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ABSTRACT 

Information technology (IT) offshoring is an increasingly important strategic tool for 

firms.  Although offshoring activities have led to significant cost savings in many cases, a 

critical concern is that as IT work moves offshore the deep, experiential knowledge will 

also move offshore.  This knowledge loss may leave the domestic firm with a smaller 

pool of candidates vying for upper-level management jobs, leading to a future disruption 

in the management supply chain.  In this dissertation three models are developed to 

investigate how the offshoring of IT activities may affect the domestic firm’s knowledge 

level and as a result the costs of IT work.   

In the first model the impact of critical model parameters on the offshoring costs is 

investigated under the assumption that the offshoring rate is fixed. Although short-lived 

offshoring projects may generate substantial cost savings, long-lived offshoring projects 

may cause a disruption in the management supply chain, resulting in substantial cost 

increases.  Under some conditions the domestic firm may be locked into an agreement 

where the backshoring decision becomes economically infeasible. 

In the second model, the domestic firm is allowed to make the offshoring rate 

decision.  In this case the domestic firm may “steal” learning-by-doing knowledge from 

the foreign firm with a very low offshoring rate when the knowledge transfer rate is 

assumed to be constant.  This “discontinuity” in knowledge transfer results in a “bang-

bang” solution for the offshoring rate.  Depending on the level of the disruption in the 

management supply chain the domestic firm should choose either very small offshoring 

or full offshoring.  In response, it may be in the foreign firm’s interest to contract a 
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minimum offshoring rate.  The impacts of assuming the knowledge transfer rate as a 

proportionally increasing function of the offshoring rate is also examined.  In this case 

the middle range offshoring rates are viable solutions for the domestic firm. 

In the last model, the impact of allowing the domestic firm the real option to alter the 

offshoring rate is examined.  This flexibility provides value in the mid ranges of the 

disruption of the management supply chain. 
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CHAPTER 1 : INTRODUCTION 

1.1 Purpose of this Research 

Information technology (IT) offshore outsourcing is an increasingly important 

strategic tool for firms as IT skills and communication infrastructures have become 

cheaply available overseas (Davis et al. 2006; Gonzalez et al. 2006; Koch 2003; Koong 

et al. 2007; Pai et al. 2007; Pfannenstein et al. 2004).  In fact, global spending on major 

offshore outsourcing projects rose to $119 billion in 2003, and the IT offshore 

outsourcing market in the U.S. alone is expected to reach $14.7 billion by 2009 with an 

annual growth rate of 14.4% (RTTS 2006).  Although such offshore outsourcing 

activities have led to significant cost savings in many cases (Aspray et al. 2006; 

Rottman et al. 2006), a critical concern is that as IT work moves offshore the deep, 

experiential knowledge that comes from coding applications and solving IT problems 

will also move offshore (Davis et al. 2006; Dhar et al. 2006; Earl 1996; Kakumanu et al. 

2006; King 1994; Koch 2003; Lacity et al. 1995; Pai et al. 2007).  The potential loss of 

technical and domain knowledge by the domestic firm to foreign vendors is a 

significant risk associated with offshore outsourcing since “few organizations will be 

able to maintain skills that are practiced only through an external vendor” (Davis et al. 

2006, pp.781).   This knowledge loss, sometimes referred to as deskilling (Davis et al. 

2006), may leave the domestic firm with a smaller pool of candidates (with appropriate 

technical and domain knowledge) vying for upper-level management jobs, leading to a 

future disruption in the management supply chain. 
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Despite its importance, there is little theoretical work in the IT literature that 

examines the economic risk of knowledge loss and deskilling in the offshore 

outsourcing context.  In response to this void in the literature we develop a model of 

offshore outsourcing in this dissertation to investigate how offshore outsourcing of IT 

activities may affect a domestic firm’s knowledge level over time and how this change 

in knowledge level may affect short-run and long-run costs.   

Specifically, we use a learning model (Li et al. 1998a; Li et al. 1998b; Spence 1981) 

to evaluate the impact of several critical parameters – including: 1) the rates of offshore 

outsourcing, 2) the rates of learning and knowledge depreciation of the domestic and 

foreign firms, 3) the rate of knowledge transfer from the foreign firm to the domestic 

firm, and 4) the length of the offshored project – on production and coordination costs 

incurred by the domestic firm in both the short-run and the long-run.  Based on the 

various instantiations of the parameters, managerial implications may be developed to 

guide firms as they consider the impacts of offshoring contract provisions and 

investments in knowledge management (e.g., systems for encouraging firm learning, 

mitigating knowledge depreciation, and facilitating knowledge transfer from the foreign 

firm).   

Later, we extend this core model in several ways.  We examine the domestic firm’s 

optimal outsourcing decision by allowing the domestic firm to choose the outsourcing 

rate to minimize the costs.  In particular, we examine this decision problem under two 

different assumptions made in the outsourcing contract: (1) the restriction on the 
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minimum outsourcing rate, and (2) the restriction on the rate of knowledge transfer 

from the foreign firm to the domestic firm.  

We further extend this offshoring rate decision problem by introducing uncertainty 

in model parameters over time. As a result of this uncertainty, the domestic firm may 

prefer a flexible contract that will convert the offshoring decision from a one-time “now 

or never” decision to a sequence of “path-dependent” decisions.  We utilize a real 

options framework (Hull 1999; Trigeorgis 1996) to investigate how the domestic firm 

can flexibly manage its two outsourcing rates under different degrees of disruption in 

the management supply chain.     

1.2. Motivation of this Research 

1.2.1 Why focus on IT offshore outsourcing? 

The term offshoring has been used in the literature to represent two different modes 

of offshoring – either offshore insourcing or offshore outsourcing (Shao et al. 2007).  In 

this dissertation we only address the issue of offshore outsourcing for two reasons.  

Firstly, recent work in the IT literature highlights the increasing growth and strategic 

importance of offshore outsourcing activities to many firms in the U.S. and Western 

Europe (Davis et al. 2006; Dhar et al. 2006; Gonzalez et al. 2006; Koong et al. 2007; 

Pai et al. 2007; Pfannenstein et al. 2004).  In fact, Davis et al. (2006) identify IT 

offshore outsourcing as a particularly important area of study for both practitioners and 

academics.   

Secondly, recent work in the IT literature also highlights the risk associated with 

knowledge loss and deskilling, and its economic impact, in the offshore outsourcing 

context.  For example, Dhar et al. (2006) performed case studies of two large IT firms 
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in 2003 to examine the risks, benefits, and challenges of offshore outsourcing for each 

firm.  Both firms identified the loss of critical knowledge, expertise, and skills as the 

most important risk factor associated with IT offshore outsourcing.  These firms feared 

that losses in knowledge would make them dependent on vendors with one firm noting 

that, “we outsourced too much of our core knowledge.  And also underestimated what it 

takes to manage vendor relationships at that price…” (Dhar et al. 2006, p. 49).  Overall, 

the risk of knowledge loss is of particular concern to firms that offshore their activities 

to external vendors, as opposed to firms that offshore insource their activities. 

Therefore, given the trends in the growth and importance of offshore outsourcing 

and the significant impact of potential knowledge loss to domestic firms in this context, 

this dissertation focuses on the offshore outsourcing (as opposed to insourcing) of IT 

activities.  For convenience, we refer to offshore outsourcing simply as “offshoring” in 

the remainder of this dissertation.   

1.2.2 Why focus on the offshoring of IT activities? 

We observe that there are two views of offshoring activities (as discussed in Davis 

et al. 2006).  The first view is that the domestic firm uses its internal personnel to fully 

specify, design, and develop quality control procedures for a product to be assembled 

offshore.  That is, the domestic firm develops and maintains critical knowledge in-house.  

This view corresponds with the offshoring of many manufacturing activities.  The 

second view is that the internal personnel of the domestic firm is unable to completely 

specify the requirements, design, and quality control procedures, leaving the foreign 

firm with a more complex set of tasks to complete.  As a result, the foreign firm is more 

likely to gain critical product and process knowledge (through learning-by-doing) which 
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may not be readily available to the domestic firm.  This second view corresponds more 

with IT activities such as software research, design, development, and testing.  

Therefore, the risk of knowledge loss and deskilling to the domestic firm may be more 

prominent in the context of IT activities than manufacturing activities and may be more 

likely to lead to a disruption in the management supply chain. 

1.1.3 What is the disruption of the management supply chain? 

Many domestic firms view offshoring as moving most of their low-level IT 

activities such as programming, maintenance, and support to foreign firms.  This trend 

appears to have motivated major reductions in Computer Sciences (CS)/ Information 

Systems (IS) enrollment in college programs. In fact,  

“The astute students will recognize the rapidly dwindling job opportunities for 

CIS/MIS majors and will choose other programs of study. Thus, a self-feeding 

cycle of loss of domestic IT jobs will cause fewer people to pursue IT programs, 

which leads to a reduction in IT faculty, which leads to fewer IT programs, 

which leads to a work force with less or inadequate IT knowledge to compete in 

the high-tech world economy.” (Braun Consulting News 2004) 

 

Because of this reduction in IT graduates, domestic firms may become dependent on 

offshore agreements even if these contracts lead to higher costs in the long-run. 

An important, and often ignored, concern about the loss of entry-level jobs 

associated with offshoring may be its indirect impact on the expertise of upper-level 

management in domestic firms.  Many domestic firms view offshoring as moving most 

of their low-level IT activities to foreign firms while keeping on-shore the upper-level 

management expertise such as project and team management, product integration and 

customization, and contracting. That is,   
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“Firms that outsource significant IT activities will not employ large numbers of 

systems analysts and programmers for basic organizational systems as they have 

done in the past.  Instead, they will require dual-role employees who possess a 

combination of business knowledge and technical understanding that enables 

them to work with vendor consultants to customize and integrate software” 

(Davis et al. 2006, p. 785)  

 

However, this view requires a clear understanding of the relationship between entry 

level experience and the labor pool for high-level tasks in the domestic firms. 

According to Braun Consulting News (2004),  

“…If low-level (or labor intensive) tasks are sent offshore, then so is the 

experience gained from performing those tasks. When the time comes to 

perform higher-level tasks where previous experience is mandatory, there is no 

alternative than to go offshore because that is where the experience will be 

available.”  

 

In other words, offshoring low-level IT activities may trigger a disruption in the 

experience (or management) supply chain that seriously reduces the number of 

domestic managers with the expertise (both technical and business) necessary to 

manage offshore activities.  

This observation is consistent with recent pressure on academia from business to 

produce “experience” in new graduates. Specifically, businesses are looking for 

students who are competent in high-level management and coordination skills and have 

knowledge of diverse cultures and languages. These skills are usually associated with 

employees who have acquired the requisite in-depth knowledge through training and 

experiences within their firm. Although universities have made efforts to meet these 

high level requirements [e.g., design of curriculum focusing more on high-level 

management skills and international experiences (Huen et al. 2005)], it is not clear 
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whether graduates of these programs can be thrust into managing offshore projects 

without the IT, firm, and industry-specific knowledge usually gained from entry-level 

experience.   

1.3 Organization of the Dissertation 

 

Figure 1-1 Organization of the Dissertation 

 

The dissertation is organized as in Figure 1-1.  In Chapter 1, we introduce the 

research problem and motivation of this dissertation.  In Chapter 2, we provide the 

background of this research by briefly reviewing some key issues and problems that 

Chapter 1
Introduction

Chapter 2
Literature Review

Chapter 4
Determining the Offshoring Rate:

Single Decision

Chapter 5
Determining the Offshoring Rate:

Under Uncertainty

Chapter 6
Conclusions

Chapter 3
Offshoring Model
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have been studied in the previous outsourcing and real options literature.  In Chapter 3, 

we develop our IT offshoring model and evaluate the impact of several critical model 

parameters.  In Chapter 4, we extend the core model by allowing the domestic firm to 

decide its offshoring rate to minimize the total offshoring costs.  In Chapter 5, we 

further extend the offshoring rate decision problem illustrated in Chapter 4 by 

introducing uncertainty in model parameters over time.  In Chapter 6, we conclude the 

dissertation and present some future research issues.  
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CHAPTER 2 : LITERATURE REVIEW 

In this Chapter, we review the previous IT literature in two major research areas.  

First, we review some IT outsourcing studies as an overview of the major issues and 

problems in our IT offshoring context.   

Second, as a background for Chapter 5 we review some real options studies that 

applied a real options framework to evaluate the IT investment.  We then discuss the 

literature that provides the theoretical basis of this research throughout the dissertation.  

This includes the transaction costs theory (in Chapter 3), economic learning theory (in 

Chapter 3), and option pricing theory (in Chapter 5).  

2.1 Review of IT Outsourcing Literature  

In this section, we review the major issues and problems studied in the IT 

outsourcing literature. These issues and problems are categorized based on two different 

outsourcing stages (i.e., decision stage and implementation stage)
1
.  Our discussion 

follows the structure presented in Table 2-1 below.  

2.1.1 Decision Stage of Outsourcing 

Many previous outsourcing studies have examined factors that drive a firm’s 

decision to outsource.  These factors include lower production costs of outsourcing 

vendors (Ang et al. 1998; Loh et al. 1992a; Smith et al. 1998), firms’ need to focus on 

its core competences (Grover et al. 1994; Huber 1993; Lacity et al. 1996; Lacity et al. 

1995), institutional pressure from competing firms (Loh et al. 1992b), and a firm’s need   

                                                 
1
 Dibbern et al. (2004) provides a more extensive survey of this literature. 
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Table 2-1 Issues and Problems in IT Outsourcing - Continue on the next page 

Outsourcing 

Stage 
Step Research Focus and Findings 

Decision Stage Identification 

of firms’ 

needs and 

requirements 

Why do firms outsource their IT functions? 

Empirical 

examination 

of 

outsourcing 

determinants 

 Cost structure/ Financial performance: production/transaction costs, ROA,  

cash flow (Ang et al. 1998; Loh et al. 1992a; Smith et al. 1998) 

 Difference in wages between countires (Gonzalez et al. 2006) 

 Institutional pressure: peer influence and diffusion (Loh et al. 1992b) 

 Scarcity of IT skill types: needs to focus on firms’ core business and keep  

flexible organizational structure (Slaughter et al. 1996) 

 Firm size (Ang et al. 1997; Ang et al. 1998) 

 Industry type: public/private, computer/non-computer,  

manufacturing/service (Slaughter et al. 1996) 

Costs and 

benefits 

analysis 

 Loss of internal capabilities (e.g., organizational learning, innovation,  

critical skill sets) (Earl 1996)  

 The tradeoff between lower production costs and higher transaction costs  

(Ngwenyama et al. 1999) 

 Technological uncertainty and its impacts on software development costs  

(Wang et al. 1997) 

 Hidden costs of outsourcing (Overby 2003) 

 Risk of outsourcing vendor’s opportunistic behavior(Aron et al. 2005) 

 Labor market condition: two-country offshoring model (Dutta et al. 2005) 

 Cultural diversity, time zone differences, and legal and security problems  

(Rao 2004) 

 Deskilling problem of the domestic firm (Davis et al. 2006) 

Decision of 

outsourcing 

strategy, and 

prioritization 

of IT 

functions 

Which strategy do firms choose for outsourcing? 

Classification 

of outsourcing 

strategy 

 

 Reliance, alliance, support, and alignment (Nam et al. 1996) 

 Total, multiple-supplier, joint venture/strategic alliance, insourcing (Currie et

 al. 1998) 

 Do-it-yourself, management consultancy, selective IT-operations, and  

partnering (Willcocks et al. 2004) 
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Table 2-1 Issues and Problems in IT Outsourcing – Continued from the previous page

Outsourcing 

Stage 
Step Research Focus and Findings 

Decision Stage Decision of 

outsourcing 

strategy, and 

prioritization 

of IT 

functions 

Which IT functions do firms outsource? 

Outsourcing 

options 

 Total outsourcing, selective outsourcing, and total insourcing  

(Grover et al. 1994; Huber 1993; Willcocks et al. 1996) 

 Core strategic functions vs. commodity functions  

(Lacity et al. 1996; Lacity et al. 1995)  

Implementation 

Stage 

Vendor 

selection 
How do firms select vendors? 

Vendor 

selection 

criteria 

 Vendor selection criteria: financial stability, management culture, and  

continuous update of technology (Goldsmith 1994; McFarlan et al. 1995) 

Vendor 

selection 

procedure 

 Vendor screening with a pilot project (Snir et al. 2004) 

 Probabilistic decision of uncertain vendor quality (Sarkar et al. 1997)  

 Contract bidding process (Chaudhury et al. 1995) 

Outsourcing 

contract 

management 

How do firms manage their outsourcing relationships? 

Contract 

Design 

 Outsourcing contract design given the inherent information asymmetry and  

technological uncertainty (Wang et al. 1997) 

 Price only, incomplete, and state-dependent contracts (Van Mieghem 1999) 

On-going 

relationship 

management 

 Short-term vs. Long-term relationship (Currie et al. 1998; Klepper 1995) 

 Flexible contract vs. tighter contract (Currie 1996; McFarlan et al. 1995) 
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to develop an adaptable management structure (Slaughter et al. 1996). Particularly in the 

offshoring context, the difference in wages between the domestic and foreign countries 

has been examined as a major driving factor of offshoring (Dutta et al. 2005; Gonzalez 

et al. 2006).  For example, in India, the wages of IT workers are 20% to 70% lower than 

those in the U.S. (Pfannenstein et al. 2004).  

Some researchers have examined the risks of outsourcing based on the costs and 

benefits analysis.  These risks of outsourcing include loss of internal capabilities such as 

organizational learning, innovation and critical skill sets (Earl 1996), additional 

transaction costs incurred to manage outsourcing vendors (Ang et al. 1998; Ngwenyama 

et al. 1999), and uncertainty embedded in outsourcing (Wang et al. 1997).  Particularly 

in the offshoring context, the risks include:  

 the foreign firms’ opportunistic behavior due to the distance of the foreign firm 

(Aron et al. 2005)
2
,  

 the expenses related to the cultural diversity, time zone differences, and legal 

and security problems (Rao 2004), and  

 the costs of deskilling that may leave the domestic firm with a smaller pool of 

candidates with appropriate technical and domain knowledge and lead to a 

future disruption in the management supply chain as stated in Chapter 1 (Davis 

et al. 2006). 

Some research has examined different types of outsourcing strategies that firms may 

implement to meet their needs and requirements.  For example,   

 Nam et al. (1996) examined four different types of outsourcing relationship; 

                                                 
2
 For example, the foreign firm may hire the third parties (that may have lower qualifications or even 

located in another country) to make greater profits hiding this fact to the domestic firm (Gonzalez et al. 

2006) .    
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reliance, alliance, support, and alignment, based on the strategic impact of 

outsourced IT applications and the extent of substitution by outsourcing vendors. 

 Currie et al. (1998) categorize the outsourcing relationship into total, multiple-

supplier, joint venture/strategic alliance, and insourcing based on the degree of 

alliance between outsourcing parties.  

 Willcocks et al. (2004) categorizes the outsourcing relationship into do-it-

yourself, management consultancy, selective IT-operations, and partnering 

relationship.   

Moreover, as outsourcing becomes an increasingly important strategic tool for firms 

(Lacity et al. 1996; Lacity et al. 1995) many studies explored the benefits of the 

selective outsourcing strategy compared to the total insourcing or total outsourcing 

strategies (Grover et al. 1994; Huber 1993; Willcocks et al. 1996). 

2.2.2 Implementation Stage 

Some research has examined the issues and problems in implementing and 

managing the complex outsourcing relationship between firms and their outsourcing 

vendors.  One of the major concerns of these studies is how to select high quantity 

outsourcing vendors. The vendor selection criteria such as financial stability, 

management culture, and continuous update of technology has been investigated 

(Goldsmith 1994; McFarlan et al. 1995).  In addition, several vendor screening 

procedures have been studied including the use of a pilot project (Snir et al. 2004),  the 

probabilistic decision model for the uncertain vendor quality (Sarkar et al. 1997), and a 

bidding procedure to select high quality vendors (Chaudhury et al. 1995). 

Another important issue in the outsourcing implementation stage is management of 

outsourcing relationship with appropriate contracts. Van Mieghem (1999) analyzed the 
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tradeoff among three different types of contracts: price-only, incomplete, and state-

dependent contracts.  He showed that incomplete contract provides more benefits for 

firms by leaving some contract parameters unspecified for future negotiation. Currie 

(1996) also investigated four different types of outsourcing contracts: time and materials 

based, fixed term and price, mixture, and service levels contracts.  Interestingly, she 

found that firms prefer a fixed term and price contract in contrast to Van Mieghem’s 

finding.  In addition Wang et al. (1997) illustrated how to design a software 

development outsourcing contract given the inherent information asymmetry and 

technological uncertainty.  

Lastly, some research studied how firms maintain on-going relationships with their 

outsourcing vendors.  Currie et al. (1998) argued that short-term contracts are preferable 

to long-term contracts since they may provide better understanding of costs and balance 

of power between firms and outsourcing vendors.  In contrast, Klepper (1995) 

emphasized the importance of long-term relationship with outsourcing vendors from the 

partnership development  perspective.  

In our modeling context, we focus on the issues in the decision stage of offshoring.  

Specifically, we investigate how the domestic firm’s decision of offshoring IT activities 

may affect the domestic firm’s knowledge level and as a result the costs of IT work, a 

topic which have received little attention in the IT outsourcing literature. 

2.2 Review of Real Options Literature 

We review the following real options literature as a background for Chapter 5, in 

which we utilize the real options framework to assess the value of management 

flexibility in the IT offshoring context.  In particular, the real option in our offshoring 
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context may be strongly related an option to outsource, and an option to obtain 

experience from the organizational learning perspective.   

In recent years, IT literature has extensively applied the real options framework as a 

tool to evaluate various IT investments under uncertainty. The following key 

characteristics of IT investments may illustrate why IT investments can be generally 

considered as collections of real options.  

Uncertainty 

The benefits of using IT innovation is uncertain, which arises both from the 

unpredictable evolution of the technology and a firms’ strategic path dependencies on 

future IT trajectory (Fichman 2004).  Many business applications are undergoing rapid 

and volatile change either by upgrade or new technology innovations.  Even when the 

current version is an improvement over existing IT applications, many firms may delay 

their decision to adopt it because of expectations of imminent improvements. 

Inherited high risks of investment in new technology innovation either can capture 

significant amount of growth opportunity but also can be a total failure.  For instance, 

current intranet infrastructure investment may give a firm a number of growth 

opportunities by implementing various management systems built on this infrastructure.  

However, it is impossible to exactly anticipate ex-post outcomes of growth opportunity 

before the investment decision
3
.  Furthermore, for a large multi-phase IT project (e.g., 

pilot projects before the full implementation or package (module) based implementation 

such as ERP system), investment cost becomes much higher and more uncertain with 

unexpected overhead costs.  

                                                 
3
 For example, “E-mail may be a substitute for other forms of communication, but its real value comes as 

its use expands through the organization. For example, e-mail within a workgroup may develop into a 

workflow management system across workgroups, which in turn can evolve into a knowledge-sharing 

tool” (Kulatilaka et al. 1996). 
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Irreversibility 

An investment is irreversible when the investment cost is a large sunk cost, that is, it 

is difficult to recover the investment cost once the investment is made.  Most of IT 

investment includes not only high infrastructure costs but also high learning and 

adaptation costs during system deployment, and high switching costs after deployment 

(Fichman 2004).  Even though a portion of expenditures for hardware or software can 

be recovered other costs are difficult to recover.  Kogut and Kulatilaka (2001) view the 

adoption of an IT innovation as an investment in a new organizational capability and 

argue that a tight coupling of technology and organizations makes the expenditure spent 

on IT more difficult to recover.  

Managerial flexibility 

In general, IT investment decision can be structured as the sequence of flexible 

management decisions (Benaroch 2002).  First, management may have the ability to 

delay the project initiation under uncertain technology or market conditions.  Second, IT 

projects may be even outsourced rather than developed or purchased internally 

(Richmond et al. 1993).  Third, since IT projects often have relatively long lead times 

with many phases of development, management has flexibility to continue or discard  
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Category Characteristics of IT Investment Applications and References 

Options on a single Project 

Option to defer 

IT investment can be postponed for a certain time period to 

avoid potentially unfavorable outcomes. For example, 

management makes the choice after receiving additional 

information about market demands of the product or service, 

and may also avoid adopting the current IT because of 

expectations of imminent improvements. 

- Yankee 24’s investment timing to expand its point of 

sales debit card networks (Benaroch et al. 1999; Benaroch 

et al. 2000; Schwartz et al. 2003) 

Option to  

outsource 

Management can outsource to gain an IT capability instead of 

developing or buying it. If benefits of the leased IT does not 

meet the expectation, this project can be cut at minimal loss by 

breaking a lease, which is different from the option to 

abandon.    

- Software development outsourcing under different 

contracting structures (Richmond et al. 1993) 

- Hanover’s GEONET outsourcing (Clemons et al. 1990) 

Option to alter  

operating scale  

(Scale up/down) 

Management can decide to either expand or contract the 

operating scale, depending on the market conditions. Once 

developed, systems can be expanded and implemented in other 

parts of the organization, or new functionalities can be added.  

- A customer database developed by the sales department 

can extend its usage in new product development. 

(Clemons et al. 1990).  

Option to  

abandon/switch  

Management can abandon the current operations of IT 

permanently and resell it with its salvage value or switch its 

usage for other purposes if conditions are not favorable. This 

may happen if the benefits of the current system are not 

enough to cover the high maintenance costs (e.g., system 

administration). 

- A bank that initially develops a corporate account 

management system may use it to support trust department 

operations instead (Clemons et al. 1990) 

Options on multiple (staged) projects 

Option to discover  

(prototypes/pilot 

projects +  

full 

implementation)  

 IT investments can be structured as a multiple-stage project, 

including prototype or pilot projects before the full 

implementation. Staged investment creates the option to 

continue or discard the project in midstream.  

- The value of prototyping/pilot projects before full 

implementations (Clemons et al. 1990; Fichman 2004; 

Kambil et al. 1993; Schwartz et al. 2003) 

- Modular design of software (Baldwin et al. 2000) 

Table 2-2 Previous Real Options Approach in IT Literature -- Continue on the next page 
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Category Characteristics of IT Investment Applications and References 

Options on multiple (staged) projects 

Strategic  

growth option 

(infrastructure/soft

ware platform +  

implementation of  

business 

applications)  

An early investment (e.g., IT infrastructure such as data 

networks, operating systems, and creation of database for 

multiple applications) can be a prerequisite to open up the 

future growth opportunities (e.g., deployment of new business 

applications).  

A software with high adaptability (i.e., general standard 

software) may also enable additional IS functions 

implemented in the near future. 

- Software growth options: implementation of first phase 

base configuration (at t1), and its second phase 

implementation of IS functionalities (at t2 > t1 ). (Kumar 

1996; Taudes 1998).  

- SAP R/3 system (base configuration), and the extension 

of the base configuration such as EDI, workflow 

management, and document retrieval and archiving 

(Taudes et al. 2000). 

Option to  

obtain experience 

(Two similar 

projects) 

IT project provides an organization with the benefits of 

experience in the use of new technology by learning. A new 

technology project will enhance the organization’s technical 

ability to develop other systems using that technology. Usage 

of a same programming language or similar software 

architecture can be examples.  

- Two sequential ISDN projects with the value of 

experiences (Dos Santos 1991).  

Compound Option 

(Intra-project 

dependencies) 

Real IT investment projects involve a series of options related 

each other. In this case, the combined option value is not 

simply the sum of separate option values, since the value of an 

earlier option can be interacted with the value of later options 

or sometimes with financial flexibility options (i.e., budget 

constraints).  

- Life cycle of the Internet sales channel project with 

compound options (Options to discover, defer, expand, 

contract, switch-use) (Benaroch 2002).  

Nested Option 

(Inter-project 

dependencies) 

A portfolio of multiple IT investment projects can be divided 

into several phases with project interdependencies. The 

dependency exists not only between two projects but also 

among multiple projects. Each project is a complete project 

that can generate payoffs before the following projects. 

- Prioritization of a portfolio of interdependent IT 

investment projects with “nested options model” (Bardhan 

et al. 2004) 

Table 2-2 Previous Real Options Approach in IT Literature – Continued from the previous page
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the project even in midstream (Clemons et al. 1990).  Furthermore, management has the 

option to expand the current system, or abandon /switch its usage once the project has 

completed depending on the market conditions realized after the preceding 

implementation.  Trigeorgis (1996) noted that, in an environment of high uncertainty 

with respect to either expected payoffs or costs, firms may have an incentive to delay 

irreversible investment or alter the course of the project towards a favorable direction 

when new information is available. 

Based on the key characteristics of IT investments discussed above, previous IS 

research investigated various types of real options associated with investment in either a 

single IT project or multiple IT projects as summarized in Table 2-2 above.   

2.2.1 Real options on a single IT project 

Option to defer 

Benaroch and Kaufffman (1999) present the application of the Black-Scholes 

pricing model to approximate the optimal investment timing to implement the point-of-

sale debit services of the Yankee 24 electronic banking network. The optimal 

investment timing is estimated based on the tradeoff between the loss from forgone 

dividend like revenues and the benefit of resolving uncertainties by waiting.  

Schwartz et al. (2003) investigate the same Yankee 24’s investment project by fitting it 

into their model of IT acquisition projects 
4
.  In this model, instead of applying the 

Black-Scholes model to approximate the American option with a portfolio of European 

options, they suggest a closed form formula by solving the differential equation under 

                                                 
4
 Schwartz et al. (2003) generalize the IT investment projects under uncertainty into two categories: 1) IT 

acquisition projects, and 2) IT development projects. Yankee 24’s project is understood as an IT 

acquisition project (without development periods) that generates certain revenues right after the 

investment.  
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the assumption that uncertainty exists in both revenues and costs.  This new model 

results in half-month delay in the timing of optimal investment compared to the result 

obtained by Benaroch and Kauffman (1999). 

Option to outsource 

Richmond et al. (1993) investigated the value of an option to outsource software 

development.  If the benefits of outsourcing do not meet the expectation, the outsourced 

project can be cut at minimal loss by simply breaking the contract instead of losing the 

higher investment costs required for internal development.  However, outsourcing 

cannot create advantages from direct development or adoption such as learning, 

increased security, and reduced firm specific configuration efforts. Clemons and Weber 

(1990) also illustrates the outsourcing option with Hanover’s GEONET project as an 

example. 

Option to alter operating scale/abandon or switch 

In addition to the options existing in the project initiation phase, some options exist 

in the midstream of the project or after the completion of the project.  Clemons (1990) 

illustrated a few examples such as the value of a customer database developed by the 

sales department that can be scaled up for the new product department (i.e., option to 

alter operating scale), and a switched usage of the corporate account management 

system into the trust department operations (i.e., option to abandon or switch).  

2.2.2 Options on multiple (staged) projects 

IT investment decisions are usually structured as the sequence of flexible 

management decisions, and as a result, some different types of options can be 

embedded jointly in multiple (or staged) projects.  
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Option to discover 

Option to discover exists when an IT investment can be structured as a multiple-

stage project, including prototype or pilot projects before the full implementation. These 

options enable management to realize the feasibility of the projects and a firm’s 

technological ability in earlier phases, and allow continuing or discarding the project in 

midstream at substantial savings (Clemons et al. 1990; Kambil et al. 1993; Schwartz et 

al. 2003). For instance, Kambil et al. (Kambil et al. 1993) use the binomial option 

pricing model as a decision making approach to proceed on the staged implementation 

of hand-held computers in a hospital.  

Strategic growth options 

An early investment in IT (e.g., IT infrastructure such as networks and operating 

systems, database for multiple applications, and software platform) is a prerequisite to 

open up the future opportunities to implement new business applications on top of it. 

This generates strategic growth options.  For example, Kumar (1996) and Taudes (1998) 

investigate software growth options that evaluate the implementation of the first phase 

base configuration with the second phase implementation of IS functionalities lying on 

it. Taudes (2000) applied Black-Scholes model to evaluate the case of SAP R/3 system 

implementation project with the potential follow-up projects including EDI, workflow, 

document management system, and web-based e-commerce system.  Fichman (2004)  

illustrates a set of determinants that may affect the option value embedded in IT 

platform investment including organizational learning and network effects.  

Option to obtain experience 

If the previous project involves the use of new technology it can enhance the 

organization’s technical ability and provide the benefits of learning and experience.  For 
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example, a firm may utilize the experience in the same programming languages or 

similar software architectures for its future information systems.  Dos Santos (1991) 

investigated the implementation costs of two sequential (identical) ISDN projects and 

find  considerable reductions in costs for the second project as a result of  learning from 

the first project.  

Compound option 

IT investment projects involve a series of options related each other, and the 

combined option value is not simply the sum of separate option values since the value 

of one option may be interacted with the value of other options.  For example, Benaroch 

(2002) illustrated the life cycle
5
 of the Internet sales channel project with a compound 

option which combines options to defer and abandon in the building phase, and options 

to contract, expand, and switch use in the operation phase.  He estimated the uncertainty 

of payoffs using multiple risk factors together based on the correlations among the 

volatilities of those options. The result illustrated the non-additivity of compound 

options that is the difference between the value of an option combination [i.e., value of 

(A+B)] and the sum of separate option values [i.e., value of (A) + value of (B)].  

Nested option 

Management often needs to prioritize a portfolio of multiple IT investment projects 

rather than evaluate a single project. These projects spread over several phases with 

project interdependencies. Note that this is different from the dependency between 

different options in a compound option.  Bardhan et al. (2004) identified two types of 

                                                 
5
 Benaroch (2002) generalize the IT investment life cycle into six stages: inception, recognition, building, 

operation, retirement, and obsolescence. He map IT investment risks for each stage with possible eight 

different real options, including options to defer, stage, explore, expand, contract, outsource development, 

lease, and abandon. This classification is slightly different from ours.  
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project dependencies: “hard dependencies” which exist when a capability developed for 

one project is mandatory for other projects, and “soft dependencies” which exist when 

this capability developed for one project is not mandatory but supports or enhances 

capabilities required by other projects.  The total value of EnergyCo E-business projects 

(that consists of interrelated nine projects in phase I, thirteen projects in phase II, and 

seven projects in phase III) is represented as the following nested options: Value 

(Cluster) = Present value [Phase I projects + Call value [Phase II projects + Call value 

(Phase III projects)]].   

In summary, we review previous IT literature that has applied a real options 

framework to evaluate an IT investment project using a collection of several different 

types of real options. We leverage this literature to assess the value of management 

flexibility in the IT offshoring context in Chapter 5.   
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CHAPTER 3 : OFFSHORING MODEL 

3.1 Introduction 

Previous studies in the IT and economics literatures have applied many prominent 

and useful theories to explain various outsourcing decisions and arrangements.  These 

theories include transaction costs theory, agency theory, resource-based theory, contract 

theory, innovation theory, and game theory (see Dibbern et al. 2004 for an extensive 

survey and analysis of the various theories applied to IT outsourcing problems).  Since 

transaction costs theory is a common theoretical framework used to evaluate IT 

outsourcing decisions (Ang et al. 1998; Aubert et al. 2004; Ngwenyama et al. 1999) and 

offshoring decisions (Aron et al. 2005; Rao 2004), our work specifically leverages the 

transaction costs concepts and integrates them with organizational learning theory 

(which have received little attention in the IT outsourcing literature) to model the risk of 

knowledge loss associated with IT offshoring.   

According to transaction costs theory, a firm incurs two types of costs to provide 

any product or service – production costs and coordination costs.  Production costs are 

the costs incurred to make the product or provide the service and includes the cost of 

labor, material, and capital.  Coordination costs are the costs incurred to monitor, 

control, and manage the work.  Coordination costs are particularly high in the context of 

offshore outsourcing (Carmel et al. 2005) due to “the need to know not only the 

providers but also the legislation, the labour culture, and, in general, the country where 

those providers are located, all of which implies expenses related to trips and even to 
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lawyers and advisors, who can help to make better decisions in this field” (Gonzalez et 

al. 2006, p. 1235).  

According to Whitten and Leidner (2006, p. 607) 

“While (transaction costs theory) TCT is a prominent and useful theory to explain 

why firms initiate an IT outsourcing arrangement… TCT alone cannot fully explain 

subsequent decisions to continue or discontinue an outsourcing relationship”. 

 

We would add that transaction costs theory alone cannot explain the impact of 

offshore decisions on the level of firm knowledge and the resulting impact of changing 

knowledge levels on production costs and coordination costs.  That is, firms that 

outsource activities (especially offshore) risk losing internal capabilities such as 

organizational learning, innovation, and skill sets (Earl 1996).  However, domestic 

firms may conversely gain some knowledge through knowledge transfers from the 

offshore firm (Das 2004).  Little research has formally modeled the critical tradeoff 

between savings in short-run labor costs and changes in long-run firm knowledge in the 

offshoring context.  In the next chapter, we model this trade-off using an economic 

learning model (Li et al. 1998a; Li et al. 1998b; Spence 1981) . 

Many empirical studies have examined learning curves in a range of industries 

including airframe production (Wright 1936), electronics (Hayes et al. 1986), and fast 

food (Yell 1979). These studies confirm that cumulative firm output is positively 

correlated with firm knowledge and experience levels and negatively correlated with 

production costs.  A stream of theoretical economic literature developed to explain this 

correlation and to further predict dynamic market interactions in the presence of a 

learning curve (Fudenberg et al. 1983; Spence 1981). 
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Given the importance of IT as a knowledge asset, many empirical studies have 

examined learning effects in various IT environments including computerized 

manufacturing (Kelley 1994), CASE tools adoption (Kemerer 1992), ATM adoption 

(Dos Santos et al. 1995), packaged software installation (Saraswat et al. 1990), and 

open source applications development (Ciborra et al. 2001).  These empirical studies 

illustrate the significant impacts of a firm’s knowledge of, and experience with, IT on 

firm costs. 

However, work in the IT literature has yet to use organizational learning theory to 

analytically model the IT offshoring context.  To address this research gap we use a 

modified version of Spence’s learning model (Li et al. 1998a; Li et al. 1998b; Spence 

1981) as the basis of our IT offshoring model.   

3.2 The Economic Learning Model: Knowledge and Costs 

Following the previous organizational learning literature, the key assumptions of 

this model are that production costs decline as knowledge level increases and that the 

marginal change in knowledge level is a function of the quantity of output and the rate 

of knowledge depreciation.  Consider a firm that has the initial marginal production cost 

0c , given the initial knowledge level k0 .  The unit production cost of this firm is 

)()( 0 tctc  , where         (3-1)  
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accumulates knowledge over time.    is the innovation parameter, the size of which 

determines the impact of accumulated knowledge on production costs.  

The marginal change of knowledge level at time t is  

)(
)(

tkq
dt

tdk
  )10(  ,       (3-3) 

where q is the fixed quantity of output and   is the knowledge depreciation rate.  The 

intuition behind Equation (3-3) is that a firm producing more output will accumulate 

more knowledge via learning-by-doing.  However, some knowledge is lost over time 

because of technology obsolescence, imperfect knowledge management practices, 

employee turnover, and other factors.  Solving Equation (3-3) yields (See Appendix A 

for derivation) 
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Note that as time approaches infinity, the knowledge level converges to 
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This steady state is referred to as the plateau state (Li et al. 1998a) and has been 

confirmed by empirical studies (Algote et al., 1990; Darr et al., 1991).  

In his model Spence assumes that firm knowledge only increases over time.  

However, in our model we relax this assumption and allow firm knowledge to decrease 

over time under certain conditions (see Case II below). This is critical for interpreting 

the learning model in the IT offshoring context.   
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For convenience, we reformulate Equation (3-1), using Equations (3-2) - (3-4), as

  
 tectc )1()( 0 ,       (3-6) 

where  

00 k

K

k

q



 .          (3-7) 

The behavior of )(tc  over time depends on the value of   and the sign of the first 

and second order derivatives of Equation (3-6).  Below we describe three possible cases 

of the behavior of )(tc  over time.  These cases are illustrated in Figure 3-1 (See 

Appendix B for details).

 

Figure 3-1 Production Costs 
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3.2.1 Case I: Knowledge Increasing ( 1  ) 

In Case I, the knowledge level increases over time (i.e, Kk 0 ). As a result, 

production costs steadily decrease over time, which is consistent with Spence’s 

assumption.  

3.2.2 Case II: Knowledge Decreasing ( 1  ) 

In Case II, the knowledge level decreases over time (i.e, Kk 0 ).  As a result, 

production costs increase over time.  This occurs when the learning rate (q) is not high 

enough to offset the knowledge depreciation rate ( ).  Interestingly, there are two 

distinct sub cases of knowledge loss, depending on the values of   and   as shown in 

Figure 3-2.  

 

Figure 3-2 Production Costs Behavior as a Function of ω and β 

 

 Case II-1 ( 1*  ): The production costs increase at a decreasing rate over 

time ( ttc  0)( ).  

 Case II-2 ( *0   ): The production costs increase at an increasing rate until it 

reaches the inflection point ( *0)( tttc  , where 0*)( tc ).  

The boundary between Cases II-1 and II-2 is 

  

Note: )(*  , the boundary between Case II-1 and Case II-2 is a function of    and ranges from 0.5 to 1.  
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The value of )(*   increases from 0.5 to 1 as )1(  increases.  This implies that 

more innovative firms (i.e., higher  ) are more vulnerable to the risk of rapid cost 

increases when knowledge levels decrease over time.   

3.3 Offshoring Model 

We now construct a model of offshoring based on the extended learning model 

presented above.  Specifically, we assume that a domestic firm produces a total quantity 

q of IT services and the firm may decide at time t1 to offshore any proportion ( 10  ) 

of its IT services.  Further, we assume that the foreign firm produces quantity D of IT 

services for other client firms.  For country level analysis, one might interpret these two 

firms as aggregated entities of all the firms located in each country.  

In order to produce one of the q units of IT services, the domestic firm incurs 

production costs and coordination costs.  Production costs may be incurred in-house or 

contracted to the foreign firm.  Coordination costs, on the other hand, are always 

incurred in-house, but depend on the rate of offshoring. 

Specifically, the unit cost incurred by the domestic firm is  

)()()( tcoctctc PR  , where       (3-9)  

)()1()()( tctctc IHOSPR    )10(  , and    (3-10) 

c
os

 is the cost incurred by the foreign firm to produce one of the q units; c
IH

 is the cost 

incurred by the domestic firm to produce one of the q units in-house; c
PR

 is the cost 

incurred by the domestic firm to produce one of the q units by offshoring   proportion 
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of this unit; and c
CO

 is the cost incurred by the domestic firm to coordinate the 

production of one of the q units. 

The offshoring cost incurred to the domestic firm is not fixed but dynamically 

changes with knowledge levels over time.  This implicitly assumes that the offshoring 

contract between domestic firm and foreign firm is a time and materials based contract 

that is commonly used in IT offshoring contexts (Gopal et al. 2003; Van Mieghem 

1999).  In this case the domestic firm assumes the risks of the contractual relationship 

(both the pain of higher costs and the joy of lower costs). This is in contrast to a fixed 

price contract that transfers the risks to the foreign firm.  Any firm in a time and 

materials contract would necessarily protect itself with a termination clause (Pai et al. 

2007).  In our model, we assume a termination by convenience clause that allows the 

domestic firm to terminate the contract without restriction.  Thus, the domestic firm 

bears the risk of being in the contractual relationship, but has the most favorable option 

to leave the contractual relationship.  Later in Scenario 3.3, we will see that it may not 

be in the domestic firm’s best interest to take the option to terminate even when 

offshoring is no longer beneficial due to substantial knowledge losses. 

The functional forms of the cost components in Equations (3-9) and (3-10) are 

illustrated in Figure 3-3 and discussed below. 
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Figure 3-3 IT Offshoring Cost Model 

3.3.1 Offshore production (OS) 

The marginal change in the level of offshore production knowledge is proportional 

to the sum of the domestic firm’s offshored output quantity ( q ) and the foreign firm’s 

output quantity (D)
 6

.  The lower production costs derived from outsourcing vendors’ 

economies of scale (D) has been confirmed to be an important driver of outsourcing 

decisions (Ethiraj et al. 2005; Gonzalez et al. 2006; Loh et al. 1992a; Smith et al. 1998).  

                                                 
6
 In fact, Ethiraj et al. (2005) suggests that firms that offshore outsource are likely to gain knowledge 

from foreign firms with significant capabilities derived from repeated experience (i.e., large D) in 

providing similar services to other client firms. 

 

parameters: 

α : offshore rate 

q : output quantity (domestic firm) 

D : external demand quantity (foreign firm) 

τ : knowledge transfer rate 

z : transaction cost  
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 The rate of production knowledge depreciation, 
PR , for the foreign and the 

domestic firms are assumed to be the same.  Similar to Equation (3-3), the marginal 

change of offshore production knowledge is 

)(}{
)(

tkDq
dt

tdk osPR
os

  .       (3-11) 

The associated offshore production cost is 

os

os

os
OSos

k

tk
ctc















0

0

)(
)(  ,       (3-12) 

where OSc0  is the initial offshore production cost, osk0 is the initial offshore production 

knowledge level, and OS  is the offshore innovation parameter.  

3.3.2 In-house production (IH) 

The marginal change of in-house production knowledge for the domestic firm is  

)()()1(
)(

tkDqq
dt

tdk IHPR
IH

  ,     (3-13) 

where   is the knowledge transfer rate from the foreign firm to the domestic firm.  The 

first term is the rate of knowledge accumulation by the internal production [ q)1(  )], 

and the second term is the rate of knowledge transferred from the foreign firm 

[ )( Dq  ].  

The second term depends on two critical parameters ( and D). The IT literature 

often acknowledges a transfer of knowledge or intellectual capital from the domestic 

firm to the foreign firm necessary to produce the offshored services (Aron et al. 2005).  

However, our model focuses on the transfer of learning-by-doing knowledge (an issue 



45 

 

 

not discussed in the IT literature) from the foreign firm to the domestic firm after the 

initial transfer of intellectual property.  As such,   represents the ability of the domestic 

firm to capture (e.g., through contracts or knowledge management strategies) the 

learning-by-doing knowledge created by the foreign firm
7
 
8
. 

The in-house production cost associated with Equation (3-13) is   
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)( ,        (3-14) 

where IHc0  is the initial in-house production cost, IHk0  is the initial in-house production 

knowledge level, and IH  is the in-house production innovation parameter.  

                                                 
7
 Our model assumes that the amount of learning-by-doing knowledge available for transfer depends on 

the amount of output produced by the foreign firm for the domestic firm ( q ) and for other client firms 

(D).  Alternatively, one might assume that the amount of learning potentially transferable to the domestic 

firm is proportional to the amount of output produced by the foreign firm for other client firms ( D ).  

This would change Equation (13) to: 

)()()1(
)(

tkDqq
dt

tdk IHPR
IH

    )10(   , where   is the proportion of production for other 

clients that is potentially transferable to the domestic firm.  This assumption may be more representative 

because of the diversity of projects or because of some contractual or intellectual property restrictions on 

the knowledge transfer. 
 

8 It may be difficult to decide the ownership of the derivative knowledge acquired by learning-by-doing 

based on the intellectual property initially provided to the foreign firm at the time of the offshoring 

contract.  Pai et al (2007) discussed four different approaches to sharing ownership rights over intellectual 

property in the offshoring context: the domestic firm owns all intellectual properties and licenses them to 

the foreign firm; the foreign firm owns all intellectual properties and licenses them to the domestic firm; 

both firms own the intellectual properties jointly; and the firms divide the ownership of intellectual 

properties. Depending on the contracts and the laws of the countries involved this issue could have a 

major affect on the knowledge potentially transferable and the rate of transfer from the foreign to the 

domestic firm. 

   However, even in the extreme case when all clients require strict non-disclosure agreements for their 

specific projects, the foreign firm still accumulates tacit knowledge from each project that will contribute 

to its general capability and become potentially transferable to the domestic firm.  For example, most 

firms have a vendor qualification process that is dependent on the experience of the vendors with other 

projects.  In effect, they are evaluating the tacit knowledge of the firms gained through learning-by-doing. 
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3.3.3 Coordination (CO) 

The domestic firm must coordinate both offshore and in-house production. The 

marginal change of coordination knowledge is  

)(
)(

tkq
dt

tdk COCO
CO

 .           (3-15) 

To model the disruption in the management supply chain, where the offshoring of low-

level IT activities results in the reduction of upper-level expertise, we assume that the 

depreciation rate of coordination ( co ) increases with the offshoring rate ( ). 

Specifically, we set  

COCOCO f  )1()(         (3-16) 

where
COCO

  and 
CO

  is the lower boundary of CO  and 
CO

 is the upper 

boundary of CO . For example, the depreciation rate of total insourcing ( =0) is 
CO



while the depreciation rate of total offshoring ( = 1) is
CO

 . 

The associated coordination cost is  
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where COc0  is the initial coordination cost, COk0  is the initial coordination knowledge 

level, z is the unit transaction cost, and CO  is the coordination innovation parameter.  

In previous outsourcing literature, the additional transaction costs (z ) have been 

cited as a major impediment to firms’ outsourcing decisions (Aron et al. 2005; Rao 

2004).  However, in the context of our offshoring model, the long-run disruption in the 
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management supply chain and the associated increase in coordination costs over time 

are also very important and are the focus of this paper. 

3.4 Offshoring Scenarios 

To explore our model’s behavior, consider the following scenarios: Scenario I is an 

optimistic case that illustrates conditions favorable for offshoring in the short and long 

run.  Scenarios II-IV examine cases in which long-run increases in coordination or 

production costs eventually offset initial short-run production cost gains. Specifically 

Scenario II examines a case in which a disruption in the management supply chain 

generates an increase in coordination costs over time.  Scenario III examines a case in 

which production costs increase over time due to the impacts of the knowledge transfer 

rate and the innovation parameter.  Scenario IV examines the knowledge and cost 

implications of bringing offshored activities back in-house when firms are facing 

increasing coordination and/or production costs due to knowledge loss.  We show that 

in some cases the domestic firm may find itself locked into disadvantageous offshoring 

agreements despite the termination by convenience clause.   

Some economics literature has developed game theoretic models that analyze the 

optimal outsourcing rate ( ) to maximize a firm’s profit under a competitive market 

structure (e.g., Shy et al. 2003; Shy et al. 2005).  This will be discussed in the next 

chapter but not the focus of this chapter.  Instead, we focus on long-run dynamic 

interactions of both the in-house and offshore production costs and coordination costs 

after the offshoring decision has been made.  In the scenarios presented above we 

assume that the domestic firm selects an offshoring rate of 50% ( 5.0 ) at time t1.   
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Notation Description 
Value 

Scenario I Scenario II Scenario III Scenario IV 

q Domestic firm’s output quantity 4000  4000  4000  4000  

D Foreign firm’s external demand quantity 20000 20000 20000 20000 

  (t1 < t < t2 ) Offshoring rate from t1 to t2 0.5  0.5 0.5 0.5 

  ( t > t2 ) Offshoring rate after t2 0.5  0.5  0.5  0.  

OSc0  Initial cost of offshore production 10  10  10  10  

osk0  Initial offshore production knowledge 30000  30000  30000  30000  

OS  Innovation parameter of offshore production 1.2  1.2  1.2  1.2  

IHc0  Initial cost of in-house production 10  10  10  10  

IHk0  Initial in-house production knowledge 30000  30000  30000  30000  

IH  Innovation parameter of in-house production 2.5  2.5  2.5  2.5  

PR  Production knowledge depreciation rate 0.1  0.1  0.1  0.1  

  (t1 < t < t2 ) Knowledge transfer rate from t1 to t2 0.15  0.15  0.01  0.01  

  ( t > t2 ) Knowledge transfer rate after t2 0.15  0.15  0.01  0  

COc0  Initial cost of coordination 5  5  5  5  

COk0  Initial coordination knowledge 30000  30000  30000  30000  

CO  Innovation parameter of coordination 2  2  2  2  

CO
  

Lower boundary of coordination knowledge 

depreciation rate 
0.1  0.1  0.1  0.1  

CO

  
Upper boundary of coordination knowledge 

depreciation rate 
0.1  0.25  0.25  0.25  

co  (t1 < t < t2 ) 
Weighted coordination knowledge depreciation rate 

from t1 to t2 
0.1  0.18  0.18  0.18  

co  ( t > t2 ) 
Weighted coordination knowledge depreciation rate 

after t2 
0.1  0.18  0.18  0.1  

z Transaction cost 1  1  1  1  

Table 3-1 Instantiation of Parameter
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This is consistent with some outsourcing research that has explored a “selective 

outsourcing strategy” where firms keep a portion of their IT activities in-house to 

mitigate the possible risks of outsourcing in the future (Lacity et al. 1996; Lacity et al. 

1995; Willcocks et al. 1996).  The specific values of the model parameters for all 

scenarios are presented in Table 3-1. 

3.4.1 Scenario I: Offshoring is great  

Scenario I illustrates a case in which the unfolding of the learning model is 

favorable to the domestic firm in both the short and long run perspectives.  We assume 

that the domestic firm faces decreasing production and coordination costs prior to time 

t1 based on learning over time.  The sum of these production and coordination costs 

results in decreasing total costs over time as illustrated in Figure 3-4.  Although the 

domestic firm’s in-house production costs are decreasing, the domestic firm may be 

motivated to move some of its IT activities offshore to further reduce its current 

production costs (Loh et al. 1992a; Smith et al. 1998).  

In the short run, the major concern about the offshoring decision is the tradeoff 

between the lower production costs and higher coordination costs at time t1. As assumed 

in Equation (3-17), the increase in domestic firm’s coordination costs at time t1 is 

limited to the transaction costs ( z).  The domestic firm simply compares these costs 

with the decrease in production costs in the near term.  In Figure 3-4, the total cost of 

offshoring (solid line) is far below that of keeping production in-house (dotted line) at 

time t1 (i.e., 0)( 1  zcttC PR ). As a result, the offshoring decision at t1 will 

be advantageous to the domestic firm. 
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Figure 3-4 Scenario I: Offshoring is Great 

Moreover, to make this scenario favorable in the long run we assume that the 

domestic firm is immune to the internal disruption of the management supply chain 

after offshoring.  This assumption is implemented by fixing the coordination knowledge 

depreciation rate before and after offshoring in Equation (3-16) (i.e., 

%10
COCOCO  ).     

Since the coordination costs decrease over time at the same rate as in the no offshoring 

case, the long-run net benefits of offshoring depend on what happens to production 

costs.  The major driving forces include; the foreign firm’s specialization and implied 

higher learning rate (i.e., D >> q) that will impact the offshore production costs, and the 

portion of the foreign firm’s knowledge that is transferred to the domestic firm ( ) that 

will impact the in-house production costs after offshoring.  Recall that the in-house 
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production costs depend not only on the rate of knowledge accumulation by the internal 

production [ q)1(  ] but also on the rate of knowledge transferred from the foreign 

firm ( )( Dq ) as shown in Equation (3-13).  Therefore, the domestic firm’s learning 

rate of in-house production after offshoring will be higher than that in the no offshoring 

case if qDqq  )()1(   (or %9)/(  Dqq  ).  =15% (as assumed in 

this scenario) meets this condition.  The shaded area in Figure 3-4 illustrates the 

continuous benefits accumulated by the domestic firm over time.  In fact, in this case 

the cost benefits of offshoring will accumulate at an increasing rate.   

3.4.2 Scenario II: Disruption in the management supply chain 

 

Figure 3-5 Loss of Coordination Knowledge 

 

kco(t)

t1

t

%10co

%5.17co

Scenario I  :
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In Scenario II, we model the disruption in the management supply chain.  

Specifically, we increase the upper boundary of the coordination knowledge 

depreciation rate (
CO

 ) from 10% to 25%, which accordingly increases the 

coordination knowledge depreciation rate ( co ) from 10% to 17.5% 
9
 after time t1. 

Figure 3-5 illustrates how this change affects the domestic firm’s coordination 

knowledge over time compared to Scenario I.  Although the coordination knowledge is 

increasing prior to time t1 it begins to decrease after time t1.  All other parameters are 

assumed to be the same as in Scenario I. 

 

Figure 3-6 Scenario II: Disruption in Management Supply Chain 

 

                                                 
9
 This is given by Equation (3-16): 

175.0)1.0(5.0)25.0(5.0)1()( 
COCOCO f   
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Figure 3-6 illustrates how the disruption in the management supply chain and 

associated loss in coordination knowledge affects the offshoring costs.  There is no 

change in production costs compared to Scenario I, but the coordination costs of the 

domestic firm now start to rapidly increase after time t1.  In the short run (between time 

t1 and tp), the total cost of offshoring is still lower than that of in-house production since 

the decrease in production costs outweigh the increase in coordination costs.  The area 

ABC in Figure 6 illustrates the accumulated benefits from cost reduction during this 

time period.  

However, after time tp, the increase in coordination costs offsets the decrease in 

production costs.   The domestic firm is now accumulating losses relative to a no 

offshoring strategy.  Further, if the domestic firm does not terminate offshoring
10

 the 

accumulated losses will eventually outweigh the accumulated benefits (ABC), and ex 

post, the offshoring decision is a mistake. 

In summary, Scenario II illustrates the risk of long-run cost increases from an 

offshoring decision when coordination knowledge is lost.  One possible cause of this 

loss may come from the disruption in the management supply chain.  Potential 

mitigations of this knowledge loss may include the training of domestic college 

graduates trained in high-level management skills (Huen et al. 2005). 

3.4.3 Scenario III: Production costs matter 

In Scenario III we consider the case in which both production costs and 

coordination costs of the domestic firm are increasing after offshoring.  In this scenario 

                                                 
10

 The costs of contract termination are addressed in Scenario IV.   
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we decrease the knowledge transfer rate from the foreign firm to the domestic firm (τ) 

to 1%.  All other parameters are assumed to be same as in Scenario II. 

 

Figure 3-7 Loss of Production Knowledge 

 

Figure 3-7 shows the impact of reducing the knowledge transfer rate to 1% on the 

in-house production knowledge. In this scenario, the domestic firm’s in-house 

production knowledge is decreasing over time since the learning rate becomes relatively 

low after offshoring (i.e., %6 )
11

. 

Interestingly, this scenario is an example of Case II-2.   Recall that Equation (3-8) 

defines the boundary value of 
*  between Case II-1 (i.e., the production costs increase 

                                                 
11

 In-house production knowledge is decreasing when  
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at a decreasing rate over time) and Case II-2 (i.e., the production costs increase at an 

increasing rate over time).  In this scenario
*  is 0.71, and at this boundary the 

knowledge transfer ratio *  is 2%
12

.  As a result, the in-house production costs are 

increasing at an increasing rate (i.e., %2 ) after time t1.  

Note that q  quantity is still produced by the foreign firm at lower offshore 

production costs. However, the rapid increase in in-house production costs to produce 

the other q)1(   quantity significantly increases the overall production costs.  Figure 

3-8 illustrates that the rapid increase in production costs combined with the increase in 

coordination costs offsets the initial production cost savings sooner than in Scenario II.  

In the short run, the domestic firm still accumulates some benefits from offshoring.  

However, compared to Scenario II (in Figure 3-6), the marginal time line of the short-

run benefits of offshoring is shorter, and accordingly the accumulated benefits are also 

smaller.  Moreover, in the long run, the short-run benefits of offshoring will be wiped 

out sooner by the steeper increase in total offshoring costs at some point after time tp. 

                                                 
12
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Figure 3-8 Scenario III: Production Costs Matter ( %1 ) 

 

Figure 3-9 Scenario III: Production Costs Matter ( %5 ) 
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Interestingly, if the knowledge transfer rate is slightly higher than assumed in this 

scenario (i.e., %6%2   instead of %1 ) the in-house production costs are still 

increasing after offshoring; however, they are increasing at a decreasing rate (see Case 

II-1).  As illustrated in Figure 3-9, in this case total production costs (i.e., the sum of in-

house production costs and offshore production costs) are decreasing over time after 

offshoring (while coordination costs continue to be increasing over time).   

The three cases above (Figures 3-6, 8, and 9) demonstrate the critical role played by 

the ability of the domestic firm to capture the learning-by-doing knowledge created by 

the foreign firm. Although it may be very difficult for the domestic firm to transfer large 

proportions of knowledge from the foreign firm, even small improvements may 

significantly reduce the impacts of the loss of learning-by-doing knowledge associated 

with offshoring. 

As the accumulated benefits of offshoring are eroded rapidly over time, the 

domestic firm may decide to backshore (i.e., bring its offshored IT activities back in-

house) to recover its internal loss of production knowledge and to recover its disrupted 

management supply chain.  We will explore this complex issue in Scenario IV.  

3.4.4 Scenario IV: Backshoring 

In Scenarios II and III we illustrated how an offshoring contract may be 

disadvantageous in the long run despite short-run benefits.  A manager’s intuitive 

reaction may be to backshore as soon as the losses outweigh the benefits.  In fact, 

DiamondCluster (June 2005) reported that "...the number of buyers prematurely 

terminating an outsourcing relationship has doubled to 51 percent.”  For example, 

CRM vendor Kana Software, which had more than 350 software developers based in 
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India and China at the peak of its offshoring initiatives, is now reversing direction by 

bringing its software development projects back in-house (Schwartz 2006).  However, 

as we will show, under certain condition implementing such a backshore strategy may 

create more harm for the domestic firm than the alternative of remaining locked-in to an 

existing offshore contract.  

In this scenario we specifically examine the impact of the erosion of the domestic 

firm’s knowledge during the offshoring period on the economics of the firm’s later 

decision to backshore.  

 

Figure 3-10 Scenario IV: Backshoring 
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We continue to assume all parameter values set in Scenario III , but now allow the 

domestic firm to backshore at time t2 ( > t 1) (see Figure 3-10).  Initially, we examine a 

case in which the backshoring decision is made relatively late in the offshored project 

life, when the domestic firm has already realized a significant net loss from offshoring 

(DEGH).  Later, we examine a case in which the backshoring decision is made much 

earlier in the project life.  We define four critical times in this scenario:  

 tp is the time when the offshoring cost curve intersects the in-house cost curve (at 

Point C) as already shown in Scenarios II and III;  

 tq is the time when the accumulated benefits and losses of offshoring are equal 

(ABC = CDE);  

 tr is the time when the backshoring cost curve intersects the offshore cost curve 

(at Point I); and  

 ts is the time when the accumulated losses and benefits of backshoring are equal 

(GFI = IJK).  
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Figure 3-11 Production Knowledge Gap at t2 ( > tq) 

 

The first interesting result in this scenario (illustrated in Figure 3-10) is that the 

domestic firm faces an immediate increase in total costs when it decides to backshore its 

offshored activities at time t2 (FG).  This increase in costs is even greater than the 

previous decrease in total costs when the domestic firm started its offshoring at time t1 

(AB).  Figure 3-11 illustrates the dynamics of the knowledge level decrease that drives 

the sudden increase in the domestic firm’s production costs.  At time t2, the domestic 

firm no longer produces q  quantity of offshored IT activities using the foreign firm’s 

high level production knowledge (L), but instead uses its low level in-house production 

knowledge (N).  This creates the sudden peak in the production costs at time t2.  The 

total production knowledge gap at time t2 (LN) is the sum of the knowledge gap 

external to the domestic firm (LM) and the internal erosion of in-house production 
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knowledge (MN) during the offshoring period.  The domestic firm’s eroded in-house 

production knowledge will be slowly recovered by learning-by-doing after time t2.  This 

learning is limited by the domestic firm’s production capacity (i.e., the knowledge 

accumulated under a no offshoring case as illustrated by the dotted line in Figure 3-12). 

 

Figure 3-12 Recovery of Coordination Knowledge after t2 ( > tq) 

 

After the sudden increase in total costs at time t2, the backshoring cost curve 

steadily goes down over time and eventually offsets the increasing cost curve of 

offshoring costs at time tr. The domestic firm is now accumulating benefits relative to 

the offshoring strategy. The aforementioned recovery of in-house learning capability 

partially drives the decrease in total costs after backshoring. The other major factor is 

the recovery of coordination knowledge that has also been eroded during the offshoring 

period as illustrated in Figure 3-12.  The coordination knowledge curve (solid line) 
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steadily increases after backshoring, converging to the original coordination knowledge 

level (the case of no offshoring illustrated by the dotted line).  Further, the accumulated 

benefits (IJK) will eventually offset the accumulated losses (FGI) at time ts  

In summary, there is the tradeoff of short-run losses and long-run benefits after the 

decision to backshore.  Table 3-2 compares the short-run and long-run values of the 

offshoring and backshoring decisions.  

 Offshoring Backshoring 

Decision Point Decrease in total costs (t = t1) Increase in total costs (t = t2) 

Short-run  Advantageous (t1 < t < tq) Disadvantageous (t2 < t < ts) 

Long-run  Disadvantageous (t > tq) Advantageous (t > ts) 

Table 3-2 Comparison of Offshoring and Backshoring Decision 

3.5 Project Length and the Offshoring/Backshoring Decision 

We now evaluate the economics of the offshoring and backshoring decisions based 

on the project completion date T relative to several critical time lines presented in 

previous scenarios.  There are two critical issues in the context of the parameter values 

set in Scenario IV.  First, can the domestic firm complete the project before increasing 

coordination and/or production costs eventually offset initial production cost gains?  

Second, can the domestic firm backshore to prevent the losses of offshoring when it 

finds the costs are increasing?  In Scenario IV-1 (illustrated in Figure 3-13) we examine 

the impact of the project completion date when there is no incentive to backshore 

( qtT  ).  In Scenario IV-2 (illustrated in Figure 3-14) we examine the timing of the 

backshoring decision when it may be viable ( qtT  ). 

 Scenario IV-1a: t1 < T ≤ tp 
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If the project completion date (T) is earlier than the time tp (i.e., the time when the 

offshoring cost curve intersects the keeping in-house cost curve), offshoring provides 

cost reduction during the entire project life for a total cost savings of (ABOP).  At time 

tp, the domestic firm obtains the maximum benefits from offshoring (ABOP = ABC). 

 Scenario IV-1b: tp < T ≤ tq 

If the project completion date (T) is later than tp but less than tq, the overall benefits 

of offshoring will be positive during the project life (ABC > COP).  However, the 

passage of time reduces the net cost savings.  If T occurs at time tq, net cost savings of 

offshoring are zero (ABC = COP). 

 

Scenario IV-1a: ptTt 1  
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Scenario IV-1b: qp tTt   

NOTE:  

ABC = CDE at time tq. 

FGI = IJK at time ts 

 

Figure 3-13 Project Length and the Offshoring Decision 

If the project completion date (T) is longer than time tq, continuing to offshore does 

not provide net cost savings since the benefits accumulated before time tp will be wiped 

out after time tq. The domestic firm should consider backshoring; however, timing is 

critical as is illustrated in the following three sub cases. Note that in these three cases 

we hold project length fixed and alter the timing of the backshoring decision. 

 Scenario IV-2a: tq < t2 
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In this case the domestic firm considers the backshoring decision too late.  It does 

not have time to recover the in-house cost increase due to knowledge loss (i.e., FGI > 

IOP). Therefore, the domestic firm is “locked-in” to the disadvantageous offshoring 

contract. 

 Scenario IV-2b: tp < t2 < tq 

In this case the domestic firm makes the backshoring decision earlier.  The increase 

in in-house production costs at time t2 (FG) is smaller since the offshoring period is 

shorter and the knowledge gap is smaller. As a result, the project completion date is 

now after time ts and the domestic firm should backshore (FGI < IOP). 

 Scenario IV-2c: t2 < tp  

In this case the increase in in-house production costs at time t2 (FG) is further 

reduced. The interesting, counterintuitive result is that although the domestic firm 

continues to enjoy cost benefits from offshoring (ABGH), the best strategy is to 

backshore at time t2 .  The short-run benefits of offshoring in this case may lead myopic 

managers to take a “wait and see” approach.  As we can see, in this case waiting is 

costly because of the adverse impact of offshoring on knowledge accumulations and 

costs for the domestic firm.  Further, if the domestic firm waits too long the backshoring 

decision will be economically infeasible as illustrated in Scenario IV-2a.  
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Scenario IV-2a: 2ttq   

 
Scenario IV-2b: qp ttt  2  
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Scenario IV-2c: ptt 2  

NOTE:  

ABC = CDE at time tq. 

FGI = IJK at time ts 

Figure 3-14 Project Length and the Backshoring Decision 

3.6 Managerial Implications 

In the narrowest interpretation of the core model the manager’s role is limited to 

estimating the parameters and deciding whether or not to offshore or backshore.  

Nevertheless, the model demonstrates that, for some ranges of the parameters (that 

instantiates the notion of learning-by-doing and the disruption in the management 

supply chain), the benefits from offshoring may be very different than predicted by a 

simple trade-off of lower wages and higher transaction costs.  Managers who ignore 

these impacts may do so at their own peril.  Further, this narrow interpretation of the 

core model underestimates its power to illuminate the strategies available to the 

manager and the potential of extensions to the core model.  
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Managerial implications of the core model are as follows: 

 Intuitively managers may justify their offshoring decision by comparing savings 

in wages against increases in coordination or transactions costs.  However, the 

core model demonstrates, in a dynamic learning model context, that this may be a 

very myopic heuristic.  The short-run gains may be lost because of long-run 

impacts on firm knowledge.  On the other hand, depending on the learning 

parameters, the manager may grossly underestimate the benefits of offshoring by 

not accounting for potential transfers of knowledge from the foreign firm.  The 

manager that ignores the learning-by-doing and management supply chain 

impacts may be taking a “shot in the dark” when it comes to offshoring and 

backshoring decisions. 

 Intuitively managers may believe that they can always back out of an offshoring 

decision if offshoring is not going well.  However, in the context of the model, it 

is possible that backshoring is more costly than continuing to incur the increasing 

costs of offshoring.  Further, project life may play a critical role in whether 

backshoring is viable.  

In our core model we directly addressed learning-by-doing knowledge.  However, 

managers may also be concerned with at least two other kinds of knowledge - 

intellectual property transferred from the domestic firm to the foreign firm at the time of 

offshoring and the country specific knowledge gained by the domestic firm during the 

offshoring contract. Extensions to the core model could incorporate these two types of 

knowledge.   
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 First, we could model the notion of a one-time transfer of intellectual property at 

the time of the offshoring contract coupled with a “loss function” that captures 

the risk of making that transfer.  This loss could be a one-time loss or a function 

of the length of the contract.   

 Second, we could model the transfer, management, and property rights of 

learning-by-doing knowledge (i.e., improvements to the intellectual property 

assets) that are generated after the offshoring decision.  

 Third, we could model a learning rate for country specific knowledge in a real 

options context.  This model could then be used to value the offshoring for itself 

and its strategic value in positioning the firm for future business in the foreign 

country.  Intuitively, managers may feel that they must offshore in order to “keep 

their options open” by gaining experience in dealing with the cultural, language, 

and legal environment of the foreign countries.  However, to price these “real 

options” the manager must be able to estimate the real costs and benefits of 

offshoring, including possible loss of learning, possible “lock-in” to the 

offshoring decision, and the “country knowledge learning rate.” 

A wider interpretation of the core model may consider what managerial investments 

(technologies, training, contractual agreements, etc.) affect the specific values of the 

model parameters. Consider the following parameter specific examples: 

 Investments in monitoring applications, communication systems, group decision 

support systems, and negotiation systems (for offshoring contracts) may increase 

the rate of knowledge transfer (τ) from the foreign firm to the domestic firm. 
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 Investments in database warehousing and data mining systems, employee training 

applications, e-learning applications, knowledge management systems, and other 

technologies that codify organizational learning may decrease the depreciation 

rates of learning and knowledge of the domestic and foreign firms ( PR ).  

 Investments in contract and project management training (or involvement with 

business school curriculum) may reduce the impact of the disruption of the 

management supply chain by decreasing the coordination knowledge 

depreciation rate (
CO

 ). 

 Investments in new business processes, reengineering efforts, and quality 

management techniques may shorten the length of the offshored project life (T). 

 Investment in careful vendor selection may result in a choice of vendor with a 

large potential for learning-by-doing (D).  

In summary, trade-offs driven by learning-by-doing and the disruptions in the 

management supply chain captured in the core model are a cornerstone of a possible 

family of models that have critical counter-intuitive managerial implications for 

offshoring and backshoring.  
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CHAPTER 4 : DETERMINING THE OFFSHORING RATE -- SINGLE DECISION 

4.1 Introduction 

In this chapter, we extend our core model of offshoring by allowing the domestic 

firm to decide the offshoring rate 𝛼 to minimize its offshoring costs.  Previous 

outsourcing literature has examined the decision of optimal outsourcing rate based on 

the transaction costs theory and game theory (Ang et al. 1998; Aubert et al. 2004; 

Ngwenyama et al. 1999; Shy et al. 2003; Shy et al. 2005).  However, as far as we know 

no research has formally modeled the impact of different outsourcing rates on the level 

of firm knowledge and the resulting impact of changing knowledge levels on production 

costs and coordination costs in the offshoring context.  

We begin our analysis assuming that the domestic firm decides the offshoring rate 

with no restriction imposed by the foreign firm on the offshoring contract.  Later, we 

extend our analysis by allowing the foreign firm to put the following restriction on the 

offshoring contract: (1) set the minimum offshoring rate that is mandatory to make the 

offshoring contract; (2) set the knowledge transfer rate that is a linearly increasing 

function in the offshoring rate.  

4.2 No Restriction on the Offshoring Contract 

Consider an offshoring contract that has a fixed project completion date T = 4 years.  

The domestic firm decides its offshoring rate 𝛼 at time t = 0 to minimize its total 

offshoring costs.  The specific values of those model parameters used in the following 

analysis are presented in Appendix C.  

We derive the total unit cost of offshoring incurred by the domestic firm as a 

function of the offshoring rate 𝛼 as 
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𝐶 𝑇,𝛼 = ∫ 𝑐 𝑡,𝛼 𝑑𝑡
𝑡=𝑇

𝑡=0
,                   where      (4-1) 

𝑐 𝑡,𝛼 = 𝛼𝑐𝑂𝑆 𝑡,𝛼 +  1 − 𝛼 𝑐𝐼𝐻 𝑡,𝛼 + 𝑐𝐶𝑂 𝑡,𝛼 .    (4-2) 

𝑐 𝑡,𝛼  is the instant unit cost at any given time t as defined in the previous chapter. 

Note that we do not need to consider the actual costs to produce total q units of output 

[i.e., 𝑞𝐶 𝑇,𝛼 ] since q is a constant in this model.  Each cost component in Equation (4-

2) can be formulated as 

𝑐𝑂𝑆 𝑡,𝛼 = 𝑐0
𝑂𝑆  

𝛼𝑞+𝐷

𝑘0
𝑂𝑆 𝛿𝑃𝑅

+  1 −
𝛼𝑞+𝐷

𝑘0
𝑂𝑆 𝛿𝑃𝑅

 𝑒−𝛿
𝑃𝑅 𝑡 

−𝛽𝑂𝑆

 ,    (4-3) 

 
𝑐𝐼𝐻 𝑡,𝛼 = 𝑐0

𝐼𝐻  
 1−𝛼 𝑞+𝑔 𝛼 ∙(𝛼𝑞+𝐷)

𝑘0
𝐼𝐻 𝛿𝑃𝑅

+  1 −
 1−𝛼 𝑞+𝑔 𝛼 ∙(𝛼𝑞+𝐷)

𝑘0
𝐼𝐻 𝛿𝑃𝑅

 𝑒−𝛿
𝑃𝑅 𝑡 

−𝛽 𝐼𝐻

𝑔 𝛼 =  
0, 𝛼 = 0
𝜏, 0 < 𝛼 ≤ 1

 

 , and 

           (4-4) 

 
𝑐𝐶𝑂 𝑡,𝛼 = 𝑧𝛼 + 𝑐0

𝐶𝑂  
𝑞

𝑘0
𝐶𝑂 𝛿𝐶𝑂

+  1 −
𝑞

𝑘0
𝐶𝑂 𝛿𝐶𝑂

 𝑒−𝛿
𝐶𝑂 𝑡 

−𝛽𝐶𝑂

𝛿𝐶𝑂 = 𝑓 𝛼 = 𝛼𝛿
𝐶𝑂

+  1 − 𝛼 𝛿𝐶𝑂          (𝛿𝐶𝑂 ≤ 𝛿
𝐶𝑂

)

    (4-5) 

At time t = 0, we assume that the initial offshore production costs are less than the 

in-house production costs (i.e., 𝑐0
𝑂𝑆 < 𝑐0

𝐼𝐻), which implies the wage difference between 

two countries.  The function 𝑔 𝛼  in Equation (4-3) shows the constant knowledge 

transfer rate 𝜏.   

4.2.1 No offshoring vs. infinitesimally small proportion of offshoring 

We first investigate the cost difference between the case of no offshoring (α = 0) 

and the case when the offshoring rate is infinitesimally small (α = ε+).  This 

comparison illustrates whether there is any instant cost benefits of offshoring even 
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though the amounts to be offshored are extremely small.  The total unit cost difference 

between these two cases can be formulated as  

∆𝐶 𝑇 = ∫ ∆𝑐 𝑡 𝑑𝑡
𝑡=𝑇

𝑡=0
, where         (4-6) 

∆𝑐 𝑡 = 𝑐 𝑡, ε+ − 𝑐 𝑡, 0         (4-7) 

From Equation (4-1),  

∆𝑐 𝑡 = ε+∆𝑐𝑂𝑆 𝑡 +  1 − ε+ ∆𝑐𝐼𝐻 𝑡 + ∆𝑐𝐶𝑂 𝑡 ≅ ∆𝑐𝐼𝐻 𝑡 = 𝑐𝐼𝐻 𝑡, ε+ − 𝑐𝐼𝐻 𝑡, 0  

= 𝑐0
𝐼𝐻   

𝑞+𝜏𝐷

𝑘0
𝐼𝐻 𝛿𝑃𝑅

+  1 −
𝑞+𝜏𝐷

𝑘0
𝐼𝐻 𝛿𝑃𝑅

 𝑒−𝛿
𝑃𝑅 𝑡 

−𝛽 𝐼𝐻

−  
𝑞

𝑘0
𝐼𝐻 𝛿𝑃𝑅

+  1 −
𝑞

𝑘0
𝐼𝐻 𝛿𝑃𝑅

 𝑒−𝛿
𝑃𝑅 𝑡 

−𝛽 𝐼𝐻

  .  

As a result of the following relationship
13

  

 
𝑞+𝜏𝐷

𝑘0
𝐼𝐻 𝛿𝑃𝑅

+  1 −
𝑞+𝜏𝐷

𝑘0
𝐼𝐻 𝛿𝑃𝑅

 𝑒−𝛿
𝑃𝑅 𝑡 

−𝛽 𝐼𝐻

<  
𝑞

𝑘0
𝐼𝐻 𝛿𝑃𝑅

+  1 −
𝑞

𝑘0
𝐼𝐻𝛿𝑃𝑅

 𝑒−𝛿
𝑃𝑅 𝑡 

−𝛽 𝐼𝐻

, we can 

decide the sign of ∆𝑐 𝑡 < 0. 

The condition ∆𝑐 𝑡 < 0 is a sufficient condition for ∆𝐶 𝑇 < 0. As a result,  the 

domestic firm prefers offshoring 𝛼 = 휀+ to no-offshoring.  We may understand this 

result more straightforwardly by investigating the behavior of in-house production 

knowledge below. 

The marginal change in in-house production knowledge at time t is  

𝑑𝐾 𝐼𝐻 (𝑡 ,𝛼)

𝑑𝑡
=  1 − 𝛼 𝑞 + 𝑔(𝛼) 𝛼𝑞 + 𝐷 − 𝛿𝑃𝑅𝑘𝐼𝐻(𝑡).    (4-8) 

When the domestic firm does not offshore 𝛼 = 0 (hence 𝑔 0 = 0) and  

                                                 
13

 Note that the general form of the cost function with learning is 

  𝑐 𝑡 = 𝑐0 𝜔 +  1 − 𝜔 𝑒−𝛿
𝑃𝑅 𝑡 

−𝛽𝑂𝑆

 , and   

  
𝜕

𝜕𝜔
 𝜔 +  1 − 𝜔 𝑒−𝛿

𝑃𝑅 𝑡 
−𝛽𝑂𝑆

=
−𝛽𝑂𝑆 (1−𝑒−𝛿

𝑃𝑅 𝑡)

{𝜔 1−𝑒−𝛿
𝑃𝑅 𝑡 +𝑒−𝛿

𝑃𝑅 𝑡}𝛽
𝑂𝑆 +1

< 0.  Therefore,  
𝑞+𝜏𝐷

𝑘0
𝐼𝐻 𝛿𝑃𝑅

>
𝑞

𝑘0
𝐼𝐻 𝛿𝑃𝑅

  implies 

 
𝑞+𝜏𝐷

𝑘0
𝐼𝐻 𝛿𝑃𝑅

+  1 −
𝑞+𝜏𝐷

𝑘0
𝐼𝐻 𝛿𝑃𝑅

 𝑒−𝛿
𝑃𝑅 𝑡 

−𝛽 𝐼𝐻

<  
𝑞

𝑘0
𝐼𝐻 𝛿𝑃𝑅

+  1 −
𝑞

𝑘0
𝐼𝐻 𝛿𝑃𝑅

 𝑒−𝛿
𝑃𝑅 𝑡 

−𝛽 𝐼𝐻

. 
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𝑑𝐾 𝐼𝐻 (𝑡 ,0)

𝑑𝑡
= 𝑞 − 𝛿𝑃𝑅𝑘𝐼𝐻(𝑡).        (4-9a) 

However, when the domestic firm offshores 𝛼 = ε+(hence 𝑔 ε+ = 𝜏)  

 
𝑑𝐾 𝐼𝐻 (𝑡 ,ε+)

𝑑𝑡
=  1 − ε+ 𝑞 + 𝜏 ε+𝑞 + 𝐷 − 𝛿𝑃𝑅𝑘𝐼𝐻 𝑡 ≅ 𝑞 + 𝜏𝐷 − 𝛿𝑃𝑅𝑘𝐼𝐻 𝑡 . (4-9b) 

We can observe that the domestic firm can increase its in-house production knowledge 

level with the additional 𝜏𝐷 learning term in Equation (4-9b) compared to Equation (4-

9a).  

The rationale behind this is that the domestic firm is able to “steal knowledge” from 

the foreign firm almost for free just by making an offshoring contract with the foreign 

firm.  For example, suppose that the domestic firm is producing 𝑞 = 4,000 and the 

foreign firm is producing 𝐷=20,000.  Assume that the domestic firm decides to offshore 

only 1 unit (and keep in-house production of 3,999 units) with the knowledge transfer 

rate 𝜏 = 5%.  The domestic firm can obtain significant amounts of foreign firm’s 

production knowledge that cannot be obtained unless the domestic firm internally 

produces additional amount of 𝜏𝐷 = 1,000.  The domestic firm can use this increased 

production knowledge for the in-house production of 𝑞 − 1 = 3,999 units.  Because of 

this free-riding advantage of the domestic firm, the foreign firm may want to put some 

restrictions on the contract such as setting a minimum offshoring rate or limiting the 

knowledge transfer rate as we will discuss in the following section.  At this point, let’s 

assume that there are no such restrictions.  

4.2.2 Offshoring costs and offshoring rate 

We observed that the domestic firm can reduce the total costs of offshoring through 

knowledge transfer from the foreign firm even though the offshoring rate is 
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infinitesimally small.  As the next step, we examine how the offshoring costs change as 

the domestic firm further increases its offshoring rate beyond 𝛼 = ε+.  The change of 

each cost component in 𝛼 at time t is given by the following three equations:  

𝜕

𝜕𝛼
𝑐𝑂𝑆 𝑡,𝛼 =  −𝑐0

𝑂𝑆
𝑞 1−𝑒−𝑡𝛿

𝑃𝑅
 𝛽𝑂𝑆

𝑘0
𝑂𝑆 𝛿𝑃𝑅  

𝛼𝑞 +𝐷

𝑘0
𝑂𝑆 𝛿𝑃𝑅

 1−𝑒−𝑡𝛿
𝑃𝑅

 +𝑒−𝑡𝛿
𝑃𝑅

 

𝛽𝑂𝑆 +1
  < 0,   (4-10) 

𝜕

𝜕𝛼
𝑐𝐼𝐻 𝑡,𝛼 =  𝑐0

𝐼𝐻
𝑞(1−𝜏) 1−𝑒−𝑡𝛿

𝑃𝑅
 𝛽 𝐼𝐻

𝑘0
𝐼𝐻 𝛿𝑃𝑅  

𝜏 𝛼𝑞 +𝐷 + 1−𝛼 𝑞

𝑘0
𝐼𝐻 𝛿𝑃𝑅

 1−𝑒−𝑡𝛿
𝑃𝑅

 +𝑒−𝑡𝛿
𝑃𝑅

 

𝛽𝐼𝐻+1
 > 0, and  (4-11) 

𝜕

𝜕𝛼
𝑐𝐶𝑂 𝑡,𝛼 = 𝑧 + 𝑐0

𝐶𝑂
𝛽𝐶𝑂 (𝛿

𝐶𝑂
−𝛿𝐶𝑂 )[𝑡𝑒−𝑡𝛿

𝐶𝑂
 1−

𝑞

𝑘0
𝐶𝑂 𝛿𝐶𝑂

 +
𝑞

𝑘0
𝐶𝑂 𝛿𝐶𝑂

2 1−𝑒−𝑡𝛿
𝐶𝑂

 ]

 
𝑞

𝑘0
𝐶𝑂 𝛿𝐶𝑂

 1−𝑒−𝑡𝛿
𝐶𝑂

 +𝑒−𝑡𝛿
𝐶𝑂

 

𝛽𝐶𝑂 +1
> 0 . (4-12) 

As a result, the direction of change in the total unit costs in 𝛼 can be decided as  

 
∂

∂α
𝐶𝑂𝑆 𝑇,𝛼 = ∫

∂

∂α
𝑐𝑂𝑆 𝑡,𝛼 𝑑𝑡 < 0

𝑡=𝑇

𝑡=0
,      (4-13) 

∂

∂α
𝐶𝐼𝐻 𝑇,𝛼 = ∫

∂

∂α
𝑐𝐼𝐻 𝑡,𝛼 𝑑𝑡 > 0

𝑡=𝑇

𝑡=0
, and      (4-14) 

∂

∂α
𝐶𝐶𝑂 𝑇,𝛼 = ∫

∂

∂α
𝑐𝐶𝑂 𝑡,𝛼 𝑑𝑡

𝑡=𝑇

𝑡=0
> 0.       (4-15) 

The unit cost of offshore production is decreasing because the foreign firm can 

produce more outputs (𝛼𝑞 + 𝐷 ) as 𝛼 increases, and this enables the foreign firm to 

accumulate more knowledge and reduce its production costs.  In contrast, the unit cost 

of in-house production is increasing in 𝛼.  Previously, in Equation (4-9b) we showed 

that there is a instant increase in in-house production knowledge (and decrease in in-

house production costs) by transferring knowledge from the foreign firm when 𝛼 = ε+.  

However, as 𝛼 further increases, the increasing offshoring rate negatively affects the in-
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house production knowledge since the in-house production knowledge function in 

Equation (4-8) is decreasing in 𝛼 as shown below.  

∂

∂α
 
𝑑𝐾 𝐼𝐻  𝑡 ,𝛼 

𝑑𝑡
 = 𝑞𝜏 − 𝑞 < 0.        (4-16) 

Equation (4-16) shows that even though there is still positive marginal increase in 

learning from transferring the foreign firm’s knowledge (𝑞𝜏 ), this is always less than 

the marginal decrease in learning by the reduced amounts of in-house production (𝑞). 

The total unit production costs are the weighted sum of the above offshore and in-

house production costs that is  

𝐶𝑃𝑅 𝑇,𝛼 = 𝛼𝐶𝑂𝑆 𝑇,𝛼 +  1 − 𝛼 𝐶𝐼𝐻 𝑇,𝛼 .     (4-17) 

The weighted offshore production costs 𝛼𝐶𝑂𝑆 𝑇,𝛼  increases from zero to 𝐶𝑂𝑆 𝑇, 1  as 

𝛼 increases (even though 𝐶𝑂𝑆 𝑇,𝛼  itself is decreasing in 𝛼 ) and the weighted in-house 

production costs  1 − 𝛼 𝐶𝐼𝐻 𝑇,𝛼  decreases from 𝐶𝐼𝐻 𝑇, ε+  to zero (even though 

𝐶𝐼𝐻 𝑇,𝛼  itself is increasing in 𝛼) as shown in Figure 4-1 below.  Note that there is an 

instant decrease in production costs when 𝛼 changes from zero to ε+ as discussed in the 

previous section.  
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Figure 4-1 Production Costs Behavior as a Function of 𝜶 

The marginal change of  𝐶𝑃𝑅 𝑡,𝛼  is  

∂

∂α
𝐶𝑃𝑅 𝑡,𝛼 =  

 𝐶𝑂𝑆 𝑇,𝛼 + 𝛼
∂

∂α
𝐶𝑂𝑆 𝑇,𝛼  +  −𝐶𝐼𝐻 𝑇,𝛼 + (1 − 𝛼)

∂

∂α
𝐶𝐼𝐻 𝑇,𝛼  < 0.  (4-18)

   

 

We can observe the direction of change in each production cost [see each bracket in 

Equation (4-18)] depends more on the total costs [i.e., the first terms 𝐶𝑂𝑆 𝑇,𝛼  and 

−𝐶𝐼𝐻 𝑇,𝛼 ] than the weighted marginal change of those costs [i.e., the second terms 

𝛼
∂

∂α
𝐶𝑂𝑆 𝑇,𝛼  and (1 − 𝛼)

∂

∂α
𝐶𝐼𝐻 𝑇,𝛼 ].  In addition, the decreasing in-house 
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production costs term  −𝐶𝐼𝐻 𝑇,𝛼 + (1 − 𝛼)
∂

∂α
𝐶𝐼𝐻 𝑇,𝛼   dominantly decides the 

direction of change in the total production costs even though the offshore production 

costs  𝐶𝑂𝑆 𝑇,𝛼 + 𝛼
∂

∂α
𝐶𝑂𝑆 𝑇,𝛼   are increasing. 

The rate of decrease in the total unit production cost depends on  

∂2

∂α2 𝐶
𝑃𝑅 𝑇,𝛼   

=  2
∂

∂α
𝐶𝑂𝑆 𝑇,𝛼 + 𝛼

∂2

∂α2 𝐶
𝑂𝑆 𝑇,𝛼  +  2

∂

∂α
𝐶𝐼𝐻 𝑇,𝛼 +  1 − 𝛼 

∂2

∂α2 𝐶
𝐼𝐻 𝑇,𝛼 ]   

=∫  2
∂

∂α
𝑐𝑂𝑆 𝑡,𝛼 + 𝛼

∂2

∂α2 𝑐
𝑂𝑆 𝑡,𝛼  𝑑𝑡 +

𝑡=𝑇

𝑡=0
∫  2

∂

∂α
𝑐𝐼𝐻 𝑡,𝛼 +

𝑡=𝑇

𝑡=0

 1 − 𝛼 
∂2

∂α2 𝐶
𝐼𝐻 𝑡,𝛼 ] 𝑑𝑡        (4-19) 

To decide the sign of Equation (4-19), let’s consider each cost component separately. 

The offshore production cost term in the first parenthesis can be evaluated with 

sign  2
∂

∂α
𝑐𝑂𝑆 𝑡,𝛼 + 𝛼

∂2

∂α2 𝑐
𝑂𝑆 𝑡,𝛼  =

sign  
𝛽𝑂𝑆 𝑞 1−𝑒−𝑡𝛿  

  𝐷+𝑞𝛼   1−𝑒−𝑡𝛿
𝑃𝑅

 +𝑘0
𝑂𝑆 𝛿𝑃𝑅 𝑒−𝑡𝛿

𝑃𝑅
 
𝛽𝑂𝑆 +1

   −2 +
𝛼𝑞 1+𝛽𝑂𝑆  

 𝐷+𝑞𝛼  + 
𝑘0
𝑂𝑆 𝛿𝑃𝑅

𝑒𝑡𝛿 −1
 

 =  

sign  −2 +
𝛼𝑞+𝛼𝑞𝛽𝑂𝑆

 𝐷+𝑞𝛼 + 
𝑘0
𝑂𝑆 𝛿𝑃𝑅

𝑒𝑡𝛿 −1
 

           (4-20) 

Equation (4-20) is negative when 𝛼𝑞𝛽𝑂𝑆 < 2  𝐷 + 𝑞𝛼 +
𝑘0
𝑂𝑆 𝛿𝑃𝑅

𝑒 𝑡𝛿−1
  that is a sufficient 

condition to make  2
∂

∂α
𝐶𝑂𝑆 𝑇,𝛼 + 𝛼

∂2

∂α2 𝐶
𝑂𝑆 𝑇,𝛼  < 0.  For example, when 𝛼 = 0 it 

is obvious that 0 < 2  𝐷 +
𝑘0
𝑂𝑆 𝛿𝑃𝑅

𝑒 𝑡𝛿−1
 , and we can also check this condition is valid for 

other values of  𝛼. 
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Similarly, the in-house production cost term in the second parenthesis can be 

evaluated with  

sign  2
∂

∂α
𝑐𝑂𝑆 𝑡,𝛼 + 𝛼

∂2

∂α2
𝑐𝑂𝑆 𝑡,𝛼  =

sign  
𝑞𝛽 𝐼𝐻  1−𝜏  1−𝑒−𝑡𝛿

𝑃𝑅
 

  𝜏 𝐷+𝑞𝛼 +𝑞 1−𝛼   1−𝑒−𝑡𝛿
𝑃𝑅

 +𝑘0
𝐼𝐻 𝛿𝑃𝑅 𝑒−𝑡𝛿

𝑃𝑅
 
𝛽𝐼𝐻 +1

    −2 +

 1−𝛼  𝛽 𝐼𝐻+1 𝑞 1−𝜏 

𝜏 𝐷+𝑞𝛼  +𝑞 1−𝛼 + 
𝑘0
𝐼𝐻 𝛿𝑃𝑅

𝑒𝑡𝛿
𝑃𝑅

−1
 
  =  

sign  −2 +  
 1−𝛼  𝛽 𝐼𝐻 +1 𝑞 1−𝜏 

𝜏 𝐷+𝑞𝛼  +𝑞 1−𝛼 + 
𝑘0
𝐼𝐻 𝛿𝑃𝑅

𝑒𝑡𝛿
𝑃𝑅

−1
 

                  (4-21) 

Equation (4-21) is negative when 

 1 − 𝛼  𝛽𝐼𝐻 + 1 𝑞 1 − 𝜏 < 2𝜏 𝐷 + 𝑞𝛼 + 𝑞 1 − 𝛼 +  
𝑘0
𝐼𝐻 𝛿𝑃𝑅

𝑒 𝑡𝛿
𝑃𝑅

−1
  that is a sufficient 

condition to make 2
∂

∂α
𝐶𝐼𝐻 𝑇,𝛼 +  1 − 𝛼 

∂2

∂α2 𝐶
𝐼𝐻 𝑇,𝛼 ] < 0.  For example, when 

𝛼 = 1, it is obvious that 0 < 2𝜏 𝐷 + 𝑞 +  
𝑘0
𝐼𝐻 𝛿𝑃𝑅

𝑒 𝑡𝛿
𝑃𝑅

−1
 , and we can also check this 

condition is valid for other values of  𝛼. 

Therefore, as shown in Figure 4-1, the total unit production costs are decreasing (i.e., 

∂

∂α
𝐶𝑃𝑅 𝑡,𝛼 < 0) and the rate of this decrease becomes greater (i.e., 

∂2

∂α2 𝐶
𝑃𝑅 𝑇,𝛼 < 0) 

as 𝛼 increases. This makes sense since  as 𝛼 increases the decreasing offshore 

production costs will be more weighted than the increasing in-house production costs as 

shown in Equation (4-17) which results in more rapid decrease in total production costs 

when 𝛼 is higher. 
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Figure 4-2 Coordination Costs Behavior as a Function of 𝜶 

The unit coordination costs are increasing in 𝛼 as shown in Equation (4-15).  If there 

is no disruption in the management supply chain ( 𝛿𝐶𝑂 = 𝛿
𝐶𝑂

),  

∂

∂α
𝐶𝐶𝑂 𝑇,𝛼 = ∫ 𝑧𝑑𝑡

𝑡=𝑇

𝑡=0
= 𝑧𝑇, and        (4-22) 

𝐶𝐶𝑂 𝑇,𝛼  is linearly increasing in 𝛼 (i.e., 
𝜕2

𝜕𝛼2 𝑐
𝐶𝑂 𝑡,𝛼 = 0).  However, under the 

disruption in the management supply chain (𝛿𝐶𝑂 < 𝛿
𝐶𝑂

), the rate of increasing in 

coordination costs becomes higher as 𝛼 increases (i.e., 
𝜕2

𝜕𝛼2
𝑐𝐶𝑂 𝑡,𝛼 > 0).  Figure 4-2 

illustrates this result with three different values of  𝛿
𝐶𝑂

.  Note that  𝛿
𝐶𝑂

= 5% is the 

case in the absence of the disruption in the management supply chain.  
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4.2.3 Optimal offshoring rate 

Based on the above analysis on the behavior of production costs and coordination 

costs we examine the optimal offshoring rate 𝛼 = 𝛼∗ that minimizes the total offshoring 

costs under the different set of model parameters.  In particular, we focus on two major 

model parameters: the foreign firm’s output quantity D associated with the production 

costs and the upper boundary of the coordination knowledge depreciation rate 

𝛿
𝐶𝑂

associated with the coordination costs.  

 

Figure 4-3 Total Costs with Different External Demand 

Figure 4-3 illustrates how the domestic firm’s production costs, coordination costs, 

and the total unit costs change in α with three different values of D when  𝛿
𝐶𝑂

 is fixed 
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at 15% .  The impact of “stealing knowledge” at 𝛼 = ε+  is shown with the downward 

arrow and the degree of this impact is increasing as D increases.  When 𝛼 is relatively 

small, the rapid increase in coordination costs dominate the slowly decreasing 

production costs and as a result, the total costs curve is increasing in 𝛼.  After  𝛼 

reaches a certain level, the rate of decrease in production costs becomes much faster 

(since the decreasing offshore production costs outweigh the increasing in-house 

production costs) and finally offset the rate of increase in coordination cost.  

Consequently, the total cost curves go downward at its tail.  The decision to offshore 

𝛼∗ = ε+ is always optimal for all the above three cases since there is no other choice of 

𝛼 that makes the total costs lower than  𝐶 𝑇, ε+ .  It is interesting to see that the cost 

difference among these three cases at  𝛼 = 1 [i.e., ∂𝐶 𝑇, 1 / ∂𝐷] is relatively small 

compared to the cost difference at 𝛼 = ε+ [i. e, ∂𝐶 𝑇, ε+ / ∂𝐷], and the decision to 

choose  𝛼∗ = ε+ may not be affected by the change in D.  However, since 𝐶 𝑇, ε+  

significantly decreases as D increases, it may be critical for the domestic firm to find the 

foreign firm with greater economies of scale that will result in high knowledge transfer 
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from the foreign firm  𝜏𝐷  at 𝛼∗ = ε+. 

 

Figure 4-4 Total Costs with Different Disruption in the Management Supply Chain 

 

In general, the choice of 𝛼∗ = ε+ shown above may not be always optimal for the 

domestic firm but may depend on the values of other model parameters.  In particular, 

the degree of disruption in the management supply chain may be critical since this will 

significantly impact the coordination costs especially when 𝛼 is high.  In Figure 4-4, we 

illustrate how the total cost changes as a function of  𝛼 with four different values of  

𝛿
𝐶𝑂

.  The external demand quantity is assumed to be fixed as 𝐷 = 20,000. 
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Depending on the value of  𝛿
𝐶𝑂

, the total cost curve drastically changes especially 

when 𝛼 is high (with no change when 𝛼 = 0), which results in the change in the 

domestic firm’s optimal offshoring rate decision.  The domestic firm’s decision depends 

on the following specific boundary value of  𝛿
𝐶𝑂

= 𝛿
𝐶𝑂∗

 where 

𝐶 𝑇, ε+ =  𝐶 𝑇, 1      when  𝛿
𝐶𝑂

= 𝛿
𝐶𝑂∗

.        (4-23) 

The decision rule of the domestic firm can be summarized as 

 
 

 𝛼
∗ = 1                   ( 𝛿

𝐶𝑂
< 𝛿

𝐶𝑂∗
)

𝛼∗ = 휀+ or 1        (𝛿
𝐶𝑂

= 𝛿
𝐶𝑂∗

)

𝛼∗ = 휀+                 (𝛿
𝐶𝑂

> 𝛿
𝐶𝑂∗

)

  .      (4-24) 

This illustrates a bang-bang decision where the domestic firm chooses either 𝛼∗ = 휀+ or 

𝛼∗ = 1. For example, in Figure 4-4, the domestic firm chooses 𝛼∗ = 휀+ when 𝛿
𝐶𝑂

=

20%, chooses 𝛼∗ = 1 when 𝛿
𝐶𝑂

= 10%, and is indifferent between these two choices 

when 𝛿
𝐶𝑂∗

≅ 15%.  The major reason is that the ∩-shaped total offshoring costs curve 

always makes the costs with middle range offshoring rate (휀+ < 𝛼∗ < 1) higher than 

those two extreme cases. This result may not be consistent with the assumption that we 

made in the previous chapter that 𝛼∗ = 50% and some previous outsourcing research 

that has explored the advantage of “selective outsourcing strategy” where firms keep a 

portion of their IT activities in-house to mitigate the possible risks of outsourcing in the 

future (Lacity et al. 1996; Lacity et al. 1995; Willcocks et al. 1996).  One reason for this 

difference is that the foreign firm may affect the domestic firm’s offshoring rate 

decision with some restrictions.  
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4.3 The Foreign Firm’s Restriction on the Minimum Offshoring Rate  

So far, we assumed that the domestic firm’s offshoring rate decision is not affected 

by the foreign firm.  However, the foreign firm may put some restrictions on the 

contract based on its own interests.  Assuming that the foreign firm’s objective is to 

maximize the offshored output quantity  𝛼𝑞 (hence 𝛼 with fixed 𝑞),  one of the ways to 

meet this objective is to set up the minimum offshoring rate.  In this section, we 

examine how the foreign firm decides this minimum offshoring rate and accordingly 

how the domestic firm’s optimal offshoring rate decision changes with this restriction.  

The following cases are based on the different values of  𝛿
𝐶𝑂

compared to  𝛿
𝐶𝑂∗

 , the 

boundary value when 𝐶 𝑇, ε+ =  𝐶 𝑇, 1   as illustrated in the previous section.  

4.3.1 Case I: 𝜹
𝑪𝑶

< 𝜹
𝑪𝑶∗

 

 

Figure 4-5 Minimum Offshoring Rate Restriction Case I ( 𝜹
𝑪𝑶

< 𝜹
𝑪𝑶∗

) 
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If   𝛿
𝐶𝑂

< 𝛿
𝐶𝑂∗

 the domestic firm will decide 𝛼∗ = 1 that will minimize the total 

unit costs as shown in Figure 4-5 above. This total offshoring decision is also optimal 

for the foreign firm and it has no motivation to put any restriction on the minimum 

offshoring rate. 

4.3.2 Case II: 𝜹
𝑪𝑶

= 𝜹
𝑪𝑶∗

 

 

Figure 4-6 Minimum Offshoring Rate Restriction Case II (𝜹
𝑪𝑶

= 𝜹
𝑪𝑶∗

) 

If 𝛿
𝐶𝑂

= 𝛿
𝐶𝑂∗

 then 𝐶 𝑇, ε+ =  𝐶 𝑇, 1 , and the domestic firm is indifferent 

between the choice of 𝛼 = ε+ and 𝛼 = 0.  In this case, the foreign firm may impose the 

restriction of any ε+ < 𝛼 ≤ 1   that will make the domestic firm’s choice of 𝛼 bounded 

by  𝛼 ≤ 𝛼 ≤ 1 .  The domestic firm will always choose 𝛼∗ = 1 that is optimal.   
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4.3.2 Case III: 𝜹
𝑪𝑶

> 𝜹
𝑪𝑶∗

 

If 𝛿
𝐶𝑂

> 𝛿
𝐶𝑂∗

 then 𝐶 𝑇, ε+ <  𝐶 𝑇, 1  and the domestic firm may want to choose 

𝛼∗ = 휀+ that will maximize the domestic firm’s benefit but will make the foreign firm’s 

benefit almost zero.  We can consider the following three sub cases based on the 

boundary value
14

  𝛿
𝐶𝑂

= 𝛿
𝐶𝑂∗∗

such that 

𝐶 𝑇, 0 =  𝐶 𝑇, 1      when    𝛿
𝐶𝑂

= 𝛿
𝐶𝑂∗∗

.  

 

Case III-1: 𝜹
𝑪𝑶

> 𝜹
𝑪𝑶∗∗

 

                                                 
14

 For example,   𝛿
𝐶𝑂∗∗

≅ 18% in Figure 4-4. 
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Case III-2: 𝜹
𝑪𝑶

= 𝜹
𝑪𝑶∗∗

  

 

Case III-3: 𝜹
𝑪𝑶∗

< 𝜹
𝑪𝑶

< 𝜹
𝑪𝑶∗∗

 

Figure 4-7 Minimum Offshoring Rate Restriction Case III (𝜹
𝑪𝑶

> 𝜹
𝑪𝑶∗

) 
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 Case III-1 : 𝛿
𝐶𝑂

> 𝛿
𝐶𝑂∗∗

 

If the foreign firm does not set up the minimum quantity restriction the domestic 

firm will choose 𝛼 = 휀+ that will give the foreign firm almost zero benefits. The 

foreign firm’s minimum offshoring rate restriction depends on the offshoring rate 

𝛼 = 𝛼0 > 0 where 𝐶 𝑇,𝛼0 =  𝐶 𝑇, 0  as shown in Figure 4-7.   

When the foreign firm set 𝛼 less than 𝛼 = 𝛼0, then the domestic firm will choose 

the offshoring rate 𝛼∗ = 𝛼 to minimize its total costs.  If the foreign firm set  𝛼 = 𝛼0 

the domestic firm is indifferent between 𝛼∗ = 0 and 𝛼∗ = 𝛼(= 𝛼0).  However, when 

the foreign firm set  𝛼  greater than 𝛼 = 𝛼0 the domestic firm may not have any 

incentive to offshore since 𝛼∗ = 0  is the only choice to minimize the costs. This 

decision rule is summarized in the following Equation (4-25). 

 

𝛼∗ = 𝛼                   ( 𝛼 < 𝛼0)

𝛼∗ = 0 or 𝛼           (𝛼 = 𝛼0)

𝛼∗ = 0                    (𝛼 > 𝛼0)

         (4-25) 

 

 Case III-2: 𝛿
𝐶𝑂

= 𝛿
𝐶𝑂∗∗

  

This is a special case when  𝐶 𝑇,𝛼0 =  𝐶 𝑇, 0 = 𝐶 𝑇, 1 . The decision rule is 

almost similar to the previous case as 

 

𝛼∗ = 𝛼                            ( 𝛼 < 𝛼0)

𝛼∗ = 0 , 𝛼 , or 1            (𝛼 = 𝛼0)

𝛼∗ = 0   or 1                  (𝛼 > 𝛼0)

   .      (4-26) 

The difference is that the domestic firm now has an additional choice of 𝛼∗ = 1 that 

minimizes the costs when 𝛼 ≥ 𝛼0.  The foreign firm may need to consider two 
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alternative policies.  The foreign firm can set 𝛼 = 𝛼0 − ε+ to obtain 𝛼∗ = 𝛼   for sure or 

the foreign firm can set 𝛼 ≥ 𝛼0 which may possibly results in 𝛼∗ = 1   but not for sure.  

 Case III-3: 𝛿
𝐶𝑂∗

< 𝛿
𝐶𝑂

< 𝛿
𝐶𝑂∗∗

 

In this case, the foreign firm’s minimum offshoring rate restriction depends on the 

offshoring rate 𝛼 = 0 < 𝛼1 < 1 where 𝐶 𝑇,𝛼1 =  𝐶 𝑇, 1 . Depending on the value of 

𝛼, the domestic firm’s optimal decision is: 

 

𝛼∗ = 𝛼                            ( 𝛼 < 𝛼1)

𝛼∗ =  𝛼  or 1                (𝛼 = 𝛼1)

𝛼∗ = 1                            (𝛼 > 𝛼1)

   .       (4-27) 

Therefore, the foreign firm may set 𝛼 = 𝛼1 + ε+  to make the domestic firm choose 

𝛼∗ = 1  .  

In summary, we illustrated how the foreign firm can affect the domestic firm’s 

offshoring rate decision by imposing the restriction on the domestic firm’s feasible set 

of offshoring rates. Except the case when the disruption in the management supply 

chain is very low (𝛿
𝐶𝑂

< 𝛿
𝐶𝑂∗

), the foreign firm can set the minimum offshoring rate as 

a way to increase the offshoring rate.  However, the foreign firm’s minimum offshoring 

rate decision is also affected by the domestic firm’s reaction on this decision since the 

domestic firm may never offshore if the minimum offshoring rate is set too high.  The 

conflict of interests between the domestic firm and foreign firm may create a bargaining 

problem to decide the actual offshoring rate.  This is an interesting problem for future 

research.    
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4.4 The Foreign Firm’s Restriction on the Knowledge Transfer Rate  

In this section, we allow the foreign firm to set the knowledge transfer rate as an 

increasing function of 𝛼.  This may be a more reasonable assumption than the previous 

constant knowledge transfer rate assumption because the foreign firm may share more 

of its production knowledge with the domestic firm only when the domestic firm 

offshores more of its outputs to the foreign firm.  In particular, we revise the in-house 

production costs function in Equation (4-3) with a linearly increasing knowledge 

transfer function 𝜏 𝛼  as  

 
𝑐𝐼𝐻 𝑡,𝛼 = 𝑐0

𝐼𝐻  
 1−𝛼 𝑞+𝜏 𝛼 ∙(𝛼𝑞+𝐷)

𝑘0
𝐼𝐻 𝛿𝑃𝑅

+  1 −
 1−𝛼 𝑞+𝜏 𝛼 ∙(𝛼𝑞+𝐷)

𝑘0
𝐼𝐻 𝛿𝑃𝑅

 𝑒−𝛿
𝑃𝑅 𝑡 

−𝛽 𝐼𝐻

𝜏 𝛼 = 𝛼𝜏               (0 ≤ 𝜏 ≤ 1)

 . (4-28) 

4.4.1 Two different production costs curve 

The first derivative of in-house production costs function given in Equation (4-28) is 

𝜕

𝜕𝛼
𝑐𝐼𝐻 𝑡,𝛼 =  𝑐0

𝐼𝐻
−[𝜏(𝐷+2𝑞𝛼 )−𝑞]𝛽 𝐼𝐻  1−𝑒−𝑡𝛿

𝑃𝑅
 

𝑘0
𝐼𝐻 𝛿𝑃𝑅  

𝜏𝛼 𝛼𝑞 +𝐷 + 1−𝛼 𝑞

𝑘0
𝐼𝐻 𝛿𝑃𝑅

 1−𝑒−𝑡𝛿
𝑃𝑅

 +𝑒−𝑡𝛿
𝑃𝑅

 

𝛽𝐼𝐻 +1
     , and  (4-29) 

sign 
𝜕

𝜕𝛼
𝑐𝐼𝐻 𝑡,𝛼 = −[𝜏(𝐷 + 2𝑞𝛼) − 𝑞].       (4-30) 

This shows that the in-house production costs are now either increasing or decreasing in 

𝛼 depending on the impact of knowledge transfer rate [𝜏(𝐷 + 2𝑞𝛼)] relative to the 

impact of the loss of in-house production knowledge (q).  Note the difference that the 

in-house production costs were always decreasing with the constant knowledge transfer 

rate.  As a result of this change in the in-house production costs, we can observe the 

following two different production costs curves (i.e., ∩-shaped and ∪-shaped 

production costs curve) depending on the value of  𝜏. 
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Figure 4-8 Production Costs: 𝝉 𝑫 + 𝟐𝒒𝜶 < 𝒒 

If 𝜏 𝐷 + 2𝑞𝛼 < 𝑞, then the total unit production costs are decreasing (i.e., 

∂

∂α
𝐶𝑃𝑅 𝑡,𝛼 < 0) and the rate of this decrease becomes greater (i.e., 

∂2

∂α2 𝐶
𝑃𝑅 𝑇,𝛼 < 0) 

as 𝛼 increases. This results in the ∩-shaped production costs curve in 𝛼 as illustrated in 

Figure 4-8 with 𝜏 = 5%.  This ∩-shaped production costs curve is similar to the case 

when the knowledge transfer rate is a constant.  
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Figure 4-9 Production Costs: 𝝉 𝑫 + 𝟐𝒒𝜶 > 𝒒 

However, if 𝜏 𝐷 + 2𝑞𝛼 > 𝑞, then  the total unit production costs are still 

decreasing (i.e., 
∂

∂α
𝐶𝑃𝑅 𝑡,𝛼 < 0) but the rate of this decrease becomes smaller (i.e., 

∂2

∂α2 𝐶
𝑃𝑅 𝑇,𝛼 > 0) as 𝛼 increases.  This converts the ∩-shaped production costs curve 

into ∪-shaped production costs curve as illustrated in Figure 4-9 with 𝜏 = 30%.. 

4.4.2 Optimal offshoring rate 

The restriction on the knowledge transfer rate and the associated change in 

production costs described above make the domestic firm’s optimal offshoring rate 

decision very different from the previous cases.  In particular, we illustrate the 

following three different cases based on the different ranges of  𝛿
𝐶𝑂

compared to  𝛿
𝐶𝑂∗

 

that is the boundary value when 𝐶 𝑇, ε+ =  𝐶 𝑇, 1   as illustrated in the previous 
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section. In each case, we examine how different values of 𝜏 impact the domestic firm’s 

optimal offshoring rate decision.  We use the notation 𝛼∗(𝜏, 𝛿
𝐶𝑂

) to indicate the 

domestic firm’s optimal offshoring rate for given values of  𝜏 and 𝛿
𝐶𝑂

. 

 Case I:  𝛿
𝐶𝑂

> 𝛿
𝐶𝑂∗

  

 

Figure 4-10 Knowledge Transfer Rate Restriction Case I (𝜹
𝑪𝑶

> 𝜹
𝑪𝑶∗

) 

 The domestic firm will never choose total offshoring (i.e., 𝛼∗ = 1) since 𝐶 𝑇, 1  is 

always greater than 𝐶 𝑇, 0  with high disruption in the management supply chain 

( 𝛿
𝐶𝑂

= 20%).  The domestic firm will either choose α∗ = 0 or the middle range 

offshoring rate depending on the value of  𝜏.  

If the foreign firm set  𝜏 very low (e.g.,  𝜏 = 5% and 10%) the domestic firm will 

never offshore with the ∩-shaped total costs curve.  Therefore, the foreign firm may 
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want to increase 𝜏 to convert the domestic firm’s total costs curve into ∪-shaped and get 

the higher offshoring rate. As 𝜏 increases (e.g.,  𝜏 = 20% and 30%), the domestic firm 

may choose the middle range offshoring rate. In this case, the optimal offshoring rate is 

decreasing in 𝜏 [e.g., α∗ 30%, 20% < α∗ 20%, 20% ].  The reason is that with higher 

𝜏, the domestic firm can transfer enough knowledge from the foreign firm with a 

smaller offshoring rate.  Consequently, the foreign firm may want to set 𝜏 as low as 

possible to obtain higher offshoring rate unless this does not make the domestic firm 

choose  α∗ = 0 under a ∩-shaped total costs curve.  

 Case II: 𝛿
𝐶𝑂

< 𝛿
𝐶𝑂∗

 

 

Figure 4-11 Knowledge Transfer Rate Restriction Case II (𝜹
𝑪𝑶

< 𝜹
𝑪𝑶∗

)  
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𝐶 𝑇, 1  is now lower than 𝐶 𝑇, 0  with less disruption in the management supply 

chain (i.e.,  𝛿
𝐶𝑂

= 15%).  The domestic firm will either choose α∗ = 1 or the middle 

range offshoring rate depending on the values of  𝜏.   

If  𝜏 is low enough the domestic firm will always choose 𝛼∗ = 1 with a ∩-shaped 

total costs curve as illustrated in Figure 4-11.  For example, α∗ 5%, 15% =

α∗ 10%, 15% = 1.  The domestic firm may choose the middle range offshoring rate as  

𝜏 increases [e.g., α∗ 30%, 20% < α∗ 20%, 20% ] under a ∪-shaped total costs curve. 

As a result, the foreign firm may offer very low 𝜏  to make the domestic firm choose 

𝛼∗ = 1. However, it is important to note that the domestic firm may not easily accept 

this offer since it can get lower total costs with higher 𝜏. For example,  

𝐶 𝑇,α∗ 30%, 15%  < 𝐶 𝑇, α∗ 20%, 15%  < 𝐶 𝑇,α∗ 10%, 15%  . As mentioned 

earlier, this conflict of interests between the domestic firm and foreign firm may raise 

an interesting bargaining problem to decide the actual offshoring rate.   

In summary, we extend the core model by allowing the domestic firm to decide its 

offshoring rate to minimize the total offshoring costs.  The domestic firm may “steal” 

learning-by-doing knowledge from the foreign firm with a very low offshoring rate 

when the knowledge transfer rate is assumed to be constant.  This “discontinuity” in 

knowledge transfer results in a “bang-bang” solution for the offshoring rate.  In 

response, it may be in the foreign firm’s interest to contract a minimum offshoring 

rate.  The impacts of assuming the knowledge transfer rate as a proportionally 

increasing function of the offshoring rate is also examined.  In this case the middle 

range offshoring rates are viable solutions for the domestic firm.
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CHAPTER 5 : DETERMINING THE OFFSHORING RATE -- UNDER 

UNCERTAINTY 

5.1 Introduction 

In this chapter, we extend the offshoring rate decision problem illustrated in Chapter 

4 by introducing uncertainty in model parameters over time. As a result of this 

uncertainty, the domestic firm may prefer a flexible contract that will convert the 

offshoring decision from a one-time “now or never” decision to a sequence of “path-

dependent” decisions.  Specifically we assume that the knowledge transfer rate is a 

stochastic variable that follows a binomially distributed multiplicative diffusion process 

(Cox et al. 1979).  Under this assumption, the knowledge transfer rate is no longer a 

contractual parameter that can be controlled and managed by the domestic firm (as we 

discussed in Chapter 3) or by the foreign firm (as we discussed in Chapter 4) but an 

exogenous parameter that represents an uncertain offshoring environment outside the 

control of the domestic firm.  We further assume that the offshoring project is now 

divided into two phases.  In phase I, the domestic firm chooses its initial offshoring rate. 

In phase II, the domestic firm can flexibly adjust this initial offshoring rate to improve 

the upside benefits while mitigating downside losses contingent upon the future state of 

the knowledge transfer rate.  We utilize a real options framework
15

 (Hull 1999; 

Trigeorgis 1996) to evaluate this management flexibility.   

                                                 
15

 For readers who are not familiar with the real options framework, we review the previous IT literature 

that has used real options framework in Chapter 2. In addition, in Appendix D, we present a brief 
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Previous IT literature has applied a real options framework to evaluate an IT 

investment project under uncertainty using a collection of several different types of real 

options. They include an option to defer (Benaroch et al. 1999; Benaroch et al. 2000; 

Schwartz et al. 2003), an option to outsource (Richmond et al. 1993), an option to alter 

operating scale (Clemons et al. 1990), an option to abandon/switch (Clemons et al. 

1990), an option to discover (Clemons et al. 1990; Fichman 2004; Kambil et al. 1993; 

Schwartz et al. 2003), an option to obtain experience (Dos Santos 1991), a strategic 

growth option (Kumar 1996; Taudes 1998), a compound option (Benaroch 2002), and a 

nested option (Bardhan et al. 2004) 
16

.  We leverage this literature to assess the value of 

management flexibility in the IT offshoring context. However, the evaluation 

framework illustrated in this chapter shows several major differences from the previous 

studies, which may provide some new insights in applying the real options framework 

in practice.  

 First, we assume the uncertainty in the value of a specific parameter instead of 

the uncertainty in the value of investment project itself.  The conventional 

rationale behind estimating the uncertainty in project value is based on the 

analogy between the behavior of financial stock price and the behavior of 

present value of the real investment project.  However, when the value of a 

project is given as a complex function of several parameters it may be more 

accurate to estimate the uncertainty in each parameter rather than estimating the 

                                                                                                                                               
overview of the fundamental concepts of real options theory and two major option pricing models (i.e., 

binomial model and Black-Scholes model) that are commonly used to quantify the option value.  In 

particular, we use a binomial option pricing model in our analysis.  
16

 See Chapter 2 for an extensive survey of this literature.  
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uncertainty in the value of the project.  As we will discuss later, this requires a 

more complex evaluation procedure than that used in the general application of 

real options framework. 

 Second, we consider a large set of options from the management flexibility 

perspective.  Instead of making a do-or-do nothing decision that is equivalent to 

a decision of exercising a financial option, in our evaluation framework the 

domestic firm can choose any possible offshoring rate that varies between zero 

and one.  This approach has the potential to apply a real options framework to 

evaluating the project with numerous alternative options at a given decision 

point.   

  Third, there is no investment cost explicitly defined in our evaluation 

framework.  Instead our offshoring model implicitly embeds the investment cost 

to exercise the option to adjust offshoring rate. The first phase offshoring rate 

determines the amounts of in-house knowledge loss and associated increase in 

cost when the domestic firm chooses to backshore some or all of its offshored IT 

activities. In addition, the investment cost is asymmetric in the second phase 

offshoring rate since the investment cost will be charged only if the domestic 

firm decides to decrease its offshoring rate
17

.  

                                                 
17

 In other words, we assume that there are no explicit set up costs for either initiating or renewing the 

contract. If we add non-zero set up costs, we may consider two types on investment costs; one that is 

constantly charged regardless of the second phase offshoring rate and the other that is charged when 

second phase offshoring rate is less than the first phase offshoring rate (i.e., backshoring). In this case, the 

domestic firm may have to consider the tradeoff between renewing the contract with additional setup 

costs and keeping the initial offshoring rates with zero setup costs even when it decides to increase its 

offshoring rate.  The decision of cut off costs of contract renewal may be an interesting research problem 

but we will not investigate this issue in this dissertation.     
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 Last, we assert the real option in our offshoring context is a more concrete way 

to represent some types of real options already discussed in the previous 

literature.  For example, this is an extended version of an option to outsource by 

adding a selective outsourcing as a new option.  In addition, we analytically 

extend an option to obtain experience based on the organizational learning 

theory embedded in our offshoring model. A decision of offshoring rate may 

specify the option to obtain learning-by-doing knowledge, the option to transfer 

knowledge, and the option to manage the disruption in the management supply 

chain.  

5.2 Evaluation Framework 

We consider a four year (T = 4 years) offshoring contract that follows the same 

assumption we made in Section 4.4, so the knowledge transfer rate is a linearly 

increasing function in 𝛼 (i.e., 𝜏 𝛼 = 𝛼𝜏).  However, we now assume that the 

knowledge transfer rate (𝜏) is a stochastic variable that follows a binomially distributed 

multiplicative diffusion process.  Specifically, we assume 𝜏 follows the two sequential 

upward or downward movements through the lifecycle of the project with the initial 

value of  𝜏1 as illustrated in Figure 5.1.  The parameters u and d are upward and 

downward multiplicative factors respectively.  
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Figure 5-1 Binomial Diffusion Process of  𝝉 

There are two possible states of 𝜏 at time 𝑡 =
1

3
𝑇:  

𝜏2 = {𝜏2
+

, 𝜏2
−

}, and  

three possible states of 𝜏 at time 𝑡 =
2

3
𝑇: 

𝜏3 = {𝜏3
++

, 𝜏3
+−

(= 𝜏3
−+

), 𝜏3
−−

}.  

Note that the first upward and second downward movement (path ABE) is equivalent to 

the first downward and second upward movement (path ACE) when we consider the 

final state of  𝜏.  

We further assume that the domestic firm can choose two different offshoring rates 

𝛼1 at time 𝑡 = 0 for the first phase of the project and 𝛼2 at time 𝑡 =
1

3
𝑇 for the second 

phase of the project that are contingent upon the state of the uncertain knowledge 

transfer rate as shown in Figure 5-2 below. For the convenience of calculation, we 

assume that both 𝛼1 and 𝛼2 can be chosen from the range of discrete values from 0% to 

100% with an increment of 5%.  

A

B

C

D

E

F
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Figure 5-2 Offshoring as a Two-phase Project 

Following the assumptions given above, the present value of the total unit costs 

(PVC)
 18

 of offshoring with the risk free interest rate r is   

𝑃𝑉𝐶 𝛼1,𝛼2; 𝜏1, 𝜏
2

, 𝜏3 = 𝑃𝑉𝐶1 𝛼1; 𝜏1 + 𝑃𝑉𝐶2 𝛼2; 𝜏2, 𝜏3|𝛼1 ,                   where (5-1) 

𝑃𝑉𝐶1 𝛼1; 𝜏1 = ∫ 𝑒−𝑟𝑡𝑐 𝑡,𝛼1; 𝜏1 𝑑𝑡
𝑡=𝑇/3

𝑡=0
         (5-2)  

is the present value of the unit costs incurred during the first phase of the project and  

𝑃𝑉𝐶2 𝛼2; 𝜏2, 𝜏3|𝛼1 = ∫ 𝑒−𝑟𝑡𝑐 𝑡,𝛼2; 𝜏2, 𝜏3|𝛼1 𝑑𝑡
𝑡=𝑇

𝑡=𝑇/3
     (5-3) 

is the present value of the unit costs incurred during the second phase of the project. 

In Equation (4-3) 𝑐 𝑡,𝛼2; 𝜏2, 𝜏3|𝛼1  is the instant cost function of the second phase 

offshoring under the condition that the offshoring rate has been 𝛼1 during the first phase 

of the project.  The learning and associated change in costs in the first phase of the 

project with 𝛼1 decide the initial knowledge level and costs of the second phase of the 

project at time 𝑡 =
1

3
𝑇.  These initial conditions combined with the decision made on 𝛼2 

will further influence the offshoring costs during the second phase of the project.  To 

solve this sequential decision problem, we apply the dynamic programming method to 

minimize the total offshoring costs.  

                                                 
18

 To apply the real options framework, we discount the offshoring costs with a given risk free interest rate r in this 

chapter. This has been ignored in the previous chapters.  

Phase I Phase II
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We first investigate the domestic firm’s 𝛼2 decision given 𝛼1.  At time 𝑡 =
1

3
𝑇, the 

domestic firm has two choices
19

 of  𝛼2
∗  as a function in 𝛼1 contingent upon the current 

state of  𝜏2: 

 
𝛼2
∗+ 𝛼1 = argmin 𝐸 [𝑃𝑉𝐶2 𝛼2; 𝜏2

+
, 𝜏3|𝛼1 ] 

𝛼2
∗− 𝛼1 = argmin 𝐸 [𝑃𝑉𝐶2 𝛼2; 𝜏2

−
, 𝜏3|𝛼1 ]

 ,  where    (5-4) 

𝐸 [𝑃𝑉𝐶2 𝛼2; 𝜏2
+

, 𝜏3|𝛼1 = 

𝑝𝑃𝑉𝐶2 𝛼2; 𝜏2
+

, 𝜏3
++

|𝛼1 + (1 − 𝑝)𝑃𝑉𝐶2 𝛼2; 𝜏2
+

, 𝜏3
+−

|𝛼1     (5-5) 

is the expected second phase offshoring cost with the risk neutral probability p when the 

state of knowledge transfer rate is 𝜏2
+

 (at node B in Figure 5-1), and 

𝐸 [𝑃𝑉𝐶2 𝛼2; 𝜏2
−

, 𝜏3|𝛼1 = 

𝑝𝑃𝑉𝐶2 𝛼2; 𝜏2
−

, 𝜏3
−+

|𝛼1 + (1 − 𝑝)𝑃𝑉𝐶2 𝛼2; 𝜏2
−

, 𝜏3
−−

|𝛼1      (5-6) 

is the expected second phase offshoring costs when the state of knowledge transfer rate 

is 𝜏2
−

 (at node C in Figure 5-1).  

Next, given the results of 𝛼2
∗+ 𝛼1  and 𝛼2

∗− 𝛼1  above, we can decide 𝛼1
∗ as 

𝛼1
∗ = argmin {𝑃𝑉𝐶1 𝛼1; 𝜏1 +  

𝑝𝐸  𝑃𝑉𝐶2 𝛼2
∗+ 𝛼1 ; 𝜏2

+
, 𝜏3  +  1 − 𝑝 𝐸 [𝑃𝑉𝐶2 𝛼2

∗− 𝛼1 ; 𝜏2
−

, 𝜏3 ]}.    (5-7) 

  

                                                 
19

 Note that the notation 𝛼2
∗+

 is not necessarily mean that it is greater than 𝛼2
∗−.  For example, when the 

knowledge transfer rate is lower, the domestic firm may choose the higher offshoring rate to obtain 

enough knowledge from the foreign firm as we will show with numerical examples later.   
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Offshoring 

Costs 
𝜶𝟏 𝜶𝟐 𝝉 Probability 

𝑃𝑉𝐶++ 𝛼1
∗ 𝛼2

∗+
 𝜏1 𝜏2

+
 𝜏3

++
 𝑝2 

𝑃𝑉𝐶+− 𝛼1
∗ 𝛼2

∗+
 𝜏1 𝜏2

+
 𝜏3

+−
 𝑝(1 − 𝑝) 

𝑃𝑉𝐶−+ 𝛼1
∗ 𝛼2

∗− 𝜏1 𝜏2
−

 𝜏3
−+

 𝑝(1 − 𝑝) 

𝑃𝑉𝐶−− 𝛼1
∗ 𝛼2

∗− 𝜏1 𝜏2
−

 𝜏3
−−

 (1 − 𝑝)2 

Table 5-1 Path Dependent Offshoring Costs under Uncertainty 

Table 5-1 shows four different path dependent offshoring costs with the probability 

of reaching each state. We emphasize that compared to the possible end states of 

knowledge transfer rate in Figure 5-1 where 𝜏3
+−

 is equal to 𝜏3
−+

, the offshoring costs 

𝑃𝑉𝐶+−  is different from 𝑃𝑉𝐶−+ in Table 5-1.  As mentioned earlier, this shows the 

difference between the uncertainty in the value of a specific parameter and the 

uncertainty in the value of a project.  Although the knowledge transfer rate follows a 

relatively simple binomial diffusion process the offshoring costs do not follow the same 

path. In other words, the impacts of uncertain knowledge transfer rate on the offshoring 

costs are more complex because of the path dependency associated with different 𝜏2 and 

this results in the different choice of 𝛼2
∗ as well.   

Based on the analysis given above, we can measure the expected value of 

management flexibility (FV) as 

𝐹𝑉 = 𝐸  𝑃𝑉𝐶 𝛼∗; 𝜏1, 𝜏
2

, 𝜏3  − 𝐸  𝑃𝑉𝐶 𝛼1
∗,𝛼2

∗+,𝛼2
∗−; 𝜏1, 𝜏

2
, 𝜏3  , where  (5-8) 

𝛼∗ = argmin 𝑃𝑉𝐶 𝛼; 𝜏1, 𝜏
2

, 𝜏3   is the optimal choice of offshoring rate when there is 

no flexibility to change the offshoring rate (i.e., 𝛼 = 𝛼1 = 𝛼2) as we discussed in 

Chapter 4.  
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5.3 Flexible Offshoring Contract and Disruption in the Management Supply Chain 

In this section, we utilize the evaluation framework explained above to illustrate 

how the domestic firm can flexibly manage two offshoring rates under different degrees 

of disruption in the management supply chain.  We also examine the value of this 

flexible offshoring contract compared to the contract without flexibility. 

Throughout the analysis, we assume that 𝜏 follows a binomially distributed 

multiplicative diffusion process with 𝜏1 = 20%, 𝑢 = 1.60, and 𝑑 =
1

𝑢
= 0.63 as shown 

in Figure 5-3 below.   

 

 

Figure 5-3 Binomial Diffusion Process of 𝝉: A Numerical Example 

The risk free interest rate 𝑟 is assumed to be 5%.  We keep the value of other parameters 

the same as those illustrated in Section 4.4.  

Table 5-2 summarizes the results of the optimal offshoring rate decisions and the 

expected offshoring costs under the different conditions of the disruption in the 
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management supply chain (𝛿
𝐶𝑂

).  We discuss some interesting issues based on these 

results below. 

Disruption in the 

management 

supply chain  

( 𝛿
𝐶𝑂

) 

With Flexibility  
Without 

Flexibility 
Flexibility 

Value  

FV=(6)-(4) 
(1) 

 𝛼1
∗ 

(2)  

𝛼2
∗+

 

(3)  

𝛼2
∗− 

(4)  

PVC 

(5) 

 𝛼∗ 

(6)  

PVC 

<10% 100% 100% 100% 17.85 100% 17.85 0 

15% 60% 80% 100% 23.23 90% 23.68 0.45 

20% 0% 60% 100% 26.27 40% 27.62 1.35 

25% 0% 40% 25% 27.98 15% 28.82 0.84 

30% 0% 30% 0% 28.41 0% 29.06 0.65 

35% 0% 20% 0% 28.79 0% 29.06 0.27 

40% 0% 10% 0% 28.92 0% 29.06 0.14 

45% 0% 10% 0% 29.00 0% 29.06 0.06 

50% 0% 5% 0% 29.03 0% 29.06 0.03 

>55% 0% 0% 0% 29.06 0% 29.06 0 

Table 5-2 Offshoring Contract: With Flexibility vs. Without Flexibility 

 

 

Figure 5-4 Optimal Decision of Offshoring Rates 
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First, the optimal offshoring rate 𝛼∗ in the column (5) without flexibility is 

decreasing very fast as  𝛿
𝐶𝑂

 increases.  The domestic firm can capture the lower cost 

advantage only when there exists relatively small disruption of the management supply 

chain (i.e.,   𝛿
𝐶𝑂

≤ 25%).  Otherwise, no offshoring is a better strategy to get the 

minimum costs.  In contrast, as we can see in the columns (1), (2), and (3) together, the 

flexible offshoring contract can provide the domestic firm with lower cost advantage 

even with much higher disruption in the management supply chain (i.e.,   𝛿
𝐶𝑂

≤ 50%). 

This illustrates the value of the management flexibility since the domestic firm may kill 

some valuable offshoring opportunities under the fixed rate offshoring contract.  

Second, the first phase offshoring rate 𝛼1
∗ under the flexible offshoring contract 

decreases rapidly as the disruption in the management supply chain increases. In many 

cases, the domestic firm even decides not to offshore during the first phase of the 

project (i.e., 𝛿
𝐶𝑂

≥ 20%) and prefer to delay its offshoring decision until the second 

phase of the project. As we discussed in Chapter 3, the major reason is that the domestic 

firm needs to shorten the offshoring period and reduce the loss in coordination costs 

when the disruption in the management supply chain is significant.  For example, when 

𝛿
𝐶𝑂

= 20% the domestic firm will not offshore during the first phase of the project (i.e., 

𝛼1
∗ = 0) because of the high disruption in the management supply chain. However, in the 

second phase, the domestic firm will offshore either 60% (when 𝜏 moves upward) or 

100% (when 𝜏 moves downward) of its production because the benefits of lower 

offshore production costs will outweigh the expected increase in coordination costs 
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during the second phase of the project.  This is similar to the option to defer illustrated 

in the previous literature.  

Third, there is no case of backshoring where the second phase offshoring rates (𝛼2
∗+

 

and 𝛼2
∗−) are less than the first phase offshoring rate (𝛼1

∗).  In Chapter 3, we discussed 

the costs of backshoring caused by the in-house knowledge loss in the previous 

offshoring period.  These costs of backshoring act as the high investment cost that 

hinders the domestic firm from exercising the option to reduce the second phase 

offshoring rate.  

Fourth, let’s consider how the optimal offshoring rates 𝛼2
∗+

 and 𝛼2
∗− move together 

as 𝛿
𝐶𝑂

 increases.  As illustrated in Figure 5-4 above, with lower disruption in the 

management supply chain (i.e., 𝛿
𝐶𝑂

≤ 20%), the offshoring rate 𝛼2
∗+

 is less than or 

equal to the offshoring rate 𝛼2
∗−.  This is consistent with our discussion in Chapter 4 that 

the domestic firm increases its offshoring rate to transfer enough knowledge from the 

foreign firm with lower 𝜏.  However, as the disruption in the management supply chain 

increases (i.e., 𝛿
𝐶𝑂

≥ 25%), it is more advantageous for the domestic firm to set up the 

offshoring rate 𝛼2
∗− very low.  The advantage from transferring knowledge from the 

foreign firm (with a higher offshoring rate) cannot outweigh the increase in 

coordination costs.  In this case, the offshoring rate 𝛼2
∗+

 is higher than or equal to the 

offshoring rate 𝛼2
∗−.   

Last, Figure 5-4 above also illustrates how each optimal offshoring rate varies with 

the different values of  𝛿
𝐶𝑂

.  In general the offshoring rate is decreasing from 100% to 0% 
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as 𝛿
𝐶𝑂

 increases.  Interestingly, except the offshoring rate  𝛼2
∗+

 that changes smoothly 

over  𝛿
𝐶𝑂

, all other offshoring rates (𝛼1
∗ and 𝛼2

∗−) decrease very rapidly in a short range 

of   𝛿
𝐶𝑂

(i.e., 15% ≤ 𝛿
𝐶𝑂

≤ 25%).  This explains how the value of management 

flexibility changes over  𝛿
𝐶𝑂

as illustrated in Figure 5-5 below.  

 

Figure 5-5 Flexibility Value 

When there is very low disruption in the management supply chain, the domestic firm 

may not have to rely on the flexible offshoring contract since the fixed rate offshoring 

contract can also provide similar cost benefits.  As the degree of disruption in the 

management supply chain increases (in a range of 15% ≤ 𝛿
𝐶𝑂

≤ 25%) the domestic 

firm can actively manage the offshoring rate to reduce the costs of offshoring compared 

to the costs under the fixed offshoring contract.  However, as the disruption in the 

management supply chain further increases, no matter how the domestic firm manages 
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its offshoring rate it is hard to get the lower costs than the costs of no offshoring.  

Eventually, the management flexibility decrease over 𝛿
𝐶𝑂

 (in a range of  𝛿
𝐶𝑂

≥ 25%).  
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CHAPTER 6 : CONCLUSIONS 

6.1. Summary 

Given the trends in the growth and importance of offshoring and the importance of 

the economic risk of knowledge loss and deskilling to domestic firms, this dissertation 

develops an analytical model of offshoring to investigate how offshoring of IT activities 

affect a domestic firm’s knowledge level over time and how this change in knowledge 

level may affect the offshoring costs.   

In Chapter 3, we develop the IT offshoring model and evaluate the impact of several 

critical model parameters. The key findings include: 

 Although short-lived offshoring projects may generate substantial cost savings 

to the domestic firm, long-lived offshoring projects may cause a disruption in 

the management supply chain, resulting in substantial losses in the later stages 

of the project.   

 Further, firms that fail to realize the costs associated with such a disruption soon 

enough in the project life may find themselves locked into disadvantageous 

offshoring agreements without any recourse.  Interestingly, offshored projects 

that become unexpectedly delayed (i.e., the project life is extended) may be 

particularly problematic for firms.  In this case, the domestic firm may take a 

wait and see approach, possibly delaying the backshoring decision until it 

becomes an economically infeasible option. 

In Chapter 4, we extend the core model by allowing the domestic firm to decide its 

offshoring rate to minimize the total offshoring costs.  The key findings include: 
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 When the knowledge transfer rate is constant and there is no restriction on the 

contract imposed by the foreign firm, the domestic firm’s optimal choice is 

either infinitesimally small proportion of offshoring or total offshoring.   

  The domestic firm’s optimal offshoring rate decision is affected by the foreign 

firm’s restriction on the minimum offshoring rate.  However, this will not 

change a ∩-shaped total costs curve and only three alternatives are available to 

the domestic firm: i) no offshoring, ii) offshoring of 𝛼 = 𝛼, or iii) total 

offshoring depending on the degree of disruption in the management supply 

chain.   

 When the knowledge transfer rate is proportionally increasing in 𝛼, the domestic 

firm may choose the middle range offshoring rate if the value of  𝜏 is large 

enough to get the ∪-shaped total costs curve. This may be consistent with the 

advantage of “selective outsourcing” that has been studied in many previous 

literature (Lacity et al. 1996; Lacity et al. 1995; Willcocks et al. 1996).   

In Chapter 5, we further extend the offshoring rate decision problem illustrated in 

Chapter 4 by introducing uncertainty in model parameters over time. The key findings 

include: 

 The flexible offshoring contract can provide more cost benefits than the 

fixed rate offshoring contract.  

 Under the flexible offshoring contract, the domestic firm may prefer to delay 

its offshoring decision to reduce the loss in coordination costs when the 

disruption in the management supply chain is especially high.   
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 Even under the flexible offshoring contract, it is extremely difficult for the 

domestic firm to backshore some or all of its offshored IT activities because 

of the amounts of in-house knowledge loss and associated increase in cost in 

the previous offshoring. 

 Further, we present several major differences in our evaluation framework 

compared to the previous real options framework that include: the 

uncertainty in the value of a specific parameter, a large space of options, and 

implicit investment cost in the model.  

6.2 Future research 

The offshoring models have provided several important insights.  However, some of the 

limitations of these models include: 

 The models focus only on the cost side of the market for output, where output is 

assumed to be fixed in quantity. 

 The models use one of many reasonable cost functions. 

 The models assume that output quality is fixed and is the same for the domestic 

and foreign firms.   

 The models ignore strategic interactions among domestic firms and/or foreign 

firms.  As mentioned earlier in Chapter 4, the conflict of interests between the 

domestic firm and foreign firm may create an interesting bargaining problem.  

Moreover, there is now a great deal of competition among foreign countries.  A 

report from Gartner (2005) warns that rising wages could erode as much as 45 
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percent of India's market share by 2007.  Many domestic firms are considering 

competing offshoring destinations.  

 The models focus on learning-by-doing and do not directly address the transfer 

of intellectual property or acquisition of country specific knowledge. In addition, 

this opportunity to obtain country specific knowledge may create a strategic 

growth option (Kumar 1996; Taudes 1998) for future offshoring project in the 

real options context.    

 The flexible contract we examined in Chapter 5 assumes the uncertainty only in 

the knowledge transfer rate.  Integrating some other uncertainty, for example 

uncertainty in the future demand quantity, may need to be considered.  

 The relationship between the flexibility value and the number of decision points 

for contract renewal is not addressed.   

 

Each of these limitations represents an opportunity to extend and refine the model.  

Finally, it is critical that additional future research should focus on empirically 

calibrating, and empirically testing and validating the findings derived from the 

economic model presented in this dissertation. The results turn heavily on the specific 

values of model parameters.  
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APPENDICES 

APPDENDIX A: Derivation of Knowledge Function k(t) 

The Equation (3-3)  

qtk
dt

tdk
 )(

)(
  is a linear first order differential equation.  

To solve this equation, we need to multiply both sides by the integrating factor,
te : 

qetke
dt

tdk
e ttt    )(

)(
.        (A-1) 

The left side of Equation (A-1) is the derivative of )(tke t , and Equation (A-1) can be 

reformulated as  

qetke
dt

d tt  )( .         (A-2) 

By integrating both sides of Equation (A-2),  

ce
q

qdtetke ttt  



)( ,        (A-3) 

,and we can get 

tce
q

tk 



)( ,         (A-4) 

where c is a constant.  We impose the boundary condition 0)0( kk  to solve for c: 

0)0(  


ce

q
k , and this gives 

)0(k
q

c 


.          (A-5) 

We replace c in Equation (A-4) by Equation (A-5), and get the Equation (3-4). 
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APPDENDIX B: The different cases of c(t) 

Equation (3-6) is given as 

  
 tectc )1()( 0 .       (3-6) 

The first and second order derivatives of Equation (3-6) are  

  tt eec
dt

tdc
tc  

1

0 )1()1(
)(

)( , and    (B-1) 

  })1({)1()1(
)(

)(
22

0     ttt eeec
dt

tcd
tc


 .  (B-2) 

From Equation (B-1),  

)1()(  signtcsign  ,        (B-3) 

which shows that 1  is the boundary between Case I, and Case II.  

Further, from equation (B-2),       











)(0)(

)(0)(

*

*

tttc

tttc




,          (B-4) 

where  

)
)1(

ln(
1

*







t           (B-5) 

is the inflection point ( 0)( * tc ). 

Note that Case II-1 illustrates the case when 0* t  (i.e., costs always increase at a 

decreasing rate over time), and Case II-2 (i.e., costs increase at a increasing rate until it 

reaches the inflection point) illustrates the case when 0* t .  

Therefore, by setting 0* t  in Equation (B-5): 
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 , 

the boundary between Case II-1 and Case II is 








1
)(*  as shown in Equation (3-

8).  
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APPDENDIX C: Instantiation of Parameters 

Notation Description Value 

q Domestic firm’s output quantity 4000  

D Foreign firm’s external demand quantity 20000 

T Project Completion Date 4 (yr)  

OSc0  Initial cost of offshore production 6 

osk0  Initial offshore production knowledge 40000  

OS  Innovation parameter of offshore production 2  

IHc0  Initial cost of in-house production 8  

IHk0  Initial in-house production knowledge 30000  

IH  Innovation parameter of in-house production 2  

PR  Production knowledge depreciation rate 0.1  

   Knowledge transfer rate Given in the content  

COc0  Initial cost of coordination 4 

COk0  Initial coordination knowledge 30000  

CO  Innovation parameter of coordination 2  

CO
  

Lower boundary of coordination knowledge 

depreciation rate 
0.1  

CO

  
Upper boundary of coordination knowledge 

depreciation rate 
Given in the content 

co   Weighted coordination knowledge depreciation rate  Given in the content 

z Transaction cost 1  
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APPDENDIX D: Fundamental Concepts of Real Options Theory 

We present a brief overview of the fundamental concepts of real options theory and 

two major pricing models that are commonly used to quantify the option value. This 

provides a foundation to structure the offshoring contract through a real options lens.  

The notations and terminologies used in this section is based on (Trigeorgis 1996) and 

(Hull 1999).   

Fundamental Concepts 

Real options theory is based on the analogy between a firm’s investment 

opportunity in real investment projects and an investor’s financial call or put options on 

stocks.  A financial call (put) option gives the option holder the right but not the 

obligation to buy (sell) one piece of the underlying derivative for a predetermined 

exercise price K on or before a predetermined exercise or maturity date
20

 T.  For a given 

market value of a stock Sτ at time t (where τ = T - t is time left until maturity) and its 

exercise price K, the payoff functions of a call and a put option are respectively 

C = max (Sτ – K, 0), and         (D-1) 

P = max (0, K - Sτ).           (D-2) 

For example, a call option holder will give up the right to exercise the option with 

zero profit instead of losing profit when the market value is less than the exercise price. 

The current value of a call option depends on the volatility of the underlying asset’s 

value σ and its time to maturity τ.  The option value increases as volatility and time to 

maturity increase.  

                                                 
20

 There are two different types of options. A European option gives its holder the right to buy (or sell) an 

asset at a fixed expiration date, but an American option can be exercised any time before or when it 

expires.   
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Similar to the owner of a call option on a financial asset, the owner of a real option 

has the right to acquire the present value of expected cash flows by making an 

investment on or before the anticipated date when the investment opportunity will 

vanish.  Table 4-1 summarizes this analogy between a financial call option on stock and 

a real option on an investment project.  

Call option on stock Real option on Project 

Current value of Stock (S) Preset value of expected payoffs (V) 

Exercise price (K) Present value of expected Investment cost (I) 

Time to expiration (T) Time until opportunity disappears (T) 

Stock value uncertainty (σ) Project value uncertainty (σ) 

Table D-1 Comparison Between a Call Option and a Real Option (Trigeorgis 1996) 

Real Options Pricing 

There are two major pricing models that quantify the value of financial options: the 

binomial (discrete-time) model (Cox et al. 1979) and the Black-Scholes (continuous-

time ) model (Black et al. 1973).  Based on the analogy between financial and real 

options mentioned above, they both are adapted to real options pricing.  

Binomial Model 

The binomial model assumes that the present value of expected investment payoffs 

follow a binomially distributed multiplicative diffusion process (Cox et al. 1979).  Each 

period, the expected payoff either increases by upward multiplicative factor u with 

probability q, or decreases by downward multiplicative factor d with probability (1-q) 

of its earlier value as shown in Figure D-1. 
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Figure D-1 Distribution of Expected Payoff of Investment 

Following the financial option-pricing hedging strategy (Hull 1999; Trigeorgis 

1996), we can consider a replicable security that is traded in the financial market with 

value S.  Management can construct an equivalent portfolio O0 at t = 0 that consists of N 

share of this replicable security with value S0 partially financed by borrowing B0 

amounts at the risk free interest rate r.  

First, let’s consider only two time periods, time t = 0 and t = 1 where the 

opportunity value O1 will move up (O1
+ 

) or down (O1
- 
) at time t = 1 as shown in the 

following figure. 

 

With two equations (D-3a) and (D-3b) above, we can solve two unknowns N and 𝐵𝑂 as  

𝑁 =
𝑂1

+−𝑂1
−

𝑆1
+−𝑆1

− , and          (D-4) 

q

1-q

V0

uV0

u2 V0

udV0

dV0

d2 V0

…..

t=0

t=1

t=2

O0 = NS0 – B0 

 

O1
+ 

= NS1
+ 

- (1+r) B0          --- (D-3a) 

 
O1

- 
= NS1

- 
- (1+r) B0              --- (D-3b) 

 

q 

1-q 
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𝐵𝑂 =
𝑂1

+𝑆1
−−𝑂1

−𝑆1
+

 𝑆1
+−𝑆1

− (1+𝑟)
 .        (D-5) 

By substituting (D-4) and (D-5), we can get the current value of the opportunity to 

invest  

𝑂𝑂 =
𝑝𝑂1

+−(1−𝑝)𝑂1
−

(1+𝑟)
 ,         (D-6) 

where 

𝑝 =
 1+𝑟 −𝑑

𝑢−𝑑
   .           (D-7) 

Equation (D-6) shows that the value of the investment opportunity is expressed using 

the risk neutral probability p instead of using the actual probability q, and the expected 

values of investment opportunity are discounted at the risk free interest rate r instead of 

risk adjusted discount rate k used to measure the net present value (NPV).  

Although an assumption of two possible future states in the next period is somewhat 

unrealistic, iterating this assumption with smaller chunks of time period considerably 

increase the number of different terminal states, and we get closer to a more realistic 

distribution of future value of the underlying asset.  We can extend the two time period 

results into multiple time periods and combine the payoff functions of call and put 

options in Equations (D-1) and (D-2) to get the following results:  

𝐶 =
 

𝑛 !

𝑖! 𝑛−𝑖 !
𝑝 𝑖(1−𝑝)𝑛−𝑖𝑚𝑎𝑥 (𝑢 𝑖𝑑 𝑛−𝑖 𝑉0−𝐼𝑛 ,0)

𝑛

𝑖=0

(1+𝑟)𝑛
   and        (D-8) 

𝑃 =
 

𝑛 !

𝑖! 𝑛−𝑖 !
𝑝 𝑖(1−𝑝)𝑛−𝑖𝑚𝑎𝑥 (0, 𝐼𝑛−𝑢

𝑖𝑑 𝑛−𝑖 𝑉0)
𝑛

𝑖=0

(1+𝑟)𝑛
,   where     (D-9) 

n is the number of time periods left until maturity, V0 is current net present value of the 

project, and In is the investment cost at n
th

 period.  Note that the value of project at n
th
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period is Vn = u
i
d

n-i
V0 and the first part of the equation ini pp

ini

n 


)1(
)!(!

!
 is the 

binomial distribution formula giving the probability that the project value will take i 

upward jumps in n steps (or n-i downward jumps) with the risk neutral probability p. 

The binomial model has been a prevailing tool for option pricing because of its 

simplicity and flexibility.   

 

Black-Scholes Model 

Fischer Black and Myron Scholes made a major advance in the pricing of options by 

developing what has become famously known as the Black-Scholes model (1973).  

They developed the dynamic portfolio replication strategy and solved a partial 

differential equation, assuming that the underlying stock price follows a geometric 

Brownian motion
21

  with a constant volatility. The conventional notation of Black-

Scholes formulas for the prices at time zero of a (European) call option and a put option 

are 

𝐶 𝑉0,𝑇, 𝐼 = 𝑉0𝑁 𝑑1 − 𝐼𝑒−𝑟𝑇𝑁(𝑑2)  and       (D-10) 

𝑃 𝑉0,𝑇, 𝐼 = 𝐼𝑒−𝑟𝑇𝑁 −𝑑2 − 𝑉0𝑁 −𝑑1 , where     (D-11) 

𝑑1 =
ln 

𝑉0
𝐼
 + 𝑟+

𝜎2

2
 𝑇

𝜎 𝑇
   and  𝑑2 =

ln 
𝑉0
𝐼
 + 𝑟−

𝜎2

2
 𝑇

𝜎 𝑇
= 𝑑1 − 𝜎 𝑇 

                                                 
21

 In a continuous-time option pricing model, the present value of expected cash inflows from 

implementing the project V,  is assumed to follow the stochastic diffusion Wiener process that is 

𝑑𝑉 = 𝜇𝑣𝑑𝑡 + 𝜎𝑑𝑤,  

where μ is the total instantaneous expected rate of return on the project, σ is the instantaneous deviation of 

project value, and w is the standard Brownian Process (i.e., Independently and identically distributed 

according to a normal distribution with mean zero and variance dt). 

http://www.riskglossary.com/articles/volatility.htm
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N(·) is the cumulative probability distribution function for a variable that follows the 

standard normal distribution, V0 is the value of the project at time zero, I is the exercise 

price, r is the risk free interest rate, σ is the volatility of the value of project, and T is the 

time to expiration of the option (since t = 0 in this case).  

According to Cox, Ross, and Rubinstein (1979), applying the log-transformation, 

the binomial model approach converges to Black-Scholes model if we set the length of 

each time period w infinitely small, and by letting 

𝑢 = 𝑒𝜎 𝑤 , 

𝑑 = 1/𝑢,  and  

𝑝 =
1

2
+

1

2
(
𝜇

𝜎
) 𝑤,   

where 𝜇 = 𝑙𝑛 𝑟 −  𝜎2/2 
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