.
Pressure to offshore IT work out of Country 1.
Competitive pressure faced by firms in Country 1.
Pressure to introduce restrictions on moving IT work out of
Country 1.
Composite index reflecting barriers to offshoring present in
Country 1.
Rate at which IT work is offshored out of Country 1.

coutitry from (to) which IT work is being offshored.

CLabor-1(2)
CLaborOther

LPool-2
LDemand-2
RkPool-2
RkQual-2

Salary-2
TrainQual-2
SectorAttraction-2
SectorCapital-2

SectorCapitalOther

RelSectorCapital-2

RelCLabor-2

CorpProfit-2
Techlnfra-2
LFit-2

DesCost-1
OpCost-1
OPressure-1
CompPressure-1
PressuretoRestrictOff-1

OffRestrict-1

OffshoringRate
Note: Suffix 1(2) indicates

Since a major aim of offshoring is to reduce costs, it is necessary to capture the

cause-effect relationship between these two variables, and in Figure 5, this appears in

an area bounded roughly by imaginary lines emanating in northwest and northeast

directions from OffshoringRate. As CLabor-1 increases, operational cost, OpCost-I,

increases, hence the positive polarity between these two variables. As competitive

pressure in Country I, CompPressure-I, increases, the desired cost, DesCost-1, de-

creases, justifying the negative link polarity between these two variables. As DesCost-1

decreases, the pressure to offshore, OPressure-1, increases, accounting for the nega-

tive polarity on this link. As OPressure-1 increases, OffshoringRate increases, ex-
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plaining the positive polarity of this relation. Finally, as OffshoringRate increases,
OpCost-1 decreases, resulting in a negative polarity for this link. Notice that these
individual causal elements result in a negative feedback loop: OffshoringRate -»-
OpCost-1 ^+ OPressure-1 -** OffshoringRate. Negative loops are goal-seeking or
stabilizing mechanisms [34]. So, as competitive pressure and cost of labor in Coun-
try 1 increase, this negative loop compensates by increasing offshoring activity. We
thus have a formal representation of the mechanics governing the cost-reducing ef-
fects of offshoring.

Now, if no other effects were in play, this negative loop would mean that offshoring
would continue in response to continuing competitive pressures, resulting in all or
most IT work being offshored in short order. However, there are additional forces, as
mentioned earlier, some of which react to each other over time. We now expand the
model structure to include supply-side factors—factors pertaining to the destination
country—and this causal structure can be located in approximately the southeast quad-
rant of Figure 5. The literature offers ample evidence that, apart from low labor cost,
other major factors affecting offshoring include the level of technical infrastructure in
Country 2 and the suitability of its IT workforce to carry out offshored IT work [31].
For modeling purposes, we create a variable called SectorCapital, which is a com-
posite indicator combining these two aspects of the destination country. As discussed
previously, when modeling labor cost in Country 2, we need to be mindful that there
is more than one destination country. Hence we have two variables, SectorCapital-2
and SectorCapitalOther, the latter being an average of the composite indicators for
destination countries other than Country 2. For purposes of this two-country model,
SectorCapitalOther is treated as exogenous. The variable RelSectorCapital-2 is sim-'
ply SectorCapital-2 adjusted for the composite indicator of competing destination
countries. The higher the value of RelSectorCapital-2, the more attractive Country 2
appears to Country 1 for offshoring. Hence the positive polarity link from
RelSectorCapital-2 to OffshoringRate. SectorCapital-2 will now be disaggregated
into its constituent factors mentioned above.

Tracing backward from SectorCapital-2, we see that technical infrastructure, rep-
resented by the variable TechInfra-2, is one of its drivers. Technical infrastructure
refers to the hardware, software, and telecommunications infrastructure, as well as
the expertise to manage them. The level of this infrastructure is obviously very rel-
evant to executing offshored IT work, and the higher the level the better. Hence the
functional form of this relationship from TechInfra-2 to SectorCapital-2 has to be
monotonically increasing and, for modeling simplicity, is assumed to bb linear. The
level of technical infrastructure depends on investment decisions made by organiza-
tions in Country 2 that are engaged in executing offshored work. Our model assumes
that the investment is driven by overall profit levels, because infrastructure invest-
ments are not linked to any single project. So there is a positive link from CorpProfit-
2 to TechInfra-2, and because profits themselves are driven by offshoring activity, we
have a positive link from OffshoringRate to CorpProfit-2. SectorCapital-2 has a sec-
ond driver named LFit-2, which will reflect the suitability of the IT workforce in
Country 2 to execute offshored IT work.
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While several workforce characteristics have been mentioned in the literature, one
that appears frequently is the level of technical expertise [31]. There has been a sharp
increase in technical training programs in destination countries, such as India, in re-
sponse to this need. These programs will usually take persons with varied educational
backgrounds and provide training focused on IT work. The quality of these training
programs has improved over time and is an important element in turning out enough
qualified IT workers. Hence, in Figure 5, one of the drivers of LFit-2 is the IT training
quality variable named TrainQual-2, and it can be treated as exogenous for our pur-
poses. However, while technical training is clearly important, the human inputs to IT
training are rookies who are products of the education system in Country 2. The
general quality of these rookies, RKQual-2, is also an important factor that deter-
mines the suitability of the labor pool, LFit-2. Hence there is a positive polarity link
from RKQual-2 to LFit-2. Note that Figure 5 also shows a positive link from <Time>
to RKQual-2. This link exists in the model to refiect the fact that destination countries
are taking steps to identify shortcomings in their education systems and making im-
provements over time [36]. Thus, as time increases, the quality of rookies will also
improve, explaining the positive polarity. The variable Time is shown within angle
brackets in Figure 5, simply because the SD software used here shows system vari-
ables, such as time, within angle brackets.

As we noted earlier in the paper, the factors driving offshoring react to one another
over time, and our model needs to capture the relevant ones. Chief among them is the
way labor supply in Country 2 reacts to offshoring from Country 1. As offshoring
from Country 1 increases, the demand for IT labor in Country 2 increases, repre-
sented in Figure 5 by the positive link OffshoringRate -^* LDemand-2. This, in turn,
makes the sector performing offshored IT work more attractive, explaining the posi-
tive link from LDemand-2 to Sector Attraction-2. This attracts more rookies in Coun-
try 2, resulting in a positive link from SectorAttraction-2 to RKPool-2. After an
appropriate delay, representing the time taken for rookies to become qualified IT
workers, rookies join the labor pool. This natural progression is represented by a
delayed positive link from RKPool-2 to LPool-2, the delay being indicated by a double
hash mark on the link itself. The salary level for IT workers in Country 2 is deter-
mined by the balance between the supply of and demand for IT labor. Hence there is
a positive link from LDemand-2 to Salary-2 and a negative link from LPool-2. In
other words, as the supply of qualified IT workers increases, the salary level drops,
whereas salary increases as the demand for IT labor increases. In countries such as
India, the demand for IT labor has soared in recent times, leading to sharp increases
in salaries [39]. We also have a positive link from LFit-2 to Salary-2 because, as
worker's quality increases, they can also command higher salaries.

One important causal structure in Figure 5 remains to be discussed, and this con-
cerns the reaction to loss of jobs in Country 1. The structure appears in an imaginary
wedge of Figure 5 centered on OffshoringRate and ranging from about northeast to
east. Notice the positive link from OffshoringRate to PressureToRestrictOff-1. This
link represents the fact that the loss of white-collar jobs has generated a lot of anxiety
and increased the pressure on politicians and industry leaders to scale back offshoring
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plans [29]. This pressure results in actual restrictions after some delay, which in turn,
throttles back OffshoringRate. Hence we have a delayed positive link from
PressuretoRestrictOff-1 to OffRestrict, and a negative link from OffRestrict to
OffshoringRate.

The preceding presentation discussed the main causal substructures that constitute
Figure 5 and provided an explanation for the individual links. However, the real ben-
efit of a causal loop diagram is that, having justified the microstructure of the model
in terms of the individual links, one can now stand back and identify the major feed-
back loops at work here. These loops synthesize individual and local causal effects
into a parsimonious picture of the overall mechanics driving offshoring growth. In
Figure 5, the major loops that emerge are as follows:

• Loop 1: OffshoringRate ^* LDemand-2 ^+ Salary-2 -*+ CLabor-2 -**
RelCLabor-2 ^- CLDiff^* OffshoringRate. This is a negative feedback loop
(with an odd number of negative links), and because such loops exhibit stabiliz-
ing behavior, we can infer from these mechanics that salaries in the destination
country will rise so as to naturally choke off the offshoring rate. In other words,
there are natural forces at play here that can ease offshoring pressures without
restrictive interventions in Country 1.

• Loop 2: OffshoringRate -*- OpCost-J ^* OPressure-1 -*+ OffshoringRate. This
is also a negative loop, indicating that offshoring will continue until operational
costs reach planned target levels as determined by IT companies in Country 1.
Since the target cost levels are driven by competitive pressures that show no sign
of abating, this negative feedback loop implies that the target cost level will
always be under pressure to be held down, resulting in sustained pressure to
offshore.

• Loop 3: OffshoringRate -** LDemand-2 -»* SectorAttraction-2 ^* RKPool-2 -**
LPool-2 ^* SectorCapital-2 ^* RelSectorCapital-2 -»+ OffshoringRate. This is
a positive feedback loop, but one that involves delays. In other words, one or
more of the causal links comprising the loop represent delayed effects. Because
the behavior of a generic positive loop is one of unbounded growth, the implica-
tion in terms of offshoring growth is that there are natural forces at work in
Country 2 that try to sustain and even increase offshoring rate.

Although other smaller feedback loops also exist in Figure 5, the preceding three
capture the main mechanisms on both the supply and demand sides of the offshoring
activity.

Computational Experiments

THE CLD OF FIGURE 5 WAS CONVERTED to its corresponding equation-form repre-
sentation in the same manner as was shown for the inventory replenishment CLD,
and implemented using the iThink software package [19]. It can now be simulated to
understand the dynamics of offshoring growth under different scenario;s. The major
parameters for the baseline run were set as follows. Since labor rates are normalized
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Figure 6. Exogenous Variable Settings for Baseline Run

to range between 0 and 1, CLabor-1 was set equal to 1, to reflect the continuing high
IT labor cost in Country 1. CLabor-2 was set equal to 0.2 at time T^. So, at 7,,, Coun-
try 2 has a significant cost advantage to initiate the offshoring process.

Two other important exogenous variables are CLxiborOther mA SectorCapitalOther,
which represent how competing destination countries are evolving in terms of their
attractiveness to Country 1. Since SectorCapitalOther is also normalized to range
between 0 and 1, for the baseline run, we set it to a low value of 0.2 to simulate a
situation where the labor-pool quality and technical infrastructure of Country 2 are
significantly better than in other competing destination countries. Since CLaborOther
is the average IT labor cost in competing destination countries, we set this variable to
start from a high value of 0.9 at the beginning and gradually decrease it over time.
This is to reflect the entry of new low-cost destination countries into the offshoring
scene. These three exogenous variable settings are shown in Figure 6. The simulation
duration is set to 40 quarters.

Figure 7 shows a baseline simulation run of the model using the parameter settings
noted above. It shows the exogenous variable CLaborOther, as well as the dynamic
behavior of OffshoringRate and CLabor-1, as generated by the model. Note that we
have also plotted a new variable, OffshoredWrk, which did not appear in the CLD. It
is simply the cumulative value of OffshoringRate over time. In Figure 7, CLabor-2
starts at 0.2 and increases quickly with time, as would be expected from the mechan-
ics of feedback Loop 1 identified in the previous section. However, notice that at
around T,,, CLabor-2 starts to exceed the IT labor rate in competing destination coun-
tries. The effect is not immediate, but after a little delay, notice that the growth in
OffshoringRate starts to slow down and, at about T^^, OffshoringRate, while still posi-
tive, actually starts to drop. In fact, at about T.^, OffshoringRate becomes negative,
meaning Country 1 is pulling offshored IT work out of Country 2. Since ours is a two-
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Figure 7. Baseline Simulation Run for Offshoring Growth
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Figure 8. Dynamics of Country 2 Parameters

country model, the model itself does not tell us where the IT work pulled out of
Country 2 is being relocated, but presumably it would find its way to the cheaper
destination countries. This is why OffshoredWrk starts to drop at about T,,,.

Figure 8 shows the behavior of additional variables for the baseline run. Specifi-
cally, it shows the dynamics of how Country 2's parameters react to the offshoring
growth and provides additional evidence for validity of the SD model developed here.
Figure 8 shows that, unless deliberate policy interventions are made, the natural forces
at play will cause offshoring to lose its attractiveness in Country 2, as indicated by the
drop in variable SectorAttraction-2. The graph of Salary-2 and LPool-2 shows that



30 AMITAVA DUTTA AND RAHUL ROY

the former does not stabilize but drops in later periods, whereas the latter reaches a
steady value, indicating no further entry into the labor pool. This is consistent with a
drop in sector attractiveness. Taken together. Figures 7 and 8 help us understand the
mechanics of offshoring growth in terms of the underlying feedback loops.

But to what extent does the model's dynamic behavior replicate observed IT
offshoring growth? Since we have a two-country model, we can look at the experi-
ence of India as a proxy for Country 2. At the country level, offshoring of IT work
still appears to be in the growth phase for India. It has experienced steady growth in
the volume of offshored work and, even as recently as the last quarter of 2004, off-
shore outsourcing firms in India reported sharp increases in headcount [39]. Since
our model is not currently calibrated for any specific country, it will not replicate
specific numbers for India. However, the pattern of growth exhibited by OffshoredWrk
in Figure 7 (until about T^g) is consistent with the observed growth pattern in India.
The portion of Figure 7 in which OffshoredWrk starts to decline has not yet been
observed in India. However, industry watchers have already expressed concern about
rising wages in India and the competitive pressures posed by China, Philippines, and
certain Eastern European countries [32]. They surmise that the current IT offshoring
growth in India will not continue. In fact, this potential shift of offshoring business to
cheaper destinations is already starting to happen on a smaller scale within India.
Although Bangalore still remains the main hub of offshored IT activity in India, the
rising salaries in the city have resulted in IT work being moved to cheaper in-country
locations such as Chennai and Hyderabad [7]. Thus there is some evidence, albeit on
a smaller scale, of the drop in OffshoredWrk predicted by our model.

The preceding simulation and the accompanying discussion show the model's ca-
pability to replicate offshoring growth patterns and offer a causal explanation for the
same. The model can also be used to examine how IT offshoring may grow under
different scenarios. For instance, one can examine the sensitivity of OffshoredWrk to
CLaborOther. In other words, how does the growth of offshoring in Country 2 vary as
more destination countries enter the offshoring business?

The graph of CLaborOther in Figure 7 suggests two different sensitivity experi-
ments that couid be performed with this variable. In the first, we keep the final value
of ClaborOther fixed and vary the time at which this labor cost starts to drop from its
high initial value. This experiment simulates the effect of early versus late entry into
the offshoring market by competing destination countries, and the results appear in
Figure 9. The inset in Figure 9 shows the functional shape of CLaborOther as a func-
tion of time, with T,, being the time at which CLaborOther starts to drop. Qualita-
tively, one would expect that earlier entry by competitors would draw offshoring
business away from Country 2 sooner, and Figure 9 does indeed exhibit that behavior.
However, the experiment suggests that there may be incremental advantages to being
the early entrant in this business. Notice that the increase in peak value of OffshoredWrk
when going from T^-Hto T,, - 25 is greater than the increase in OffshoredWrk going
from Tj-9toTj- 13. Figure 10 shows the second experiment, in which the time
when CLaborOther starts to drop stays fixed, but the ending value of labor costs, C40,
is varied from a low of 0.025 to a high of 0.4. Here, again, the effects are nonlinear.
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Figure 9. Sensitivity of Offshoring to Timing of Labor Cost Drops in Competing
Destination Countries.
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Figure 10. Sensitivity of Offshoring to Labor Cost Drops in Competing Destination
Countries

with OffshoredWrk changing more in response to changes in CLaborOther at the
high end of the cost range compared to the low end.

The preceding experiments illustrate how the dynamic growth behavior of offshoring
can be understood in terms of its underlying causal structure. This understanding can
inform policy makers and businesses as they plan for evolving circumstances. For
instance, the baseline run showed that the natural tendency of OffshoredWrk is to
level off and then drop slowly after an extended growth period. The model suggested
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that the main mechanism behind this drop is the rising salaries in Country 2 caused by
the success of offshoring itself. Negative feedback Loop 1, identified in the third
section, is the main mechanism driving this leveling off. Leff on its own, offshoring in
Country 2 will literally be a victim of its own success. So, it is not surprising to find
that businesses in destination countries such as India, which have an established
offshoring industry, are already planning to move up the value chain in terms of the
IT work they are capable of performing [23]. These services command higher sala-
ries and will differentiate them from other new entrants into the offshoring market. In
the model, the IT labor pool variable, LPool-2, is in two feedback loops, the first
being the positive polarity Loop 3 identified earlier, and the other being the following
negative loop: LPool-2 -^-Salary-2 -^^SectorAttraction-2 -^*RKPool-2 -^*LPool-2.
This latter loop indicates that if salary rises, the size of the labor pool will increase to
compensate for that change. It is simply the endogenous mechanism by which the
supply side reacts. Therefore, one could consider interventions, through appropriate
planning or policies, that would deliberately increase LPool-2 more rapidly, thereby
easing salary pressures and stemming the drop-off in OffshoredWrk. One manifesta-
tion of this intervention can be seen in India, where businesses are consciously plan-
ning to expand out of Bangalore to other smaller locations where quality IT labor is
available [30]. This planned spatial expansion of activity is simply another way of
increasing LPool-2 and easing the negative feedback effect on salary increases.

Limitations and Extensions

IN THIS PAPER, WE HAVE USED THE SYSTEM DYNAMICS approach to develop a basic
two-country causal model of IT offshoring. It takes into account the major forces at
play on both the demand and supply side of the phenomenon. Experiments with the
model showed how it can be used to understand what is causing the growth in offshoring
and to see how growth would evolve under different scenarios. The major factors
driving IT offshoring have already been noted in the literature. The contribution of
our model lies in the development and testing of a computational representation of
the mechanics by which these factors interact to produce offshoring growth behavior.
Instead of examining inputs and outputs only, and viewing the offshoring process
itself as a black box, we now have a computational view of what happens "inside the
box." This can be beneficial for policy making, which, after all, involves systemic
interventions intended to change system behavior in desirable ways.

Of course, the model developed here has several limitations. For one, even though
we did include the effect of competing destination countries through two exogenous
variables, CLaborOther and SectorCapitalOther, the trend toward global sourcing
means that the interplay among destination countries is more complex than what can
be captured with these two variables. Extending the two-country model to the case
where there are multiple destination countries will first involve replication of the
causal structure for Country 2. In addition to representing the offshoring of IT work
from Country 1 to each of these destination countries, it will also be necessary to
capture the shifting of IT work from one destination country to another. Moreover,
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destination countries will surely react to each other in their efforts to attract offshoring
business. These reactive moves will need to be included as well. The article by Aron
et al. [2] suggests an interesting twist to modeling the multicountry case. The authors
propose a concept they call "strategic chunkification," meaning that business pro-
cesses be divided into chunks, with chunks being outsourced (or not) separately in a
way that minimizes risk relative to outsourcing the entire process. They then go on to
describe an example where the chunks were outsourced to different vendors. This
concept of chunkification, when applied to the multicountry offshoring context, im-
plies that the transfer of IT work from Country 1 to destination countries will be
determined by both risk and cost. Moreover, the transfer of IT work from one destina-
tion country to another will also be affected by both these factors. This concept sug-
gests yet another refinement of the multicountry case.

The simple two-country model itself can be extended in different ways. For in-
stance, the model makes no distinction among the different types of IT work that are
offshored. It is relatively easier to take a programming project and move it from India
to China if India becomes too expensive. It is a lot harder to take an IT help desk
function and move it from India to China, since it is part of an ongoing business
process. In other words, the factors driving offshoring of IT work that is part of ongo-
ing business processes are somewhat different from those driving stand-alone soft-
ware development or maintenance work. Moreover, cost differentials are not the only
reason to offshore. Some companies offshore to take advantage of tinie zone differ-
ences and essentially get a 24-hour workday from their employees globally. Others
offshore in order to be able to focus on core competencies. These variations suggest
other directions in which to extend, or perhaps customize, the two-country model.
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