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ABSTRACT 
 

 The goal of this dissertation is to address two key challenges that have emerged from 

the increasing globalization of technology projects. One set of challenges relates to the 

choice of the type of project organization that is appropriate for a particular type of 

project work and scope. The other set of challenges relates to the identification of 

actionable strategies for improving project performance, given the type of project 

organization. Using a parsimonious classification scheme based on the distribution of 

project organizations across firm and/or geographical boundaries, this dissertation 

identifies five different types of project organizations that are used in practice: 

Collocated Insourcing, Distributed Insourcing, Outsourcing, Offshoring, and Offshore-

Outsourcing. Following this conceptualization, primary data from 830 information 

technology and product development projects spanning more than 65 countries and 26 

industries is used to examine specific sets of research questions underlying the focal 

challenges.  

  This dissertation is organized into three essays. The first essay conducts a 

theoretically grounded empirical investigation into examining whether the impact of 

project uncertainty (technological uncertainty, requirements uncertainty, and 

architectural uncertainty) and project management style (project control and project 

autonomy) on project performance is dependent upon the type of project organization. 

Contrary to conventional wisdom, the results indicate that project organization types 

that span country boundaries (Offshoring and Offshore-Outsourcing) outperform 

Collocated Insourcing project organization, particularly in projects with higher 
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requirements uncertainty and architectural uncertainty. Also, compared to Collocated 

Insourcing project organization, project control has a greater positive impact on project 

performance in Offshore-Outsourcing project organization, while project autonomy has 

a greater positive impact on project performance in Distributed Insourcing project 

organization. 

 The second essay investigates the role of project organization type on the extent of 

product integration issues in a technology project and its consequent impact on project 

performance. Specifically, the extent of product integration issues in a project is 

measured by determining the extent of Design-Interface Misalignment—the 

incompatibility of interdependent task modules during the product integration phase—

in a technology project. The results indicate that design-interface misalignment is 

significantly greater in projects that span country boundaries (Offshoring and Offshore-

Outsourcing) compared to all types of domestic project organizations (Collocated 

Insourcing, Distributed Insourcing, and Outsourcing). Further, design-interface 

misalignment has a significant negative impact on project performance, and this impact 

is particularly severe in the case of Offshore-Outsourcing project organization 

compared to Collocated Insourcing project organization. 

  The final essay presents a formal econometric specification for estimating the 

technical efficiency of a project, defined as the maximum attainable level of project 

outputs for a given level of project inputs. An econometric model that includes a 

structural factor (type of project organization) and several infrastructural factors (risk 

management planning, agile management practices, face-to-face interaction, and 
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employee turnover) to explain the variation in technical efficiency across projects is 

specified. The results indicate that the choice of the type of project organization is 

associated with the technical efficiency of a project: Distributed project organizations, 

particularly Offshoring and Offshore-Outsourcing, exhibit significantly lower technical 

efficiency compared to Collocated Insourcing project organization. Further, as 

expected, employee turnover is negatively associated with the technical efficiency of a 

project. In contrast, project management practices such as risk management planning, 

agile management, and face-to-face interaction are positively associated with the 

technical efficiency of projects. 

  The dissertation concludes with a discussion of the key findings from each of the 

three essays. Limitations and directions for future research are also identified. 

 

 

 

 

 

 

 

 

 

 

 



 

vii 
 

TABLE OF CONTENTS 

 
ACKNOWLEDGEMENTS .................................................................................... i 

DEDICATION ......................................................................................................... iii 

ABSTRACT ............................................................................................................. iv  

TABLE OF CONTENTS ........................................................................................ vii 

LIST OF TABLES ................................................................................................... xi 

LIST OF FIGURES ................................................................................................. xii 

LIST OF APPENDICES ......................................................................................... xiv 

 
Chapter 1 .................................................................................................................. 1 

Introduction 

1.1. Research Background ........................................................................ 1 

1.2. Research Objectives .......................................................................... 3 

 
Chapter 2 .................................................................................................................. 9 

An Empirical Analysis of Distributed Organization of Technology Projects: 
Within and Between Firms, and Country Boundaries 
 

2.1. Introduction  ...................................................................................... 9 

2.2. Conceptual Foundation ...................................................................... 14 
2.2.1. Project Organization Types .................................................. 14 
2.2.2. Project Uncertainty .............................................................. 16 
2.2.3. Project Management Style  .................................................. 21 
 

2.3. Conceptual Framework ..................................................................... 25 

2.4. Research Design ................................................................................ 26 
2.4.1. Sampling Frame ................................................................... 26 
2.4.2. Non-response Bias and Comparison across Samples........... 27 



 

viii 
 

2.4.3. Sample Characteristics ......................................................... 28 
2.4.4. Dependent Variable .............................................................. 30 
2.4.5. Independent Variable ........................................................... 30 
2.4.6. Control Variables ................................................................. 32 

2.5. Analysis and Results .......................................................................... 34 
2.5.1. Measurement Properties of Constructs ................................ 34 
2.5.2. Hypothesis Testing ............................................................... 36 
2.5.3. Additional Analyses for Model Robustness ......................... 45 

 
2.6. Discussion .......................................................................................... 47 

2.6.1. Interaction Effects between Project Uncertainty and the 
 Type of Project Organization ............................................... 48 
2.6.2. Interaction Effects between Project Management Style  
 and Project Organization Type............................................. 52 

 
2.7. Conclusion ......................................................................................... 54 

2.7.1. Implications for Theory ....................................................... 54 
2.7.2. Implications for Practice ...................................................... 56 
2.7.3. Limitations and Future Research ......................................... 58 
2.7.4. Final Remarks ...................................................................... 59 

 

Chapter 3 .................................................................................................................. 68 

Empirical Analysis of Product Integration in Distributed Technology Projects: 
The Impact of Design-Interface Misalignment on Project Performance 
 

3.1. Introduction ....................................................................................... 68 

3.2. Literature Review .............................................................................. 73 
3.2.1.   Increasing Complexity of Sourcing Strategies ..................... 75 
3.2.2.   Uncertainty in Product Architecture .................................... 76 
3.2.3.   The Challenge of Product Integration .................................. 77 
3.2.4.   Relationship between Product Integration and  
          Project Performance ............................................................. 78  
 

3.3. Conceptual Framework ..................................................................... 79 
3.3.1.   Project Organization Types .................................................. 79 
3.3.2.   The Dynamics of Product Integration .................................. 81 
3.3.3.   Project Organization Type and Design-Interface  
   Misalignment ....................................................................... 84 
3.3.4.   Performance Impact of Design-Interface Misalignment ...... 86 
3.3.5.   Interaction Effects between Project Organization Type 

                 and Design-Interface Misalignment ..................................... 87 
 



 

ix 
 

3.4. Research Design ................................................................................ 90 
3.4.1.   Data Collection .................................................................... 90 
3.4.2.   Sample Characteristics ......................................................... 93 
3.4.3.   Measures .............................................................................. 95 
3.4.4.   Reliability and Validity Assessments .................................. 98 
3.4.5.   Model Specification ............................................................. 100 
3.4.6.   Results .................................................................................. 103 
3.4.7.   Additional Analysis and Robustness Checks ....................... 106 

 
3.5. Discussion .......................................................................................... 108 

3.5.1.   The Effect of  Country Boundaries on Design-Interface  
             Misalignment ....................................................................... 108 
3.5.2.   Implications of Design-Interface Misalignment for                       
            Project Performance ............................................................. 111 
 

3.6. Conclusions ....................................................................................... 114 

 
Chapter 4  ................................................................................................................. 122 

Comparative Evaluation of Efficiency across Distributed Project Organizations:  
A Stochastic Frontier Analysis 
 

4.1. Introduction ....................................................................................... 122 

4.2. Stochastic Frontier Analysis (SFA) ................................................... 128 

4.3. Antecedents of Technical Efficiency ................................................. 132 
4.3.1. Project Organization Types .................................................. 132 
4.3.2. Face-to-face Interaction ....................................................... 135 
4.3.3. Agile Project Management................................................... 137 
4.3.4. Risk Management Planning ................................................. 138 
4.3.5. Employee Turnover.............................................................. 140 
 

4.4. Research Design ................................................................................ 141 
4.4.1. Sampling Frame ................................................................... 141 
4.4.2. Sample Characteristics ......................................................... 144 
4.4.3. Variables and Model Specification ...................................... 145 

4.4.3.1. Output Variable in Production Function ............ 146 
4.4.3.2. Input Variables in Production Function ............. 146 
4.4.3.3. Control Variables in Production Function ......... 148 
4.4.3.4. Factors Affecting Technical Efficiency ............. 149 

 
4.5. Results ............................................................................................... 151 



 

x 
 

4.5.1. Estimation of Production Function and Technical  
 Efficiency Function ............................................................... 151 
4.5.2. Robustness of Model Estimation Results .............................. 157 

4.6. Discussion  ......................................................................................... 159 
4.6.1. Variation in Technical Efficiency across Types of  
 Project Organization ............................................................ 159 
4.6.2. Impact of Project Management Factors on Technical  
 Efficiency ............................................................................. 162 

 
4.7.  Conclusion ......................................................................................... 165 

 
 
Chapter 5 .................................................................................................................. 175 

Conclusion 

5.1.  Moderating Impact of Project Organization Type on Project             
Uncertainty-Project Performance and Project Management  

 Style-Project Performance Relationships .......................................... 176 
 
5.2       Design-Interface Misalignment and Project Performance ................ 178 

5.3.  Variation in Technical Efficiency across Project Organization  
 Types ................................................................................................. 180 
 
5.4. Limitations and Future Research ....................................................... 181 
 

References ................................................................................................................ 186 

 

 

 

 

 

 

 



 

xi 
 

LIST OF TABLES 
 

Chapter 2 

Table 2-1:  Descriptive Statistics and Correlation Matrix for Quantitative  
                  Variables ............................................................................................ 38 
 
Table 2-2:  OLS Regression Results .................................................................... 39 

 
Chapter 3 

Table 3-1:  Descriptive Statistics and Correlation Matrix for Quantitative  
                  Variables ............................................................................................ 100 
 
Table 3-2:  Empirical Results ............................................................................... 104 

 
Chapter 4 

Table 4-1:  Descriptive Statistics: Input and Technical Efficiency Variables ..... 153 

Table 4-2:  Parameter Estimates of Stochastic Frontier Models .......................... 155 

Table 4-3:  Technical Efficiency Levels across Project Organization Types ...... 161 

 

 

 

 

 

 

 

 

 

 



 

xii 
 

LIST OF FIGURES 
 

Chapter 1 

Figure 1-1:  Organization of this Dissertation ....................................................... 4 

 
Chapter 2 

Figure 2-1:  Classification Scheme for Technology Project Organizations .......... 15 

Figure 2-2:  Conceptual Framework for the Study ................................................ 25 

Figure 2-3:  Interaction Effects between Project Organization Type and  
                      Technological Uncertainty ................................................................ 40 
 
Figure 2-4:  Interaction Effects between Project Organization Type and                 
                      Requirements Uncertainty ................................................................. 41 
 
Figure 2-5:  Interaction Effects between Project Organization Type and                   
                      Architectural Uncertainty .................................................................. 42 
 
Figure 2-6:  Interaction Effects between Project Organization Type and Project             
                      Control ............................................................................................... 43 
 
Figure 2-7:  Interaction Effects between Project Organization Type and Project   
                     Autonomy .......................................................................................... 44 
 
 
Chapter 3 

Figure 3-1:  Classification Scheme for Technology Project Organizations .......... 80 

Figure 3-2:  Coordination Loop between the Project Client and the Project               

Team .................................................................................................. 83 

Figure 3-3:  The Dynamics of Rework .................................................................. 87 

Figure 3-4:  Conceptual Framework ..................................................................... 90 

Figure 3-5:  Effect of Project Organization Type on Design-Interface  
    Misalignment ..................................................................................... 105 



 

xiii 
 

Figure 3-6:  Interaction effects between Project Organization Type and                          
                      Design-Interface Misalignment ......................................................... 106 

 
Chapter 4  

Figure 4-1:  Decomposition of Error Term in a Stochastic Production Function . 130 

Figure 4-2:  Classification Scheme for Technology Project Organizations .......... 133 

Figure 4-3:  Variation in Technical Efficiency Levels across Project                         
                       Organization Types ........................................................................... 162 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xiv 
 

LIST OF APPENDICES 
 

Chapter 2 

Appendix 2-1:  Profile of Individual Specific-Interest Groups and the Pooled  
                           Sample ............................................................................................ 61 
 
Appendix 2-2:  Measurement Items in Survey Questionnaire ................................. 62 

Appendix 2-3:  Estimation Using Heckman’s Two-Step Procedure ....................... 63 

 
Chapter 3 

Appendix 3-1:  Measurement Items in the Survey Questionnaire ........................... 117 

Appendix 3-2:  Alternate Specification of Design-Interface Misalignment  
                           Variable .......................................................................................... 118 

 
Chapter 4 

Appendix 4-1:  Measurement Items in the Survey Questionnaire ........................... 170 

Appendix 4-2:  Robustness of the Model Estimation Results ................................. 172 

 

 

 



 

1 
 

Chapter 1 
 

Introduction 
 
“The problems of coordinating the complex collaborations among networked organizations are 
becoming increasingly important in today’s economy… Studies of such networks could provide 
new insights into these pressing problems, stimulate creativity, and help unify our field.”       

 Robert H. Hayes, Production and Operations Management, Nov-Dec 2008, p. 567 

 
1.1. Research Background 
 
With the increasing globalization of technology projects, managers face many unique 

challenges in managing projects, within and between firms and geographical 

boundaries. One set of challenges relates to the choice of the type of project 

organization that is appropriate for a particular type of project work and scope. The 

other set of challenges relates to the identification of actionable strategies for improving 

project performance, given the type of project organization. 

 Recent media reports suggest that the choice of the type of project organization for 

a technology project with the potential to be “outsourced” is anything but 

straightforward. Simplistic guidelines for choosing project organization, such as those 

based only on potential cost savings, have proven to be misleading and dysfunctional by 

way of project performance outcomes. A 2004 study by Gartner’s Inc. reports that more 

than 30 percent of the companies surveyed did not see any cost reduction and some 

companies actually experienced increased expenses from their outsourcing 

arrangements. A study by McEachern (2005) further indicates that more than 50% of 

client firms engaged in outsourcing technology projects were inclined toward 
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terminating their contracts with vendor firms due to the increased complexity of 

management, poor quality, and decreased operational effectiveness of such projects. 

 The limited impact of academic research on the management of distributed 

technology projects arises from the use of research models that rarely represent the 

complexities of sourcing strategies in real world. A large number of studies have 

examined sourcing decisions at the firm level using make versus buy perspective, 

focusing on the question of what firm activities should be kept in-house (make) and 

what activities should be assigned to outside suppliers (Harrigan 1986, Montverde and 

Teece 1982, Walker and Weber 1987, Pisano 1990, Ulrich and Ellison 2005). However 

as Novak and Eppinger (2001, p.202) remark,  

Actual sourcing decisions are more complex than simply make or buy… can 
create very different information structures with potential differences in 
coordination costs faced by a firm in a contracting relationship. We believe that 
expanding the measures of sourcing practices is an important direction for future 
work on make/buy. 

 
 A number of studies in the Information Systems and Strategy literature have 

undertaken efforts to derive insights into the dynamics of distributed technology 

projects by studying virtual teams—teams in which members do not work in collocated 

settings and primarily communicate with each other using ICT technologies (Jarvenpaa 

et al. 2004, Majchrzak et al. 2005, Hinds and Mortensen 2005). However, as Kirkman et 

al. (2004, p.175) point out, “Most studies on virtual teams are based on experimental 

settings with students performing artificial tasks with unrealistic time limits,” whereas 

what is needed is “studies examining virtual work teams performing meaningful, 

complex tasks in business organizations…”  
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 Further, these studies also suffer from the same limitations evident in the make 

versus buy literature. That is, most studies on virtual teams view teams as either 

completely virtual or completely face-to-face, a distinction that is both “unrealistic” and 

“artificial” (Kirkman et al. 2004, p. 178). By failing to take into account that “virtuality” 

lies on a continuum ranging from highly virtual to minimally virtual (Gibson and Cohen 

2003), these studies provide “one size fits all” prescriptions for managers that have only 

limited practical application. It is, therefore, not surprising that significant changes in 

the system of arrangements and procedures for organizing work over the past 20 years 

have outpaced our theories and methods of representing them (Child 2005). 

 
1.2. Research Objectives 

This dissertation aims to address two key objectives relating to the management of 

distributed technology projects. The first objective is to determine the type of project 

organization that is appropriate for a particular type of project work and scope. The 

second objective is to identify actionable strategies for improving project performance, 

given the type of project organization. 

 Addressing these two objectives effectively requires, first and foremost, 

identifying what the various project organization types are and how they differ from 

each other structurally. Using a parsimonious classification scheme based on the 

distribution of project organizations across firm and/or geographical boundaries, this 

dissertation identifies five different types of project organizations that are used in 

practice: (i) Collocated Insourcing, where a firm assigns project work to a collocated in-

house team, (ii) Distributed Insourcing, where a firm assigns project work to its 
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division or unit in a different city but in the same country, (iii) Outsourcing, where a 

user or a client firm contracts project work to a vendor firm in the same country, (iv) 

Offshoring, where a user or client firm assigns project work to its division/unit in a 

different country, and (v) Offshore-Outsourcing, where a user or a client firm contracts 

project work to a vendor firm in a different country. 

 Following this conceptualization, a specific set of questions aimed toward 

addressing the research objectives are framed and analyzed empirically using primary 

data from 830 information technology and product development projects spanning more 

than 65 countries and 26 industries. Specifically, this dissertation is organized into three 

essays (Figure 1-1). 

 
Figure 1-1: Organization of this Dissertation  
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 Essay 1 (Chapter 2 of this dissertation) involves a theoretically grounded 

empirical investigation into the role of project organization type in affecting the 

relationship between key project management factors and project performance. 

Specifically, the conceptual framework developed in this study examines the 

moderating impact of project organization type (Collocated Insourcing, Distributed 

Insourcing, Outsourcing, Offshoring, and Offshore-Outsourcing) on the relationships 

between project uncertainty and project performance and between project management 

style and project performance. Project uncertainty types are categorized as 

technological uncertainty, requirements uncertainty, and architectural uncertainty, and 

project management styles are separated into project control and project autonomy.  

 The empirical analysis yielded some counterintuitive results. Contrary to 

conventional wisdom, the results indicate that project organization types that span 

country boundaries (Offshoring and Offshore-Outsourcing) outperform Collocated 

Insourcing project organization, particularly in projects with higher requirements 

uncertainty and architectural uncertainty. Also, compared to Collocated Insourcing 

project organization, project control has a greater positive impact on project 

performance in Offshore-Outsourcing project organization, while project autonomy has 

a greater positive impact on project performance in Distributed Insourcing project 

organization. These findings are related to the contingent effects of the type of project 

organization and call into question the unqualified appropriateness of theoretical 

perspectives in the extant literature such as the information processing theory, the make 

versus buy concept from transaction cost economics, and virtual teams for investigating 
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such contingencies. All in all, this essay takes a step toward highlighting the boundary 

conditions of the current theoretical perspectives, particularly as they relate to the 

management of distributed technology projects. 

 Essay 2 (Chapter 3 of this dissertation), investigates the relationship between the 

type of technology project organization, product integration in a technology project, and 

project performance outcomes. The extant literature on product modularity and product 

architecture suggests that product development activities are most likely to be executed 

effectively when the organizational structures of technology projects mirror the 

architectures of the products under development. In the real world, however, the 

relationship between product architecture and organizational structure in managing the 

execution of technology projects has proven to be less straightforward than the literature 

would suggest. Understanding how the lack of mirroring between product architecture 

and organizational structure impacts technology project performance outcomes is, 

therefore, a topical issue for research investigation.  

 In a technology project organization setting, product integration involves pooling 

together those task modules or product components in a project that share design 

interfaces (to transfer information, signals, forces, materials or energy) to form a larger 

system delivering an over-arching functionality. The lack of correspondence between 

the product architecture and the organizational structure of a project manifests itself as 

incompatibility across project task modules during product integration. We introduce a 

concept, design-interface misalignment, to capture the incompatibility between 

interdependent task modules during the product integration phase of a technology 
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project. The empirical analysis indicates that design-interface misalignment is 

significantly higher in projects that span country boundaries (Offshoring and Offshore-

Outsourcing) compared to all types of domestic project organizations (Collocated 

Insourcing, Distributed Insourcing, and Outsourcing). Further, design-interface 

misalignment has a significant negative impact on project performance, and the impact 

is particularly severe in the case of Offshore-Outsourcing project organization 

compared to Collocated Insourcing project organization. Taken together, the study 

findings underscore the significance of design-interface misalignment as a key in-

process metric for evaluating the effectiveness of technology project execution and call 

for increased attention toward managing the product integration phase of a project, 

particularly in technology project organizations that span country boundaries. 

 Essay 3 (Chapter 4 of this dissertation) presents an econometric approach to 

measure the variation in project efficiency across the various project organization types 

and identify key project execution factors—namely, enablers of and barriers to project 

efficiency. Using stochastic frontier analysis (SFA), we measure a specific form of 

project efficiency called technical efficiency, defined as the ability of a project (or any 

productive entity) to obtain maximal attainable outputs from a given set of inputs. A 

technical efficiency model that includes structural and infrastructural factors to explain 

the variation in technical efficiency across projects is specified and estimated. The 

structural factor is the choice of the type of project organization for executing a project, 

namely, Collocated Insourcing, Distributed Insourcing, Outsourcing, Offshoring, and 

Offshore-Outsourcing. The infrastructural factors are those related to project 
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management, such as risk management planning, agile management practices, face-to-

face interaction, and employee turnover.  

 The empirical analysis in Essay 3 is based on primary data collected from more 

than 700 projects (a mix of information technology and product development projects). 

Projects from 26 industries and across 65 countries are represented in the study sample. 

The results indicate that the choice of the type of project organization is associated with 

the technical efficiency of a project: Distributed project organization types, particularly 

Offshoring and Offshore-Outsourcing, exhibit significantly lower technical efficiency 

compared to Collocated Insourcing. Further, as would be expected, employee turnover 

is negatively associated with the technical efficiency of a project. In contrast, project 

management practices such as risk management planning, agile management, and face-

to-face interaction are positively associated with the technical efficiency of projects. 

 Finally, Chapter 5 discusses the contribution of this dissertation to academic 

literature and its implications for practitioners. The chapter concludes with a discussion 

of this dissertation’s limitations and with suggested directions for future research. 
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Chapter 2 
 

An Empirical Analysis of Distributed Organization of Technology 
Projects: Within and Between Firms, and Country Boundaries 

 

2.1. Introduction 
 
Increasingly, technology projects are being distributed both within and between firm 

and country boundaries. Consequently, many unique challenges are emerging. One set 

of challenges relates to identifying the appropriate type of project organization for a 

given type of project work and scope. Another set of challenges relates to the 

identification of actionable strategies for improving project performance, given the type 

of project organization.  

 The extant literature provides limited insights to address these challenges. A 

number of studies have examined sourcing strategies at the firm level1 using the make 

versus buy framework, focusing mainly on the question of which activities a firm 

should keep and conduct in-house and which activities it should rely on outside 

suppliers to provide (e.g., Harrigan 1986, Walker and Weber 1987, Pisano 1990, Ulrich 

and Ellison 2005). From a practical standpoint, this focus on sourcing decisions at the 

firm level offers limited managerial guidance as it disregards contingencies at the 

project level, where such decisions are actually implemented (Mayer and Nickerson 

2005, Ethiraj et al. 2005). Further, the make versus buy framework only examines 

sourcing strategies from an ownership standpoint, ignoring the prevalence of alternate 

sourcing strategies that have emerged from the geographical distribution of work (Sinha 

                                                 
1 Notable exceptions to this generalization are studies by Novak and Eppinger (2001) regarding sourcing 
decisions in the automotive industry at the automotive systems level and Mayer and Nickerson (2005) 
who study sourcing decisions in information technology (IT) projects. 
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and Van de Ven 2005). For example, if a firm decides to execute a technology project 

using its own resources (i.e., chooses the make option), it can do so by assigning all of 

the project tasks to an in-house team at a given geographical location, by collaborating 

with a unit located in a different city within the same country, or by collaborating with a 

unit in a different country. If, on the other hand, a firm decides to contract an outside 

firm to execute the project in part or in full (i.e., if it chooses the buy option), it can 

choose either a domestic vendor firm or an international vendor firm. As each sourcing 

strategy leads to structural arrangements in project organization that differ in the extent 

to which they span firm and geographical boundaries, unique sets of challenges emerge 

in executing technology projects. Such challenges are not well understood (Novak and 

Eppinger 2001). 

 The literature review also revealed a number of published studies that have 

attempted to understand the dynamics of distributed work by studying virtual or 

distributed teams (e.g., Jarvenpaa et al. 2004, Espinosa et al. 2007, Majchrzak et al. 

2005, Chidambaram and Tung 2005, Montoya-Weiss et al. 2001). In virtual teams, the 

team members do not work in collocated settings and primarily communicate with each 

other using information and communication (ICT) technologies. These studies have a 

similar limitation to those in the make versus buy literature in that they view teams as 

either completely virtual or completely face-to-face, a distinction that is both unrealistic 

and artificial (Kirkman et al. 2004). The other limitation of these studies arises with 

respect to the situational context in which virtual team dynamics are examined. Most 

studies on virtual teams are based in experimental settings with students performing 
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artificial tasks with unrealistic time limits, whereas what is needed are “studies 

examining virtual work teams performing meaningful, complex tasks in business 

organizations” (Kirkman et al. 2004, p. 175). In this light, it is not surprising that 

dramatic changes in the system of arrangements and procedures for organizing work 

over the past 20 years have outpaced our theories and methods of representing them 

(Child 2005). 

 This study sets out to address these limitations. Using a classification scheme for 

technology project organizations2 that is based on the extent to which project 

organizations3 span firm and geographical boundaries, We identify and define five 

distinct types of project organization: Collocated Insourcing, Distributed Insourcing, 

Outsourcing, Offshoring, and Offshore-Outsourcing. This approach, wherein we 

distinguish between the different types of project organization, takes a refined and 

contemporary view of sourcing strategies that goes beyond the traditional make versus 

buy framework and the black box of virtual teams. Based on the classification scheme 

for technology project organizations, this study has two objectives.  

  The first objective is to examine the variation in performance outcomes across the 

different types of project organization. We uncover this variation in two steps. In the 

first step, we investigate whether the impact of project uncertainty on project 

performance is dependent on the type of project organization. Three major sources of 

                                                 
2 Classification schemes for sourcing strategies that are similar to the one proposed in this paper have 
been used in some recent studies by Metters (2008), Tanriverdi et al. (2007), and Eppinger and Chitkara 
(2006). 
 
3 The term project organization, as used in this study, simply refers to the organizational structure of a 
project. It should not be confused with the term project management organization/office (PMO), which 
refers to a department or group within an organization that defines and maintains the standards of process 
related to project management. 
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project uncertainty are investigated: technological uncertainty (uncertainty regarding 

the technology to be used in the project); requirements uncertainty (uncertainty 

regarding the project client requirements); and architectural uncertainty (uncertainty 

regarding the nature and extent of dependencies across project task modules). The 

specific research question guiding this investigation is:  

RESEARCH QUESTION 1: Does the type of project organization affect the 
relationship between project uncertainty and project performance? If so, how? 

 
 Moving forward, we turn to the role of project management style in influencing 

project performance across the five types of project organization. Determining the 

appropriate project management style is a distinct challenge in the case of distributed 

project organizations as “there is little current theory to guide researchers on the 

leadership and management” of such settings (Bell and Kozlowski 2002, p.15).  Project 

management style is comprised of two dimensions: project control (the extent to which 

formal policies and procedures for carrying out project tasks are pursued during the 

execution of a project) and project autonomy (the extent to which project team members 

are involved in decision-making and day-to-day management of the project). The 

specific research question guiding this investigation is:  

RESEARCH QUESTION 2: Does the type of project organization affect the 
relationship between project management style and project performance? If so, 
how? 

 
 The second objective of this study is to get closer to the phenomena of 

“outsourcing” and “offshoring” of technology projects. While project outsourcing and 

offshoring have received considerable media attention in the past few years, much of 

what is reported continues to take the form of largely anecdotal case studies of 
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successes or failures. Recently, a few large sample empirical studies have been 

conductednamely, Duke University’s CIBER/Archstone Consulting 2007 Offshoring 

Study4 and Deloitte’s 2007 Financial Services Offshoring Study.5 These studies, 

though, have focused primarily on current offshoring trends and performance outcomes 

(specifically, cost savings) from offshoring, without actually examining factors that 

affect performance outcomes (i.e., the performance enablers and barriers). To the best 

of our knowledge, this is the first study to empirically analyze primary project-level 

data on a large sample of projects comprised of different types of project organizations 

with the intent of delving deeper into understanding the factors that affect project 

performance. Specifically, we used a web-based survey to collect data from 830 

information technology and product development projects across five types of project 

organization (Collocated Insourcing, Distributed Insourcing, Outsourcing, Offshoring, 

and Offshore-Outsourcing) and spanning more than 26 industries to address the two 

research questions guiding the study.  

 This study presents three key findings. First, contrary to conventional wisdom, the 

results of the empirical analysis indicate that project organizations that span country 

boundaries (Offshoring and Offshore-Outsourcing) outperform Collocated Insourcing 

project organization, particularly with increasing requirements uncertainty and 

architectural uncertainty of projects. Second, compared to Collocated Insourcing project 

organization contexts, project control has a greater positive impact on project 

performance in Offshore-Outsourcing project organization. Finally, compared to 

                                                 
4 https://offshoring.fuqua.duke.edu/pdfs/1st_highlights.pdf 
 
5 http://www.deloitte.com/dtt/research/0,1015,cid%253D161519,00.html 
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Collocated Insourcing project organization, project autonomy has a greater positive 

impact on project performance in Distributed Insourcing project organization.   

  The remainder of the paper is organized as follows. In the ensuing section, we 

present the conceptual foundation of the study and develop the hypotheses that guide 

the empirical analysis. We then move on to a discussion of research design followed by 

empirical examination of the hypotheses and the results. The subsequent section 

discusses the results. In the final section, we present the contributions of this study to 

theory and practice, the study’s limitations, and directions for future research.    

 
2.2. Conceptual Foundation  

In this section, we discuss the key constructs of this study, develop the hypotheses, and 

present the integrative conceptual framework that depicts the relationships among the 

constructs posited in the hypotheses.  

 
2.2.1. Project Organization Types 

We use a two-by-two classification scheme, Figure 2-1, to depict the five types of 

project organization identified in the study. The two dimensions on which the 

classification scheme is based are the vertical axis, which represents the distribution of 

project organizations within and between country boundaries, and the horizontal axis, 

which represents the distribution of project organization within and between firm 

boundaries. Four distinct types of project organization emerge from this two-by-two 

classification scheme: Insourcing, Outsourcing, Offshoring, and Offshore-Outsourcing. 

A third dimension representing the geographical distribution of project organization 
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within and across cities is nested within the vertical axis to further classify the 

Insourcing project organization into two sub-types: Collocated Insourcing and 

Distributed Insourcing. Each of these types of project organization involves transactions 

between two groups of stakeholders: a project client and a project team. The project 

client typically assigns or contracts project tasks to the project team, and these two 

groups of stakeholders can be part of the same firm or different firms (e.g., a user or 

client firm and a vendor firm). We define the different types of project organizations 

below. 

          Figure 2-1: Classification Scheme for Technology Project Organizations 
 

 

 
 

 

 

 

 

 
 
 
 

 
 

 Collocated Insourcing: A firm assigns project tasks to a collocated in-house team. 
An illustrative example is the design of Motorola’s “Razr” phone. 
 

 Distributed Insourcing: A firm assigns project tasks to its division or unit in a 
different city but within the same country. An illustrative example is Phoenix 
International, a North Dakota-based subsidiary of John Deere, working with its 
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 Outsourcing: A user or client firm contracts project tasks to a vendor firm in the 
same country. An illustrative example is U.S. firm Lucent Technologies, a client 
firm, contracting with Borland Inc., a vendor firm also based in the U.S., to develop 
automatic testing equipment. 

 
 Offshoring: A user or client firm assigns project tasks to its division or unit in a 

different country. An illustrative example is the Microsoft corporate R&D group 
based in Redmond, Washington collaborating with Microsoft’s India Development 
Center on new software development. 

 
 Offshore-Outsourcing: A user or client firm contracts project tasks to a vendor 

firm in a different country. An illustrative example is Aviva, a U.K.-based client 
firm that is a leading provider of insurance products, contracting with Tata 
Consulting Services, a vendor firm based in India, for the development of software 
for partner management system. 

 
 
2.2.2. Project Uncertainty 

Uncertainty in a technology project can arise from multiple sources. We focus on three 

key sources of project uncertainty: technological uncertainty, requirements uncertainty, 

and architectural uncertainty.  

 Technological Uncertainty: Technological uncertainty is defined as the extent to 

which project team members are familiar with the technological requirements of the 

project tasks and pursue well-established technical procedures for accomplishing those 

tasks. This definition is derived from Perrow’s (1967) concept of task analyzability and 

Nidumolu’s (1995) concept of technological analyzability.  

  The extent of technological uncertainty in a project has important implications for 

the coordination requirements imposed on a project client and a project team. To reduce 

technological uncertainty, the project client and the project team need to continually 

discuss non-routine problems and integrate solutions. Technically uncertain 

environments also involve ever-changing social constructions (Tsoukas 1996) and 



 

17 
 

require collective action from the project client and the project team to mutually define 

and address uncertainties. For example, the project client and the project team will need 

to agree on a common definition of what they are doing, plan how to hand off 

components of the work expeditiously, and, in general, synchronize the activities of the 

team. Project team members often also need to communicate and convince the project 

client of their views about specific project tasks and their proper design and possibly 

renegotiate these views. According to proponents of the information processing theory 

(Galbraith 1973, Tushman and Nadler 1978), uncertainty in technical environments can 

be minimized by choosing an organization design that is efficient in acquiring and 

processing rich information. Wheelwright and Clark (1992) call for an integrated 

problem solving approach for working in technically uncertain environments. Thus, if 

the project client and the project team are physically proximate, they can work together 

to expeditiously resolve technical issues that continually arise during the execution of a 

project. 

 The distribution of a project’s tasks across different geographical locations by, for 

example, moving from a Collocated Insourcing project organization to one of the types 

of distributed project organization (Distributed Insourcing, Outsourcing, Offshoring, or 

Offshore-Outsourcing) systematically extends the horizontal boundaries of the project 

and undermines the functional integration of project tasks. Increasing geographical 

distance between a project client and a project team inhibits real time information 

exchange and face-to-face communication. Further, cultural and language differences 

between the project team and the project client contribute to increased difficulty in 
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information processing. In a recent study conducted by Accenture (a leading 

management consulting, technology services, and outsourcing firm), over 75% of the 

managers questioned named a coupling of different communication styles with cultural 

differences as the key factor that causes problems between onshore and offshore staff in 

technology projects.6 It is evident in the synthesis of the literature that an increase in 

technological uncertainty poses greater challenges in distributed project organizations 

as compared to Collocated Insourcing project organization. Therefore, we posit the 

following hypothesis: 

HYPOTHESIS 1 (H1): Technological uncertainty and the type of project 
organization interact negatively in their effect on project performance, such that 
technological uncertainty has a stronger negative impact on project performance 
in distributed project organizations as compared to Collocated Insourcing project 
organization. 

  

 Requirements Uncertainty: Requirements uncertainty is the extent to which user 

requirements vary during the course of project execution. A “requirement” is a 

necessary attribute of a system, a statement that identifies a capability, characteristic, or 

quality factor of a system in order for it to have value and utility to a user (Young 

2001). Consequently, requirements uncertainty can be a major source of uncertainty for 

a project team and has been shown to affect project outcomes negatively (Nidumolu 

1995). According to McConnell (1997, p. 113): 

The most difficult part of requirements gathering is not documenting what the 
users “want”; it is the effort of helping users figure out what they ”need” that can 
be successfully provided within the cost and schedule parameters available to the 
development team. 

 

                                                 
6 http://newsroom.accenture.com/article_display.cfm?article_id=4376 
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  Typically, the business requirements of a project originate from a project client 

and are communicated to a project team. After a careful study and with an 

understanding of the business requirements, the project team translates them into 

technical requirements and individual project tasks, which are then assigned to its 

members. While the sequence of events related to the translation of a project’s business 

requirements into individual project tasks is described here in a simplistic manner, it is 

evident that issues concerning overall project requirements can arise not only from a 

project client (e.g., when the project client does not have a clear conceptualization of 

the business requirements), but also from a project team (e.g., when the business 

requirements are not understood by the project team). In either case, frequent and in-

depth communication between the project client and the project team can be an 

important factor in resolving project issues concerning requirements uncertainty. While 

the project client can tap into the experience of the project team (which may have 

worked on similar projects before), the project team can also frequently interact with the 

project client when confusion arises about project requirements. As physical distance 

between the project client and the project team increases in distributed project 

organizations close and frequent communication is increasingly hindered. Differences 

in work culture and “thought worlds” (Dougherty 1992) across the project client and the 

project team in such project organizations can confuse communications between the 

two and can be obstacles in solving problems related to project requirements. Hence, we 

posit the following hypothesis: 
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HYPOTHESIS 2 (H2): Requirements uncertainty and the type of project 
organization interact negatively in their effect on project performance, such that 
requirements uncertainty has a stronger negative impact on project performance 
in distributed project organizations as compared to Collocated Insourcing project 
organization. 

 

 Architectural Uncertainty: Architectural knowledge refers to the understanding of 

how the building blocks of a system work together, how they are built, and how they are 

disassembled (Fixson 2005). This type of knowledge “tends to become embedded in the 

structure and information processing procedures of established organizations” 

(Henderson and Clark 1990, p. 9). Uncertainty about product or software architecture in 

a technology project is a significant challenge to the development process and can prove 

costly (Ethiraj and Levinthal 2004a, Sosa et al. 2004). Mistakes or problems in one task 

module can have unanticipated negative consequences for other task modules. Further, 

as organizational structures of technology projects tend to mirror the architecture of the 

system being developed (Hoetker 2006), uncertainty in product or software 

architectures can lead to uncertainty in many of the key project organization decisions. 

Such decisions include the number and size of project teams, who should do what tasks 

and where, whether project teams should be cross-functional, the choice of methods to 

steer group processes, and the degree of overlap and sequence in executing project tasks 

(Fixson 2005).  

  The identification of an optimal product or software architecture requires an in-

depth functional and technical understanding of the project. Both a project team and a 

project client need to be involved in sharing design and functionality information in a 

synchronous, real time manner. Increasing geographical and cultural differences 
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between the project team and the project client complicate this process of information 

exchange. In a study of complex product development, Sosa et al. (2004) found that 

organizational boundaries tended to significantly reduce cross-boundary team 

interactions and increased the chances of encountering misalignment between task 

modules. While project teams face difficult challenges in searching and transferring 

technical knowledge across organizational boundaries (Hansen 2002), project clients 

tend to simplify and filter certain aspects of external technical knowledge to facilitate 

knowledge transfer across dependent task modules (Henderson and Clark 1990). This 

tendency can be even more problematic when knowledge transfer takes place across 

geographical and cultural boundaries, as project teams are more likely to underestimate 

or misunderstand the impact of certain types of dependencies. Consequently, the 

potential for mistakes and rework is high, and project performance is likely to be lower 

in such cases. Hence, we posit the following hypothesis: 

HYPOTHESIS 3 (H3): Architectural uncertainty and the type of project 
organization interact negatively in their effect on project performance, such that 
architectural uncertainty has a stronger negative impact on project performance 
in distributed project organizations as compared to Collocated Insourcing project 
organization. 

 

2.2.3.  Project Management Style 

As technology projects become increasingly distributed within and between firm and 

geographical boundaries, they present a growing number of difficulties for project 

execution. Understanding how project managers can tailor their project management 

style during the execution phase of a project to improve project performance across the 

different types of project organization is an important objective. To address this 
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question, we study two underlying dimensions of project management styleproject 

control and project autonomyand examine the variation in their relationship with 

project performance across the different types of project organization.  

 Project Control: This dimension of project management style emphasizes a 

disciplined problem solving approach toward executing project tasks (Lewis et al. 

2002). The importance of project control as a way to manage a project arises from the 

fact that it provides “a sense of structure and sequence to the work, reducing ambiguity 

for project personnel regarding what to work on and when” (Tatikonda and Rosenthal 

2000, p. 405). Moon and Sproull (2002) have emphasized the worth of standard 

procedures and norms in managing distributed work. Within a single organization, 

location, or culture, certain basic assumptions and information are shared which reduce 

the overall complexity of human interactions (Schein 1983, Zack 1993). On the 

contrary, interactions across organizational and country boundaries are inherently 

complex. They can be made simpler if project team members build a shared view of 

their task and trusting relationships with one another (Maznevski 1994) by forming a 

common language and procedure for communication. Instead of talking repeatedly 

about what each project team member should do, the use of standard procedures, norms, 

protocols, or documentation allows each project team member to manage their tasks 

autonomously and deliver their work in a standard format. Project control, thus, can be 

very useful in reducing the coordination complexity in distributed project organizations 

and can lead to better resolution of issues and problems. Hence, we posit the following 

hypothesis: 
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HYPOTHESIS 4 (H4): Project control and the type of project organization 
interact positively in their effect on project performance, such that project control 
has a stronger positive impact on project performance in distributed project 
organizations as compared to Collocated Insourcing project organization. 

 

 Project Autonomy: Project autonomy is the extent to which project team members 

are involved in managing the day-to-day execution of the projects and are encouraged 

to provide input into critical project decisions such as the allocation of resources and the 

format of progress reviews. Investigation of autonomy as a distinct style of managing 

projects has received much less attention than project control in empirical studies, 

mainly due to the fact that most survey measures have viewed them as mutually 

exclusive and contrasting styles of project management that form the ends of a single 

continuum (Lewis et al. 2002). Notable exceptions to this generalization include 

Tatikonda and Rosenthal’s (2000) study on formality versus project management 

autonomy, Lewis et al.’s (2002) study on planned style versus emergent style, and 

Nidumolu and Subramani’s (2003) study on standardization versus decentralization. 

Further, there is a body of literature that has examined the performance impact of 

project autonomy for collocated teams (e.g., Kirkman et al. 2004). However, in 

reviewing the literature, we did not find any studies that shed light on how autonomy 

affects performance in distributed project organizations.  

 In the context of distributed project organizations, there are considerable 

differences between a project client and a project team with respect to organizational 

processes and contexts; the project client and project team represent distinct “thought 

worlds” (Dougherty 1992). Successful execution of a project requires bridging 
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differences across these “thought worlds” and developing a shared context (Hinds and 

Mortensen 2005). Further, autonomous decision-making by members of the project 

team and their individual discretions in making critical project decisions can lead to the 

creation of multiple individual “thought worlds”, thereby increasing the variation in 

related activities for both the project client and the project team. Contextual differences 

between the project client and the project team may even mask proper understanding of 

the actual conditions under which individual project team members make decisions and 

can lead to conflict situations as well as a lack of trust. For example, in a reported case 

of a failed engineering project (Armstrong and Cole 2002), the post-mortem analysis 

revealed significant differences in expectations between the U.S. and European groups. 

Even careful planning did not prevent misunderstandings about specific processes vital 

to the project’s success. The U.S. and European sites had different definitions of 

completed product quality and tested their work using different procedures. These 

differences caused unexpected conflicts and delays and were viewed by both sides as 

signs of bad faith and political maneuvering by the other. These two sites were unable 

to overcome the mistrust that existed between them and never developed a unified 

group identity. It is evident from this example that project autonomy negatively affects 

the synchronous execution of the project tasks between a project client and a project 

team and leads to decreased project performance for distributed project organizations. 

Hence, we posit the following: 

HYPOTHESIS 5 (H5): Project autonomy and the type of project organization 
interact negatively in their effect on project performance, such that project 
autonomy has a weaker positive impact on project performance in distributed 
project organizations as compared to Collocated Insourcing project organization. 
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2.3. Conceptual Framework 

Figure 2-2 presents the conceptual framework that integrates the hypothesized 

relationships between the underlying dimensions of project uncertainty and project 

management style, the different types of project organization, and project performance. 

   
Figure 2-2: Conceptual Framework for the study 
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2.4. Research Design 
          
2.4.1.  Sampling Frame 

We followed a systematic and rigorous procedure of collecting data by designing and 

administering a web-based survey. A preliminary version of the survey instrument was 

designed and pre-tested with three academic researchers and two practitioners to assess 

content validity and clarity of the questions. Following this process, another round of 

pre-testing was done by sending a web-based version of the survey instrument to 

members of two professional project management associations: PMHUB 

(www.pmhub.net) and Project Management Institute’s (PMI) local chapter at Pune, 

India.7 Overall, the pre-testing helped gauge initial reactions to the survey and identify 

and address survey questions that could be confusing or prone to misinterpretation. 

Specific aspects of the survey, such as item non-response, survey dropouts, and the time 

taken to answer the questionnaire, were assessed and modifications were made to the 

content and the organization of the survey to improve the survey-taking experience. 

  The final version of the web survey was e-mailed to the members of two specific 

interest groups (SIGs)8 within the PMI: the PMI–Information Systems Specific Interest 

Group (PMI–ISSIG) and the PMI-New Product Development Specific Interest Group 

(PMI–NPDSIG). The PMI–ISSIG has the largest membership of all of the SIGs of PMI, 

serving a broad range of industries in the information technology sector. Two follow-up 

                                                 
7 Both PMHUB and PMI (www.pmi.org) are well-recognized professional associations serving as 
platforms for project management professionals to share ideas and experiences, access industry 
information, attend seminars and workshops, increase professional exposure through networking, and 
gain leadership experience. 
 
8 The “specific interests groups” are PMI groups that promote the exchange of knowledge among PMI 
members concerning the application of project management practices, issues and challenges in specific 
contexts. 
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reminders were sent approximately one week and four weeks after the date of the first 

mailing. This led to 675 usable responses from this SIGa response rate of 

approximately 6%.9 For the PMI-NPDSIG, a professional association of product 

development professionals, three follow-up reminders were sent approximately every 

two weeks from the date of the first mailing. A total of 155 usable responses were 

received from this SIG representing a response rate of approximately 13%. 

 
2.4.2. Non-response Bias and Comparisons across Samples 
 
To check for the presence of non-response bias, we use the extrapolation method 

proposed by Armstrong and Overton (1977). This method classifies a sample into 

groups of early and late respondents. A series of statistical comparisons is performed for 

key variables to identify differences across the respondent groups. The underlying 

assumption here is that late respondents are similar to non-respondents, as their 

responses are obtained after multiple contacts. Thus, a comparison between late 

respondents and early respondents provides clues about the presence of non-response 

bias. Using this method, data from each SIG was split into two sub-groups: the first sub-

group represented those responses obtained after the first contact, and the second sub-

                                                 
9 While this response rate appears to be lower than the typical response rates for survey research, we have 
identified key factors creating that appearance. First, the sampling frame of the PMI-ISSIG consists of 
many members (project management professionals) who have little or no experience working on any 
form of distributed project organizations, and so they are less likely to respond to the survey. Tanriverdi 
et al. (2007) point out to the risks of using such sampling frames in the early stages of an emerging 
phenomenon. Second, the large size of the sampling frame itself is a major factor in lowering response 
rates. Larger sampling frames are difficult to manage and have the potential for inaccuracies in terms of 
invalid/bouncing e-mail addresses. For example, we received regular e-mails from the PMI-ISSIG even 
after the expiry of his membership. While a smaller, randomly selected contact list from the overall 
sampling frame would have increased the response rate (Dillman 2000), the risk of not obtaining 
sufficiently large representations of the various forms of distributed project organizations would  have 
been considerably high. Third, it is very likely that other surveys with a similar focus have been mailed to 
this sampling frame in the past, leading to survey fatigue for the membership. 
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group corresponded to responses obtained after sending reminders. Statistical t-tests 

across the two sub-groups for each SIG based on all the constructs in our conceptual 

framework did not reveal any significant differences. Therefore, non-response bias did 

not appear to be a problem in this study. Also, t-tests on overall differences in 

demographic variables and project performance outcomes across the two specific-

interest groups did not indicate any significant differences. Finally, following Li et al. 

(2007), we checked for the bias that only successful projects were represented in the 

responses from the two SIGs by comparing the percentage of projects that had a rating 

of 4 or below on a 7-point Likert scale representing Project Performance (see 

§§Dependent Variable, p. 16 for details) across the two SIGs. Approximately 46% and 

48% of the projects from the PMI-ISSIG and the PMI-NPDSIG had a Project 

Performance value of 4 or below, thereby reducing concerns that the responses were 

biased toward successful projects alone. Given the similarities in the responses across 

the two SIGs, they were pooled together to yield a total sample of 830 technology 

projects for conducting the empirical analysis in this study.  

 
2.4.3. Sample Characteristics 

Appendix 2-1 provides summarizes the data for each specific-interest group and the 

total sample by highlighting the distribution of the different types of project 

organization, key demographic variables, and project performance. Across the total 

sample of 830 technology projects, the distribution of the five types of project 

organization were as follows: 38.6% (320) projects with Collocated Insourcing project 

organization, 16.1% (134) with Distributed Insourcing project organization, 20.2% 
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(168) with Outsourcing project organization, 8.6% (71) with Offshoring project 

organization, and the remaining 16.5% (137) with Offshore-Outsourcing project 

organization.  

 By way of respondent profile, approximately 72% of the respondents were project 

managers; 13% were senior level managers such as a program manager or a portfolio 

manager; and 15% were either project team members or held specialist roles within a 

project such as a technical lead, quality assurance analyst, or business analyst. 

Respondents were also asked to indicate their affiliation with respect to the project from 

among three choices: project team, project client, or external consultant. Nearly 57% of 

the respondents were affiliated with a project team, 30% with a project client, and 13% 

with an external consultant. The average total work experience of respondents was 21.2 

years, out of which an average of 11.5 years were spent in a project management role. 

These numbers suggest that the respondents were highly experienced and 

knowledgeable not only about their project, but also about domain of project 

management, thereby increasing our confidence in the quality and the accuracy of the 

data (Li et al. 2007). With respect to project characteristics, the average project team 

size was 28 members, and the sample of projects fell into three broad categories: 

 Hardware: Projects involving the development of a physical product, or a 
software that interfaces with a physical product such as system software or 
embedded software (16% of the total sample); 
 

 Software: Application software development projects (72% of the total sample); 
and 
 

 Infrastructure: Enterprise IT infrastructure development projects (12% of the 
total sample). 
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 With respect to geographical location, nearly 75% of the projects had their project 

clients located in North America while European and Asian project clients were a 

distant second and third with only 8% and 6% representation, respectively. Among 

project organizations that spanned country boundaries (Offshoring and Offshore-

Outsourcing), 65% of project teams were located in Asia while North America 

comprised only 17% of the sample. Nearly 56% of these project teams were based out 

of India. 

 
2.4.4. Dependent Variable 

Project Performance is measured using five items (Cronbach’s alpha = 0.90) that 

capture project outcomes on the following dimensions: cost, schedule, quality, technical 

performance, and overall satisfaction. These dimensions have been widely used in 

product development literature and provide a holistic assessment of project outcomes 

(Gerwin and Barrowman 2002, Krishnan and Ulrich 2001). Responses for each 

dimension were recorded on a 7-point Likert scale (1 = Significantly Worse, 7 = 

Significantly Better). Appendix 2-2 provides details on the measurement of project 

performance. 

 
2.4.5. Independent Variable 

Project Organization Type: The measure for project organization type is based on the 

classification scheme described earlier and represented in Figure 2-1. Respondents were 

asked to select one from among the five types of project organization: Collocated 

Insourcing, Distributed Insourcing, Outsourcing, Offshoring, or Offshore-Outsourcing. 
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To ensure that respondents understood the meaning of each type of project organization 

and answered correctly, a brief definition was provided for each type of project 

organization in the survey questionnaire.  

 Project Uncertainty: Both technological uncertainty (TechUnc) and requirements 

uncertainty (ReqUnc) were measured on a 5-point Likert scale (1 = Strongly Disagree, 5 

= Strongly Agree) using four items adapted from Nidumolu (1995). The survey items 

on technological uncertainty (Cronbach’s alpha = 0.76) captured the extent of project 

team members understanding and familiarity with the technology used in the project, 

whereas the items on requirements uncertainty (Cronbach’s alpha = 0.85) measured the 

degree of stability of project client requirements at various stages in the project. 

Architectural uncertainty (ArchUnc) for a project was measured using three items 

(Cronbach’s alpha = 0.76) that captured the degree of difficulty involved in 

deconstructing a project into individual task modules and in clearly identifying the 

interdependencies across the task modules. The responses across each item were 

captured on a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree). 

Appendix 2-2 lists the individual items for each of the above constructs.  

 Project Management Style: Project control (ProjCtrl) was measured using four 

items (Cronbach’s alpha = 0.75) adapted from Tatikonda and Rosenthal (2000) and 

captured the extent of control exercised in a project by way of formal policies, frequent 

progress reviews, and clearly defined milestones. Responses to this construct were 

recorded on a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree). Project 

Autonomy (ProjAuto) was measured using 3 items (Cronbach’s alpha = 0.62) that were 
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adapted from Lewis et al. (2002) and Tatikonda and Rosenthal (2000). These items 

captured the extent to which project team members were involved in the day-to-day 

decision-making and management of projects. Responses to this construct were 

recorded on a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree). See 

Appendix 2-2 for details on the above constructs. 

 
2.4.6 Control Variables 

It is conceivable that external factors pertaining to the characteristics of a project could 

contribute to the variation in project performance. We controlled for several such 

project characteristics in the analysis. Project team size has been used as a control 

variable in many studies (e.g., Atuahene-Gima 2003, Boh et al. 2007) based on the 

premise that bigger project teams are likely to have more resources than smaller project 

teams, and, in turn, better performance. Therefore, we include the natural logarithm of 

project team size (lnTeamSize) in the analysis. The different categories of technology 

projects in the study samplenamely, hardware, software, and infrastructureare each 

likely to impose different information processing demands in the project and may 

confound the measure of project performance. Following Atuahene-Gima (2003), we 

controlled for the effect of project type on project performance by including two 

indicator variables (Hardware = 1 for projects in the Hardware category, and 0 

otherwise; Software = 1 for projects in the Software category, and 0 otherwise) in the 

analysis. We also controlled for the heterogeneity in industry type in the sample by 

including indicator variables for selected industries that have high representation in the 
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study sample:10  InformationTechnology = 1 for projects in the information technology 

industry, and 0 otherwise; Banking = 1 for projects in the banking industry, and 0 

otherwise; Insurance = 1 for projects in the insurance industry, and 0 otherwise; 

HealthCare = 1 for projects in the healthcare industry, and 0 otherwise; Manufacturing 

= 1 for projects in the manufacturing industry, and 0 otherwise. In addition, given that 

the majority of the project teams were located in North America, we controlled for 

project team location by using an indicator variable (NorthAmerica = 1 when the project 

team is located in North America, and 0 otherwise). Heterogeneity among respondents 

in the sample was also controlled using the following demographic variables (as in 

Slaughter and Kirsch 2006): 

 Years of project management experience of the respondent: Specifically, we 
include the natural logarithm of this variable (lnProjMgmtExp) in the analysis. 
 

 Respondent’s role in the project: Two indicator variables were created to 
represent three respondent roles (ProjectMgr = 1 for project manager, and 0 
otherwise; SeniorMgr = 1 for senior level manager, and 0 otherwise). 

 
 Respondent’s affiliation with respect to the project: Two indicator variables 

were created to represent three categories (ProjectClient = 1 for project client, 
and 0 otherwise; ProjectTeam = 1 for project team, and 0 otherwise). 

 
 Finally, we controlled for the past experience (PastExperience) of a project team 

in handling similar projects, as it could be a factor affecting project performance (Haas 

2006). Four items were used to capture the past experience (Cronbach’s alpha = 0.75) of 

a project team working on projects that were similar to the reference project in terms of 

the type of project organization, scope/size, and project client requirements. The 

                                                 
10 Although the sample of 830 technology projects was drawn from more than 26 industries, the dominant 
industries were information technology (127 projects), banking (87 projects), insurance (58 projects), 
health care (65 projects), and manufacturing (66 projects). 
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responses to these items were measured on a 5-point Likert scale (1 = Strongly 

Disagree, 5 = Strongly Agree). Appendix 2-2 presents more details on the measurement 

of the construct.  

 
2.5. Analysis and Results 

2.5.1. Measurement Properties of Constructs 

We performed Confirmatory Factor Analysis (CFA), using AMOS 4, to examine the 

measurement properties of all of the scales measuring the constructs in the conceptual 

framework. The measurement model involved 18 items forming five correlated 

constructs that represented the different dimensions of project uncertainty and project 

management style. In assessing the overall fit of the measurement model, we estimated 

the normed chi-square statistic (χ2/df), RMSEA, and fit indices such as Goodness-of-Fit 

Index (GFI), Incremental Fit Index (IFI), Comparative Fit Index (CFI), and Tucker 

Lewis index (TLI). The results of CFA indicated a good fit with the data, with all fit 

indices exceeding the cutoff value of 0.90 (GFI = 0.95, IFI = 0.95, CFI = 0.94 and TLI 

= 0.95). Further, the normed chi-square statistic (χ2/df = 2.95, χ2= 368.21, df = 125) is 

below the cutoff value of 3, and RMSEA is 0.05below the cutoff value of 0.08. The 

modification indices for the measurement items and their error terms were all within 

acceptable limits, indicating that the measurement model was correctly specified. 

 Following this step, we assessed the composite reliabilities and the validities of 

the independent variable construct scales calculated using the procedures outlined by 

Fornell and Larcker (1981) (Cronbach’s alphas are also included for comparison). Also, 

the parameter estimates and the associated p-values were examined for each construct 
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(Anderson and Gerbing 1988). The composite reliabilities ranged from 0.61 to 0.85 

(Cronbach’s alphas ranged from 0.65 to 0.91), and the factor loadings ranged from 0.50 

to 0.94 (p < 0.01). Discriminant validity was assessed through an analysis of all of the 

possible pairs of constructs in a series of two-factor CFA models (Bagozzi and Phillips 

1982). Each model was estimated twice—once constraining the Φ coefficient to unity 

and once freeing this parameter. A χ2-test was used to assess if the Δχ2 was significantly 

lower for the unconstrained models as compared to the constrained model. The critical 

value (Δχ2
(Δdf=1) > 3.84) was exceeded in all cases. Overall, we found the 5 independent 

variable constructs and the 18 items reliable and valid. In the next step, we tested for the 

presence of common method variance (CMV) in the sample data. 

 CMV refers to the amount of spurious covariance shared among variables that can 

potentially bias empirical findings, particularly in single-respondent, self-reported 

surveys (Podaskoff et al. 2003). According to Malhotra et al. (2006), biases from CMV 

typically creep in when respondents express their opinions on socially sensitive topics 

(i.e., social desirability) or on someone they know well (i.e., leniency biases). Such 

situations, as they argue, are more prone to guessing or a reliance on other situational 

cues as compared to cases where respondents are required to express their opinions on 

impersonal contexts (such as in a technology project in this study).11 Nevertheless, 

following Podaskoff et al. (2003), we focused on reducing CMV arising from 

                                                 
11 Based on the review of information systems (IS) literature, Malhotra et al. (2006) point out that the 
inflation in correlation resulting from CMV is typically marginal (on the order of 0.10 or less) and that 
most of the significant correlations and structural relationships remain significant even after controlling 
for CMV. Also, according to Crampton and Wagner (1994, p.72), in the context of micro-organizational 
research, inflated correlations from CMV is “more the exception than the rule.” We believe that these 
observations apply to the context of this study. 
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measurement item characteristics by using separate scale format and anchors for project 

performance measures and the independent variables, reducing the social desirability of 

items, reducing item complexity and ambiguity, and using multi-item scales. Further, to 

detect the presence of CMV, we used a CFA approach to conduct Harman’s one-factor 

test (Podsakoff et al. 2003). The rationale here is that, if CMV was a problem in the 

analysis, a single latent factor would account for all the items representing the key 

variables in the conceptual framework (Project Organization Type being a categorical 

variable is excluded from this test). The fit for the one-factor model was considerably 

worse (χ2 = 4750.1, df= 230) compared to the multi-factor model (χ2 = 801.7, df = 215), 

thereby suggesting that CMV is not a problem in the analysis.  

 
2.5.2. Hypothesis Testing 

Table 2-3 presents the correlations for the quantitative variables in the analysis along 

with their means and standard deviations. All hypotheses were tested using ordinary 

least squares (OLS) regression estimation procedure. For the dependent variable, project 

performance, an overall index representing mean performance across the measures of 

schedule, budget, quality, technical performance, and overall satisfaction was 

constructed and used in the estimation of the regression models. The constructs related 

to project uncertainty and project management style were used as predictors in the 

estimation procedure in the form of factor scores obtained from the Principal 

Component Analysis of the measurement items. Four indicator variables (DI = 1 for 

Distributed Insourcing or 0 otherwise; OUT = 1 for Outsourcing or 0 otherwise; OFF = 

1 for Offshoring or 0 otherwise; OFFOUT = 1 for Offshore-Outsourcing or 0 otherwise) 



 

37 
 

representing the five types of technology project organization were included in the 

analysis.12 We estimated six separate models to empirically test the proposed 

hypotheses. Model 1 is the baseline regression model and includes all of the control 

variables as independent variables. The remaining models (Model 2 through Model 6) 

involved the main effect terms (representing project uncertainty and the project 

management style variables) and their interaction effect terms with the indicator 

variables representing the different types of project organization, along with the control 

variables. The specification of the interaction effects model is as follows:  

 
Model  i 

Project Performance =  β0 + β1lnTeamSize + β2lnProjMgmtExp 

 + β3Hardware+ β4Software + β5ProjectMgr + β6SeniorMgr 

 + β7ProjectClient + β8ProjectTeam+ β9InformationTechnology  

+ β10Insurance + β11Banking + β12Healthcare+ β13Manufacturing  

+ β14NorthAmerica + β15PastExperience   
 
+ β16DI + β17OUT + β18OFF + β19OFFOUT   + β20Variablei   
 
+ β21DI×Variablei + β22OUT×Variablei + β22OFF× Variablei  
+ β23OFFOUT× Variablei 
 
Where i Є [2, 3, 4, 5, 6]; Variable2 = TechUnc, Variable3 = ReqUnc, Variable4= 
ArchUnc, Variable5 = ProjCtrl and, Variable6 = ProjAuto 

                                                 
12 To the best of our knowledge, there is no theory arguing for or against the presence of inherent ordering 
among these categories. According to Gulati et al. (2005) and Tanriverdi et al. (2007), if researchers are 
not certain about whether categories are ordered or not, it is better to use a model with lesser assumptions. 
Therefore, following these studies, we treat the type of project organization as a nominal categorical 
variable rather than as an ordinal categorical variable. 

Control 
Variables 

Main Effects 

Interaction 
Effects 
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Table 2-1: Descriptive Statistics and Correlation Matrix for Quantitative Variables 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
n = 830 observations, *p < 0.05, **p < 0.01  

 Variables Mean St.Dev    1    2    3    4    5    6    7 8 9 

1 TeamSize 27.48 42.78  1.00         

2 ProjMgmtExp 11.48   6.09  0.06  1.00        

3 PastExperience  3.75   0.87 -0.05  0.05  1.00       

4 Technological Uncertainty  2.17   0.82      0.09** -0.03 -0.42**  1.00      

5 Requirements Uncertainty  2.99   1.10  0.07*  0.01 -0.18**  0.27**  1.00     

6 Architectural Uncertainty  2.42   0.85  0.08* -0.03 -0.25**  0.49**  0.28**  1.00    

7 Project Control  3.87   0.81  0.02  0.06  0.29** -0.41** -0.17** -0.31**  1.00   

8 Project Autonomy  3.24   0.88 -0.02  0.03  0.21** -0.28** -0.07* -0.17**  0.28**  1.00  

9 Project Performance  4.35   1.27 -0.09** -0.03  0.20** -0.46** -0.12** -0.15**  0.26**  0.18** 1.00 



 

39 
 

Table 2-2: OLS Regression Results 

† p< 0.1 , * p < 0.05,**p < 0.01 

                                                 
13 Represents the change in R-Square between the interaction effects model and the main effects model 
(not shown here) 

 Model 1           Model 2          Model 3          Model 4          Model 5          Model 6      

(Constant) 
lnTeamSize 

lnProjMgmtExp 
Hardware 
Software 

ProjectMgr 
SeniorMgr 

ProjectClient 
ProjectTeam 

NorthAmerica 
InformationTechnology 

Insurance 
Banking 

Healthcare 
Manufacturing 
PastExperience 

 3.920** 
 -.045 
 -.121† 
 -.332* 
 -.450** 
  .337** 
  .227 
 -.422** 
  .070 
 -.067 
 -.066 
  .148 
  .098 
 -.170 
 -.149 
  .284** 

  4.647**  
   .002 
 -.117† 
 -.260* 
 -.378** 
  .363** 
  .200 
 -.154 
 -.056 
 -.106 
 -.077 
  .169 
  .138 
 -.205 
 -.158 
  .089† 

 4.042** 
   .001 
 -.099 
 -.266† 
 -.385** 
  .364** 
   180 
 -.241† 
 -.043 
  .033 
  .190 
  .152 
 -.230 
 -.156 
 -.147 
  .263** 

 3.974** 
  .000 
 -.109 
 -.282* 
 -.391** 
  .388** 
  .211 
 -.242† 
 -.024 
 -.003 
  .188 
  .144 
 -.257 
 -.161 
 -.126 
  .278** 

 4.342** 
 -.028 
 -.132* 
 -.254† 
 -.382** 
  .339** 
  .193 
 -.240† 
 -.072 
 -.019 
  .158 
  .113 
 -.262 
 -.175† 
 -.085 
  .226** 

   .023** 
  -.005 
 -.119† 
 -.280* 
 -.367** 
  .364** 
  .209 
 -.228 
 -.018 
  .000 
  .199 
  .169 
 -.237 
 -.132 
 -.129 
  .270** 

DI 
OUT 
OFF 

OFFOUT 
TechUnc 
ReqUnc 
ProjCtrl 
ProjAuto 

 
 

 -.078 
 -.185 
 -.441** 
 -.646** 
 -.444**  
 
 
 
 

 -.085 
 -.152 
 -.625** 
 -.792** 
 
 -.172**  
 
 
 

 -.095 
 -.174 
 -.663** 
 -.794** 
 
 
 -.065 
  
 

 -.111 
 -.163 
 -.683** 
 -.867** 
 
 
 
  .136*   
 

 -.134 
 -.151 
 -.676** 
 -.790** 
 
 
 
  .058   

TechUnc * DI 
 TechUnc * OUT 
TechUnc * OFF 

TechUnc * OFFOUT 
 

ReqUnc * DI 
 ReqUnc * OUT 
 ReqUnc * OFF 

ReqUnc * OFFOUT 
 

ArchUnc * DI 
 ArchUnc * OUT 
ArchUnc * OFF 

ArchUnc * OFFOUT 
 

ProjCtrl * DI 
ProjCtrl * OUT 
ProjCtrl * OFF 

ProjCtrl * OFFOUT 
 

ProjAuto * DI 
ProjAuto  * OUT 
ProjAuto  * OFF 

ProjAuto  * OFFOUT 

 -.038
 -.061 
 -.188 
  .057 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

   .044 
  -.029 
   .451** 
   .328** 

 
 
 
   
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

  .037 
 -.060             
  .427** 
  .285** 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 .025 
 .113 
-.231 
 .269* 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 .321* 
-.064 
 .098 
-.119

R-Square 
ΔR-Square13 

n 

105** 
  -- 
830 

 .264** 
 .005 
  830            

 .169**   
 .016** 
  830 

 .166** 
 .015** 
  830 

 .178** 
 .010* 
  830 

 .164** 
 .011* 
  830 
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 Figure 2-3: Interaction effects between Project Organization Type and 
Technological Uncertainty 

 
 

 

 

 

 

 

 

 

 

  

 Table 2-4 reports the estimation results of the different regression models. In 

Model 2, we tested the interaction effects between technological uncertainty and the 

different types of project organization on project performance, as posited in Hypothesis 

1. While the results indicate a statistically significant negative main effect (β = -0.444, p 

< .01) of technological uncertainty on project performance, they do not indicate any 

significant interaction effects with any of the indicator variables for the different types 

of project organization. The interaction effects plot in Figure 2-3 shows nearly parallel 

slopes for the effect of technological uncertainty on project performance across the 

different types of project organizations. Taken together, the estimation results for Model 

2 indicate lack of support for Hypothesis 1. 
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Figure 2-4: Interaction Effects between Project Organization Type and Requirements 
Uncertainty 

 

 

 

 

 

 

 

 

 

  
  

  
 In Model 3, we tested the interaction effects between requirements uncertainty and 

the type of project organization on project performance, as posited in Hypothesis 2. The 

regression results indicate a statistically significant negative main effect (β = -0.172, p < 

.01) of requirements uncertainty on project performance. We also found a statistically 

significant positive interaction effect between requirements uncertainty and the 

indicator variables for Offshoring (β = 0.451, p < .01) and Offshore-Outsourcing (β = 

0.328, p < .01) project organizations. These results are counter-intuitive in that the sign 

and significance of the relationship are opposite to that posited in Hypothesis 2. The 

results indicate that as requirements uncertainty increases, Offshoring and Offshore-

Outsourcing organizations outperform Collocated Insourcing project organization. The 

interaction effects plot in Figure 2-4 shows disordinal interactions between the 
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regression lines for Collocated Insourcing and Offshoring and Offshore-Outsourcing 

project organizations.  

Figure 2-5: Interaction Effects between Project Organization Type and Architectural 
Uncertainty 

 
 

 

 

 

  

 

 

 

  
  
 In Model 4, we tested the interaction effects between architectural uncertainty and 

the type of project organization on project performance, as posited in Hypothesis 3. 

While the main effect of architectural uncertainty on project performance is not 

significant, we find support for the presence of positive and statistically significant 

interaction effects with Offshoring (β = 0.427, p < .01) and Offshore-Outsourcing (β = 

0.285, p < .01) project organizations. These results are counter-intuitive in that the sign 

and significance of the relationship are opposite to that posited in Hypothesis 3. The 

results indicate that as architectural uncertainty increases, Offshoring and Offshore-

Outsourcing project organizations outperform Collocated Insourcing project 
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organization. The interaction effects plot in Figure 2-5 supports the analysis, showing 

disordinal interactions between the regression lines for Collocated Insourcing and 

Offshoring as well as Collocated Insourcing and Offshore-Outsourcing.  

Figure 2-6: Interaction Effects between Project Organization Type and Project Control 
  

 

P roject Control

P
ro

je
ct

 P
er

fo
rm

an
ce

54321

5.5

5.0

4.5

4.0

3.5

3.0

OFFOUT
OUT

DI
CI

OFF

  

 In Model 5, we tested for the interaction effects between project control and the 

type of project organization on project performance, as posited in Hypothesis 4. The 

regression analysis results indicate the presence of a statistically significant positive 

main effect (β = 0.136, p < .05) of project control on project performance. We also 

found a statistically significant positive interaction effect (β = 0.269, p < .05) between 

project control and Offshore-Outsourcing project organization. These results indicate 

that project control has a positive impact on project performance, with a stronger 

positive effect in Offshore-Outsourcing project organization as compared to Collocated 

  

CI – Collocated Insourcing, DI – Distributed Insourcing, OUT – Outsourcing, 
OFF – Offshoring OFFOUT – Offshore-Outsourcing 
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Insourcing project organization. The interaction effects plot in Figure 2-6 depicts the 

disordinal interactions between the regression lines for Collocated Insourcing and 

Offshore-Outsourcing project organizations, indicating partial support for Hypothesis 4. 

Figure 2-7: Interaction Effects between Project Organization Type and Project 
Autonomy 

 
 

 
 

 

  

 

 

 

 

 

 Finally, in Model 6, we tested the interaction effects between project autonomy 

and the type of project organization on project performance, as posited in Hypothesis 5. 

While the main effect of project autonomy on project performance is not statistically 

significant, we did find a statistically significant positive interaction effect (β = 0.321, p 

< .05) between project autonomy and Distributed Insourcing project organization. The 

sign of this interaction effect indicates a relationship that is in the opposite direction of 

that posited in Hypothesis 5. The interaction effects plot in Figure 2-7 depicts disordinal 

interactions between the regression lines for Collocated Insourcing and Distributed 

Insourcing project organizations.             
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2.5.3.   Additional Analyses for Model Robustness  

 Estimation Using Heckman’s Two-Step Procedure: It is likely that the choice of 

the type of project organization is made by managers based on the expectation of certain 

performance outcomes for a project, making the type of project organization an 

endogenous variable. Given that the OLS procedure does not take into account the 

endogeneity of the indicator variables representing the types of project organization, we 

used Heckman’s two-step procedure (Heckman 1979) to check the robustness of the 

results. The first step consists of estimating a multinomial logit model with the type of 

project organization serving as the dependent variable. Since the choice of the type of 

project organization is likely to be a function of expected project performance, we 

assume that all control variables, as well as the variables representing project 

uncertainty [technical uncertainty (TechUnc), requirements uncertainty (ReqUnc), and 

architectural uncertainty (ArchUnc)] and project management style [project control 

(ProjCtrl) and project autonomy (ProjAuto)], impact the choice of the type of project 

organization. We also include an additional variable, Duration (lnDuration), in the 

selection model; this variable measures the total duration of the project in months. The 

predicted probabilities from the first step are used to construct the inverse Mills ratio 

(λj) for self-selection into a type of project organization, which is then entered as a 

control variable in the second step OLS regression models to explain project 

performance. Specifically, the second step consists of the estimation of separate 

regression models across sub-groups representing the different types of project 

organization for individual project uncertainty and project management style variables. 
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The interaction effects are computed by comparing the difference in the parameter 

estimates between the Collocated Insourcing project organization sub-group and other 

distributed project organization sub-groups. Statistical significance of interaction effects 

is determined using a t-test for differences (Hardy 1993). Overall, the results from this 

procedure are consistent with those obtained from the original analyses (see Appendix 

2-3). 

 Estimation Using Robust Regression: The OLS regression approach is susceptible 

to outliers and can lead to inefficient and biased estimates in their presence. Robust 

regression procedures dampen the effect of the outlier observations and are often useful 

for confirming the OLS regression results (Kutner et al. 2005). The results from the 

additional analyses using robust regression are consistent with OLS regression results 

and confirm the robustness of the study findings.  

 Alternative Specifications for the Dependent Variable: For the original analysis, 

the dependent variableproject performancefor each project was generated by 

calculating the mean of outcome scores across all five performance dimensions. We 

conducted additional analyses using alternative specifications of the dependent variable: 

(i) measuring project performance as a weighted index of outcome scores across the 

five performance dimensions, where the index is generated using factor scores from 

principal component analysis, and (ii) using individual performance dimensions as well 

as mean scores from various combinations of two, three, and four performance 

dimensions as dependent variables in OLS regression. The consistency in results across 
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alternate specifications of the dependent variable reinforces the robustness of the 

analysis. 

 Presence of Additional Non-Linear Effects: Finally, we re-estimated Models 2-6 

in Table 4 after including squared (i.e., quadratic) terms for each of the variables related 

to project uncertainty and project management style in their corresponding OLS 

estimations. None of these squared terms was statistically significant. That is, the 

inclusion of these terms does not alter the conclusions from the original analyses 

presented in Table 4. Hence, we do not report the results of these analyses.  

 
2.6. Discussion  

The purpose of this study was to develop a classification scheme to differentiate 

between the different types of technology project organization and empirically examine 

the impact of project uncertainty and project management style on project performance 

across the different types of project organization. The proposed classification scheme, 

based on the extent to which a technology project organization spans firm and 

geographical boundaries, is a contribution to the extant literature on sourcing decisions 

in that it moves the literature beyond the make versus buy decision framework. Here we 

discuss the study findings and its implications. 

 
2.6.1. Interaction Effects between Project Uncertainty and the Type of Project 
Organization 
 
Findings from this study indicate that the performance impact of technological 

uncertainty at the project level does not vary across the different types of technology 

project organizations. That is, technological uncertainty has similar levels of significant 
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negative impact on project performance across each of the five types of technology 

project organization: Collocated Insourcing, Distributed Insourcing, Outsourcing, 

Offshoring, and Offshore-Outsourcing. The absence of significant interaction effects 

between technological uncertainty and the type of project organization suggests that we 

exercise caution in interpreting these results. While measurement error in the constructs 

could potentially explain the absence of interaction effects, these findings imply that the 

presence of firm and/or geographical boundaries within a project organization may not 

sufficiently hinder the coordination and processing of technical information, in the 

current business environment. This is not surprising given the rapid advancement and 

sophistication of information and communication technologies (ICTs) that have become 

key enablers of information processing in distributed project organization settings 

(Banker et al. 2006). 

 Findings from this study also indicate that uncertainty related to project scope 

(requirements uncertainty and architectural uncertainty) affects performance outcomes 

differently in project organizations that span country boundaries (Offshoring and 

Offshore-Outsourcing) as compared to Collocated Insourcing project organization. 

Surprisingly, however, the effects of requirements uncertainty and architectural 

uncertainty on project performance for both Offshoring and Offshore-Outsourcing 

project organizations operate in directions opposite to the relationships posited in 

Hypothesis 2 and 3, respectively. That is, as requirements uncertainty and architectural 

uncertainty increase, both Offshoring and Offshore-Outsourcing project organizations 
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outperform Collocated Insourcing project organization. There are several explanations 

for these counter-intuitive findings.  

 First, the enhanced ability of offshore project teams to handle projects with greater 

scope uncertainty may be reflective of their growing sophistication and ascendancy in 

the value chain (Levina and Vaast 2008, Tanriverdi et al. 2007, Knowledge@Wharton 

2008, BusinessWeek 2006). While offshore sourcing decisions have been frequently 

highlighted and examined in the context of routine manufacturing and service work 

moving to low cost countries, it is not just the routine work that has been going 

offshore. Vendor firms in popular destinations around the world to which work related 

to Offshoring and Offshore-Outsourcing project organizations are farmed out have 

come a long way from handling routine work in a cost effective fashion, to the point 

where they have developed technical and managerial capabilities on par with or superior 

to the vendors in project client’s home country. This evolution has occurred through 

repeated interactions with the developed country clients (Ethiraj et al. 2005, Tanriverdi 

et al 2007). As Sinha and Van de Ven (2005) indicate, the outsourcing and offshoring 

landscape has evolved considerably over the past decade and there is a growing 

competition between firms from different countries for the same type of work. 

 Second, the findings indicate that projects with lower scope uncertainty 

(uncertainty related to project requirements and project architecture) are associated with 

greater performance risk (from a project team’s perspective) in Offshoring and 

Offshore-Outsourcing project organizations as compared to projects with higher scope 

uncertainty. This may be due to the fact that projects with lower scope uncertainty 
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typically have tighter performance goals with little “slack” for the project teams to 

handle exceptions or complications. As a result, when project organizations span 

country boundaries, culture differences and increased geographical separation between 

a project client and a project team can create a coordination barrier, and even minor 

misunderstandings of the project scope or deviations during project execution can 

contribute to the project team’s inability to meet performance goals. Also, given that 

Offshoring and Offshore-Outsourcing project organizations typically provide lesser 

visibility to project clients as compared to Collocated Insourcing project organization, 

inadequate slack may encourage offshore project team members to take “shortcuts” 

(Austin 2001, p. 195) or induce suboptimal satisficing behavior (Haas 2006), offsetting 

any potential performance benefits that Offshoring and Offshore-Outsourcing project 

organizations could bring above and beyond a Collocated Insourcing project 

organization. On the other hand, greater uncertainty in project scope may provide just 

the right impetus for a project client and a project team to work more closely in 

achieving project performance goals. Because uncertainty related to project scope is 

high, project performance goals are less likely to be “cast in stone” and are more likely 

to be approximate estimations, continuously revised as exceptions or complications 

arise during execution of projects.  

 Third, the findings indicate that client firms are increasingly evaluating their 

decisions with regard to Offshoring and Offshore-Outsourcing project organizations 

closely based on strategic reasons that go beyond the cost considerations (Business 

Week 2006). Although the potential for cost advantage remains a key reason for firms 
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to consider offshoring, it may not be the dominant reason for offshoring. A major 

contributing factor to this evolving scrutiny is the extensive media attention and 

backlash associated with cases of failed projects in offshore locations. These increase 

pressure on managers to get their own house in order and make the right decisions when 

considering opting for offshore project organization types. According a recent white 

paper released by A. T. Kearney (a management consulting firm), “if an issue arises 

offshore, you can bet that it will get five to ten times more negative attention than if it 

had occurred onshore. The mainstream media delivers offshoring headlines through a 

very large megaphone” (2007, p. 1). 

 Interestingly, the difference in the signs of the main effects of Offshoring and 

Offshore-Outsourcing project organizations (negative and significant) and their 

interaction effects with requirements uncertainty and architectural uncertainty variables 

(positive and significant) indicate that the real benefit of Offshoring and Offshore-

Outsourcing project organizations arises for technology projects characterized by 

greater requirements uncertainty and architectural uncertainty. A recent study by Boh et 

al. (2007) on collaboration in geographically distributed environments indicates that 

managers are beginning to realize this trend. The authors suggest that managers 

perceive geographically dispersed projects as costly and risky and have strong 

preferences for local projects. The decision to seek help from experts across distributed 

geographical locations is more likely to occur when relevant expertise is not available 

locally and the benefits of such expertise are likely to offset coordination costs. This 



 

52 
 

supplements a careful strategy on the part of firms to focus on improvements on a 

broader set of project performance metrics and to pursue sourcing decisions selectively.  

 
2.6.2. Interaction Effects between Project Management Style and Project 
Organization Type 
 
Findings from this study also indicate partial support for the moderating effect of the 

type of project organization on the relationship between project control and project 

performance. Specifically, we found a statistically significant positive effect of project 

control on project performance in Offshore-Outsourcing project organization compared 

to Collocated Insourcing project organization. Notwithstanding the partial support for 

Hypothesis 4, the results indicate the effectiveness of project control in mitigating task-

related differences between a project client and a project team (i.e., differences relating 

to domain and business processes, management tools, performance metrics, 

communications, and the overall vision of the project). As mentioned previously, a 

project client and a project team represent different “thought worlds” (Dougherty 1992) 

and are likely to encounter difficulty in developing a shared vision. In the case of 

Offshore-Outsourcing project organization, cultural differences between a project client 

and a project teampertaining to differences in the extent of individualism-

collectivism, uncertainty avoidance, power distance, masculinity-feminity, and long-

term orientation (Hofstede 2001)are considerably high. If not managed properly, 

these differences can slow decision-making and distract individuals from their tasks 

(Ancona and Caldwell 1992). Project guidelines and standards provide a common 

syntax that cuts across organizational and cultural differences and promotes a shared 
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understanding of the tasks. Consequently, a task-oriented formal management style is 

highly effective in Offshore-Outsourcing project organization. 

 Finally, findings from this study also highlight an interesting paradox regarding 

the interaction effects of project autonomy on project performance. Contrary to the 

hypothesis, we find significant performance benefits of project autonomy in Distributed 

Insourcing project organizations compared to Collocated Insourcing project 

organization. However, we do not see any incremental or decremental effects of 

increasing project autonomy on project performance across other distributed forms of 

project organization (i.e., Outsourcing, Offshoring, and Offshore-Outsourcing). An 

explanation for this finding is that project team members in a Distributed Insourcing 

project organization are likely to be familiar with the domain and the business processes 

of the project client and have a better understanding of the performance metrics used by 

the project client relative to team members on project organizations that are distributed 

between firm and/or country boundaries. This internal knowledge about the 

organizational processes of a project client coupled with absence of direct supervision 

by a project client provides project team members in Distributed Insourcing project 

organization with the opportunity to use their discretion and creativity in executing 

project tasks, avoid duplication of effort, and make day-to-day decisions that are aligned 

with the project goals.  

 When project organizations are distributed across firm and/or country boundaries, 

the potential advantages of autonomy start to erode. Individual project team members 

are likely to make decisions based on local issues that may not necessarily reflect the 
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issues concerning other distributed project team members. This reduces the presence of 

a shared context and increases the potential for conflicts (Hinds and Mortensen 2005). 

The tradeoffs involving the performance effects of autonomy in distributed project 

organizations indicate that project autonomy is a highly complex managerial decision, 

unlike decisions related to project control. As Birkinshaw et al. (2002, p. 287) point out 

with regard to implementing autonomy in an R & D organization (a context similar to 

this study): 

Autonomy is a double-edged sword in an R & D organization. Units are given 
autonomy to provide them with the necessary degrees of freedom to be creative and 
to respond to technological and market opportunities as they arise. But too much 
autonomy can result in a duplication of effort, a lack of inter-unit learning, and a 
lack of coherence to the overall R & D strategy. 

 

2.7. Conclusion 

2.7.1. Implications for Theory 

This study has several significant theoretical implications. First, this study marks a 

critical step toward studying the organization and management of distributed 

technology projects, the importance of which was highlighted by Krishnan and Loch 

(2005, p. 439) who called on researchers to address issues related to “collaboration of 

multi R & D sites in global organization with culture differences.” In a similar vein, 

Anderson et al. (2007, p. 259) observed that “multi-organizational arrangements in new 

product development… [are] a relatively new phenomenon” and their “impact upon a 

firm’s new product development processes is still poorly understood.” This study 

addresses the gap in the literature by proposing a classification scheme that can be used 

to organize technology projects based on the extent to which project organizations span 
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firm and geographical boundaries. Furthermore, the classification scheme not only 

grounds Sinha and Van de Ven’s (2005) framework for work design within and across 

organizational boundaries, but also extends it to systematically account for work design 

within and across geographical boundaries. 

 Second, the proposed classification scheme opens up avenues for a systematic and 

grounded approach to collecting data on the emerging forms of technology project 

organizations spanning firm and geographical boundaries. Such data collection can help 

to delve into specific contingencies that affect performance outcomes across the 

different types of project organization, and, in turn, provide a basis for refining and 

deepening the current understanding of the emerging forms of technology project 

organization. As Sinha and Van de Ven (2005) observe, “researchers can advance more 

rapidly toward understanding the changing nature of work… based on empirical 

observation of specific samples of work systems.” To the best of our knowledge, this is 

the first study to empirically examine large sample, multi-industry, project level data 

across various types of project organizations for developing a better understanding of 

technology sourcing decisions. 

 Third, the lack of empirical support for the study hypotheses and the emergence of 

counter-intuitive results related to the contingent effects of the type of project 

organization call into question the unqualified appropriateness of theoretical 

perspectives such as the information processing theory, the make versus buy concept 

from transaction cost economics, and virtual teams, as is recommended by the extant 

literature, in investigating such contingencies. While these perspectives have figured 
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prominently in past studies related to distributed work and sourcing, the several 

unsupported hypotheses (including support for relationships whose directions are 

opposite to that posited in the hypotheses) highlight the limitations of these theoretical 

perspectives and the need for identifying their boundary conditions, especially as they 

relate to managing distributed technology projects. Earlier in the paper, we cited Child 

(2005) to point out that dramatic changes in the system of arrangements and procedures 

for organizing work over the past 20 years have outpaced theories and methods of 

representing them. This study suggests that the landscape of sourcing decisions is a 

dynamic one and future studies should focus on conducting empirical inquiries closer to 

the phenomenon to develop mid-range theories addressing the underpinnings of such 

decisions. 

 
2.7.2. Implications for Practice 

Findings from this study provide a fresh perspective on how project managers can work 

effectively across the different types of project organization. Specifically, we highlight 

the need to account for the variation in project uncertainty (project performance and 

project management style) and project performance relationships across each type of 

project organization. While terms such as “outsourcing” and “offshoring” have received 

a lot of attention in the popular press and become buzzwords, there has been little 

concerted effort to identify the range of project organization options that are really 

available. According to Aron and Singh (2005, p. 167), 
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…Most companies don’t realize that outsourcing is no longer an all-or nothing 
choicethat they have a continuum of options… Most businesses don’t consider 
all the available options and end up using organizational forms that are 
inappropriate for their purposes. 

 
 Current project management textbooks and reference guides for project managers 

(such as PMBOK©) provide little guidance to managers on how to handle the challenges 

posed by distributed project organizations. As a result, the only way for most managers 

to understand such challenges is typically “learning-by-managing” rather than 

“learning-before-managing” distributed projects. By examining actual evidence from a 

multi-industry, multi-country sample of projects, this study develops a refined 

understanding of the challenges of managing distributed projects based on empirical 

observations. 

 The results from this study challenge existing notions about the (in)effectiveness 

of Offshoring and Offshore-Outsourcing project organizations for projects with high 

scope uncertainty. Specifically, the results indicate that Offshoring and Offshore-

Outsourcing project organizations tend to outperform Collocated Insourcing project 

organizations as requirements uncertainty and architectural uncertainty increase. The 

important effect of this finding is that, ceteris paribus, project managers should not be 

unduly worried about opting for project organizations that span country boundaries 

when project uncertainty is high. In fact, low uncertainty projects may actually pose a 

greater performance risk from a project team’s standpoint, as they tend to have less 

slack for routine misunderstandings or contingencies that occur in Offshoring and 

Offshore-Outsourcing project organizations. 
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 With respect to developing insights into the project management style that is most 

effective in distributed project organizations, the takeaway for managers is that 

increasing project control yields greater dividends in Offshore-Outsourcing project 

organization compared to Collocated Insourcing project organization. As project control 

increases, it minimizes ambiguity in projects due to organizational and cultural 

differences. On the other hand, the benefits or the risks from autonomy in distributed 

project organizations are less straightforward. While an increase in project autonomy 

has significant performance benefits for Distributed Insourcing project organization, 

project managers should refrain from putting their time and effort into increasing 

autonomy for all other types of distributed project organizations. 

 
2.7.3. Limitations and Future Research 

As with any empirical study, this study has limitations. First, the use of a single 

informant for collecting information about a project limits this study. While multiple 

informants would have provided increased reliability to the study’s findings, very often 

this is a possibility only when data is collected within a single firm or a limited set of 

firms. In this study, the conceptual framework necessitated data collection that would 

allow for collection of a large sample of data from projects across the different types of 

project organization, all of which are seldom found within a single firm. Therefore, we 

approached professional management associations (the PMI–ISSIG and the PMI–

NPDSIG) for data collection. While this provided us with a sampling frame that 

included project management professionals from across the world and technology 

projects across different industries, it also limited the possibility of multiple informant 
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data. Further, respondents answering the survey had different affiliations to the project 

(i.e., project client, project team, or external consultant). While heterogeneity in 

respondent affiliations has been controlled in the analysis, future research studies could 

certainly improve upon the study by collecting survey data on each project from 

multiple respondents. 

 The second limitation of the study relates to the large representation of 

information technology projects in the sample. While the hypotheses were framed to 

represent a generic sample of technology projects, that includes information technology 

and product development projects, the large representation of information technology 

projects in the sample limits the generalizability of the findings to mostly similar 

projects. A more balanced representation of information technology and product 

development projects in the sample would have limited bias due to project type in the 

analysis.  

 The third limitation of the study relates to the potential presence of heterogeneity 

effects arising from unobserved differences across firms, industries, and geographical 

locations in the study sample. While we have controlled for industry and geography 

effects to a limited extent, the absence of firm level controls restricts the study, as it 

could potentially mask significant effects of the independent variables.  

 
2.7.4. Final Remarks  

The distributed organization of technology projects and their effective management are 

among the key challenges faced by managers with the increasing globalization of the 

supply chain of firms. The effort in this study was to develop a classification scheme for 
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the different ways in which technology (i.e., information technology and product 

development) projects can be organized within and between firm and geographical 

boundaries. Based on this classification scheme, we examined the moderating impact of 

the type of project organization on the relationship between project uncertainty, project 

management style, and project performance. Although many studies have examined 

contingencies in sourcing decisions using the classic make versus buy or the virtual 

teams concept, such decisions are more complex than that and seldom dichotomous in 

real world settings. By conceptualizing five distinct ways in which projects can be 

organized, this study takes a more refined view of sourcing decisions and provides 

insights with significant theoretical and practical implications. In closing, we hope that 

the insights and limitations of this study will motivate scholars and practitioners to 

continue pursuing this exciting line of inquiry.   
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Appendix 2-1: Profile of Individual Specific-Interest Groups and the Pooled Sample  

Sampling 
Group 

Type of Project 
Organization 

Distribution of Project 
Organization Types Demography Variables and           

Performance 
Mean

Standard 
Deviation 

n % 

 
PMI-ISSIG 

Collocated Insourcing 248 36.74 Project Mgmt Experience (in years) 11.54 6.05 

Distributed Insourcing 103 15.26 Overall Experience (in years) 21.33 8.27 

Outsourcing 152 22.52 Project Team Size 27.83 40.54 

Offshoring 52 7.70 

Project Performance 4.37 1.28 Offshore-Outsourcing 120 17.78 

Total 675 100.00 

 
PMI-

NPDSIG 
 

Collocated Insourcing 72 46.45 Project Mgmt Experience (in years) 11.24 6.28 

Distributed Insourcing 31 20.00 Overall Experience (in years) 20.54 7.79 

Outsourcing 16 10.32 Project Team Size 25.95 51.56 

Offshoring 19 12.26 

Project Performance 4.28 1.19 Offshore-Outsourcing 17 10.97 

Total 155 100.0 

Pooled 
Sample 

Collocated Insourcing 320 38.6 Project Mgmt Experience (in years) 11.48 6.09 

Distributed Insourcing 134 16.1 Overall Experience (in years) 21.18 8.18 

Outsourcing 168 20.2 Project Team Size 27.48 42.78 

Offshoring 71 8.6 

Project Performance 4.35 1.27 Offshore-Outsourcing 137 16.5 

Total 830 100.0 
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Appendix 2-2: Measurement Items in the Survey Questionnaire 
 

Select one of the choices which best reflects 
the organization of the project. 
 Collocated Insourcing: Firm assigns project 

tasks to a collocated inhouse team 
 Distributed Insourcing: Firm assigns 

project tasks to its division/unit at a 
different city in the same country 

 Outsourcing: User firm/Client firm 
contracts project tasks to a Vendor Firm in 
the same country 

 Offshoring: User firm/Client firm contracts 
project tasks to its division/unit in a 
different country 

 Offshore-Outsourcing: User firm/Client 
firm contracts project tasks to a Vendor 
Firm in a different country 

 
Please rate the success of this project relative 
to its goals (α = 0.90) 
(1= Significantly Worse; 2 = Worse; 3 
=Somewhat Worse; 4 = About Same; 5 = 
Somewhat Better; 6 = Better; 7 = Significantly 
Better) 
 
 Adherence to schedule 
 Adherence to budget 
 Adherence to quality 
 Technical performance 
 Overall satisfaction 
 
To what extent do you agree or disagree with 
the following statements about the project    
Strongly Disagree; 2 = Somewhat Disagree; 3 = 
Neutral; 4 = Somewhat Agree; 5 = Strongly 
Agree) 
 
Technology Uncertainty (α = 0.76) 
 Technical requirements of the project were 

well understood by the project team 
 Existing technical knowledge of the project 

team was used during the project 
 An understandable sequence of steps was 

used by the project team during the project 
 The technical objectives of the project were 

well defined for the project team 
 
Architectural Uncertainty (α = 0.76) 

                                                 
 

 The project could be easily divided into 
task modules 

 Interdependencies across task modules 
were clearly defined 

 It was easy to define the interdependence 
among task modules in the project 

 
Requirements Uncertainty (α = 0.85) 
 Client firm requirements fluctuated 

significantly at the start of the project 
 Client firm requirements fluctuated 

significantly midway into the project 
 Client firm requirements changed 

continuously throughout the project 
 Client firm requirements remained stable 

throughout the project 
 
Project Control (α = 0.75) 
 Project policies/procedures were formalized 

at the start of the project 
 Formal progress reviews (i.e., design or 

stage reviews) were held frequently 
 The project manager was responsible for 

determining interim schedule targets 
 Specific milestones and project deadlines 

were provided to the project team 
 
Project Autonomy (α = 0.62) 
 Team members were responsible for 

determining the format of progress reviews 
 Team members provided input to resource 

allocation decisions within the team 
 The day-to-day management of the project 

was the responsibility of team members 
 
Past Experience (α = 0.75) 
 Team members had worked on similar 

projects in the past 
 The project manager had past experience of 

managing projects of similar scope/size 
 Team members had dealt with user firm 

requirements of similar type in past projects 
 The project manager had past experience or 

working in a similar project organization

                                                                  
 Items representing these constructs were 
reverse coded during analysis for ease of 
interpretation 
 represents an item reverse coded during 
analysis 
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Appendix 2-3: Estimation Using Heckman’s Two-step Procedure 
 

It is likely that the choice of a type of project organization is made by managers based 

on the expectation of certain performance outcomes for the project. The type of project 

organization is, therefore, likely to be an endogenous variable. The theoretical solution 

to endogeneity is well recognized: use instruments for variables that might be 

endogenous. It is the implementation of this theoretical solution that has proven to be 

problematic. While effective instruments are difficult to find, the use of weak 

instruments can lead to biased estimates. Given the newness of the project organization 

type classification scheme used in this paper, the task of finding appropriate instruments 

becomes even harder. We use an alternative approach, Heckman’s correction for self-

selection (Heckman 1979), to confirm the robustness of the analysis.  

 
Step 1: Selection Equation (Multinomial Logit Model) 
 
The first step consists of estimating a multinomial logit model with type of project 

organization as the dependent variable. Since the choice of a type of project 

organization is likely to be a function of expected project performance, we assume that 

all control variables as well as the variables representing project uncertainty [technical 

uncertainty (TechUnc), requirements uncertainty (ReqUnc), and architectural 

uncertainty (ArchUnc)] and project management style [project control (ProjCtrl) and 

project autonomy (ProjAuto)] impact this choice. To reduce identification issues, we 

include an additional variable, Duration (lnDuration), which measures the total duration 

of the project in months, in the selection model. 
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Project Organization Type =  fn (lnTeamSize, lnProjMgmtExp, lnDuration, Hardware,  

 Software, ProjectMgr, SeniorMgr, ProjectClient, ProjectTeam, 

NorthAmerica, InformationTechnology, Insurance, Banking, Healthcare, 

Manufacturing, PastExperience,  

TechUnc, ReqUnc, ArchUnc, ProjCtrl, ProjAuto) 

                  
Pseudo R-Square                                                              Likelihood Ratio Tests 

 
The chi-square statistic is the 
difference in -2 log-likelihoods 
between the final model and a 
reduced model. The reduced 
model is formed by omitting an 
effect from the final model. The 
null hypothesis is that all 
parameters of that effect are 0. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Cox and Snell .367 

Nagelkerke .386 

McFadden .153 

Effect 
-2 Log 

Likelihood of 
Reduced Model 

Chi-
Square 

(χ2) 
df Sig. 

Intercept 
 

2127.733 
 
29.017 

 
4 

 
.000 

lnTeamSize 2127.964 29.249 4 .000 
lnProjMgmtExp 2101.072 2.356 4 .671 
lnDuration 2104.947 6.232 4 .182 
Hardware 2116.804 18.089 4 .001 
Software 2104.664 5.948 4 .203 
ProjectMgr 2105.376 6.661 4 .155 
SeniorMgr 2101.117 2.402 4 .662 
ProjectClient 2130.554 31.838 4 .000 
ProjectTeam 2118.592 19.876 4 .001 
Information 
Technology 

2111.344 12.628 4 .013 

Insurance 2111.095 12.380 4 .015 
Banking 2106.223 7.507 4 .111 
Healthcare 2118.666 19.951 4 .001 
Manufacturing 2104.306 5.591 4 .232 
NorthAmerica 2109.166 10.450 4 .033 
PastExperience 2103.773 5.057 4 .281 
TechUnc 2122.900 24.185 4 .000 
ReqUnc 2100.458 1.743 4 .783 
ArchUnc 2105.189 6.474 4 .166 
ProjCtrl 2103.524 4.809 4 .308 
ProjAuto 2103.613 4.898 4 .298 
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Step 2: Including Mills ratio in OLS estimation 

 
Given that the endogenous variable (the type of project organization) is an indicator 

variable akin to a “treatment” variable, we use a set of “treatment effect” models to 

overcome the endogeneity bias (Greene 2003). Specifically, the second step consists of 

estimating separate OLS regression models across the different types of project 

organization for each project uncertainty and project management style variables. The 

predicted probabilities from step one are used to construct the inverse Mills ratios (λj’’s) 

for self selection into each type of project organization, which are then entered as a 

control variable in the second step OLS regression models to explain project 

performance. The model for this step is as follows: 

 
Model ij 
 
Project Performance =  β0ij + β1ijlnTeamSize + β2ijlnProjMgmtExp + β3ijHardware + 

β4ijSoftware + β5ijProjectMgr + β6ijSeniorMgr + β7ijProjectClient + β8ijProjectTeam + 

β9ijIT + β10ijInsurance + β11ijBanking + β12ijHealthcare + β13ijManufacturing + 

β14ijNorthAmerica + β15ijPastExperience+ β16ijVariablei  + β17j λj 

 
where i Є [1, 2, 3, 4, 5]; Variable1 = TechUnc, Variable2 = ReqUnc, Variable3= 

ArchUnc, Variable4 = ProjCtrl and, Variable5 = ProjAuto, and j represents individual 

sub-groups for the different project organization types: Collocated Insourcing (CI), 

Distributed Insourcing (DI), Outsourcing (OUT), Offshoring (OFF), and Offshore-

Outsourcing (OFFOUT). 
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Table A1: Differences of slope coefficients across sub-sample regressions 
 

         

         † p< 0.1 , *p < 0.05,**p < 0.01

Slope coefficients from separate regression models Tests for differences in slope coefficients 
 

CI (Base) 
df= 319 

DI 
df= 133 

OUT 
df= 167 

OFF 
df = 70 

OFFOUT 
df = 136 

β(DI-CI) β(OUT-CI) β(OFF-CI) β(OFFOUT-CI) 

T
ec

hU
nc

  
   -.514** 

(.066) 
λ = 1.050* 

 
   -.423** 

(.090) 
λ = -1.630† 

 
    -.482** 

(.148) 
λ = .506 

 
    -.850** 

(.289) 
λ = -.886 

 
   -.500** 

(.164) 
λ = -.884 

 .091 
(0.12) 

 .032 
(0.15) 

  -.336 
(0.27) 

.014 
(0.16) 

R
eq

U
nc

 

 
-.142 
(.058) 

λ = -.253 

 
-.115 
(.118) 

λ = -1.640† 

 
-.216 
(.103) 

λ = -1.011 

 
.209 

(.192) 
λ = 2.766** 

 
.052 

(.132) 
λ = .922 

.027 
(0.14) 

-.074 
(0.11) 

   .351* 
(0.18) 

   .194† 
(0.13) 

A
rc

hU
nc

  
  -.180* 
(.082) 

λ = -1.306* 

 
-.033 
(.106) 

λ = -1.460 

 
-.141 
(.101) 

λ = -.282 

 
  .337* 
(.165) 

λ = 2.585** 

 
.154 

(.118) 
λ = 1.021 

.150 
(0.14) 

.039 
(0.13) 

        
  .517** 
(0.17) 

 

    .334** 
(0.14) 

P
ro

jC
tr

l 

 
    .215** 

(.064) 
λ = -1.312** 

 
.028 

(.121) 
λ = -1.3303 

 
     .265** 

(.956) 
λ = -1.012 

 
-.206 
(.162) 

λ = 3.302** 

 
    .451** 

(.117)       
λ = 1.453* 

-.187 
(0.14) 

.050 
(0.91) 

-.421** 
(0.16) 

  .236* 
(0.13) 

P
ro

jA
ut

o 

 
.040 

(.067) 
λ = -.489 

 
   .317* 
(.137) 

λ = -.171 

 
.040 

(.111) 
λ = -.729 

 
.283 

(.175) 
λ = 3.315** 

 
-.065 
(.158) 
λ = .969 

  .276* 
(0.16) 

-.000 
 (0.13) 

 .242† 
(0.17) 

-.106 
(0.16) 
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 The interaction effects are computed by comparing difference in the parameter 

estimates between the Collocated Insourcing project organization sub-group and the 

other distributed project organization sub-groups. Statistical significance of interaction 

effects is determined using a t-test for difference (Hardy 1993). Table A1 provides the 

differences in parameter estimates for the different variables, their pooled standard 

deviations and the observed significance levels for t-tests.  

 Overall, the results from this procedure are generally consistent with those 

obtained from the original analyses. The inverse Mills ratios for the Offshoring project 

organization sub-sample are mostly significant, suggesting that the decision to select an 

Offshoring project organization is endogenous based on unobservable factors. Further, 

the positive values of the inverse Mills ratio suggest that projects in the Offshoring 

project organization sub-sample would have performed worse had the project 

organization choice been any different. This implies that the decision to choose 

Offshoring project organization is made in a more thoughtful and rigorous fashion by a 

project client when compared to choosing any type of domestic project organization 

(which have negative inverse Mills ratios). This implication is consistent with the  

discussion on p. 49, paragraph 1.  
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Chapter 3 
 

Empirical Analysis of Product Integration in Distributed Technology 
Projects: The Impact of Design-Interface Misalignment on Project 

Performance 
 

3.1. Introduction 

Increasing competitive pressure and the concomitant efforts to reduce costs and access 

human talent are driving firms to unbundle their value chain activities (Tanriverdi et al. 

2007, Kouvelis et al. 2006). This trend is particularly evident among technology project 

activities such as those related to the development of hardware, software, and IT 

infrastructure. It is now quite common for organizational structure of technology 

projects to be distributed—i.e., to transcend the boundaries of firms and countries 

(Sinha and Van de Ven 2005).  

 In this study, we investigate the relationship between the type of technology 

project organization, product integration in a technology project, and project 

performance outcomes. Using a classification scheme based on the extent to which 

project organizations span firm and geographical boundaries, we identify five distinct 

types of project organization: Collocated Insourcing, Distributed Insourcing, 

Outsourcing, Offshoring, and Offshore-Outsourcing. In a technology project, product 

integration involves pooling together task modules (or product components) that share 

“design interfaces” (to transfer information, signals, forces, materials, or energy) to 

form a larger system delivering an over-arching functionality (Sosa et al. 2004, p. 1675; 

Anderson et al. 2007). The relationship between the product architecture and the 

organizational structure in a technology project involves organizing project task 
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modules based on their dependencies on other project tasks modules and their 

information processing requirements. The lack of correspondence between the product 

architecture and the organizational structure of a project manifests itself as 

incompatibility across project task modules during product integration. In this study, we 

introduce a concept, Design-Interface Misalignment, to capture the incompatibility 

between interdependent task modules during the product integration phase of a 

technology project. 

 A review of the relevant literature on product architecture indicates that product 

development activities tend to be executed effectively when organizational structures of 

technology projects are aligned with the architectures of the products under 

development (e.g., Novak and Eppinger 2001, Baldwin and Clark 2000, Sanchez and 

Mahoney 1996, Eppinger et al. 1994, von Hippel 1990).  From this body of literature 

we infer that, generally speaking, products or systems with integral architectures 

require frequent and intense product- or system-specific information exchange and can 

be developed in-house with close cooperation between the technology project team 

members. In contrast, products with modular architectures require lower system-level 

coordination and can be developed in distributed organizational structures.  

 In the real world, however, the execution of technology projects is rarely as 

straightforward as the extant literature seems to suggest (Brusoni and Prencipe 2001, 

Hoetker 2006). For example, Brusoni and Prencipe (2001) found from their case studies 

that modular product architectures require highly interactive organizational set-ups for 

providing the information structure necessary for coordinating activities among the 
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various organizational units involved in product development. Brusoni and Prencipe 

(2001) caution researchers against assuming a direct relationship between product 

modularity and organizational modularity. Furthermore, the multiple theoretical lenses 

that have been used to examine sourcing decisions (e.g., transaction cost economics, 

market channel power, appropriability, and scale economies) indicate that such 

decisions are typically framed at the top management level. Decisions related to the 

execution of technology projects, on the other hand, are made at a micro-level within a 

firm (Ethiraj et al. 2005) and are often subordinate to sourcing decisions and to the 

overall firm strategy (Danilovic and Browning 2007, Novak and Eppinger 2001).14 As a 

result, there may be little correspondence between the product architecture and the 

organizational structure of a technology project. Also, in specifying the relationship 

between product architecture and organizational structure, the extant literature makes an 

underlying assumption that the architecture of the product being developed is clearly 

identified at the beginning of the project execution phase and does not change. Often, 

this is not the case in practice. Product architectures tend to be “nearly decomposable” 

(Simon 1962) and continuously evolve as newer dependencies are uncovered during 

project execution (Sosa et al. 2004, 2007; Ethiraj and Levinthal 2004a; Pil and Cohen 

2006). 

                                                 
14 As Danilovic and Browning (2007) point out, typically, firms have multiple projects going on at once 
and there are strong incentives to achieve commonality across projects. As a result, a given project does 
not generally have full control over its organizational structure, product architecture, process structure, 
etc., since companies usually want some commonality across projects to provide economies of scale and 
scope and easy project comparison. Novak and Eppinger (2001, p. 202) further highlight the 
“chronological and organizational separation” of product architecture related decisions and sourcing 
decisions in the context of auto industry by pointing out that product design engineers typically determine 
product architecture decisions whereas purchasing agents typically make sourcing decisions. They also 
point out that “while these groups certainly interact, they do not make these decisions jointly.” 
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  Given that the exact mirroring of a product’s architecture with the structure of its 

project organization is more likely to be an exception than a norm, studying the impact 

of design-interface misalignment—that arises from mismatch between a product 

architecture and the associated project organizational structure—on project performance 

outcomes assumes significance both from a theoretical standpoint as well as a practical 

standpoint. Research addressing this issue has the potential to generate novel theoretical 

insights related to the interplay of product architecture and design of product 

development supply chains (Fine 2000, Krishnan and Ulrich 2001, Gomes and Joglekar 

2008) and to provide the basis for developing metrics for managing disruptions in the 

development process—a missing element in the extant studies (Nambisan 2002). The 

practical significance of this research would be in informing managers to “anticipate 

where misalignment [mismatch] is more likely to occur” and help “distinguish which 

areas of the product and organization require special attention to identify critical design 

interfaces and ensure important team interaction” (Sosa et al. 2004, p. 1675).  

 In this study, the specific research questions guiding the investigation are as 

follows: 

RESEARCH   QUESTION  1: Does the type of project organization affect 
the extent of design interface misalignment in a project? If so, in what way? 
 
RESEARCH QUESTION 2: What is the impact of design-interface 
misalignment on project performance? Does the type of project organization 
affect this relationship? If so, in what way? 

 
 To address these two questions, we collected primary project-level data from a 

sample of 830 information technology and product development projects spanning the 

five types of technology project organizations (Collocated Insourcing, Distributed 
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Insourcing, Outsourcing, Offshoring, and Offshore-Outsourcing). Technology projects 

from 26 industries are represented in the study sample. To the best of our knowledge, 

this is the first project level data collection effort across the different types of 

technology project organizations to identify the antecedents and consequences of 

design-interface misalignment in product integration. 

 The key findings of this study are as follows. First, design-interface misalignment 

is significantly higher in projects that span country boundaries (Offshoring and 

Offshore-Outsourcing) compared to all types of domestic project organizations 

(Collocated Insourcing, Distributed Insourcing, and Outsourcing). Second, while 

design-interface misalignment has a significant negative impact on project performance 

across all types of technology project organization, this impact is particularly severe in 

the case of Offshore-Outsourcing project organizations compared to Collocated 

Insourcing project organizations. Taken together, these findings emphasize the role of 

design-interface misalignment as a key in-process metric for evaluating project 

execution effectiveness and, hence, call for increased managerial attention to the 

product integration phase, especially in instances where technology project 

organizations are distributed across country boundaries. 

 The remainder of the paper is organized as follows. Section 2 contains a review of 

the extant literature relevant to this study. Section 3 reports the development of the 

conceptual framework and the study hypotheses that guide the empirical analysis. 

Section 4 presents the research design for the empirical analysis. Section 5 contains a 

discussion of the empirical analysis results and their implications for theory and 
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practice. Section 6 is the conclusion section where the study’s contributions, limitations, 

and directions for future research are spelled out.  

 
3.2. Literature Review 

Ulrich (1995) outlines three key decision areas in the context of product architecture 

that have formed the basis for many of the past studies: (i) the arrangement of functions 

in a product, (ii) the mapping from functions to product components (in this study, we 

use the term “product component” and “project task module” interchangeably), and (iii) 

the specification of the interfaces among interacting product components. While studies 

in the engineering design literature (e.g., Eppinger et al. 1994, Pahl and Beitz 1996, 

Whitney 1996, Erixon 1998, Stake 1999) have focused on identifying and prescribing 

design methodologies to help product designers address each of the three decision areas, 

those in the NPD literature (e.g., Henderson and Clark 1990, Ulrich 1995, Sanchez and 

Mahoney 1996, Baldwin and Clark 2000, Novak and Eppinger 2001, Ethiraj and 

Levinthal 2004b) have focused on understanding the implications of product component 

interactions on system-level coordination and organizational architectures. In the 

paragraphs to follow, we review the literature relevant to this study.   

 Many studies in the NPD literature have stressed the need for coordination 

mechanisms to closely match the technical interactions between the different task 

modules in the product under development (Henderson and Clark 1990, Sanchez and 

Mahoney 1996, Novak and Eppinger 2001). For example, Novak and Eppinger (2001), 

in their empirical study of vertigal integration decisions in the auto industry, observed 

that the overall complexity of a product under development influenced managers to 
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choose an organizational structure for facilitating the required system-level coordination 

effort efficiently. Specifically, they found that products with integrated architectures 

require intense and frequent coordination of effort among engineers developing 

individual components and are best designed in-house, whereas products with modular 

architectures have fewer interdependencies between task modules and impose lesser 

coordination requirements on engineers; so the outsourcing of the design and 

development of task modules to external supplier becomes feasible.  

 Beyond minimizing system-level coordination requirements, modular 

architectures also provide other benefits, such as an increase in product variety through 

recombinations of modules (Pil and Holweg 2004, Sanchez 1995, Sanderson and 

Uzumeri 1995), reduced cost of product differentiation due to increased stability of 

overall product architectures (Wheelwright and Clark 1992, Meyer and Utterback 1993, 

Iansiti and Khanna 1995, Sanchez and Mahoney 1996), and concurrent engineering of 

activities during the product development cycle (Baldwin and Clark 2000, Loch et al. 

2001). Modular architectures also contribute to a firm’s ability to exploit technological 

opportunities to improve specific product functions that emerge late in the design cycle 

(Garud and Kumaraswamy 1995, Thomke 1997). While modular product architecture 

has been emphasized as the basis for effectively organizing and executing technology 

projects in the extant literature, there are certain aspects of the relationship between the 

product architecture and the organizational structure relationship that have been 

overlooked and merit attention. We address these below. 
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3.2.1.  Increasing Complexity of Sourcing Strategies 

While product architecture decisions have been linked with the make versus buy 

sourcing framework, there has been little effort in the extant literature to examine this 

relationship in the context of more complex sourcing strategies. For example, if a firm 

decides to execute a technology project using its own resources (i.e., chooses the make 

option), it can do so by assigning all the project activities to an in-house team at a 

geographical location, by collaborating with a different unit that is located in a different 

city within the same country, or by collaborating with a unit in a different country. On 

the other hand, if a firm decides to contract an outside firm for executing the project in 

part or in full (i.e., chooses the buy option), it can choose either a domestic vendor firm 

or an international vendor firm for the purpose. As each sourcing strategy leads to 

structural arrangements in project organizations that differ in the extent to which they 

span firm and geographical boundaries, unique sets of challenges emerge in executing 

technology projects. Such challenges are not well understood (Novak and Eppinger 

2001).  

 Brusoni and Prencipe (2001, 2006) emphasize this point further by pointing out 

that the adoption of modular product architectures does not automatically lead to 

modularity in organizational structures. Sourcing decisions are typically made taking 

into account the strategic orientation of a firm and are less likely to be directly 

motivated by the architecture of the product being developed. When a project client and 

project team members are located across firm and/or country boundaries, frequent 

technical interaction often becomes limited. Moreover, cultural and language 
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differences across project members at both sites can contribute to the difficulty of 

processing technical information and lower the speed with which the architectural 

issues can be addressed. It becomes critical, then, to examine architectural issues in the 

context of complex sourcing strategies that go beyond the make versus buy framework. 

 
3.2.2.  Uncertainty in Product Architecture 

The extant NPD literature typically classifies product architectures into modular and 

integral architectures and assumes little or no uncertainty involving the architecture of a 

product or system to be developed—i.e., explicit identification of architectural 

knowledge and a thorough understanding of interdependencies between product 

components have been achieved at the beginning of a project. This line of 

understanding is also evident in the broader project management literature where an 

underlying assumption is that project scope can be managed by decomposing total 

project effort into chunks of project tasks using standard decomposition models such as 

work breakdown structure and project networks (Williams 2005). In reality, however, 

the path toward determining product architecture is often less straightforward (Pil and 

Cohen 2006). Complex, real world projects frequently involve interdependencies that 

are unspecified and even unknown in the initial stages, and are only uncovered and 

documented as the project progresses (Staudenmayer et al. 2005, Sosa et al. 2004). 

“Good” or “optimal” product architectures, modular or integral, are a product of 

evolution rather than foresight (Ethiraj and Levinthal 2004a). Steinmueller (2003) 

observes that complex products often involve a complicated mixture between interfaces 

that sufficiently define a component or a sub-system’s contribution to the entire system 
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and those that are “incomplete” in defining the overall performance of the system. As a 

result, project members are often not sure about what is appropriate performance until 

late into the project. The following description of the design of the Intel Itanium chip 

illustrates the challenges posed by evolving product architectures.15 

Developing Itanium, previously known by the code name Merced, has been an 
intense and unpredictable effort that sometimes teetered on the brink of disaster. 
Time and again, a project team of as many as 500 circuit engineers, chip 
architects, and software wizards found it has underestimated the difficulty of its 
task, more than once sinking into a quagmire of complexity with no obvious way 
out …The team broke into separate groups, each working on one piece without 
knowing just how they would fit together…But individual modules, initially only 
rough designs, kept growing larger as they were refined. After months of struggle, 
senior Intel managers realized that they could solve the size problem only with a 
radical step: a new manufacturing process …The switch to a new fabrication 
process appeared to solve most of the Merced project’s problems, at the cost of a 
few months of delay… Soon, however, it became clear that many of these changes 
were disrupting the chip’s delicate signal ballet, forcing engineers of other 
modules to rework their designs as well. The team found itself in a nightmarish 
world where a change to one module would ripple through the work of several 
hundred other people, leaving more problems in its wake. (Hamilton 2001, p. 1) 

 
 

3.2.3.  The Challenge of Product Integration 
 
Achieving modularity of product architectures also ushers in the challenge of 

integrating the product components to form a cohesive system that meets the intended 

objectives (Cacciatori and Jacobides 2005). Excessive modularization may blind the 

designer to potentially important interactions between decision choices and result in 

dysfunctional perturbations in module- and system-level performance that constrain 

evolution to inferior designs. That managers need to strike a balance between the ease 

of developing modular product components and the difficulty of integrating such 

                                                 
15 That product architectures evolve during the course of development can also be seen from the example 
of aircraft engine development by Pratt and Whitney (Sosa et al. 2004, 2007). 
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components is aptly reflected in the words of Ethiraj and Levinthal (2004a, p. 172): 

“The speed and efficiency gains from modularization will be offset by the increased 

time spent in the testing and integration phase.” 

 While product integration is a key challenge in technology projects (Iansiti 1995), 

very few NPD studies, with the exception of Sosa et al. (2003, 2004) and Anderson et 

al. (2007), have explicitly studied the issues surrounding this phenomenon. As Williams 

(2005) aptly emphasizes in the context of project management literature, the study of 

the integration of project work has received significantly lesser attention in comparison 

to the study of the decomposition of project work. Often, there is an inherent 

assumption that perfect mapping of design interfaces with team interactions occurs 

during the development activities, and that completed information of all interfaces 

among components, assemblies, and subsystems of a product/system is available for 

product integration to take place. This is rarely true, as is evidenced by the following 

excerpt from the Agile Journal: 

It’s easy for separate teams to plow forward, usually under tremendous pressure 
from looming deadlines. They operate under the false assumption that if they can 
simply reach the final feature destination, they can quickly pull things together 
toward the end of a project. This Big Bang approach to integration does not work. 
As individual modules are pulled together, common issues that surface include 
degradation of overall system performance, incorrect levels of behavioral 
granularity provided by system modules, and transactional incompatibilities. 
(www.agilejournal.com) 
 
 

3.2.4. Relationship between Product Integration and Project Performance 

In addition to recognizing the challenge of product integration, it is important to 

understand how product integration issues affect project performance. While anecdotal 

evidence suggests that product integration issues typically lead to rework in a project 
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and create disruptions in the project’s progress (Anderson et al. 2007), the extent to 

which such disruptions impact performance outcomes is not well known and has rarely 

been studied empirically (Iansiti 1995, Sosa et al. 2004, Anderson et al. 2007). As this 

relationship becomes clearer, it can provide an important direction and a basis for 

managers to focus on reducing product integration issues in technology projects. 

 Taking these points into consideration, this study makes an effort to further our 

understanding of the product architecture-organization structure relationship by 

examining not only the variation in product integration issues, but also their impact on 

project performance, across the different types of project organization.  

 
3.3. Conceptual Framework  
 
In this section, we discuss the key constructs of this study, develop the hypotheses, and 

present an integrative conceptual framework that depicts the relationships among the 

constructs posited in the hypotheses. 

 
3.3.1.   Project Organization Types 

Figure 3-1 depicts a two-by-two classification scheme for representing the different 

types of project organization identified in the study. The two dimensions on which the 

classification scheme is based include one dimension representing the distribution of 

project organizations within and between country boundaries and another representing 

the distribution of project organization within and between firm boundaries. Four 

distinct types of project organization emerge from this classification scheme: 

Insourcing, Outsourcing, Offshoring, and Offshore-Outsourcing. A third dimension, 
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representing the geographic distribution of project organization within and across cities, 

is nested within country and firm boundaries to further classify the Insourcing project 

organization into Collocated Insourcing and Distributed Insourcing project 

organizations. Each of these types of project organization involves transactions between 

two groups of stakeholders: a project client and a project team. A project client 

typically assigns or contracts project tasks to a project team, and these two groups of 

stakeholders can be a part of the same firm or different firms (e.g., a client firm and a 

vendor firm). We define the different types of project organizations below. 

 
Figure 3-1: Classification Scheme for Technology Project Organizations 

 
 

 

 

 
 

 

 
 

 

 

 
 

 Collocated Insourcing: A firm assigns project tasks to a collocated in-house team. 
An illustrative example is the design of Motorola’s “Razr” phone. 
 

 Distributed Insourcing: A firm assigns project tasks to its division or unit in a 
different city but within the same country. An illustrative example is Phoenix 
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agriculture equipment manufacturing division in Moline, IL on new product 
development.  

 
 Outsourcing: A user or client firm contracts project tasks to a vendor firm in the 

same country. An illustrative example is U.S. firm Lucent Technologies, a client 
firm, contracting with Borland Inc., a vendor firm also based in the U.S., to develop 
automatic testing equipment. 

 
 Offshoring: A user or client firm assigns project tasks to its division or unit in a 

different country. An illustrative example is the Microsoft corporate R&D group 
based in Redmond, Washington collaborating with Microsoft’s India Development 
Center on new software development. 
 

 Offshore-Outsourcing: A user or client firm contracts project tasks to a vendor 
firm in a different country. An illustrative example is Aviva, a U.K.-based client 
firm that is a leading provider of insurance products, contracting with Tata 
Consulting Services, a vendor firm based in India, for the development of software 
for partner management system. 

 
 
3.3.2. The Dynamics of Product Integration  
 
The design and development of a new product or a system essentially combines two 

types of knowledge: (i) component knowledge, related to the functionality, design, and 

development of individual project task modules that make up the product or the system; 

and (ii) architectural knowledge, related to the interdependencies among project task 

modules and how these modules are integrated to form the product or the system (Clark 

and Fujimoto 1991, Henderson and Clark 1990, Iansiti 1995, von Hippel 1994).  

  While component knowledge is derived from various domain-specific and 

specialized disciplinary areas and tends to be generalizable and independent of a 

specific context, architectural knowledge is context dependent and embedded in the 

communication channels, information filters, and problem-solving strategies of a firm 

(Henderson and Clark 1990). Unlike the purely technical or functional requirements of 

a task module or a component that can be easily written down and exchanged in 
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document form, architectural knowledge is tacit and “sticky” (von Hippel 1994). These 

characteristics of architectural knowledge contributes to the difficulty of exchanging 

such knowledge among project members, within and between firm and geographical 

boundaries.  

  Although much of the architectural knowledge concerning a product or a system is 

explicitly identified at the beginning of the project, many interdependencies 

continuously evolve and some are only realized with the progression of the project 

(Sosa et al. 2004). As a result, constant coordination between members of a project 

team developing interdependent project task modules and the project client is necessary 

to identify interdependencies among project task modules and for reducing 

inconsistencies across design-interfaces (Joglekar and Yassine 2001, Yassine et al. 

2003). As Staudenmayer et al. (2005) aptly describe this coordination process, “The 

system-level product architecture—the [task] modules and interfaces—is often not 

within the control of the firm. Instead, the definition of the system architecture, and the 

associated ownership and control issues, become areas of intense negotiation.” 

 Figure 3-2 depicts a simplified example of coordination requirements in a 

technology project that consists of two task modules, A and B, managed by their 

corresponding sub-teams A and B. Effective integration of these project task modules 

requires constant coordination between the project client, who has a detailed 

understanding of the functional “business” specifications and the system knowledge 

associated with the project, and the sub-teams A and B, who convert functional 

requirements into technical specifications for developing individual project task 
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modules. Furthermore, coordination between the sub-teams also takes place through the 

project client.16 That is, each sub-team provides status updates to the project client, who 

processes those updates based on global considerations in order to evaluate whether the 

sub-teams need to perform any rework. Thus, a “coordination loop” is formed, wherein 

individual sub-teams working on interdependent task modules not only exchange 

information with each other directly, but also indirectly through the project client who 

coordinates and orchestrates the development efforts of the individual sub-teams. In 

reality, a typical technology project is likely to consist of several task modules that are 

concurrently developed and involve multiple, increasingly complex coordination loops 

transferring larger volumes of information within and between the project team and the 

project client. Consequently, the likelihood of coordination problems arising and 

leading to product integration issues is significantly enhanced. The extent of product 

integration issues in a project is largely dependent on the effectiveness of coordination 

between the project client and the sub-teams responsible for the project task modules. 

 
Figure 3-2: Coordination Loop between the Project Client and the Project Team 

 

 

 

                                                 
16 In many instances, product integration may be carried out by a “system integrator team,” composed of 
members of the project client, project team, and/or external consultants (third party product integration 
specialists). Nonetheless, the dynamics of product integration and the information flows suggested here 
remain the same. 
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3.3.3. Project Organization Type and Design-Interface Misalignment 

The presence of shared design interfaces between task modules in a project increases 

the coordination requirements for the project. As explained earlier, extensive 

coordination of component knowledge and system knowledge between the project client 

and the project team is required to ensure the seamless integration of task modules into 

the final product. In the case of a Collocated Insourcing project organization, the 

proximity of the project client to the project team ensures that each side can coordinate 

frequently using face-to-face interaction to reduce the uncertainty surrounding design 

interfaces of interdependent task modules. However, this coordination process becomes 

a challenge for projects that are organized and executed in distributed project 

organization types (such as Distributed Insourcing, Outsourcing, Offshoring, and 

Offshore-Outsourcing). Specifically, the exchange of tacit or “sticky” architecture 

knowledge and knowledge about organizational processes and standards that are often 

critical to the integration of task modules becomes difficult as organizational and 

cultural differences contribute to the difficulty of knowledge transfer.  

 The problem of coordinating and transferring knowledge across boundaries is well 

documented in the organization design literature (e.g., Carlile 2004, Birkinshaw et al. 

2002) and the NPD literature (e.g., Staudenmayer et al. 2005, Sosa et al. 2004, Brown 

and Eisenhardt 1995). For example, in a study of complex product development, Sosa et 

al. (2004) observe that organizational boundaries are expected to significantly reduce 

cross-boundary interactions, and the possibility of encountering unmatched design 

interfaces across organizational boundaries is high. Further, Mortensen and Hinds 
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(2002, p. 287) point out that “Distributed teams as compared with collocated teams 

could experience lower levels of agreement about team boundaries because they have 

less evenly distributed information among members, are less dominant in another’s 

visual fields, and have less interdependent working relationships.”  

 The challenge of coordinating architectural knowledge across boundaries is 

aggravated by the practice of information hiding in technology projects, wherein the 

information content and implementation details of project task modules are hidden from 

each other to reduce the coordination requirements (Hoetker 2006, Yassine et al. 2003, 

Baldwin and Clark 2000). Referring to this practice, Henderson and Clark (1990) report 

that architectural knowledge is often transferred by simplifying and filtering certain key 

aspects of external technical knowledge to facilitate knowledge transfer across 

dependent project task modules. The practice of information hiding, though well-

intentioned and purposeful, can be problematic when knowledge transfer takes place 

across firm and geographical boundaries, as both the project client and the project team 

are likely to underestimate or misunderstand the impact of certain interdependencies 

among project task modules. Herbsleb and Grinter (1999), in their case study of 

distributed software projects, find that interface specifications between project task 

modules frequently lack essential details needed for successful integration and 

engineers proceed unknowingly with incorrect assumptions about other task modules. 

As a result, discrepancies at the interfaces of task modules remain hidden during the 

initial stages of a project and are only discovered downstream, during the product 

integration phase. Therefore, we posit the following hypothesis: 
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HYPOTHESIS 1 (H1): Design-interface misalignment is higher in distributed 
project organizations (i.e., Distributed Insourcing, Outsourcing, Offshoring, and 
Offshore-Outsourcing) than Collocated Insourcing project organizations. 

 
 

3.3.4. Performance Impact of Design-Interface Misalignment 

Resolving design-interface misalignment issues often requires project team members to 

revisit their assumptions about individual project task modules and iron out 

inconsistencies across design interfaces to improve integration. The greater the extent of 

design-interface misalignment, the greater the extent of rework required on the project 

task modules and their interfaces. Anderson et al. (2007) refer to product integration 

problems as “interruptions” in the progress of a project that can lead to undesirable 

interactions and inferior project performance. Sosa et al. (2004) find that the presence of 

unmatched design interfaces, both “weak” interfaces (those that involve fewer 

typese.g., spatial, material, electricalof design dependencies and have a low impact 

on the functionality of dependent components) and “strong” interfaces (those that 

involve several types of design dependencies and have a greater impact on functionality 

of dependent components), impacts product development outcomes negatively.17  

 Negative performance consequences of design-interface misalignment are 

exemplified by the well-publicized issues plaguing the development of the Airbus 380 

airplane. Airbus’s development of the A380 “superjumbo” suffered major delays and 

cost overruns because of late emerging incompatibilities in the design of the electrical 

harnesses of various sections of the plane’s fuselage. That effective product integration 

                                                 
17 Specifically, Sosa et al. (2004, p. 1687) indicate that the presence of unmatched “weak” design interfaces 
results in a “very small reduction in performance or durability of affected components and systems,” 
whereas the performance effects of strong design interfaces were relatively severe, resulting in “significant 
cost and delays in the program to redesign the components affected and rebuild the test engines.” 
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in a technology project is critical to achieving superior performance outcomes is clearly 

evident in Iansiti’s (1995) observation: “The functionality and cost of the new design 

concept will not strictly be a function of the individual properties of the new 

components, but of the interaction of these properties with a multitude of other design 

elements that together make up the system.” Based on these arguments, we propose the 

following hypothesis. 

HYPOTHESIS 2 (H2): Design-interface misalignment is negatively associated 
with project performance. 

 
 
3.3.5. Interaction Effects between Project Organization Type and Design-
Interface Misalignment 
 
A key element in successfully reworking project tasks is the time taken to discover 

rework and act upon it (Cooper 1993). As is evident from Figure 3-3, illustrating the 

dynamics of rework in a typical technology project, the sooner rework is discovered 

downstream and addressed, the lower the disruption to the project.   

 
Figure 3-3: The Dynamics of Rework (Source: Cooper 1993) 

 

 
 
 
 
 
 
 
 

 

 
 
 
 



 

88 
 

  Successfully addressing design-interface misalignment requires continuous 

coordination between a project team and the project client to carry out rework on design 

interfaces and interdependent project task modules. Herbsleb and Grinter (1999) 

observe that participants in software projects rely heavily on informal, ad hoc 

communication to fill in details, handle exceptions, correct mistakes and bad 

predictions, and manage the ripple effects of unpredicted events during the course of a 

project. Armstrong and Cole (2002) point out that chance encounters often common in 

collocated teams provide additional opportunities for corrective feedback. Such 

informal and ad hoc communication channels are hindered across firm and geographical 

boundaries (Blanchard and Fabrycky 1998, Kossiakoff and Sweet 2003, Anderson et al. 

2007, Sosa et al. 2004). Because architectural issues are often context dependent, 

achieving rich levels of communication between a project client and the project team to 

resolve such issues, given the absence of face-to-face communication in distributed 

project organizations, is a considerable challenge.  

 In a study of manufacturing equipment implementation in a factory, Tyre and von 

Hippel (1997) found that engineers and operators had trouble resolving equipment 

problems in communication exchange over the phone because the engineers needed to 

“see for themselves” the technology in context. In essence, distance fosters different 

perspectives on the information about a common task or goal for participants in 

distributed project organizations. Building upon this argument, Carlile (2004) 

emphasizes that resolving task related issues in a technology project not only requires 

effective communication channels between the members of both a project client and the 
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project team, but also a concerted effort from each side to revisit their assumptions and 

transform each other’s understanding of the project tasks. This process is hindered when 

communication takes place across boundaries (Carlile 2004, Levina and Vaast 2008). 

Reflecting on the coordination challenges in distributed project organizations, Boh et al. 

(2007) observe: “[Dispersed project work] can be difficult, because when things start to 

go wrong, you catch it a lot later than you would if it was going wrong in your own 

office. It’s harder to see things going on, and when you do, it’s harder to figure out 

exactly where the problem is and where to fix it.” Hence, design-interface misalignment 

may be discovered very late in the development cycle in distributed project 

organizations, when multiple interruptions occur and significant rework may already be 

needed (Ford and Sterman 1998).  

 The greater the delay in discovering necessary rework, the greater the tendency to 

compress activities. While activity compression is a widely used practice in dealing 

with rework in technology projects, it has an indirect cost. That is, an effort to hurry 

progress may actually increase the possibility of making more design mistakes (Mar 

1999) and lead to “design churn” effects—a scenario wherein “the total number of 

problems being solved (or progress being made) does not reduce (increase) 

monotonically as the project evolves over time” (Yassine et al. 2003, p. 145). Thus, 

important design or testing activities may be compromised, and the progress of a 

technology project may be hindered significantly.  

 The process of managing rework is further complicated since most project teams 

use hierarchies and incentives to manage or reduce interruptions (Anderson et al. 2007). 
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Hierarchies and incentives tend to limit the agility that is needed to manage rework as 

they occur and may, in fact, delay the discovery of rework. The lack of a common 

management in distributed project organizations may further complicate the ability of 

project managers to exercise controls and address rework issues quickly. Hence, we 

posit the following hypothesis: 

HYPOTHESIS 3 (H3): The relationship between design-interface misalignment 
and project performance is moderated by the type of project organization, such 
that design-interface misalignment has a greater negative impact on project 
performance in distributed project organizations (i.e., Distributed Insourcing, 
Outsourcing, Offshoring, and Offshore-Outsourcing) than in Collocated 
Insourcing project organizations. 
 

 
 Figure 3-4 is an integrative conceptual framework for this study that depicts the 

relationships among the type of technology project organization, design-interface 

misalignment, and project performance as discussed above. 

 
Figure 3-4: Conceptual Framework 

 

 
 

3.4.  Research Design 

 
3.4.1. Data Collection 
 
To test the hypotheses in this study, primary data were collected by designing and 

implementing a web-based survey. An initial paper-based draft of the survey instrument 

was designed and pre-tested among three academic researchers and two practitioners 

Project 
Performance
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H3

Design- Interface 
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who had relevant knowledge pertaining to this study in order to assess the content 

validity and clarity of the questions. Following revisions to the initial draft, another 

round of pre-testing was carried out by sending a web-based version of the survey 

instrument to members of two professional project management associations: PMHUB 

(www.pmhub.net) and Project Management Institute’s (PMI) local chapter at Pune, 

India. Both PMHUB and PMI are highly recognized global project management 

associations. During this round of pre-testing, we examined specific aspects of the 

survey-taking process such as item-nonresponse, survey dropouts and the time taken to 

answer the questionnaire. Overall, the two rounds of pre-testing helped gauge initial 

reactions to the survey and identify questions that were confusing or prone to 

misinterpretation.  

 The final version of the web survey was e-mailed to members of two specific 

interest groups within the PMI: the PMI–Information Systems Specific Interest Group 

(PMI-ISSIG) and the PMI-New Product Development Specific Interest Group (PMI-

NPDSIG). The “specific interest groups” (SIGs) are subgroups within PMI that promote 

the exchange of knowledge among PMI members concerning the application of project 

management practices, issues, and challenges in specific contexts. There are about 30 

SIGs within PMI. The two SIGs chosen for this study not only provided a sampling 

frame with a broad-based membership of project management professionals 

internationally, but they were also not industry specific and provided variety in the 

types of technology projects (i.e., both information technology and product 

development). The PMI-ISSIG has the largest membership of all of the SIGs of PMI, 
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serving a broad range of industries in the information systems sector. Two follow-up 

reminders were sent, approximately one and four weeks after the date of the first 

mailing, to the members of PMI-ISSIG. A total of 675 usable responses, representing a 

response rate of approximately 6%,18 were obtained from this SIG. For the PMI-

NPDSIG, three follow-up reminders were sent approximately every two weeks from the 

date of the first mailing, leading to a total of 155 usable responses and a response rate of 

approximately 13% for this SIG. 

 To check for the presence of non-response bias and potential differences across 

the two SIGs, we used the extrapolation method proposed by Armstrong and Overton 

(1977). Using this procedure, data from each SIG was split into two sub-groups with the 

first representing responses obtained after the first contact and the second sub-group 

representing responses obtained after sending reminder mails. A series of statistical t-

tests were conducted across the sub-groups in each SIG based on demographic 

variables, and design-interface misalignment and project performance constructs in the 

conceptual framework did not reveal any statistically significant differences. These tests 

provided sufficient evidence that non-response bias was not a major problem in this 

study. Furthermore, tests on overall differences in demography and project performance 
                                                 
18 The response rate appears to be lower than the typical response rates for survey research because of the 
following reasons: First, the sampling frame of the PMI-ISSIG consists of many members (project 
management professionals) who have little or no experience of working on any form of distributed 
project organizations and are less likely to respond to the survey. Tanriverdi et al. (2007) point out to the 
risks of using such sampling frames in the early stages of an emerging phenomenon. Second, the large 
size of the sampling frame itself is a major factor in lowering response rates. Larger sampling frames are 
difficult to manage and have the potential for inaccuracies in terms of invalid/bouncing e-mail addresses. 
For example, we received regular e-mails from the PMI-ISSIG even after the expiry of his membership.  
While, a smaller, randomly selected contact list from the overall list would have increased the response 
rate (Dillman 2000), the risk of not obtaining sufficiently large representations of the different types of 
distributed project organizations would  have been considerably high. Third, it is likely that other surveys 
with a similar focus have been mailed to this sampling frame in the past, leading to survey fatigue among 
the membership. 
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variables across the two SIGs did not indicate any significant differences. Finally, 

following Li et al. (2007), we checked for the bias that only successful projects were 

represented in the responses across the two sampling groups by comparing the 

percentage of projects that had a rating of 4 or below on a 7-point Likert scale 

representing Project Performance (see section 4.3, p. 22 for more details on this 

variable) across the two sampling groups. Approximately 46% and 48% of the projects 

from the PMI-ISSIG and the PMI-NPDSIG, respectively, had a Project Performance 

score of 4 or below, thereby alleviating concerns that the responses were biased toward 

successful projects alone. Given the similarities in the responses across the two 

sampling groups, they were pooled together to yield a total sample of 830 technology 

projects for conducting the empirical analysis in this study. 

 
3.4.2.  Sample Characteristics 

Across the total sample of 830 technology projects, the five project organization types 

were distributed as follows: 320 (38.6%) projects had Collocated Insourcing project 

organization, 134 (16.1%) had Distributed Insourcing project organization, 168 (20.2%) 

projects had Outsourcing project organization, 71(8.6%) projects had Offshoring project 

organization, and the remaining 137 (16.5%) projects had Offshore-Outsourcing project 

organization.  

 Regarding the respondent profile, approximately 72% of the respondents were 

project managers; 13% were more senior level managers such as a project sponsor, 

program manager, or a portfolio manager; and the remaining 14% were either project 

team members or held specialist roles within a project such as a technical lead, quality 
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assurance, or business analyst. Respondents were also asked to indicate their affiliation 

with the project from among three choices: project team/vendor firm, project 

client/client firm, or external consultant. Nearly 57% of the respondents were affiliated 

with the project team/vendor firm, 30% of the respondents were affiliated with project 

client/client firm, and the remaining 13% were affiliated with external consultants. The 

average total work experience of respondents was 21.2 years, out of which an average 

of 11.5 years were spent in a project management role. With respect to project 

characteristics, the average project team size was 28 members, and the sample of 

projects fell into three main categories: 

    Hardware – projects involving the development of a physical product or a 
software that interfaces with a physical product, i.e., system software or 
embedded software (16% of the total sample); 

 
    Software – application software development projects (72% of the total sample); 

and 
 

    Infrastructure – enterprise IT infrastructure development projects (12% of the 
total sample). 

 
 A large majority of the project client/client firms were located in North America. 

Across the sample, nearly 75% of the projects had their project client/client firm located 

in North America, whereas the percentage of European and Asian project clients/client 

firms came a distant second and third with only 8% and 6% representation, respectively. 

Among projects which spanned country boundaries (Offshoring and Offshore-

Outsourcing projects), most were executed by project teams/vendor firms located in 

Asia; 65% of the sample of Offshoring and Offshore-Outsourcing projects were 
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executed by project teams/vendor firms in Asia, while North America accounted for 

only 17% of the sample.  

 
3.4.3. Measures 

To minimize the potential common method bias among survey respondents, we used 5-

point Likert scales (1 = Strongly Disagree, 5 = Strongly Agree) for all the multi-item 

independent variables and a 7-point Likert scale (1 = Significantly Worse, 7 = 

Significantly Better) for the dependent variable, project performance. The theory 

developed for the constructs helped define the domains of each measure. We used 

validated measurement items from extant research whenever possible in order to 

operationalize the constructs in the theoretical framework. Many of the existing 

measurement items were adapted to the context of this study with some new 

measurement items developed as needed. The measurement scales are listed in 

Appendix 3-1.  

 Project Performance: Project Performance (ProjectPerformance) is measured 

using a 7-item scale (Cronbach’s α = 0.90) that examines the project outcomes on 

various performance dimensions such as cost, schedule, quality, technical performance, 

and overall satisfaction. These dimensions have been widely used in many studies and 

provide a holistic assessment of project outcomes (Gerwin and Barrowman 2002, 

Krishnan and Ulrich 2001). 

 Project Organization Type: The measure for project organization type is based on 

the classification scheme described earlier and represented in Figure 1. Respondents 

were asked to select one among the five project organization types: Collocated 
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Insourcing, Distributed Insourcing, Outsourcing, Offshoring, and Offshore-

Outsourcing. To ensure that the respondents truly understood the meaning of each 

project organization type and answered correctly, a brief definition was provided for 

each project organization type in the survey.  

 Design-Interface Misalignment: To measure the extent of design-interface 

misalignment (MISALIGN) in a project, a 4-item scale (Cronbach’s α = 0.90) was 

developed and used in this study. The question items for this scale primarily capture the 

extent of rework, functional inconsistencies, and overall difficulty encountered in 

integrating task modules in a project.  

 Control Variables: External factors pertaining to the characteristics of a project 

could create potential variation in project performance outcomes. Hence, we controlled 

for several such project characteristics in the analysis. Project team size has been used 

as a control variable in many studies (e.g., Atuahene-Gima 2003, Bell and Kozlowski 

2002) based on the premise that bigger project teams are likely to have more and better 

resources than smaller project teams, which, in turn, affects project performance. We 

included the natural logarithm of this variable (lnTeamSize) in the analysis. The 

different project categories in the sample—Hardware, Software, and Infrastructure—

have different information requirements and challenges for project team members and 

could potentially confound the measure of project performance. Following past studies 

that have controlled for the effect of project type on performance (e.g., Atuahene-Gima 

2003, Bell and Kozlowski 2004), we created two dummy variables (Hardware = 1 for 

projects in the Hardware category and 0 otherwise; Software = 1 for projects in the 
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Software category, and 0 otherwise) and entered them into the analysis. We also 

controlled for heterogeneity in industry type in the sample by including dummy control 

variables for selected industries that have high representation in the sample19: 

(InformationTechnology = 1 for projects in information technology industry and 0 

otherwise; Banking = 1 for projects in banking industry, and 0 otherwise; Insurance = 1 

for projects in insurance industry and 0 otherwise; HealthCare = 1 for projects in 

healthcare industry and 0 otherwise; Manufacturing = 1 for projects in manufacturing 

industry and 0 otherwise). In addition, given that the majority of the project teams were 

located on the North American continent, we controlled for project team location by 

using a dummy variable (NorthAmerica = 1 when the project team was located in North 

America and 0 otherwise). Also, given that the extent of design-interface misalignment 

and, consequently, project performance is likely to be influenced by the extent of 

architectural uncertainty (the level of difficult involved in identifying interdependencies 

across task modules in a project), we use a 3-item measure (Cronbach’s α = 0.76) for 

architectural uncertainty (ArchUnc) as a control variable in the analysis. 

 As the measure for the dependent variable, project performance is subjective in 

nature and could be affected by the views of the respondent, we controlled for 

heterogeneity among respondents using variables that represent: 

 Years of project management experience of the respondent (e.g., Kirsch et al. 
2002). We include the natural logarithm of this variable (lnProjMgmtExp) in our 
analysis. 
 

                                                 
19 Although the sample of 830 technology projects was drawn from more than 26 industries, the dominant 
industries were information technology (127 projects), banking (87 projects), insurance (58 projects), 
health care (65 projects), and manufacturing (66 projects). 
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 Respondent’s role in the project. Two dummy variables were created to represent 
the three respondent roles described previously (ProjectMgr = 1 for project 
manager and 0 otherwise; SeniorMgr = 1 for senior level managers and 0 
otherwise). 

 
 Respondent’s affiliation with respect to the project. Two dummy variables were 

created to represent the three categories of respondent affiliations (ProjectClient = 
1 for project client/client firm and 0 otherwise; ProjectTeam= 1 for the project 
team/vendor firm and 0 otherwise). 

 
 Finally, we controlled for the past experience (PastExperience) of the project team 

in handling similar projects, because this could be a critical factor in affecting project 

performance (Haas 2006). Using a 4-item scale (Cronbach’s α = 0.75), we measured the 

extent of past experience of project team members and the project manager in working 

on similar projects (in terms of project organization type, scope/size, and project client 

requirements). 

 
3.4.4. Reliability and Validity Assessments 

The composite reliability was calculated using the procedures outlined by Fornell and 

Larcker (1981) (coefficient alphas are also included for comparison). Also, the 

parameter estimates and their associated t-values were examined for each construct 

(Anderson and Gerbing 1988). The composite reliabilities for two constructs, design 

interface misalignment and project performance, were 0.83 and 0.85 respectively, and 

the factor loadings ranged from 0.70 to 0.94 (p < 0.01). Discriminant validity for this 

pair of constructs was assessed by comparing two CFA models (e.g., Bagozzi and 

Phillips 1982); one model involved constraining the Φ coefficient to unity, and the other 

model involved freeing this parameter. A χ2-test was used to assess if the Δχ2 was 

significantly lower for the unconstrained models (Anderson and Gerbing 1988). The 
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critical value (Δχ2
(df=1) > 3.84) was exceeded in all cases. Overall, we found the two 

constructs and their corresponding measurement items to be reliable and valid. 

 Finally, given the self-reported, single-respondent nature of the survey, common 

method variance (CMV) could pose a potential threat to the analysis. To detect CMV, 

we used a confirmatory factor-analytic approach to Harman’s post hoc one-factor test. 

The rationale for this test is that, if CMV poses a serious threat to the analysis and 

interpretation of the data, a single latent factor would account for all manifest variables 

(Podsakoff and Organ 1986). The fit is considerably worse for the one-factor model 

(χ2 = 1817.6, df=27) compared to the multi-factor model (χ2 = 390.9, df = 26), thereby 

suggesting that CMV is not a serious threat to this study. Further, as suggested by 

Podaskoff et al. (2003), we focused on reducing CMV, ex ante, during the survey 

design stage by using separate scale format and anchors for project performance 

measures (7-point Likert scales; 1 = Significantly Worse, 7 = Significantly Better) and 

the independent variables (5-point Likert scales; 1 = Strongly Disagree, 5 = Strongly 

Disagree), reducing the social desirability of items, reducing item 

complexity/ambiguity, and using multi-item scales. Table 3-1 presents the correlations 

for the quantitative variables in the analysis along with their means and standard 

deviations. 
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Table 3-1:  Descriptive Statistics and Correlation Matrix for Quantitative Variables 

 
n = 830 observations, * p value < 0.05, **p value < 0.01  

 
 

3.4.5. Model Specification 

The hypothesized relationships in the conceptual framework represent a system of 

equations wherein design-interface misalignment represents an endogenous explanatory 

variable that is dependent upon the type of project organization and, in turn, impacts 

project performance. Given that the type of project organization is a categorical 

variable, four indicator variables (DI = 1 for Distributed Insourcing project 

organization, and 0 otherwise; OUT = 1 for Outsourcing project organization, and 0 

otherwise; OFF = 1 for Offshoring project organization, and 0 otherwise; OFFOUT = 1 

for Offshore-Outsourcing project organization, and 0 otherwise) representing the five 

types of project organization were included in the analysis. The empirical analysis is 

executed in two stages: 

 The first-stage model involves testing Hypothesis 1, which posits that distributed 

project organizations are associated with higher degree of design-interface 

misalignment compared to Collocated Insourcing project organization. This model is 

estimated using ordinary least squares (OLS) procedure and is formulated as follows: 

 Variables Mean  S. D.    1 2 3 4 5      6 

Project Team Size   27.48  42.78  1.00      

PM Experience  11.48   6.09  0.06  1.00     

Past Experience    3.75   0.87 -0.05  0.05  1.00    

Architectural Uncertainty     2.41   0.85  0.08 -0.03 -0.25**   1.00   

Design-Interface  
Misalignment  

   2.71   1.09  0.12** -0.03 -0.25**   0.29**   1.00 
 

Project Performance    4.35   1.27 -0.09** -0.03  0.20** -0.15**  -0.51*    1.00
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MISALIGN  = β0 + β1lnTeamSize + β2lnProjMgmtExp + β3Hardware  

+ β4Software + β5ProjectMgr + β6SeniorMgr + β7ProjectClient  

+ β8ProjectTeam + β9InformationTechnology + β10Insurance  

+ β11Banking + β12Healthcare + β13Manufacturing + β14NorthAmerica  

+ β15PastExperience + β16ArchUnc  
 
 
+ β17DI + β18OUT + β19OFF + β20OFFOUT   + ɛ         …………………… (1) 

  
 The second-stage model involves testing Hypotheses 2 and 3, which posit a 

negative relationship between design-interface misalignment and project performance 

and a negative moderating effect of project organization type on this relationship, 

respectively. The endogeneity of the design-interface misalignment (MISALIGN) 

variable, however, presents a methodological challenge in testing these hypotheses. 

OLS estimation procedures can lead to biased estimates in the presence of endogenous 

explanatory variables. Garen (1984) proposes an alternate procedure to correct for 

endogeneity of continuous variables that involves augmenting the second-stage model 

with additional predictor variables constructed using structural residuals from the first-

stage model. Specifically, the second-stage model is augmented by including residuals, 

ê, along with the interaction term, ê*MISALIGN, to correct for the endogeneity of the 

MISALIGN variable.  

 This procedure, however, surfaces other methodological issues that require careful 

attention. First, as Arabsheibani and Marin (2001) demonstrate, Garen’s method could 

lead to misleading estimates due to high multicollinearity in the second-stage model, 

particularly when OLS estimation of the continuous endogenous variable in the first-

stage model explains only a small part of the variation in that variable. Second, the 

Control 
Variables
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errors in the second-stage model are likely to be heteroskedastic due to the inclusion of 

these additional predictor variables and can bias OLS estimates of such models.   

 To reduce multicollinearity in the second-stage model, the additional predictor 

variables (ê and ê *MISALIGN) are combined using Principal Component Analysis 

(PCA) (Johnson and Wichern 1999) to create a composite predictor variable (SCORE) 

which is then entered into the second-stage model. The specification of the second-stage 

model is as follows: 

ProjectPerformance  = γ0 + γ 1lnTeamSize + γ 2lnProjMgmtExp 

 + γ 3Hardware + γ 4Software + γ 5ProjectMgr + γ 6SeniorMgr 

 + γ 7ProjectClient + γ 8ProjectTeam  + γ 9InformationTechnology 

 + γ 10Insurance + γ 11Banking + γ 12Healthcare + γ 13Manufacturing  

+ γ 14NorthAmerica + γ 15PastExperience + γ 16ArchUnc 

   

+ γ 17DI + γ 18OUT + γ 19OFF + γ 20OFFOUT   + γ 21MISALIGN 

 + γ 22DI×MISALIGN + γ 23OUT×MISALIGN + γ 24OFF×MISALIGN   

 + 25OFFOUT×MISALIGN + γ26(SCORE) + θ                 ……………………… (2) 
   
 The issue of heteroskedastic errors in Equation (2) is addressed by using a 

weighted least squares (WLS) estimation procedure (Garen 1984, Kutner et al. 2004). 

Unlike OLS estimation where each observation has equal influence on the final 

parameter estimates, in WLS estimation, the unknown values of the parameters in 

Equation (2) are estimated by taking into consideration an additional weight (ωi) that 

determines how each observation in the data set influences the final parameter 

estimates.20  

                                                 
20 Following Garen (1984), the error term, θ, in Equation (2) is a function of MISALIGN and 
(MISALIGN)2. The Breusch-Pagan test for heteroskedasticity confirms this specification (χ2= 7.20, p = 

Control 
Variables
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3.4.6. Results 
 
The estimation results for both the first-stage and the second-stage models are shown in 

Table 3-2. The first-stage OLS model represented by Equation (1) is estimated 

hierarchically with a baseline model, Model 1, containing only the control variables, 

followed by the addition of the project organization categorical variables in Model 2. 

The regression output for Model 2 shows statistically significant positive effects of 

Offshoring (β = 0.424, p < .01) and Offshore-Outsourcing (β = 0.336, p < .01) project 

organizations on design-interface misalignment. No significant effects for Distributed 

Insourcing and Outsourcing project organizations were observed. Taken together, these 

findings indicate that design-interface misalignment is significantly higher in 

Offshoring and Offshore-Outsourcing project organizations compared to Collocated 

Insourcing project organization. Hypothesis 1 is therefore partially supported. Figure 3-

5 illustrates the results from estimating the first stage model in the form of a main-

effects plot. 

 Consistent with the first-stage model estimation process, the second-stage model 

represented by Equation (2) is also estimated in a hierarchical manner with a baseline 

model, Model 3, containing only the control variables, followed by the addition of the 

design-interface misalignment (MISALIGN) variable in Model 4, project organization 

categorical variables in Model 5, and interaction effect terms in Model 6.  

                                                                                                                                               
0.0274). The general procedure for investigating weights involves, first, the estimation Equation (2) using 
OLS following which the squared residuals are regressed upon MISALIGN and (MISALIGN)2. This 
regression provides the variance matrix for the errors that is used to generate the weights for re-estimating 
Equation 2. The WLS estimates in this study are generated using STATA 8.0. The follow-up Breusch-
Pagan test lacks significance (χ2= 3.57, p = 0.1681), thereby highlighting the effectiveness of the WLS 
procedure in correcting for heteroskedasticity. 
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Table 3-2: Empirical Results 
     

Independent  
Variables 

Dependent Variable: 
MISALIGN 

 Dependent Variable: 
ProjectPerformance 

           Stage 1 (OLS)       Stage 2 (WLS)      OLS 

           1         2  3 4  5   6  7 

(Constant) 
lnTeamsize 

lnProjMgrExp 
Hardware 
Software 
ProjMgr 

SeniorMgr 
Client 

ProjectTeam 
NorthAmerica 

InformationTechnology 
Insurance 
Banking 

Healthcare 
Manufacturing 

ArchUnc 
PastExperience 

     2.654 
     0.109** 
   −0.034 
     0.247* 
     0.180† 
   −0.164 
   −0.157 
     0.227† 
   −0.277* 
     0.013 
     0.075 
     0.147 
     0.186 
     0.140 
     0.026 
   −0.234** 
   −0.288** 

  2.640 
  0.087* 
−0.042 
  0.212† 
  0.151 
−0.187† 
−0.142 
  0.131 
−0.239* 
  0.042 
  0.037 
  0.131 
  0.160 
  0.180 
  0.013 
−0.231** 
−0.286** 

 
  4.776** 
−0.047 
−0.159* 
−0.418* 
−0.468** 
  0.233† 
  0.173 
−0.464** 
−0.037 
−0.131 
−0.017 
  0.151 
  0.136* 
−0.221 
−0.066 
−0.209** 

     0.274** 

  4.592** 
  0.009 
−0.202* 
−0.268† 
−0.382** 
  0.213† 
  0.109 
−0.303† 
−0.081 
−0.110 
  0.026 
  0.270 
  0.218 
−0.178 
−0.063 
  0.009 
  0.132** 

   4.696** 
   0.028 
 −0.195† 
 −0.245† 
 −0.333** 
   0.230† 
   0.075 
 −0.124 
 −0.111 
 −0.177 
   0.064 
   0.316* 
   0.294* 
 −0.219 
 −0.086 
 −0.001 
   0.135* 

   4.610** 
   0.020 
 −0.171* 
 −0.227 
 −0.355** 
   0.272* 
   0.103 
 −0.105† 
 −0.105 
 −0.160 
   0.045 
   0.332* 
   0.287* 
 −0.205     
 −0.043 
 −0.010 
   0.141** 

  4.374**
−0.054 
−0.123* 
−0.137 
−0.306**
  0.263**
  0.124 
−0.146 
−0.144 
−0.103 
  0.011 
  0.280 
−0.246 
−0.170 
−0.106 
  0.019 
  0.117**

DI 
OUT 
OFF 

OFFOUT 
 

MISALIGN 

 

   0.080 
   0.076 
   0.435** 
   0.333** 
 
 

 
 
 
 
 
 
 

 
   
 
 
 
−0.616** 

−0.089 
−0.180 
−0.365 
−0.723** 
 
−0.527** 

 −0.081 
 −0.173 
 −0.583** 
 −0.500** 
 
 −0.399** 

 
−0.077 
−0.150 
−0.520**
−0.533**
 
−0.507**

MISALIGN * DI 
MISALIGN * OUT 
MISALIGN * OFF 

MISALIGN * OFFOUT 
 

SCORE 

  

 
 
 
 
 
 
−0.437 

 
 
 
 
  
−0.019 

 
 
 
 
  
−0.087 

 −0.137 
 −0.122 
   0.180 
 −0.415** 
 
 −0.106 

 
−0.115 
−0.042 
  0.090 
−0.307**
 
 

R Square 
ΔR Square 

F 
ΔF 

0.188 
 - 

11.75 
 - 

0.202 
0.015 
10.26 

     3.690** 

 

  0.291 
       - 
  14.09 

         - 

  0.336 
  0.045 
  17.95 
  54.58** 

0.374 
0.038 
17.67 

    12.45**

  
0.422 
 0.048 

   21.60 
   16.53** 
 

 

  
 0.335 
 0.010* 
 16.10 
 2.512* 

 
 
† p< 0.1 , * p < 0.05,**p < 0.01 
 

 The regression output in Model 4 shows a statistically significant negative main 

effect of design-interface misalignment (β = -0.616, p< .01) on project performance, 

indicating support for Hypothesis 2 that design-interface misalignment is negatively 
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associated with project performance. Building upon this result, the regression results for 

Model 6 show a significant negative interaction effect (β = -0.415, p < .01) between 

design-interface misalignment and Offshore-Outsourcing project organization. No other 

interaction effects were significant in this model. Hypothesis 3 is therefore partially 

supported. Taken together, the regression results for Model 6 indicate that design-

interface misalignment has greater negative impact on project performance in Offshore-

Outsourcing project organization than Collocated Insourcing project organization (see 

Figure 3-6). 

 
Figure 3-5:  Effect of Project Organization Type on Design-Interface Misalignment 
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Figure 3-6: Interaction effects between Project Organization Type and                       
Design-Interface Misalignment 

 
 

 

 

 

 

 
 
 
 
 
 
 

 
 

3.4.7. Additional Analysis and Robustness Checks 
 

 Estimating Second-Stage Model using OLS Estimation Procedure: For 

comparison purposes, we also estimated the second stage model using OLS estimation 

procedure. Column 7 in Table 3 presents the parameter estimates for the complete 

model which include the control variables, main effect terms, and the interaction effect 

terms. Overall, the results from this procedure are consistent with those obtained from 

the WLS estimation, thereby indicating that endogeneity of the design-interface 

misalignment did not bias OLS results significantly. 

 Alternate Specification of Design-Interface Misalignment Variable: A concern 

may surface that since product integration issues are a “fact of life” for most technology 

projects, even minor variations in the extent of design-interface misalignment across the 

different types of project organizations could produce statistically significant impacts on 
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project performance, if the sample size were large. One way to address this concern is 

to dichotomize the MISALIGN variable and use it in testing the hypotheses. 

Dichotomizing a continuous variable often leads to the loss of information contained 

within a variable (Cohen 1983) and substantial power loss in tests of moderating effects 

(Mason et al. 1996). Thus, if the sign and the statistical significance associated with the 

main effects and/or the moderating effects for the dichotomized variable are similar to 

those for the continuous variable, the validity of earlier results is supported. We 

transformed the original measure of design-interface misalignment into a binary 

measure, MISALIGN_BIN, wherein scale mean scores <= 3 were coded as 0 and 1 

otherwise. The different categories now represent endogenous choices into which 

managers self-select. To correct for endogeneity of the binary choice variable in testing 

the hypothesis, we used a treatment-effects model (Greene 2003) to correct for self-

selection. The analysis was carried out in two steps. In the first step, we ran a probit 

regression model with the new binary measure as the dependent variable. The predicted 

probabilities from this step are used to construct the inverse Mills ratios (λj’s) which is 

then entered as a control variable along with MISALIGN_BIN variable and its 

interaction effect terms with the project organization categorical variables in the second 

step OLS regression model to explain project performance. Overall, the results from 

these analyses support the earlier findings and demonstrate the robustness of the 

MISALIGN variable to an alternate specification (see Appendix for details). 
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3.5. Discussion 

3.5.1. The Effect of Country Boundaries on Design-Interface Misalignment 

The first objective of this study was to examine whether design-interface misalignment 

in a project is influenced by the type of project organization. The analysis revealed that 

design-interface misalignment was significantly higher in Offshoring and Offshore-

Outsourcing project organizations than in Collocated Insourcing project organization. 

Further, the lack of any variation in design-interface misalignment across domestic 

project organizations (Collocated Insourcing, Distributed Insourcing, and Outsourcing) 

indicated that the negative effect of country boundaries dominated those of firm 

boundaries in affecting product integration issues across technology projects. These 

findings have interesting theoretical implications.  

 A significant amount of research on distributed teams has examined the impact of 

different types of boundaries on the coordination process separately (Levina and Vaast 

2008). For example, studies have investigated how cultural (Cramton and Hinds 2007, 

Krishna et al. 2004, Lam 1997) and organizational (Espinosa et al. 2003, Lam 1997, 

Srikanth 2007) boundaries create challenges for coordination in distributed teams. 

However, very little is known about how the different types of boundaries “stack up” 

with respect to each other in the extent to which they create coordination challenges in 

distributed teams (Espinosa et al. 2003, Levina and Vaast 2008). Findings from this 

study show that different types of boundaries pose different degrees of coordination 

challenges. Specifically, the findings indicate that national culture differences arising 

from crossing country boundaries in Offshoring and Offshore-Outsourcing project 
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organizations are likely to be dominant and salient in affecting the coordination process 

adversely compared to the differences in organizational and cultural differences arising 

from the presence of organizational and firm boundaries. These findings also extend 

Sosa et al.’s (2004) study by going beyond investigating the coordination of 

architectural knowledge across organizational boundaries to studying the transfer of 

knowledge within and between firm and geographical boundaries.  

 In addition, these findings have significant managerial implications in terms of 

how project organizations that span country boundaries (Offshoring and Offshore-

Outsourcing) are managed relative to domestic projects (Collocated Insourcing, 

Distributed Insourcing, and Outsourcing). While effective coordination between a 

project team and the project client is important for the seamless integration of project 

task modules, it assumes greater importance in project organizations that cross country 

boundaries compared to domestic project organizations. Coordination across country 

boundaries is inherently riskier as language and cultural differences between a project 

team and the project client can interfere with their respective interpretations of 

architectural knowledge and lead to underestimating or misunderstanding dependencies 

across project task modules.  

 Therefore, in project organizations that span country boundaries, it is critical for 

managers to staff projects with personnel who have excellent product integration skills 

and make those personnel formally accountable for design-interfaces (Sosa et al. 2007). 

Parker and Anderson (2002) refer to such personnel as “supply chain integrators” or 

“ultra-lightweight project managers, whoinstead of direct or dotted-line supervisory 
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control over their reportsemploy a mix of ‘soft skills’ to coordinate, translate, 

negotiate, and mediate across organizational interfaces to ensure successful product 

integration.” Based on their case studies, Staudenmayer et al. (2005) found that firms 

that managed interdependencies better typically employed a “relationship manager” 

who was responsible for coordinating strategic collaboration across organizational 

boundaries and reported directly to the division head or the chief executive officer 

(CEO) of the firm. Such an individual, they observed, possessed a broad spectrum of 

skills ranging from technical skills (e.g., engineering design, programming languages, 

and systems engineering) and business skills (e.g., project management, costing, and 

business case evaluation) to facilitate communication between the functional experts on 

the project client side and the technical experts on the project team side. With 

increasing globalization of technology projects, in-depth familiarity and work 

experience with geographically distributed and multi-cultural work environments are 

also becoming necessary skill requirements for supply chain integrators or relationship 

managers to help bridge communication gaps between a project team and the project 

client (Anderson et al. 2007). 

 While the usefulness of “supply chain integrators” in offshore project 

organizations is beyond dispute, it is also worth noting that a considerable amount of 

design-interface misalignment issues can be prevented by careful attention to design 

and specification of task module interface design during the early phases of a project. 

Black and Repenning (2001, p. 49) observe “project managers often complain of 

discovering major design problems late in the development cycle, often just a month or 
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two before the product’s scheduled launch.” This behavior is primarily fueled by 

searching and testing for defects late in the development cycle. Instead of postponing 

product integration activities until the later stages of a project, many downstream issues 

can be avoided if system-architects focus on constantly reviewing design interfaces 

upfront and working toward “coordinating portfolios of interdependent development 

relationships holistically, attempting to recognize and adjust to changing patterns” as 

they arise (Staudenmayer et al. 2005, p. 313). A side benefit of this approach is that it 

keeps the members of a project client and the project team in a state of constant 

engagement on the project. Therefore, each side is less likely to lose interest or 

willingness to make adjustments as the project progresses and settle for sub-optimal 

performance from deliverables (Tyre and Orlikowski 1994, Langlois and Robertson 

1992). 

 This approach to managing product integration requires the adoption of a strategy 

wherein resources are allocated during the initial stages of the project for performing 

testing procedures, instead of before project deadlines (Black and Repenning 2001). 

Further, managers should take into account timing schedules, shared resources, and 

state management within and between a project team and the project client to determine 

coordination requirements. These aspects of coordination are often ignored by system 

architects (Bass et al. 2007), but are likely to assume prominence in distributed project 

organizations. 
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3.5.2. Implications of Design-Interface Misalignment for Project Performance 

Although conceptual and anecdotal evidence regarding the potentially disruptive effects 

of design-interface misalignment does exist (e.g., Sosa et al. 2003, 2004; Anderson et 

al. 2007), empirical examination of this relationship has, thus far, received little 

attention. Findings from this study provide empirical support for the negative 

consequences of design-interface misalignment on project performance. Beyond the 

obvious implication that managers should focus on minimizing design-interface 

misalignment issues, these findings underscore the significance of the product 

integration phase of a project and the value of the design-interface misalignment metric 

as an in-process metric for evaluating a technology project in progress.  

 Further, the findings also reveal that the negative effect of design-interface 

misalignment on performance is not similar across the different types of project 

organizations. Specifically, design-interface misalignment has a greater negative impact 

on project performance in Offshore-Outsourcing projects compared to Collocated 

Insourcing project organization. These findings provide an interesting perspective on 

technical communication across the boundaries that a technology project spans. While 

communication across organizational and country boundaries is a challenge for project 

organizations, it becomes a significantly greater challenge in Offshore-Outsourcing 

project organizations. That is, more than any of the other types of distributed project 

organization, Offshore-Outsourcing project organization faces greater problems in the 

coordination of architectural knowledge between a project client and the project team, 

leading to a reduced ability in resolving design-interface misalignment issues quickly. 
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As a result, the performance risk from design-interface misalignment issues and penalty 

for the delayed resolution of such issues are considerably amplified in such project 

organizations compared to Collocated Insourcing project organization. Hence, from a 

project management standpoint, the implications of these findings are that managers 

should make a concerted effort to assess all potential risks and have clearly outlined 

contingency plans for addressing design-interface misalignment issues prior to opting 

for an Offshore-Outsourcing project organization. Further, during the project execution 

phase in an Offshore-Outsourcing project organization, managers need to be 

particularly concerned should things start going wrong during the integration of project 

task modules, as things are likely to really go wrong!   

 Although design-interface misalignment may represent deviations from the 

original plan and delay project progress, they are also likely to present opportunities for 

both the project client and the project team to revisit their designs and evaluate system 

goals. In some instances, product integration issues may actually prove to be a trigger or 

a “window of opportunity” for a project client and the project team to make some hard 

decisions that could lead to dramatic or unforeseen improvements in project 

performance.  

 Tyre and Orlikowoski (1994, p. 114) highlight the importance of interruptions in 

the form of problems or surprises by pointing out that “interruptions create 

opportunities for organizational actors to mobilize their accumulated experience in 

order to redefine their task, their approach, or the tools applied.” Gersick refers to such 

interruptions as “alarm clocks” that encourage team members to break from the status 
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quo and force them to reexamine their goals (1988, p. 34). The absence of such alarm 

clocks can sometimes lead team members to get stuck in unproductive work patterns 

and make it more difficult for them to translate their negative experiences into usable 

insights (Hackman 1990, Tyre and Orlikowoski 1994). However, the extent to which 

any potential benefits from design-interface misalignments can be realized depends 

greatly on project leadership. As Tyre and Orlikowoski observe, “managers are more 

likely to encourage adaptation when they frame interruptions and surprises as 

noteworthy and informative” (1994, p. 115) 

 
3.6. Conclusion 

The purpose of this study was to examine how technology project organization types 

affect the relationship between design-interface misalignment in a technology project 

and project performance. Using a conceptual classification scheme for categorizing the 

different types of project organization based on whether or not they span firm and 

geographical boundaries, this study moves beyond the simplistic make vs. buy decision 

framework widely used in the extant literature and presents a nuanced theoretical 

perspective of product integration in the context of distributed technology project 

organizations. To test the hypotheses posited in this study, we collected and analyzed 

primary data from 830 information technology and product development projects 

representing the five different types of project organization (Collocated Insourcing, 

Distributed Insourcing, Outsourcing, Offshoring, and Offshore-Outsourcing) 

representing 26 industries and 65 countries.  
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 The primary contributions of this study are the following: First, the study sheds 

light onto how the different types of project organization affect the extent of design-

interface misalignment in a project. Specifically, design-interface misalignment is more 

prevalent in Offshoring and Offshore-Outsourcing project organizations than Collocated 

Insourcing project organization. Second, the study underscores the criticality of product 

integration by examining the impact of design-interface misalignment on project 

performance. While design-interface misalignment has a negative impact on project 

performance across different types of technology project organization, this negative 

impact is the greatest in Offshore-Outsourcing project organization. Taken together, 

these findings highlight coordination challenges that arise from interactions across 

country boundaries and call for greater attention toward managing product integration 

in technology project organizations that span country boundaries. We believe that the 

empirical examination of the research hypotheses using large sample data of technology 

projects is an important step toward advancing the theory and the current understanding 

of product integration issues in technology projects.  

 A number of directions for future research follow from this study. Given the lack 

of empirical research on product integration issues in technology projects, the measure 

of design-interface misalignment was primarily derived from a content analysis of 

extant literature and through discussions with practitioners. We believe that this study 

provides a foundation for further development of design-interface misalignment metric, 

i.e., future studies could build upon this study by identifying more nuanced and 

objective measures of product integration issues in technology projects. The increased 
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prevalence of product integration issues in project organizations that span country 

boundaries also raise important questions about how project management practices can 

be designed to address such issues. For example, does the use of agile project 

management practices (or iterative approaches to project execution) reduce product 

integration issues in a project? Further, as Tyre and Orlikowoski (1994) suggest, do 

factors characterizing project leadership moderate the relationship between product 

integration issues and project performance? Future studies could pursue this line of 

investigation and identify project management practices that are suitable in addressing 

product integration issues. Additionally, while this study examines technology projects 

involving transactions between two groups of stakeholders: a project client and a project 

team, it is plausible that the challenges and the dynamics involving product integration 

will be amplified in technology project “networks” that involve multiple groups of 

stakeholders. Future studies involving such contexts would be invaluable in furthering 

our understanding of product integration issues. 

 This study has certain limitations, some of which can also serve as extensions for 

future research. First, the use of a single informant for collecting information about a 

project is a key limitation. While multiple informants would have provided increased 

reliability to the study’s findings, this is often possible only when data collection is 

primarily carried out within a single firm or a limited set of firms. In this study, by 

conceptualizing project organization into five different types, the empirical testing of 

the study’s hypotheses warranted a data collection approach that would allow for 

collection of a large sample of data from projects across the different project 
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organizations, all of which are seldom found within a single firm. Building on this 

study, future work could address this limitation by collecting survey data on each 

project from multiple respondents with different kinds of affiliations to the project. A 

second limitation of the study relates to the large representation of software projects in 

the sample; while the hypotheses in this study were framed to represent a generic 

sample of technology projects which includes information technology and product 

development projects, the large representation of information technology projects in the 

sample limits the applicability of the findings to mostly similar projects. A balanced 

sample with a more equitable representation of information technology, product 

development, and software projects would have been helpful in limiting any bias due to 

project type in the sample. A third limitation of the study relates to the potential 

presence of heterogeneity effects of different firms, industries, and geographical regions 

in the sample. While industry effects and geographical effects have been controlled to a 

limited extent in the analysis, the absence of firm level controls could potentially mask 

significant effects of the independent variables.  

 Notwithstanding these limitations, this study has contributed toward opening up 

the black box of product integration and identifying project management practices for 

effectively managing design-interface misalignment in distributed technology projects. 

Since product integration will continue to be a critical phase of technology projects, we 

hope this study will motivate other scholars to continue pursuing this line of inquiry. 
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Appendix 3-1: Measurement Items in the Survey Questionnaire 
 

Select one of the choices which best reflects 
the organization of the project. 
 Collocated Insourcing: Firm assigns project 

tasks to a collocated inhouse team 
 Distributed Insourcing: Firm assigns 

project tasks to its division/unit at a 
different city in the same country 

 Outsourcing: User firm/Client firm 
contracts project tasks to a Vendor Firm in 
the same country 

 Offshoring: User firm/Client firm contracts 
project tasks to its division/unit in a 
different country 

 Offshore-Outsourcing: User firm/Client 
firm contracts project tasks to a Vendor 
Firm in a different country 

 
Please rate the success of this project relative 
to its goals (α = 0.90) 
(1= Significantly Worse; 2 = Worse; 3 
=Somewhat Worse; 4 = About Same; 5 = 
Somewhat Better; 6 = Better; 7 = Significantly 
Better) 
 
 Adherence to schedule 
 Adherence to budget 
 Adherence to quality 
 Technical performance 
 Overall satisfaction 
 
To what extent do you agree or disagree with 
the following statements about the project    
Strongly Disagree; 2 = Somewhat Disagree; 3 = 
Neutral; 4 = Somewhat Agree; 5 = Strongly 
Agree) 
 
Design-interface misalignment (α = 0.90) 
 Task modules did not function reliably 

when they were first integrated  
 Functionalities of the task modules were 

misaligned when they were first integrated  
 Major difficulties were encountered during 

the integration of the task modules  
 Significant rework had to be done to the 

task modules to the improve integration  
 
 

Architectural Uncertainty (α = 0.76) 
 The project could be easily divided into 

task modules 
 Interdependencies across task modules 

were clearly defined 
 It was easy to define the interdependence 

among task modules in the project 
 
Past Experience (α = 0.75) 
 Team members had worked on similar 

projects in the past 
 The project manager had past experience of 

managing projects of similar scope/size 
 Team members had dealt with user firm 

requirements of similar type in past 
projects 

 The project manager had past experience or 
working in a similar project organization 

                                                 
 Items on representing these constructs were reverse 
coded during analysis for ease of interpretation 
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Appendix 3-2: Alternate Specification of Design-Interface Misalignment Variable 
 
A concern can arise that product integration issues are a “fact of life” for most 

technology projects and that even minor variations in the extent of design-interface 

misalignment across the different types of project organizations could produce 

statistically significant impact on project performance, if the sample size were large. 

One way to address this concern is to dichotomize the MISALIGN variable and use this 

in testing the hypotheses.  

 Dichotomizing a continuous variable often leads to the loss of information 

contained within a variable (Cohen 1983) and substantial power loss in test of 

moderating effects (Mason et al. 1996). Thus, if the sign and the statistical significance 

associated with the main effects and/or the moderating effects for the dichotomized 

variable are similar to those for the continuous variable, the validity of earlier results is 

enhanced. We transformed the original measure of design-interface misalignment into a 

binary measure, MISALIGN_BIN, wherein scale mean values <= 3 were coded as 0, and 

1 otherwise. The different categories now represent endogenous choices into which 

managers self-select themselves.  

 To correct for endogeneity of the binary choice variable in testing the hypothesis, 

we used a treatment-effects model (Greene 2003) to correct for self-selection. The 

analysis is carried out in two steps. In the first step, we ran a probit regression model 

with the new binary measure as the dependent variable. The predicted probabilities 

from this step are used to construct the inverse Mills ratios (λj’s) which are then entered 

as a control variable along with MISALIGN_BIN variable and its interaction effect 



 

120 
 

terms with the project organization categorical variables in the second step OLS 

regression model, to explain project performance. As with most two-step model 

estimation procedures for correcting endogeneity, the absence of suitable pre-identified 

instrumental variables in the first step probit model is a concern as it creates serious 

multicollinearity issues in the second step OLS regression model. To circumvent this 

issue, we specify architectural uncertainty (ArchUnc) as an instrumental variable—

while ArchUnc is significantly correlated with both ProjectPerforamnce and 

MISALIGN variable (Table 3-1), it loses predictive power in the full models, (Model 6 

and 7 in Table 3-2) making it a candidate for deletion from the second step OLS 

regression model. The results for the two-step procedure are shown in Table A1.  

 The results from the first step probit model indicate statistically significant 

positive values of Offshoring (β = 0.375, p < .05) and Offshore-Outsourcing (β = 0.422, 

p < .01) project organizations on design-interface misalignment. Further, the OLS 

regression model estimates in step two indicate statistically significant negative main 

effects of design-interface misalignment on project performance with this effect 

becoming stronger in Offshore-Outsourcing project organizations (β = -0.612, p < .01), 

compared to Collocated Insourcing project organization. Overall, these results are 

consistent with our earlier results and confirm the robustness of the MISALIGN 

variable to an alternate specification. 
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Table A1: Treatment Effects Model – Two-Step Estimation              
               Number of obs  =  830 

  Wald chi2(43) = 269.54 (p <0.01) 
 
------------------------------------------------------------------------------ 
             |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 

(Step 2- Project Performance Model) 
Dependent Variable: ProjectPerformance 

 
  LnTeamSize |   .0453196   .0473923     0.96   0.339    -.0475677    .1382069 
LnProjMgrExp |  -.1164372   .0636745    -1.83   0.067    -.2412369    .0083624 
    Hardware |  -.1375543   .1390389    -0.99   0.323    -.4100655    .1349569 
    Software |  -.2847174   .1228275    -2.32   0.020    -.5254549   -.0439799 
     ProjMgr |   .2786399    .118759     2.35   0.019     .0458765    .5114034 
      Senior |   .2078644    .148649     1.40   0.162    -.0834824    .4992111 
      Client |  -.1903562   .1313277    -1.45   0.147    -.4477538    .0670413 
 ProjectTeam |  -.1587046   .1320539    -1.20   0.229    -.4175254    .1001162 
    InfoTech |   .0061908   .1134493     0.05   0.956    -.2161658    .2285474 
   Insurance |    .375596   .1709737     2.20   0.028     .0404937    .7106983 
     Banking |   .2957813   .1422751     2.08   0.038     .0169274    .5746353 
  Healthcare |  -.2575842   .1468604    -1.75   0.079    -.5454252    .0302569 
Manufactur~g |  -.0575643   .1491146    -0.39   0.699    -.3498235    .2346949 
NorthAmerica |  -.0803007   .0914644    -0.88   0.380    -.2595676    .0989663 
PastExperi~e |   .1008271   .0794811     1.27   0.205     -.054953    .2566072 
          DI |   .0115432   .1369515     0.08   0.933    -.2568769    .2799633 
         OUT |  -.0402917   .1303458    -0.31   0.757    -.2957649    .2151815 
         OFF |   -.496238   .2094342    -2.37   0.018    -.9067215   -.0857545 
      OFFOUT |   -.308713   .1816797    -1.70   0.089    -.6647987    .0473726 
MISALIGN_BIN |  -1.121521   .5558388    -2.02   0.044    -2.210946   -.0320975   
      DI_BIN |  -.2628277   .2386688    -1.10   0.271      -.73061    .2049545 
     OUT_BIN |  -.3138007   .2208141    -1.42   0.155    -.7465883    .1189869 
     OFF_BIN |  -.1128019   .2906613    -0.39   0.698    -.6824877    .4568838 
  OFFOUT_BIN |  -.6124981   .2299433    -2.66   0.008    -1.063179   -.1618174 
       _cons |   4.864211   .4788521    10.16   0.000     3.925678    5.802744 
-------------+---------------------------------------------------------------- 

        (Step 1- Probit Model) 
Dependent Variable: MISALIGN_BIN 

 
  LnTeamSize |   .0947529   .0527144     1.80   0.072    -.0085655    .1980713 
LnProjMgmt~p |  -.0409075   .0786713    -0.52   0.603    -.1951003    .1132853 
    Hardware |   .2635886   .1631984     1.62   0.106    -.0562745    .5834517 
    Software |   .2172864   .1471507     1.48   0.140    -.0711236    .5056965 
     ProjMgr |  -.1929688   .1366036    -1.41   0.158    -.4607069    .0747694 
      Senior |   .0201165    .182463     0.11   0.912    -.3375045    .3777375 
      Client |   .0351331   .1584345     0.22   0.825    -.2753928    .3456591 
      Vendor |  -.3281103   .1476681    -2.22   0.026    -.6175344   -.0386863 
          IT |   .0025173   .1430677     0.02   0.986    -.2778904    .2829249 
   Insurance |   .3627254   .1911733     1.90   0.058    -.0119674    .7374182 
     Banking |   .3297193    .157836     2.09   0.037     .0203663    .6390722 
  Healthcare |  -.0152203   .1848369    -0.08   0.934    -.3774939    .3470533 
Manufactur~g |   .1323761    .179677     0.74   0.461    -.2197844    .4845366 
NorthAmerica |   .0925718   .1114274     0.83   0.406     -.125822    .3109656 
PastExperi~e |  -.3053939   .0562418    -5.43   0.000    -.4156258    -.195162 
Architectu~y |   .2337417   .0576947     4.05   0.000     .1206621    .3468213 
          DI |   .0910954   .1425879     0.64   0.523    -.1883717    .3705626 
         OUT |   .0899913   .1380495     0.65   0.514    -.1805807    .3605632 
         OFF |   .3753462   .1831335     2.05   0.040     .0164111    .7342814 
      OFFOUT |    .422812   .1515282     2.79   0.005     .1258223    .7198018 
       _cons |  -.1409595   .4060554    -0.35   0.728    -.9368135    .6548945 
-------------+---------------------------------------------------------------- 
      lambda |   .2136135   .3287726     0.65   0.516    -.4307689     .857996 
-------------+---------------------------------------------------------------- 
         rho |    0.19689 
       sigma |   1.084925 
                 lambda |  .21361352   .3287726 
------------------------------------------------------------------------------ 
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Chapter 4  
 

Comparative Evaluation of Efficiency across Distributed Project 
Organizations: A Stochastic Frontier Analysis 

 
4.1. Introduction 
 
“The difficult economic conditions will push companies further than before to consider what 
stays in house and what gets done by others. Additionally, demands by the business for further 
cost reduction will need to be addressed [by suppliers and offshore vendor firms] in an 
environment where many companies have already leveraged labor arbitrage to source the low 
hanging fruit.” 
 Eugene Kublanov, CEO, NeoIT on www.cio.com21 
 
As the current global economic recession continues, increasing competitive pressures 

are forcing many firms to reconfigure their organizational arrangements for executing 

projects, with project organizations transcending boundaries of firms and countries. 

Concurrently, suppliers and offshore vendor firms are facing an increasing demand to 

provide their services and execute projects at significantly reduced profit margins. As a 

result, identifying the sources of project efficiencies and managing them effectively has 

become not only critical for the successful execution of distributed projects, but also for 

the survival of existing firm-supplier relationships (Lewin et al. 2009).  

 A recent survey of firms engaged in offshoring reports that the majority indicated 

improvements in project efficiencies as their primary motivation for offshoring their 

business processes.22 However, successes in executing projects such that gains in 

project efficiencies are realized have not been universal (Hinds and Mortensen 2005). 

                                                 
21http://www.cio.com/article/471713/Offshoring_and_Outsourcing_in_What_Does_the_Future_Hold_for
_the_IT_Services_Industry 
 
22 Duke University/Pricewaterhouse Coopers Offshoring Research Network Focus 2008 Survey 
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Recent industry studies—namely, A.T.  Kearney’s 2007 Offshoring Success Study23 

and Deloitte’s 2007 Financial Services Offshoring Study24—on the outsourcing and 

offshoring of organizational work indicate a significant gap between managerial 

expectations and actual outcomes. For example, the A.T. Kearney 2007 Offshoring 

Success Study reports that 60% of the surveyed companies seemed to fall short of their 

operational performance expectations. These studies not only highlight the 

inefficiencies associated with distributed project organizations, they also challenge the 

conventional wisdom of the practitioner literature and media reports which suggest that 

efficiency gains are synonymous with distributed project organizations. Identifying, ex 

ante, the enablers and barriers to attaining higher project efficiency is becoming 

imperative for the successful execution of distributed projects. This study is motivated 

by the following questions:  

RESEARCH   QUESTION  1: How does the efficiency of distributed project 
organizations compare with those that are not distributed?  
 
RESEARCH  QUESTION  2: What are the key project execution factors 
affecting the efficiency of a distributed project organization? 

 
 A review of the extant literature relevant to how outsourcing and offshoring 

decisions are typically made provides further motivation to explore these questions. 

Frequently, decisions related to outsourcing or offshoring project work are made at the 

top management level with expectations of certain performance outcomes (Williamson 

1975, Montverde and Teece 1982, Holmstrom and Milgrom 1994). Operational level 

issues and risk factors regarding the organization and execution of distributed projects 
                                                 
23 https://offshoring.fuqua.duke.edu/pdfs/1st_highlights.pdf 
 
24 http://www.deloitte.com/dtt/research/0,1015,cid%253D161519,00.html 
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are often not well understood at the initial stages of the projects, leading to considerable 

“fire-fighting” and “compression” of project activities downstream and poor resource 

utilization during the project execution phase (Fine and Whitney 1996, Anderson and 

Parker 2002, Novak and Eppinger 2001). Thus, while a few projects may be efficient in 

making use of their input resources and meeting their output goals, the significant 

majority of projects are typically inefficient in realizing their output goals.  

 Despite the relevance of these issues to research and practice, academic literature 

at the intersection of sourcing decisions and project efficiency is practically non-

existent. More broadly, research on project efficiency has been limited, its growth 

stunted by the methodological challenges and simplifying assumptions in analytical and 

empirical studies. Deterministic induced-invention models frequently specify project 

capabilities as a set of isoquants or set of points on the invention possibility frontier that 

can be achieved for a given outlay of project inputs (Nelson 1982). Thus, the important 

question of “why the frontier is the way it is tends to be ignored” (p. 454). Similarly, 

standard econometric models for project evaluation have typically ignored 

heterogeneity among projects with respect to resource utilization and made an implicit 

assumption that projects are operating on an efficiency frontier (i.e., projects are fully 

efficient in their use of input resources). The limited number of empirical studies that 

have studied project efficiency conceptualize and specify this term as a dependent 

variable (in econometric models) that captures the performance of a project on various 

output dimensions such as cost, schedule, quality, etc. (e.g., Faraj and Sproull 2000, 
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Sobrero and Roberts 2001, Ancona and Caldwell 1992)25. By confounding project 

output dimensions with project efficiency, these studies assume that differences in 

project efficiency are exclusively due to differences in levels of project inputs or purely 

random shocks. Such assumptions are rarely reflective of most productive entities in the 

real world (Coelli et al. 2005). As Kamien and Schwartz (1975) aptly observe, while 

input resources are critical to achieving the necessary outputs, very often the 

transformation of inputs to outputs is governed by other systematic factors. 

 In recent years, econometric advances on the estimation of stochastic frontier 

production functions (Battese and Coelli 1995, Kumbhakar and Lovell 2000) have 

opened up opportunities for researchers to examine the determinants of the efficiency of 

productive entities. The stochastic frontier analysis (SFA) approach, therefore, serves as 

this study’s foundation to specify and estimate the sources of inter-project differences in 

efficiency. Specifically, by conceptualizing project execution as an economic 

production process that transforms a set of inputs into valuable outputs (Banker et al. 

1991, Verma and Sinha 2002), this study specifies and estimates project efficiency in 

the form of technical efficiency26, defined as the ability of a project (or any productive 

entity) to obtain maximal attainable outputs from a given set of inputs (Farrell 1957). 

                                                 
25 Notable exceptions to this generalization include studies by Banker et al. (1991), Verma and Sinha 
(2002), Farris et al. (2006) and Swink et al. (2006) that use Data Envelopment Analysis (DEA) 
methodology to obtain the relative efficiency of projects with respect to a performance frontier derived 
from a small sample of  highly efficient peers. 
 
26 Besides technical efficiency, Farell (1957) proposed that the efficiency of any productive entity is 
characterized by the degree of its allocative efficiency. Allocative efficiency measures the maximum 
output for a given level of inputs at a fixed price and determines whether production inputs are used in 
proportions that ensure maximum output at minimum input prices. Since input prices are generally 
difficult to quantify and are not easily obtainable (Greene 1997), we focus primarily on examining the 
technical efficiency of projects in this study. 
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Following the measurement of technical efficiency, we specify an econometric model 

that includes structural and infrastructural project factors (Hayes and Wheelwright 

1984) to explain variations in technical efficiency.  

 Structural factors are long-range and have strategic implications. Decisions based 

on structural factors are typically carried out before the onset of project execution (i.e., 

during the project planning stage) and are not easily reversible once they have been 

made. In this study, we identify the choice of the type of project organization27 as a key 

structural factor. Project organization plays a central role in influencing the information 

processing capabilities of a project. As project organizations become increasingly 

distributed (a project is simultaneously distributed across multiple boundaries, such as 

firm boundaries and geographical boundaries), information processing challenges 

during project execution increase. Sustaining a superior information processing 

capability in a project is critical to the day-to-day project execution and provides the 

underlying mechanism for the efficient conversion of input resources into project 

outputs. So, we first examine whether systematic differences in technical efficiency 

across projects can be explained by their choice of project organization type (namely, 

Collocated Insourcing, Distributed Insourcing, Outsourcing, Offshoring, and Offshore-

Outsourcing). 

 Next, we investigate the effects of infrastructural factors on the technical 

efficiency of a project. Infrastructural factors involve operational factors or project 

                                                 
27 The term project organization, as used in this study, simply refers to the organizational structure of a 
project. It should not be confused with the term project management organization/office (PMO), which 
refers to a department or group within an organization that defines and maintains the standards of process 
related to project management. 
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management practices that are tactical in nature and are likely to influence the execution 

phase of a project. Specifically, this study examines the effect of infrastructural factors 

including face-to-face interaction (between a project client and a project team), risk 

management planning, agile management practices, and employee turnover on the 

technical efficiency of a project.    

 The empirical analysis is conducted using primary data collected from a large 

sample of information technology and product development projects across the five 

types of project organization—Collocated Insourcing, Distributed Insourcing, 

Outsourcing, Offshoring, and Offshore-Outsourcing—and spanning more than 26 

industries. The results indicate that the choice of the type of project organization is 

associated with the technical efficiency of a project: Distributed project organizations, 

particularly Offshoring and Offshore-Outsourcing project organizations, exhibit 

significantly lower technical efficiency compared to Collocated Insourcing project 

organization. Further, as would be expected, employee turnover is negatively associated 

with the technical efficiency of a project. In contrast, project management practices 

such as risk management planning, agile management, and face-to-face interaction are 

positively associated with the technical efficiency of projects.  

 This study makes important conceptual and methodological contributions to the 

literature on project evaluation. While the extant literature has been, at best, diagnostic, 

focusing mainly on benchmarking projects with respect to the efficient frontier, this 

study extends the literature by developing a conceptual framework that identifies key 

structural and infrastructural factors impacting the technical efficiency of a project. In 
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testing the hypothesis derived from the conceptual framework, the econometric 

approach of SFA is used.  To the best of our knowledge, this study marks the first 

attempt in the project evaluation literature to use SFA to obtain individual estimates of 

technical efficiency of a project—for performing a comparative evaluation of technical 

efficiency across the various types of project organizations—and to investigate project 

management practices that affect the technical efficiency of a project. 

 The remainder of the paper is organized as follows. Section 2 discusses the 

methodology of SFA for evaluating the technical efficiency of projects. Section 3 

examines the various organizational and managerial level antecedents of technical 

efficiency in a project and derives a set of testable hypotheses. Section 4 describes the 

procedure involved in collecting the primary data for this study and the overall 

characteristics of the study sample. Section 5 presents the results of the empirical 

analysis. Section 6 contains a discussion of the study’s findings. Section 7 concludes by 

outlining the study’s contributions, limitations, and directions for future research. 

 
4.2. Stochastic Frontier Analysis (SFA) 

Traditionally, the production function for a project is represented as follows:  

Yi = f (Xi; β). εi   

where Yi is the observed scalar output of a project i, i=1, 2, 3,……I;  Xi is a vector of N 

inputs used in the project i; f (Xi; β) is the production frontier; and β is a vector of 

technology parameters to be estimated. Any deviation from the production frontier is 

assumed to be a function of completely random producer-specific shocks.  
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 One problem with this traditional approach is that, conceptually, the production 

function embodies the trade-offs faced by an efficient project that utilizes best practice 

methods. However, most projects are not fully efficient in their use of inputs. This 

limitation motivated the development of stochastic production function (Aigner et al. 

1977; Meeusen and van der Broeck 1977). A stochastic production function explicitly 

recognizes the heterogeneity across projects, rather than assuming it away, and can be 

estimated to identify the production frontier and evaluate the projects relative to the 

production frontier. Thus, a stochastic production function makes it possible to separate 

random errors from systematic inefficiency by decomposing the error term in such a 

production function. As Figure 4-1 illustrates, the deviation of a certain Project A from 

the efficiency frontier is composed of a random error component and a systematic 

technical efficiency component.  

 The stochastic production function with a random error component and a technical 

efficiency component can be written as follows: 

Yi = f (Xi; β) . TEi  . exp(Vi) 

where TEi denotes the technical efficiency of a project and is defined as the ratio of 

observed output to maximum feasible output. TEi = 1 shows that the i-th project obtains 

the maximum feasible output, while TEi < 1 provides a measure of the shortfall of the 

observed output from the maximum feasible output. The random error component, exp 

(Vi) that describes random shocks affecting the transformation process which converts a 

project’s inputs to output. These random shocks may occur on account of 
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macroeconomic cycles or plain luck. We assume that each project faces a different 

shock, but the shocks are random and can be described by a common distribution.  

 

Figure 4-1: Decomposition of Error Term in a Stochastic Production Function 

  
 We also assume that TEi is a stochastic variable with a specific distribution 

function common to all projects. We can write it as an exponential function, TEi  = exp 

(-Ui), where Ui ≥ 0, since 0 ≤ TEi  ≤ 1. Now, if  f (Xi; β) is assumed to take the log-linear 

Cobb-Douglas form, the stochastic production function can be written as: 

           ln Yi = β  +  ∑ βn ln Xni  +  Vi   -  Ui                     ---------------- (1) 

where Vi is the “noise” component, which we will almost always consider a two-sided 

normally distributed variable with mean zero and unknown variance σv
2, and Ui is the 

non-negative technical efficiency component. A common assumption in the stochastic 

frontier literature is that Ui is independently and identically distributed as a non-

negative truncated-normal distribution with an unknown mean µ and variance σu
2, i.e., 

Ui ~ iid N+ (µ, σu
2). A more parsimonious half-normal distribution (i.e., Ui ~ iid N+ (0, 

σu
2)) has often been substituted in favor of the less-restrictive assumption of a non-

Output 
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negative truncated normal distribution to circumvent issues that arise during model 

estimation (Greene 1997). If heterogeneity across projects in the study sample with 

respect to input resource utilization exists, most projects would be technically 

inefficient and would lie below the estimated production frontier29. Thus, the composed 

error component (Vi − Ui) would be negatively skewed and a chi-square test for negative 

skewness of residuals from the production function would support the presence of a 

technical efficiency component. 

 Given the primary focus of this study is to identify factors affecting the technical 

efficiency of a project, we use Battese and Coelli’s (1995) method for parameterizing 

the technical efficiency component, Ui, as a function of additional, project-specific 

variables. The technical efficiency function is written as: 

                Ui = Ziδ  +  Wi                                              ---------------- (2) 

where Zi is a vector of explanatory variables, like those proposed later in the study. 

Here, δ is a vector of unknown parameters to be estimated and Wi is an unobservable 

random variable from a non-negative truncated-normal distribution with unknown mean 

µ and unknown variance σu
2.  Following this specification, the production function and 

technical efficiency function are jointly estimated by maximizing the sample likelihood 

function given by: 

 

                                                 
29 Although the production function in SFA models is reformulated from a “function” (as in OLS) to a 
“frontier” (i.e., designed to bound data from above, rather than passing through it), there is a possibility 
that a project will end up above the deterministic kernel of estimated production frontier due to an 
operating environment that is unusually favorable.  Kumbhakar and Lovell (2000, p. 3-4) point out that 
such operating environments are less likely because if environmental effects are random as is typically 
assumed, then an unfavorable operating environment is just as likely to occur as is a favorable operating 
environment, and this causes a project to end up beneath an estimated production frontier.  
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                                                                                                                               ---------------- (3) 
 
where  and  denote the standard normal distribution and density functions, 

respectively. Consistent and efficient estimates of the model parameters in (1) and (2) 

are obtained by maximum likelihood estimation of (3). 

 
4.3. Antecedents of Technical Efficiency 

4.3.1. Project Organization Types 

As shown in Figure 2, we specify a two-by-two classification scheme to identify the 

various ways in which projects can be organized. This classification scheme is based on 

two key dimensions: one dimension representing the geographical distribution of 

project organizations within and between national boundaries, and another representing 

the distribution of project organization within and between firm boundaries. Four 

distinct project organization types emerge from this two-by-two classification scheme: 

Insourcing, Outsourcing, Offshoring, and Offshore-Outsourcing. A third dimension that 

represents the geographic distribution of project organization within and across cities is 

nested within the vertical axis to further classify Insourcing into two sub-types: 

Collocated Insourcing and Distributed Insourcing. Each of these types of project 

organization involves transactions between two groups of stakeholders: a project client 

and the project team. A project client typically assigns or contracts project tasks to a 

project team, and these two groups of stakeholders can be a part of the same firm or 

different firms (e.g., a client firm and a vendor firm). We define the different types of 

project organizations below.         
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Figure 4-2:  Classification Scheme for Technology Project Organizations 
 

 

 

 

               

 

        
               
 
 
 
 
 
 
                                                                                

            
 

 Collocated Insourcing: A firm assigns project tasks to a collocated in-house team. 
An illustrative example is the design of Motorola’s “Razr” phone. 
 

 Distributed Insourcing: A firm assigns project tasks to its division or unit in a 
different city but within the same country. An illustrative example is Phoenix 
International, a North Dakota-based subsidiary of John Deere, working with its 
agriculture equipment manufacturing division in Moline, IL on new product 
development.  

 
 Outsourcing: A user or client firm contracts project tasks to a vendor firm in the 

same country. An illustrative example is U.S. firm Lucent Technologies, a client 
firm, contracting with Borland Inc., a vendor firm also based in the U.S., to develop 
automatic testing equipment. 

 
 Offshoring: A user or client firm assigns project tasks to its division or unit in a 

different country. An illustrative example is the Microsoft corporate R&D group 
based in Redmond, Washington collaborating with Microsoft’s India Development 
Center on new software development. 

 
 Offshore-Outsourcing: A user or client firm contracts project tasks to a vendor 

firm in a different country. An illustrative example is Aviva, a U.K.-based client 
firm that is a leading provider of insurance products, contracting with Tata 
Consulting Services, a vendor firm based in India, for the development of software 
for partner management system. 
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 The organization of a project plays a central role in affecting the extent to which 

coordination between the project client and the project team is carried out effectively. 

Information technology and product development projects, the empirical context of this 

study, typically involve uncertain environments along with ever-changing social 

constructions (Tsoukas 1996), and they require collective action from both the project 

client and the project team to mutually define and address uncertainties (Galbraith 1973, 

Tushman and Nadler 1978). For example, both the project client and project team will 

need to agree on a common definition of what they are doing, plan how to hand off 

components of the work expeditiously, and generally mesh the activities of the team. 

Often, project team members may need to communicate and convince project client 

members of their views on certain project tasks and their proper design and possibly 

renegotiate these views (Wheelwright and Clark, 1992). Thus, if project team members 

and project client members are physically proximate, both sides can work together to 

swiftly resolve the sorts of technical issues that continually arise during project 

execution.  

 The distribution of a project’s tasks across different locations—by moving from a 

Collocated Insourcing project organization toward one of the distributed project 

organizations—systematically extends the horizontal boundaries of a project and 

undermines the functional integration of project tasks. Differences in organizational 

culture and/or national culture, coupled with increased geographical distance between 

the project client and the project team, inhibit real time information exchange and 

contribute to difficulties in information processing. Further, since both the project client 
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and the project team possess distinct and unique task-related information (i.e., 

functional/business specification and technical information, respectively), the risk that 

each side may fail to share or heed uniquely held information is high, especially in 

distributed project organizations (Crampton 2001). While each side may attempt to 

correct or prevent these failures, they may do so by transmitting larger than required 

volumes of information, making the information exchange process arduous, time-

consuming, and inefficient (Hightower and Sayeed 1995). Given that coordination 

between a project client and the project team is central to the transformation of project 

inputs into outputs, inefficiency in information processing is likely to create 

inefficiencies in the input-output transformation process (Tushman and Katz 1980). 

Taken together, these arguments suggest that the increased inefficiency of information 

processing in distributed project organizations compared to Collocated Insourcing 

project organization renders them comparatively inefficient in utilizing project inputs. 

Therefore, we posit the following hypothesis: 

HYPOTHESIS 1: Technical efficiency of distributed project organizations is 
less than that of Collocated Insourcing project organizations. 
 
 

4.3.2. Face-to-Face Interaction  
 
As noted earlier, technology projects are characterized by uncertain environments and 

require collective action from both a project client and the project team to mutually 

define and address uncertainties. A key determinant of the efficiency of such collective 

action is the medium through which information sharing takes place between a project 

client and the project team. While collective action in teams is typically achieved on a 

daily basis through technology use, such a medium is rarely efficient when it comes to 
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the exchange of tacit project requirements or in the resolution of relationship conflict 

issues between the project client and the project team. Studies comparing face-to-face 

communication with technology-mediated communication in distributed teams have 

noted that the information exchange process was not only less complete and more 

biased in distributed teams (Hightower and Sayeed 1995, 1996, Hollingshead 1996), but 

it was also less efficient and proceeded at a slower rate (Lebie et al. 1996, Straus 1997, 

Straus and McGrath 1994). Frequent and timely face-to-face communication between a 

project team and the project client can go a long way toward addressing such problems, 

helping both constituents revisit their assumptions and transform mutual understanding 

of project tasks (Kirkman et al. 2004, Hinds and Mortensen 2005). In a study of the use 

of new machines in a factory, Tyre and von Hippel (1997) observed that engineers had 

trouble resolving equipment problems over the phone because engineers needed to “see 

for themselves” the technology in context. Pointing out the potential benefits of face-to-

face communication in resolving project conflicts and reducing rework, Armstrong and 

Cole (2002, p. 172-173) comment, “A manager could walk across the hall, ‘nip it in the 

bud,’ and solve the problem quickly. Over distance, the issues were likely to get 

dropped and go unresolved, contributing to a slow buildup in aggravation.” Face-to-face 

communication can also be beneficial in breaking down functional silos and unique site 

cultures that develop across project client and project team employees and which can 

hamper the progress of a project. For these reasons, we propose the second hypothesis: 

HYPOTHESIS 2: Face-to-face interaction is positively associated with the 
technical efficiency of a project. 
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4.3.3. Agile Project Management  
 

Traditional project management assumes that events affecting the project are 

predictable and that a project’s technical and business requirements are well understood. 

In addition, with traditional project management, once a phase is complete, it is 

assumed that it will not be revisited (Wysocki 2006). The strengths of this approach are 

that it lays out the steps for development and stresses the importance of requirements. 

The limitations are that projects rarely follow the sequential flow and project clients 

usually find it difficult to completely state all requirements early in the project (Hass 

2007, Karlstrom and Runeson 2005).  

 Consequently, the role of agile project management practices is being increasingly 

stressed as a way of achieving fast responsiveness to changing project requirements. 

Agile project management is a highly iterative and incremental process, wherein a 

project team and the project client actively work together to understand project 

requirements, identify what project activities needs to be executed, and prioritize 

functionality (Chin 2004). Again, this differs from the traditional approach to project 

management in that the amount of time invested in planning and creating requirements 

documentation during the initial stages of the project is considerably less (Augustine et 

al. 2005). The notion that a project team pursues agile project management practices 

during project execution also implies considerable effort on the part of the project team 

in identifying and prioritizing project client requirements and project tasks based on 

business value (Lee et al. 2006). This, in turn, leads to a prioritized and systematic 

resource deployment strategy that improves resource utilization and targets 
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“bottlenecks” in a timely fashion. Further, given that agile project management involves 

continuous and frequent evaluation of requirement changes initiated by a project client, 

the chances of discovering rework activities downstream are considerably reduced 

(Augustine et al. 2005). The following quote highlights the usefulness of agile project 

management practices in reducing rework: 

It’s easy for separate teams to plow forward, usually under tremendous pressure 
from looming deadlines. They operate under the false assumption that if they can 
simply reach the final feature destination, they can quickly pull things together 
toward the end of a project… As individual modules are pulled together, common 
issues that surface include degradation of overall system performance, incorrect 
levels of behavioral granularity provided by system modules, and transactional 
incompatibilities. More frequent integration brings many of these issues to the 
forefront earlier in the project. (www.agilejournal.com)  
 

 Since rework in information technology and product development projects leads 

to inefficient utilization of project resources (Cooper 1993), reducing the extent of 

project rework through agile project management practices can be a useful method for 

improving technical efficiency of projects. Based on these arguments, we propose the 

following hypothesis: 

HYPOTHESIS 3: Agile project management is positively associated with the 
technical efficiency of a project. 
 
 

4.3.4. Risk Management Planning 
 
At the point when the amount at stake is the highest, usually during the later part 
of the life cycle when project execution takes place, the corresponding level of 
risk, ideally, should be low. In reality, however, this is not always the case and as 
a result, time and cost objectives are compromised. The key to efficiency is to 
reduce the occurrence of either the risk itself or reduce the impact of a risk. 
(www.isixsigma.com) 
 

Unforeseen situations and uncertainties are intrinsic to most information technology and 

product development projects. Project risks can arise from a multitude of factors 
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including unrealistic schedules and budgets, continuous requirement changes, lack of 

relevant knowledge, and employee turnover. Risk management planning, then, is 

defined as the extent to which potential risks to a project are identified at the beginning 

of the project, factored into requirements estimates, and managed throughout the course 

of the project. 

 The importance of identifying and planning for anticipated risks early in a project 

has been well discussed in past studies (Loch et al. 2006, Lyytinen et al. 1998, Barki et 

al. 1993). For example, Barki et al. (1993), in a survey of information technology 

managers, found that that the ability to shape a project in terms of internal integration, 

user participation, and formal planning to fit its risk exposure influences the ability of a 

project to meet budget constraints and produce quality results. The advantages of risk 

management planning are that it helps the project personnel focus on many aspects of a 

problematic situation, emphasizing potential causes of failures, helping to link potential 

threats to possible actions, and facilitating a shared perception of the project among its 

participants (Lyytinen et al. 1998). Risk management planning helps minimize conflict 

among project team members, reduces the amount of rework in a project during the 

later stages, and leads to a more efficient use of project resources (Loch et al. 2006). 

Beyond reducing rework, managing risks through planned experimentation and testing 

can also prevent unnecessary flexibility in deployment of project resources (Sommer et 

al. 2007, Browning et al. 2002), reducing inefficiencies in project execution. We, 

therefore, propose the following hypothesis: 

HYPOTHESIS 4: Risk management planning is positively associated with the 
technical efficiency of a project. 
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4.3.5. Employee Turnover  
 
Employee turnover in organizations has been the subject of considerable research (Ton 

and Huckman 2008, Glebbeek and Bax 2004). Although most studies have recognized 

employee turnover as problematic issue and looked at its drivers, the nature of its 

performance impact is not well understood. Many studies have argued that employee 

turnover has a negative effect on operating performance due to the disruption of 

existing routines (Dalton and Todor 1979, Bluedorn 1982) or the loss of accumulated 

employee experience, while others have suggested that firms may actually benefit from 

the innovative thinking and increased motivation that new workers bring to the job 

(Abelson and Baysinger 1984, Mowday et al. 1982, Staw 1980).  

 Notwithstanding the ambiguity regarding the performance impact of turnover, 

employee turnover certainly has a negative impact on the overall efficiency of resource 

utilization in a project, as it disrupts the progress of a project in many ways (Sterman 

1994). First, when an employee gives notice of their resignation or receives notice for 

termination of employment, he or she is likely to lose focus and become less productive. 

Further, during the transition period, the departing employee is less likely to take on 

important or challenging tasks or become involved in consequential decision-making 

activities. In many cases, the workloads of remaining project team members will 

increase to offset the vacant position. Second, the process of finding a suitable 

replacement for those leaving a project midway is time consuming. Even if a suitable 

replacement employee is found quickly, there is an initial “set-up cost” involved—that 

is, the replacement team member will need time to get familiar with the project 
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environment and task details (Osterman 1987). Hiring a new employee also affects the 

productivity of supervisors and peers who must spend time helping their new team 

member adjust (Mowday et al. 1982). All together, these arguments call to attention the 

disruptive effects of employee turnover during project execution. Therefore, we posit 

the following hypothesis: 

HYPOTHESIS 5:  Employee turnover is negatively associated with the level of 
technical efficiency in the project. 

 
 
4. 4. Research Design 
 
4.4.1. Sampling Frame 
 
We followed a systematic and rigorous procedure of collecting primary data by 

designing and implementing a web survey. A preliminary version of the survey 

instrument was designed and pre-tested with three university researchers and two 

practitioners to assess content validity and the clarity of the items in the questionnaire. 

Following this process, another round of pre-testing was conducted by sending a web-

based version of the survey instrument to members of two professional project 

management associations: PMHUB (www.pmhub.net) and the Project Management 

Institute’s (PMI) local chapter in Pune, India.30 This round of pre-testing allowed us to 

test the web-based version of the survey in conditions similar to those in an actual 

survey implementation. Overall, the two rounds of pre-testing helped us gauge initial 

reactions to the survey and identify questions that were confusing or prone to 

                                                 
30 Both PMHUB and PMI (www.pmi.org) are well recognized professional associations within the project 
management community that serve as platforms for project management professionals to share ideas and 
experiences, access industry information, attend seminars and workshops, increase professional exposure 
through networking, and gain leadership experience.  
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misinterpretation by respondents. Specific aspects of the survey, such as item non-

response, survey dropouts, and the time taken to answer the questionnaire, were 

assessed and modifications were made to the content and the organization of the survey 

to improve the survey-taking experience. The final version of the web survey was e-

mailed to the members of two specific interest groups within the PMI: (i) the PMI-

Information Systems Specific Interest Group (PMI-ISSIG) and (ii), the PMI-New 

Product Development Specific Interest Group (PMI-NPDSIG).31 Two follow-up 

reminders were sent approximately one week and four weeks apart from the date of the 

first mailing and led to a total of 675 usable responses, representing a response rate of 

approximately 6%. For the PMI-NPDSIG, a professional association of product 

development professionals, three follow-up reminders were sent out approximately two 

weeks apart from one another from the date of the first mailing. A total of 155 usable 

responses were received from this sampling group, representing a response rate of 

approximately 13%.  

 This response rate is lower than the typical rates for survey research for several 

reasons. First, the sampling frame of the PMI-ISSIG consists of many project 

management professionals who have little or no experience working on any form of 

distributed project organization, and they are less likely to respond to the survey. 

Tanriverdi et al. (2007) point out the risks of using such sampling frames in the early 

stages of an emerging phenomenon. Second, the large size of the sampling frame itself 

                                                 
31 The specific interest groups (SIGs) are PMI subgroups that promote member exchange of knowledge 
concerning the application of project management practices, issues, and challenges in specific contexts. 
The PMI-ISSIG has the largest membership of all of the SIGs, serving a broad range of industries in 
project management for the information systems sector. 
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is a major factor in lowering response rates. Larger sampling frames are difficult to 

manage, lack cohesiveness among members, and have the potential for errors in terms 

of invalid/bouncing e-mail addresses. While simply limiting the size of the sampling 

frame may have increased the response rate (Dillman 2000), the risk of not obtaining 

sufficiently large representations of the various forms of distributed project 

organizations would have been considerably higher. Third, it is very likely that surveys 

with a similar focus have been mailed to this sampling frame in the past, leading to 

survey fatigue among the membership. 

 To check for the presence of non-response bias and potential differences across 

the two sampling groups, we used the extrapolation method proposed by Armstrong and 

Overton (1977). Their method involves classifying the sample into groups of early and 

late respondents and performing a series of statistical comparisons for demographic 

variables to identify differences across the respondent groups. The underlying 

assumption in applying this method is that the late respondents are similar to non-

respondents as their responses are obtained only after multiple contacts. Using this 

procedure, data from each of the sampling groups was split into two sub-samples: the 

first sub-sample representing those responses obtained after the first contact and the 

second corresponding to responses obtained after sending reminder e-mails. Statistical 

t-tests performed across early and late responders in each sampling group based on 

demographic variables did not reveal any significant differences; non-response bias was 

not a problem with the data. Further tests on demographic differences and project 

performance outcomes across the two sampling groups did not indicate any significant 
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differences. The two sampling groups were combined to yield a total sample of 830 

technology projects for conducting the analysis in this study. 

 
4.4.2. Sample Characteristics 

Across the total sample of 830 technology projects, the distribution of the five project 

organization types was as follows: 38.6% (320) projects had Collocated Insourcing 

project organization, 16.1% (134) had Distributed Insourcing project organization, 

20.2% (168) had Outsourcing project organization, 8.6% (71) had Offshoring project 

organization, and the remaining 16.5% (137) had Offshore-Outsourcing project 

organization. Approximately 72% of the respondents were project managers, 13% were 

more senior level managers (such as a project sponsor, program manager, or a portfolio 

manager), and the remaining 14% were either team members or held specialist roles 

such as a technical lead or a quality assurance or business analyst within a project. 

Respondents were also asked to indicate their affiliation with respect to the project from 

among three choices: project team/vendor firm, project client/client firm, or external 

consultant. Nearly 57% of the respondents were affiliated with the project team/vendor 

firm, 30% were affiliated with project client/client firm, and the remaining 13% were 

affiliated with an external consultant. The average total work experience of respondents 

was 21.2 years, out of which an average of 11.5 years had been spent in a project 

management role. Among projects, the average project team size was 28 members, and 

the sample of projects fell into three main categories: 

 Hardware – Hardware related projects; projects in this category involve 
development of hardware or software that interfaces with hardware (i.e. physical 
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product development, system software development, or embedded software 
development) (16% of the total sample); 
 

 Software – Application software development projects (72% of the total 
sample); and 
 

 Infrastructure – Enterprise IT infrastructure development projects (12% of the 
total sample). 

 
 By way of geographical location, a large majority (75%) of the project 

client/client firms were located in North America. The percentage of European and 

Asian project clients/client firms came a distant second and third with only 8% and 6% 

representation, respectively. In terms of country location, the U.S. had the highest 

representation of project clients/client firms at 65% of the total sample. Among projects 

that spanned country boundaries (Offshoring and Offshore-Outsourcing projects), a 

majority (65%) were carried out by project teams/vendor firms located in Asia (nearly 

56% in India alone), while North America was a distant second, accounting for 17% of 

the sample.  

 
4.4.3. Variables and Model Specification  
 
Stochastic frontier analysis (SFA) requires the specification and estimation of two 

models: (i) the stochastic production function, which models the project output variable 

as a function of project input variables, technical efficiency, and the random error 

component and (ii), the technical efficiency function, which models the various sources 

of efficiency. In this section, we identify the variables for each model, providing details 

regarding their measurement. Table 1 lists the key variables (and their underlying 

measurement items) in the production and the technical efficiency functions. 
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4.4.3.1. Output Variable in Production Function 
 
The output variable in the stochastic production function is Project Performance, an 

index (Cronbach’s α = 0.90) derived from the mean of five items which captures the 

outcomes of a project on various performance dimensions such as adherence to 

schedule, budget, quality, technical performance, and overall satisfaction. These 

dimensions have been widely used in the product development literature and provide a 

holistic assessment of project outcomes (Gerwin and Barrowman 2002, Krishnan and 

Ulrich 2001). Responses across each item were recorded on a 7-point Likert scale (1 = 

Significantly Worse, 7 = Significantly Better).  

 
 
4.4.3.2. Input Variables in Production Function 
 
The following input variables are included in the production function: 

 Team Size: Team size (TeamSize) is measured as the total number of employees 

who participated in the project. This measure is, of course, indicative of the project’s 

input in the form of manpower or effort, and also of the resource availability in a 

project. 

 Project Duration: Project duration (Duration) measures the total duration of a 

project in months and is another indicator of manpower or effort.  

 Project Budget: Project budget (Budget) is measured as an ordinal categorical 

variable that represents the total budgetary allocation for a project (1= Budget < 

$10,000, 2 = Budget between $10,000 and $50,000, 3 = Budget between $50,000 and 
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$100,000, 4 = Budget between $100,000 and $250,000, 5 = Budget between $250,000 

and $500,000, 6 = Budget between $500,000 and $1 Million, and 7 = Budget > $1 

Million).  

 Past Experience: We controlled for the past experience (PastExperience) of the 

project team in handling similar projects, as this could be a critical factor affecting 

project performance (Haas 2006). Four items (Cronbach’s α = 0.75) were used to 

capture the experience of project team with past projects of the same project 

organization type, scope/size, and client requirements. The responses for this construct 

were recorded on a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree).

 Project Uncertainty: Both technological (TechUnc) and requirements uncertainty 

(ReqUnc) constructs were measured on a 5-point Likert scale (1 = Strongly Disagree, 5 

= Strongly Agree) using four items adapted from Nidumolu (1995). The question items 

for technological uncertainty (Cronbach’s α = 0.76) tapped into the extent of team 

members’ understanding of a project’s technical requirements and their familiarity with 

the technology used in the project. The question items reflecting requirements 

uncertainty (Cronbach’s α = 0.85) measured the degree of stability of project client 

requirements at various stages in the project. Architectural uncertainty (ArchUnc) for a 

project was measured using three items (Cronbach’s α = 0.76) that measured the 

difficulty involved in decomposing a project into individual task modules and in clearly 

identifying interdependencies across the task modules. The responses for each item 

were recorded on a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree).  
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4.4.3.3. Control Variables in Production Function 
 
In addition, we controlled for characteristic variations across projects that could 

potentially explain performance differences. The different project categories in the 

sample (Hardware, Software, and Infrastructure) each have different information 

requirements and challenges for team members; differences in these characteristics 

could potentially confound the measure of project performance. Following past studies 

that have controlled for the effect of project type on performance (e.g., Atuahene-Gima 

2003, Bell and Kozlowski 2002), we created two dummy variables (Hardware = 1 for 

projects in the Hardware category, and 0 otherwise; Software = 1 for projects in the 

Software category, and 0 otherwise) and entered them into the analysis. We also 

controlled for heterogeneity in industry type by including dummy control variables for 

selected industries that have high representation in the sample32:  

(InformationTechnology = 1 for projects in information technology industry, and 0 

otherwise; Banking = 1 for projects in banking industry, and 0 otherwise; Insurance = 1 

for projects in insurance industry, and 0 otherwise; HealthCare = 1 for projects in 

healthcare industry, and 0 otherwise; Manufacturing = 1 for projects in manufacturing 

industry, and 0 otherwise). Further, given that the majority of the project teams were 

located in North America, we controlled for project team location by using a dummy 

variable (NorthAmerica = 1 when the project team is located in North America, and 0 

otherwise). 

                                                 
32 Although the sample of 830 technology projects was drawn from more than 26 industries, the dominant 
industries were information technology (127 projects), banking (87 projects), insurance (58 projects), 
health care (65 projects), and manufacturing (66 projects). 
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 As the measure for the dependent variable (project performance) could be affected 

by the views of the respondent, we controlled for heterogeneity among respondents 

using variables that represent: 

 Years of project management experience of the respondent. We include the 
natural logarithm of this variable (ln(PmRole)) in the analysis.  
 

 Respondent’s role in the project: Two dummy variables were created to 
represent three respondent roles (ProjectManager = 1 for project manager, and 0 
otherwise; SeniorManager = 1 for senior level managers, and 0 otherwise). 
 

 Respondent’s affiliation with respect to the project: Two dummy variables were 
created to represent three categories (Client = 1 for project client/client firm, 
ProjectTeam = 1 for project team and 0 otherwise). 

  
4.4.3.4. Factors Affecting Technical Efficiency 

Project Organization Type: The measure for project organization type is based on the 

classification scheme described earlier and depicted in Figure 1. Respondents were 

asked to select one of five project organization types to describe their project: 

Collocated Insourcing, Distributed Insourcing, Outsourcing, Offshoring, or Offshore-

Outsourcing. To ensure that the respondents understood the meaning of each project 

organization type and answered appropriately, brief definitions were provided in the 

survey. Four categorical variables (DI = 1 for Distributed Insourcing project 

organization, and 0 otherwise; OUT = 1 for Outsourcing project organization, and 0 

otherwise; OFF = 1 for Offshoring project organization, and 0 otherwise; and OFFOUT 

= 1 for Offshore-Outsourcing project organization, and 0 otherwise) representing the 

five project organization types, with Collocated Insourcing project organization as the 

base category, were included in the technical efficiency function. 
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 Risk Management Planning: Risk management planning (Cronbach’s α = 0.74) 

measures the extent to which potential risks to the project are identified at the outset, 

factored into the requirements estimate, and managed throughout the course of the 

project. The responses across each item were recorded on a 5-point Likert scale (1 = 

Strongly Disagree, 5 = Strongly Agree). 

 Agile Management: Agile management (Cronbach’s α = 0.72) measures the extent 

to which project practices focused on improving project management agility were 

pursued in a project. Some key practices that characterize this approach include 

carrying out multiple iterations of the project prototype in short cycles, concurrent 

development and testing of project tasks, assignment of project tasks to team members 

in pairs, and encouragement of team members to assume collective ownership of the 

project. The responses across each item were recorded on a 5-point Likert scale (1 = 

Strongly Disagree, 5 = Strongly Agree).  

 Employee Turnover: Employee turnover (Cronbach’s α = 0.74) in a project team 

was measured along two key dimensions: (i) whether transition of members within the 

project team was carried out satisfactorily and (ii), whether team members stayed on the 

project for a satisfactory duration of time. A total of three items were used to record the 

scores on these dimensions on a 5-point Likert scale (1 = Strongly Disagree, 5 = 

Strongly Agree). 

 Face-to-Face Interaction: This variable captures the extent to which a project 

client/client firm and the project team have face-to-face interactions during project 

execution. Three questionnaire items (Cronbach’s α = 0.80) were used to measure face-



 

151 
 

to-face interaction on a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly 

Agree). 

 
4.5. Results 
 
The SFA is conducted in two steps. In the first step, we examine whether the output of a 

project varies as a function of a systematic technical efficiency component in the 

stochastic production function, beyond the effect of project input variables and purely 

random shocks. The support we find for the presence of a technical efficiency 

component provides a logical basis for carrying out the second step in the analysis, 

wherein we investigate the key structural and project management practices that impact 

technical efficiency. Each step is discussed in greater detail below. 

 
4.5.1. Estimation of Production Function and Technical Efficiency Function 

The stochastic production function takes the log-linear form of the Cobb-Douglas 

production function, with natural log transformations of the output variable, input 

variables, and the control variables included in the production function as shown below. 

lnProject Performance =  β0 + β1lnBudget + β2lnDuration  

                   + β3TeamSize  + β4PastExperience + β5TechUnc  

                   + β6ReqUnc + β7ArchUnc  

                 

                   + β8lnPmRole + β9ProjectManager + β10SeniorManager 

                   + β11Client+ β12ProjectTeam+ β13Hardware + β14Software 

                   + β15InformationTechnology + β16Insurance + β17Banking  

                   + β18Healthcare + β19Manufacturing + β20NorthAmerica  

 

                   + Vi   - Ui 

  

Input 
Variables 

Control 
Variables 

Composite 
Error Term 
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 The technical efficiency component, Ui, was initially specified and estimated  as a 

non-negative truncation of the normal distribution with an unknown mean µ and 

variance σu
2, i.e., Ui ~ iid N+ (µ, σu

2). However, the model likelihood function failed to 

converge under this specification. Therefore, we proceeded with a more parsimonious 

assumption wherein the technical efficiency component of the production function is 

assumed to be an independently and identically distributed half-normal random variable 

with mean zero and unknown variance σu
2 (i.e., Ui ~ iid N+(0, σu

2)). Further, due to 

missing values across some of the key input variables in the production function, we 

followed a conservative approach, estimating the production function for the sample of 

projects for which we had complete information across all variables. This step reduced 

the sample to 745 projects.  

 Table 4-1 includes the descriptive statistics for the input variables in the 

production function. Table 4-2 presents the parameter estimates and the results of the 

test for the presence of the technical efficiency component in the stochastic production 

function. The log-likelihood for the stochastic production function, represented by 

Model 1 in Table 4-2, is statistically significant (test-statistic = -80.67, p < 0.01) 

suggesting that the collective effect of the input and control variables has significant 

explanatory value for the output variable. More importantly, the chi-square likelihood 

test for negative skewness of residuals is strongly significant (χ2 = 65.36, p < 0.01), 

indicating the presence of a systematic technical efficiency component in the production 

function. Taken together the above results not only support the appropriateness of our 
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specification, but also lend credence to the key argument in the study: that the ability to 

transform project inputs into project outputs varies systematically across the projects. 

 Table 4-1:  Descriptive Statistics: Input and Technical Efficiency Variables 

 

 

 

 

 

 

 

 

 

 

 
  

  
 Given that the estimation of technical efficiency function is of primary interest to 

this study and to most studies pertaining to stochastic frontier estimation, a discussion 

of the actual estimates and predictive value of the individual input variables is of only 

tangential value (Greene 2003, Coelli et al. 2005). Therefore, we shift the focus toward 

an examination of the managerial factors that impact the technical efficiency of a 

project. The specification of the technical efficiency function is as follows: 

Ui =    δ0 + δ1DI + δ2OUT + δ3OFF + δ4OFFOUT  +  δ5ln(FacetoFace) + 

δ6lnRiskManagement  + δ7lnAgileManagement + δ8ln(EmployeeTurnover) + Wi, 

 
where Ui lies between 0 and 1 and Wi’s are independently distributed and obtained by 

Input Variables  Mean 
Std. 
Dev. 

ProjectPerformance 4.35 1.27 

Budget 5.32 1.71 

Duration 14.37 12.27 

TeamSize 27.48 42.78 

PastExperience 3.75 0.87 

TechUnc 2.17 0.81 

ReqUnc 2.99 1.07 

ArchUnc 2.41 .85 

Technical Efficiency Variables  Mean 
Std. 
Dev. 

FacetoFace 2.28 1.08 

RiskManagement 3.43 0.99 

AgileManagement 3.13 0.78 

EmployeeTurnover 3.97 1.08 
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the truncation of the normal distribution with mean zero and unknown variance σu
2. 

Table 4-1 presents the descriptive statistics for the quantitative variables in the technical 

efficiency function. The technical efficiency function is estimated jointly with the 

stochastic production function and analysis is conducted with a sample of 704 projects 

for which complete information was available across all the variables in the stochastic 

production function and technical efficiency function. Model 2 in Table 4-2 presents the 

parameter estimates from both the production and technical efficiency functions. 

 Hypothesis 1 states that distributed project organizations [Distributed Insourcing 

(DI), Outsourcing (OUT), Offshoring (OFF), and Offshore-Outsourcing (OFFOUT)] 

will be associated with lower technical efficiency compared to Collocated Insourcing 

project organization. As is shown in the estimation results for Model 2 in Table 4-2, 

among the four categorical variables (DI, OUT, OFF, and OFFOUT) representing the 

different types of distributed project organization with Collocated Insourcing as the 

base category, the coefficient estimates for OUT (δ2= -0.296, p < 0.01), OFF (δ3= -

0.590, p < 0.01), and OFFOUT (δ4= -0.709, p < 0.01) are negative and statistically 

significant. These results indicate that each of the following project organization types 

(Outsourcing, Offshoring, and Offshore-Outsourcing) are associated with lower 

technical efficiency as compared to Collocated Insourcing project organization. We did 

not find any significant differences in technical efficiency estimates for projects 

between Distributed Insourcing and Collocated Insourcing project organizations. Taken 

together, these results lend partial support for Hypothesis 1. 
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Table 4-2: Parameter Estimates of Stochastic Frontier Models 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       † p< 0.1, * p< 0.05, ** p < 0.01 
   

 OutputVariable: lnProjectPerformance 

                       Model 1       Model 2 
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lnBudget         .017            .019 
lnDuration        -.013           -.011 
lnTeamSize        -.007            .003 
lnPastExperience         .049           -.002 
lnTechUnc        -.327**           -.232** 

lnReqUnc         .008           -.009 

lnArchUnc         .069*            .051† 
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DI            -.212 

OUT            -.296* 
OFF            -.590** 
OFFOUT            -.709** 

FacetoFace             .068** 

RiskManagement             .188** 

AgileManagement             .177** 

EmployeeTurnover            -.155** 

 lnPmRole        -.028†           -.024 

C
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ol
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ar
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ProjectManager         .087**            .076** 

SeniorManager         .057            .047 

Client        -.044           -.047 

ProjectTeam         .012           -.022 

Hardware        -.081**           -.049* 

Software        -.079**           -.071** 

InformationTechnology        -.021           -.038 

Insurance         .017            .028 

Banking         .009            .016 

Healthcare        -.033           -.034 

Manufacturing        -.035           -.033 

NorthAmerica        -.010           -.015 

 Variance Parameters   
σv .145 .164 
σu .396 .379 

 Test for technical efficiency 
Ho : No technical efficiency 

component 
χ2 = 65.36** 

 
- 
 

Log-likelihood Function -80.667 8.453 

Sample size (n) 745 704 
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 Hypothesis 2, which proposes a positive association between the amount of face-

to-face interaction in a project and its technical efficiency, is supported (δ5 = 0.068, p < 

0.05). This result indicates that an increase in face-to-face interaction in a project is, 

indeed, associated with a statistically significant increase in technical efficiency of a 

project. Hypothesis 3 posits that the use of risk management practices in a project is 

positively associated with technical efficiency. The results of the analysis support 

Hypothesis 3 (δ6= 0.188, p < 0.01), indicating that the greater is the use of risk 

management practices in projects, the greater is their technical efficiency. Hypothesis 4, 

which asserts a positive association between the use of agile project management 

practices in a project and its technical efficiency, is supported (δ7= 0.177, p < 0.01). 

Finally, Hypothesis 5, which theorizes a negative association between employee 

turnover in projects and the technical efficiency of those projects, is also supported (δ8= 

-0.155, p < 0.01). 

 Although not formally hypothesized, we carried out additional analysis to examine 

whether the technical efficiency of project organizations distributed across firm 

boundaries differed from those that were distributed across country boundaries. This 

analysis involved multiple pair-wise comparisons of parameter estimates, with each 

pair-wise comparison consisting of pairs of distributed project organizations which 

differed from each other in terms of distribution across a single boundary (firm or 

country), holding the other boundary invariant. Specifically, the effect of firm 

boundaries among distributed project organizations is determined by comparing 

parameter estimates between DI and OUT (δ1- δ2) and OFF and OFFOUT (δ3- δ4). 
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Using a similar approach, the effect of country boundaries is determined by comparing 

parameter estimates between DI and OFF (δ1- δ3) and OUT and OFFOUT (δ2- δ4). 

 The analysis here indicates that the effect of firm boundaries on technical 

efficiency across distributed project organizations is statistically insignificant [i.e., (δ1- 

δ2) = -0.084, p > 0.1 and (δ3- δ4) = -0.118, p > 0.1]. In contrast, each pair-wise 

comparison for determining the effect of country boundaries was statistically significant 

[i.e., (δ1- δ3) = -0.378, p < 0.05 and (δ2- δ4) = -0.413, p < 0.01]. Collectively, these pair-

wise comparisons indicated that the information processing, transactional, and resource 

utilization difficulties encountered by the distribution of projects across country 

boundaries have dominant negative effects on the technical efficiency of projects, as 

compared to distribution of projects across firm boundaries. 

 
4.5.2 Robustness of Model Estimation Results 

We also carried out additional analyses to check the robustness of model estimation 

results by varying model specifications and estimation procedures. Each of these 

analyses is discussed below. 

 Alternative distributions of the composite error term: The composite error term in 

the stochastic production function consists of a systematic error or a technical efficiency 

component (that is assumed to be distributed as a non-negative truncation of the normal 

distribution) and a random error component (that is always assumed to be distributed as 

a two-sided normal distribution). To check whether the results were robust enough to 

alternate specifications of the systematic error or the technical efficiency component, 

we re-estimated the parameters in the technical efficiency function by specifying an 



 

158 
 

exponential and half-normal distribution for the technical efficiency component, 

respectively. Both the signs and the statistical significance of the parameters in the 

technical efficiency function were consistent with the original analysis, thereby re-

affirming the robustness of the results (see Appendix for details).  

 Inclusion of additional project-specific variables in the technical efficiency 

function: We added a number of other project specific variables in the technical 

inefficiency function as control variables to check whether changes in model 

specification led to results that differed from the original findings. Specifically, we 

included the following variables: internal knowledge sharing and external knowledge 

sharing within and between the project team and the project client; the shared context—

similarity of information, tools, work processes, and work cultures—between the 

project team and the project client; project control and project autonomy exercised in a 

project; and diversity within a project team in terms of functional background, years of 

experience, language, and cultural background. We did not find any major differences 

between results from this analysis and the original findings (see Appendix for details). 

 Comparison with trans-log specification of the stochastic production function: 

The production function in this study is specified using the Cobb-Douglas functional 

form. Using the Cobb–Douglas specification implies an elasticity of substitution of 

unity between the input factors by construction, and ignores the possibility of varying 

elasticity of substitution between input factors. Further, if the true structure of the 

production function is more complex than the Cobb-Douglas specification, the 

unmodeled complexity will enter the error term, leading to biased estimates of the 
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technical efficiency. A popular alternative to the Cobb–Douglas specification is the 

trans-log specification which takes a second-order approximation to the underlying 

production function, and is more flexible in terms of elasticities of substitution. 

Specifically, seven quadratic terms and 21 second-order interaction terms for the seven 

input variables were entered additionally into the original Cobb-Douglas specification 

to represent the more general trans-log specification. The likelihood function initially 

failed to converge under the assumption that the composed error term follows a normal–

truncated normal distribution. The more parsimonious assumption wherein the 

composed error term follows a normal–half-normal distribution was used and the 

likelihood function converged. The estimated elasicities of the technical efficiency 

function were comparable to those obtained from the Cobb-Douglas specification, 

thereby highlighting the robustness of our results to alternative specifications.  

 
4.6. Discussion  
 
4.6.1. Variation of Technical Efficiency across Types of Project Organizations 

Results from this study indicate that the technical efficiency of a project varies with the 

choice of the type of project organization for the project. Consistent with the hypothesis 

that transaction costs and information processing difficulties are considerably higher in 

distributed project organizations compared to Collocated Insourcing project 

organization, the results indicate that Outsourcing, Offshoring, and Offshore-

Outsourcing project organizations are associated with significantly lower levels of 

technical efficiency compared to Collocated Insourcing project organization. Further, 

since there are no significant differences between the technical efficiency of Collocated 
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Insourcing and Distributed Insourcing project organizations, the results emphasize that 

mere geographical distance between a project client and the project team in project 

organizations that are that are located within a single country does not necessarily lead 

to reduction in technical efficiency.  

 A review of summary statistics for technical efficiency estimates by the type of 

project organization in the study sample reveals some interesting trends. As is evident 

from both Table 4-3 and Figure 4-3, the mean technical efficiency decreases across 

project organization types in the following order (from highest to lowest): Collocated 

Insourcing > Distributed Insourcing > Outsourcing > Offshoring > Offshore-

Outsourcing. The sharp decrease in the mean technical efficiency estimates for 

Offshoring and Offshore-Outsourcing project organization compared to that for 

Outsourcing project organization is particularly notable and emphasizes the finding (on 

p. 153) that the distribution of projects across country boundaries poses substantial 

coordination and resource utilization problems when compared to projects distributed 

across firm boundaries. 

 It should be noted that these results do not imply that distributed project 

organizations, particularly Offshoring and Offshore-Outsourcing project organizations, 

cannot achieve levels of technical efficiency that are comparable to those of Insourcing 

project organization. A comparison of the mean technical efficiency estimates for the 

projects whose technical efficiency is in the top 10% (see Table 4-3) within a type of 

project organization reveals that the differences in the means are marginal. This finding 

implies that that each of the five types of project organization represent viable 
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alternatives for managers to achieve a high level of technical efficiency. In contrast, a 

comparison of the mean technical efficiency estimates for projects whose technical 

efficiency is in the bottom 10% (see Table 4-3) within type of project organization 

indicates substantial differences between Offshoring and Offshore-Outsourcing project 

organizations and Collocated Insourcing project organization. This implies that, when 

things go wrong, they are likely to go really wrong in Offshoring and Offshore-

Outsourcing project organizations. A comparison of the standard deviation estimates 

across the different types of project organization, shown in Table 4-3, supports these 

assertions by illustrating increased variation in technical efficiency estimates for 

Offshoring and Offshore-Outsourcing project organizations.33  

 
Table 4-3: Technical Efficiency Levels across Project Organization Types  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
† p< 0.1 , * p < 0.05,**p < 0.01 
 

                                                 
33 We caution that the above findings based on mean technical efficiency estimates should not be extrapolated to 
imply any trends in profitability or the actual values of the project outcomes across the different types of project 
organization. Technical efficiency of a project simply reflects the ability of a project to convert project inputs into 
project outputs. Thus, a Collocated Insourcing project with high technical efficiency compared to an Offshore-
Outsourcing project may not necessarily be more profitable to the project client, because of the effect of external 
factors such as labor arbitrage 
 

Project Organization Type N 
Mean 

Technical 
Efficiency 

Std. 
Dev. 

Mean 
Technical 
Efficiency 

(Bottom 10%) 

Mean 
Technical 
Efficiency 
(Top 10%) 

Collocated Insourcing 261       0.857 0.084 0.674 0.944 

Distributed Insourcing 117 0.832 0.099 0.604 0.936 

Outsourcing 152 0.807 0.130 0.515 0.932 

Offshoring 54 0.739 0.150 0.435 0.920 

Offshore-Outsourcing 120 0.697 0.184 0.299 0.921 
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Figure 4-3: Variation in Technical Efficiency Levels across Project Organization Types 
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4.6.2. Impact of Project Management Factors on Technical Efficiency 

From the empirical analysis results, we infer that face-to-face interaction between a 

project team and the project client can be helpful in enhancing the technical efficiency 

of a project. While this result is somewhat intuitive, it underscores the point that 

frequent face-to-face interaction between a project team and the project client can 

resolve potential misunderstandings and set the ground for a smoother day-to-day 

execution of project activities. A richer communication medium, as in the case of face-

to-face interaction, provides a project team with a deeper understanding of the project 

client’s requirements and can lead to better mobilization, allocation, and utilization of 

resources in key areas. In contrast, minimal or no face-to-face interaction can leave 

project teams in distributed settings highly vulnerable to process losses and 

performance problems (Gibson and Cohen 2003, Lipnack and Stamps 2000). The 

following anecdotal example of an information technology project is illustrative of 
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potential inefficiencies arising from lack of in-person interactions between a project 

team and the project client: 

Vendor project team members, working under the scope and approach defined in 
the contractual statement of work, wanted to complete the enterprise-wide 
requirements before going into the details and measured the team’s success on 
how effectively (high speed, high quality, low cost) it did so. However, to reduce 
the time to market, the client’s CIO wanted to proceed on the basis of priority, 
first completing detailed requirements for one specific business area. A meeting 
between client and vendor decision makers failed to find a resolution, because the 
remotely located vendor team members with RE [requirements engineering] 
process knowledge couldn’t participate. This created a conflict, because as the 
vendor team introduced more resources to accelerate the pace of collecting the 
enterprise-wide business requirements, the CIO maintained focus to prioritize one 
specific business area. Because the two organizations’ stakeholders didn’t 
explicitly discuss the business goals and their rationale, neither side appreciated 
the RE exercise’s outcome. (Bhat et al. 2006, p. 40). 
 

 Project management practices geared toward identifying and managing project 

risks and increasing the agility of project execution can be useful in improving the 

technical efficiency of a project. Specifically, the results presented in Table 3 indicate 

the following: a 1-unit increase in risk management planning increases the technical 

efficiency of a project by 0.188 unit, whereas a 1-unit increase in agile management 

practices increases the technical efficiency of the project by 0.177 unit. The agile 

management practices result highlights the benefits of pursuing an iterative and 

incremental approach to project execution with collective involvement of both the 

members of a project team and the project client over a traditional sequential/waterfall 

approach to project execution. Similarly, a heightened awareness of project risks and 

the pursuit of project management practices that anticipate and plan for risks can go a 

long way toward improving the technical efficiency of a project. 
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 Finally, with respect to the relationship between employee turnover and technical 

efficiency in a project, the results confirm that increasing employee turnover is 

associated with decreasing technical efficiency. Empirically, this result fills an 

important void in the literature on employee turnover and project management. While 

there are anecdotes extolling efforts to reduce employee turnover as related to 

improvements in the efficiency of project execution, little empirical support for this 

relationship had previously been documented in the literature. Further, the magnitude 

and the statistical significance of this relationship in the results stress the notion that 

employee turnover could indeed be a barrier to efficient project execution and so 

managers should focus intently on minimizing not only the outflow of important human 

resources from a project, but also avoiding frequent personnel transitions across 

projects. 

 To examine whether the impact of project management factors on technical 

efficiency varies across the different types of project organizations (e.g., if there is a 

greater or lower impact on technical efficiency in distributed project organization 

compared to Collocated Insourcing project organization), we re-specified the technical 

efficiency function to test the moderating (i.e., interaction) effect of the type of project 

organization on the relationship between project management factors and technical 

efficiency. The analysis did not reveal the presence of any statistically significant 

interaction effects, thereby indicating that each of these sets of project management 

factors were equally beneficial across the different types of project organizations. 

Nevertheless, given the lower technical efficiency of Offshoring and Offshore-
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Outsourcing project organizations, it is imperative that managers in such project 

organizations emphasize risk management, agile project management, and timely face-

to-face interaction while making a concerted effort to reduce employee turnover. 

 
4.7. Conclusion  

This study was motivated by the growing realization that projects (such as new product 

development and information technology projects) are increasingly distributed across 

firm and geographical boundaries and concerns about the efficiency of project 

execution are growing. In this study, we investigated how the choice of the type of 

project organization was related to project efficiency and identified project management 

factors that are enablers and barriers to the efficiency of project execution. Using a 

classification scheme based on the extent to which project organizations span firm and 

geographical boundaries, we identified five distinct types of project organization: 

Collocated Insourcing, Distributed Insourcing, Outsourcing, Offshoring, and Offshore-

Outsourcing. We presented an econometric approach to measure project efficiency. 

Using stochastic frontier analysis, the specific form of project efficiency we measured 

was technical efficiency, defined as the ability of a project (or any productive entity) to 

obtain maximal attainable outputs from a given set of inputs. The empirical analysis 

was based on primary data collected from a mix of more than 700 product development 

and information technology projects. Projects from 26 industries and across 65 

countries are represented in the study sample.  

 The key contribution of this study is in shedding light on the execution phase of 

projects and providing insights as to how the project execution phase can be managed to 
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improve the efficiency of project execution. While anecdotal and empirical evidence 

documenting the performance outcomes of projects in outsourcing and offshoring 

contexts exist, relatively little has been previously documented by way of either 

measurement of project efficiency or factors that are enablers or barriers to project 

efficiency. First and foremost, we infer from this study’s results that the choice of the 

type of project organization is associated with project efficiency. Specifically, 

distributed project organizations, particularly Offshoring and Offshore-Outsourcing, 

exhibit significantly lower technical efficiency compared to Collocated Insourcing 

project organization. We also identify project management practices that are 

significantly associated with project efficiency. Specifically, risk management planning, 

agile management, and face-to-face interaction are positively associated with the 

technical efficiency of projects while employee turnover is negatively associated with 

the technical efficiency of a project.  

 This study also makes an important methodological contribution to the literature 

on project evaluation. The benefit of using a frontier analysis technique such as SFA 

over traditional linear models arises from the fact that it provides individual project-

specific estimates of technical efficiency for the projects in the sample. This provides an 

opportunity to not only observe the relative ranking of projects but also allows 

comparisons and contrasts of technical efficiency estimates across categories of projects 

(such as those representing the project organization types in this study). While a few 

studies in the extant literature have used Data Envelopment Analysis (a non-parametric 

frontier analysis technique) to undertake comparative evaluation of projects (e.g., 
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Banker et al. 1991, Verma and Sinha 2002), the use of SFA provides an additional 

advantage over such studies, in that, it allows the parametric specification of the 

relationship between the technical efficiency and structural and infrastructural project 

factors (to be estimated jointly with the production function), thus allowing direct tests 

of hypothesis for evaluating factors affecting technical efficiency. 

 As with any study, this study has limitations and appropriate caution should be 

exercised in interpreting the results. First, the use of a single informant for collecting 

information on a project is a limitation. While multiple informants would have 

increased the reliability of the study’s findings, this is normally possible only when data 

collection is carried out within a single firm. In this study, since we conceptualized 

project organization into five different types, the empirical testing of the study’s 

hypotheses warranted a data collection approach that would allow for collection of a 

large sample of data from projects across the five different types of project organization, 

all of which are seldom found within a single firm. We reached out to professional 

management associations (PMI-ISSIG and PMI-NPDSIG) for data collection to ensure 

that we had a sampling frame that included project management professionals from 

different firms in different industries and from different countries. This did, however, 

limit our ability to collect data on each of the projects in the study sample using 

multiple informants. Further, the respondents to the web-based survey questionnaire had 

various affiliations to their project (project client/client firm, project team/vendor firm, 

or external consultant). While we controlled for heterogeneity in respondent affiliations 

in the empirical analysis, future research studies could certainly improve upon the study 
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by collecting survey data on each project from multiple respondents with different 

affiliations to the same project. 

 The second limitation of the study is related to the use of a cross-sectional data set 

in specifying and estimating stochastic frontier models (Schmidt and Sickles 1984). 

Specifically, the maximum likelihood estimation of the stochastic production function 

and the technical efficiency function makes strong distributional assumptions on the 

composite error component and also assumes that the technical efficiency error 

component is independent of the input vectors. Such assumptions may lead to estimates 

of technical efficiency with less desirable statistical properties in cross-sectional data 

sets. These issues are minimized when panel data is available; repeated observations on 

a sample of projects can substitute for both strong distributional assumptions as well as 

the independence assumption (Kumbhakar and Lovell 2000).  

 The third limitation of the study relates to a larger representation of information 

technology projects in the study sample compared to physical product development 

projects. Future studies should strive for a more balanced sample with equitable 

representation of physical product development and information technology projects to 

avoid the potential for bias due to project type in the study results.  

 A final limitation of the study relates to the presence of heterogeneity effects of 

different firms, industries, and geographical regions in the sample. While we have 

controlled for industry and geographical-region effects, the absence of firm-level 

controls is a limitation. 
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 These limitations notwithstanding, this study lays the groundwork for 

systematically and rigorously measuring the efficiency of project execution and 

identifying its antecedents for projects distributed across firm and geographical 

boundaries. Since more and more product development and information technology 

projects (the empirical settings of this study) are being distributed across firm and 

geographical boundaries, the questions addressed in this study are both contemporary 

and consequential; we hope that they will motivate other researchers to pursue this line 

of inquiry. 
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Appendix 4- 1: Measurement Items in the Survey Questionnaire 
 

Select one of the choices which best reflects the 
organization of the project. 
 Collocated Insourcing [CI]: Firm assigns 

project tasks to a collocated inhouse team 
 Distributed Insourcing [DI]: Firm assigns 

project tasks to its division/unit at a different 
city in the same country 

 Outsourcing [OUT]: User firm/Client firm 
contracts project tasks to a Vendor Firm in the 
same country 

 Offshoring [OFF]: User firm/Client firm 
contracts project tasks to its division/unit in a 
different country 

 Offshore-Outsourcing [OFFOUT]: User 
firm/Client firm contracts project tasks to a 
Vendor Firm in a different country 

 
Please rate the success of this project relative to 
its goals [ProjectPerformance] (α = 0.90) 
(1= Significantly Worse; 2 = Worse; 3 =Somewhat 
Worse; 4 = About Same; 5 = Somewhat Better; 6 = 
Better; 7 = Significantly Better) 
 
 Adherence to schedule 
 Adherence to budget 
 Adherence to quality 
 Technical performance 
 Overall satisfaction 
 
To what extent do you agree or disagree with the 
following statements about the project    
Strongly Disagree; 2 = Somewhat Disagree; 3 = 
Neutral; 4 = Somewhat Agree; 5 = Strongly Agree) 
 
Technology Uncertainty [TECHUNC] (α = 
0.76) 
 Technical requirements of the project were 

well understood by the project team 
 Existing technical knowledge of the project 

team was used during the project 
 An understandable sequence of steps was 

used by the project team during the project 
 The technical objectives of the project were 

well defined for the project team 
 
Architectural Uncertainty[ARCHUNC] (α = 
0.76) 

                                                 
 

 The project could be easily divided into 
task modules 

 Interdependencies across task modules 
were clearly defined 

 It was easy to define the interdependence 
among task modules in the project 

 
Requirements Uncertainty [RUUNC](α = 
0.85) 
 Client firm requirements fluctuated 

significantly at the start of the project 
 Client firm requirements fluctuated 

significantly midway into the project 
 Client firm requirements changed 

continuously throughout the project 
 Client firm requirements remained stable 

throughout the project 
 
Past Experience [PastExperience] (α = 0.75) 
 Team members had worked on similar projects 

in the past 
 The project manager had past experience of 

managing projects of similar scope/size 
 Team members had dealt with user firm 

requirements of similar type in past projects 
 The project manager had past experience or 

working in a similar project organization 
 
Risk Management [RiskManagement] (α = 
0.74) 
 Contingency plans were prepared to 

minimize project risks 
 The project team managed potential risks 

throughout the projects 
 Requirement estimates for the project 

accounted for potential risks 
 Potential risks were identified by the 

project team at the start of the project 
 
Agile Management [AgileManagement] (α = 
0.72) 
 There were several iterations of the 

prototype during the project 

                                                                  
 Items representing these constructs were 
reverse coded during analysis for ease of 
interpretation 
 
 Represents an item reverse coded during 
analysis 
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 Small releases of the prototype were carried 
out frequently 

 Test plans and development work were 
carried out concurrently 

 Component designs were reviewed for 
efficiencies when adding more 
functionality 

 Team members pursued the practice of 
collective ownership of the project 

 Team members pursued the practice of 
collective ownership of the project 

 
Facet-to-Face Interaction [FacetoFace] (α = 
0.74) 
 Initially, face-to-face interaction was used 

to gather project requirements 

 Atleast one or more team members were in 
constant face-to-face contact with the 
project client 

 Key team members and the members of the 
project client met face-to-face initially to 
discuss their expectations 

 
Employee Turnover [EmployeeTurnover]  
(α = 0.80) 
 Critical team member(s) left the project 

team midway into the project 
 The duration of stay of members in the 

project team was satisfactory 
 The management of transition of members 

within the project team was unsatisfactory 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

172 
 

Appendix 4-2: Robustness of the Model Estimation Results 
 

Alternative distributions of the composite error term: The composite error term in the 

stochastic production function consists of a systematic error or a technical efficiency 

component that is assumed to be distributed as a non-negative truncation of the normal 

distribution and a random error component that is always assumed to be distributed as a 

two-sided normal distribution. To check whether the results are robust to alternate 

specifications of the systematic error or the technical efficiency component, we re-

estimated the parameters in the technical efficiency function by specifying an 

exponential and half-normal distribution for the technical efficiency component, 

respectively.  

  As Table A1 and A2 below indicate, the signs and the statistical significance of 

each of the parameter estimates in the technical efficiency function were consistent with 

the original analysis. Collectively these findings indicate the robustness of the results to 

alternate specifications of the composite error term. 

Table A1: Alternative Specification of Technical Efficiency Component:  Exponential  
                   Distribution 

 
Stoc. frontier normal/exponential model    Number of obs   =        704 
                                            Wald chi2(20)   =     115.01 
Log likelihood =  6.1025715                 Prob > chi2     =     0.0000 

 

 Coef. Std.Err z P>|z| 
[95% 

Conf. Interval 
Distributed Insourcing 

[DI] 0.492 0.416 1.180 0.237 -0.323 1.306 

Outsourcing [OUT] 0.907 0.368 2.460 0.014 0.185 1.628 

Offshoring [OFF] 1.887 0.460 4.110 0.000 0.986 2.787 
Offshore Outsourcing 

[OFFOUT] 2.240 0.383 5.850 0.000 1.489 2.991 

RiskManagement -0.528 0.141 -3.740 0.000 -0.804 -0.251 

AgileManagement -0.470 0.171 -2.750 0.006 -0.805 -0.135 

FacetoFace -0.252 0.109 -2.320 0.021 -0.465 -0.039 

EmployeeTurnover 0.474 0.111 4.270 0.000 0.256 0.692 
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Table A2: Alternative Specification of Technical Efficiency Component:  Half-Normal 
           Distribution 

 
Stoc. frontier normal/half-normal model         Number of obs   =        704 

                                            Wald chi2(20)   =     107.43 
Log likelihood =  8.0450198                 Prob > chi2     =     0.0000 
 

 
Inclusion of more project-specific variables in the technical efficiency function: We 

added a number of other project specific variables in the technical inefficiency function 

as control variables, to check whether the results of the analysis to test the hypotheses, 

discussed earlier, differed significantly. Specifically, we included the following 

variables: internal knowledge sharing (IntKnowledge) and external knowledge sharing 

(ExtKnowledge) within and between the project team and the project client; the shared 

context (SharedContext)—similarity of information, tools, work processes, and work 

cultures—between the project team and the project client; project control 

(ProjectControl) and project autonomy (ProjectAutonomy) exercised in a project; and 

diversity within a project team in terms of functional background, years of experience, 

language, and cultural background. We did not see any significant differences in the 

results from this analysis, as shown below in Table A3, from the original analysis.   

 

 Coef. Std.Err z P>|z| 
[95%   

Conf.Interval 
Distributed Insourcing 

[DI] 0.315 0.268 1.180 0.240 -0.210 0.840 

Outsourcing [OUT] 0.665 0.248 2.680 0.007 0.178 1.151 

Offshoring [OFF] 1.369 0.325 4.210 0.000 0.732 2.007 

Offshore Outsourcing 
[OFFOUT] 1.698 0.278 6.110 0.000 1.153 2.243 

RiskManagement -0.374 0.096 -3.910 0.000 -0.562 -0.187 

AgileManagement -0.316 0.113 -2.800 0.005 -0.538 -0.095 

FacetoFace -0.204 0.074 -2.760 0.006 -0.349 -0.059 

EmployeeTurnover 0.321 0.077 4.160 0.000 0.170 0.472 
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Table A3: Analysis using Additional Project Specific Variables in the Technical   
           Efficiency Function 

 
Stoc. frontier normal/truncated-normal model    Number of obs   =        685 

                                            Wald chi2(20)   =      82.46 
Log likelihood =  17.867445                 Prob > chi2     =     0.0000 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Coef. Std.Err z P>|z| 
[95% Conf. 
Interval 

Distributed Insourcing 
[DI] 0.123 0.106 1.160 0.246 -0.085 0.330 

Outsourcing [OUT] 0.235 0.109 2.170 0.030 0.023 0.448 

Offshoring [OFF] 0.433 0.142 3.050 0.002 0.155 0.710 

Offshore Outsourcing 
[OFFOUT] 0.504 0.131 3.860 0.000 0.248 0.761 

RiskManagement -0.162 0.044 -3.650 0.000 -0.249 -0.075 

AgileManagement -0.158 0.052 -3.040 0.002 -0.261 -0.056 

FacetoFace -0.047 0.027 -1.740 0.082 -0.101 0.006 

EmployeeTurnover 0.105 0.032 3.300 0.001 0.043 0.168 

      

IntKnowledge 0.009 0.051 0.180 0.861 -0.091 0.109 

ExtKnowledge 0.014 0.043 0.310 0.754 -0.071 0.098 

SharedContext -0.122 0.038 -3.220 0.001 -0.196 -0.048 

ProjectControl 0.022 0.043 0.510 0.611 -0.062 0.105 

ProjectAutonomy 0.058 0.039 1.490 0.136 -0.018 0.135 

Diversity 0.062 0.035 1.760 0.079 -0.007 0.131 
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Chapter 5 
 

Conclusion 

The distributed organization of technology projects and their effective management are 

among the key challenges faced by managers with the increasing globalization of the 

supply chains of firms. While a considerable number of practitioner and academic 

studies have devoted their attention to addressing these challenges, much of what 

continues to be studied and reported is based on largely anecdotal evidence or small 

samples involving comparisons between collocated and distributed teams. The lack of a 

theoretically grounded, empirically-based understanding of these challenges is further 

compounded by the fact that much of the current empirical research is based on 

conceptual models that rarely represent the complexities of sourcing decisions in 

practice. Several studies have examined sourcing decisions at the firm level using the 

make vs. buy perspective, focusing on the question of what firm activities should be 

kept in-house (make) and what activities should be handed over to outside suppliers 

(Harrigan 1986, Montverde and Teece 1982, Walker and Weber 1987, Pisano 1990, 

Ulrich and Ellison 2005). Such decisions, though, are seldom dichotomous in real world 

settings, where managers have a range of project organization options from which to 

choose. 

 This dissertation makes an effort to address gaps in theory and practice by 

proposing a classification scheme that can be used to organize technology projects 

based on the extent to which project organizations span firm and geographical 

boundaries. The five types of project organization emerging from this classification 
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scheme are as follows: (i) Collocated Insourcing, where a firm assigns project work to a 

collocated in-house team, (ii) Distributed Insourcing, where a firm assigns project work 

to its division or unit in a different city but in the same country, (iii) Outsourcing, where 

a client firm contracts project work to a vendor firm in the same country, (iv) 

Offshoring, where a client firm assigns project work to its division or unit in a different 

country, and (v) Offshore-Outsourcing, where a client firm contracts project work to a 

vendor firm in a different country. This classification scheme not only grounds Sinha 

and Van de Ven’s (2005) framework for work design within and across organizational 

boundaries, but also extends it to systematically account for work design within and 

across geographical boundaries. Below, we summarize the findings from this 

dissertation and their implication for theory and practice. 

 
5.1. Moderating Impact of Project Organization Type on the relationship between 
Project Uncertainty and Project Performance, and Project Management Style and 
Project Performance  
 
In Chapter 2, we investigated how the five types of project organization moderate the 

relationships between project uncertainty and project performance and between project 

management style and project performance. More specifically, we investigated the 

following types of project uncertainty: technological uncertainty, requirements 

uncertainty, and architectural uncertainty; and two contrasting styles of project 

management: project control and project autonomy. The empirical analysis yielded 

some counterintuitive results. Contrary to conventional wisdom, the results indicated 

that project organization types that span country boundaries (Offshoring and Offshore-

Outsourcing) outperformed Collocated Insourcing project organization, particularly in 
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projects with higher requirements uncertainty and architectural uncertainty. Also, 

compared to Collocated Insourcing project organization, project control had a greater 

positive impact on project performance in Offshore-Outsourcing project organization, 

while project autonomy had a greater positive impact on project performance in 

Distributed Insourcing project organization. 

 The enhanced ability of offshore project teams to handle projects with greater 

scope uncertainty may be reflective of their growing sophistication and ascendancy in 

the value chain (Tanriverdi et al 2007, Levina and Vaast 2008, Knowledge@Wharton 

2008, BusinessWeek 2006). Vendor firms in popular destinations around the world to 

which work related to Offshoring and Offshore-Outsourcing project organizations is 

sent, have come a long way from handling routine work in a cost effective fashion to 

developing technical and managerial capabilities that are on par with or superior to the 

vendors available in project client’s home country (Ethiraj et al. 2005, Tanriverdi et al 

2007). An important practical implication of this finding is that, ceteris paribus, project 

managers should not be unduly worried about opting for project organizations that span 

country boundaries when project uncertainty is high. In fact, low uncertainty projects 

may actually pose a greater performance risk, from a project team’s standpoint, as such 

projects tend to have less slack for the sort of routine misunderstandings or 

communication issues that occur in Offshoring and Offshore-Outsourcing project 

organization. 

 From a theoretical point of view, the counter-intuitive findings on the contingent 

effects of the type of project organization call into question the unqualified 
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appropriateness of theoretical perspectives in the extant literature such as the 

information processing theory, the make versus buy concept from transaction cost 

economics, and virtual teams for investigating such contingencies. All in all, the 

findings from this essay are a step toward highlighting the boundary conditions of the 

above-mentioned theoretical perspectives, especially as they relate to the management 

of distributed technology projects. 

 
5.2. Design-Interface Misalignment and Project Performance 
 
In Chapter 3, we proposed and operationalized a new term—design-interface 

misalignment—that is at the heart of ensuring that the product design architecture and 

the organizational architecture remain aligned when the task modules related to a 

technology project are distributed across firm and geographical boundaries. 

Specifically, design-interface misalignment refers to the extent of misalignment across 

interdependent task modules in a technology project when task modules are pooled 

together to form a larger system or the final end product. For product development 

activities to be executed effectively, existing studies in the modularity and product 

architecture literature often prescribe alignment of the organizational structures of 

product development units with the architectures of the products they develop. 

However, achieving this alignment is rarely straightforward and is often beyond the 

scope of individual projects. Understanding how product organizational structure 

mismatches impact performance outcomes, therefore, is critical to the effective 

management of technology projects. In this chapter, we examined the relationships 

between the type of project organization (Collocated Insourcing, Distributed Insourcing, 



 

179 
 

Outsourcing, Offshoring, and Offshore-Outsourcing), the extent of design-interface 

misalignment in a project, and project performance. The findings revealed that design-

interface misalignment is significantly higher in projects that span country boundaries 

(Offshoring and Offshore-Outsourcing) compared to all types of domestic project 

organizations (Collocated Insourcing, Distributed Insourcing, and Outsourcing). 

Further, while design-interface misalignment has a significant negative impact on 

project performance, the impact is particularly severe in the case of Offshore-

Outsourcing project organization compared to Collocated Insourcing project 

organization.  

 These findings also have significant managerial implications in terms of how 

project organizations that span country boundaries (Offshoring and Offshore-

Outsourcing) are managed relative to domestic projects (Collocated Insourcing, 

Distributed Insourcing, and Outsourcing). While effective coordination between the 

project team and project client is important for the seamless integration of project task 

modules, it assumes greater importance in project organizations that cross country 

boundaries compared to domestic project organizations.  

 These results also emphasize the role of design-interface misalignment as a key 

in-process metric for evaluating project execution effectiveness and call for increased 

managerial attention toward managing the product integration phase of a project, 

particularly in project organizations that span country boundaries. One way to increase 

managerial attention would be to staff projects with personnel who have excellent 

product integration skills and make those employees formally accountable for design-
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interfaces (Sosa et al. 2007). Another approach would involve a shift in product 

integration strategy wherein system architects focus on the constant, up-front review of 

design-interfaces and the allocation of adequate resources for performing testing 

procedures during the initial stages of the project, rather than shortly before project 

deadlines. 

 
5.3. Variation in Technical Efficiency across Project Organization Types 

In Chapter 4, we presented a formal econometric specification of project efficiency, 

providing a rigorous research method (stochastic frontier analysis) to measure project 

efficiency, itself a dominant concern for those researching and managing technology 

projects distributed across firm and geographical boundaries. Next, we identified factors 

that affect project efficiency and posited relationships between the two. Finally, we 

specified and estimated models to empirically test the posited relationships. 

 In this chapter, the econometric specification and estimation of project efficiency 

took the form of technical efficiency, defined as the maximum attainable level of 

project outputs for a given level of project inputs. Following the measurement of 

technical efficiency of projects in the study sample, we specified and estimated a model 

that included structural and infrastructural factors to explain the variation in technical 

efficiency across projects. The structural factor was the choice of the type of project 

organization for executing a project: Collocated Insourcing, Distributed Insourcing, 

Outsourcing, Offshoring, or Offshore-Outsourcing. The infrastructural factors were 

those related to project management, such as risk management planning, agile 

management practices, face-to-face interaction, and employee turnover. As indicated 
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earlier, the econometric research method of stochastic frontier analysis was used to 

conduct the empirical analysis. The results indicated that the choice of the type of 

project organization was associated with the technical efficiency of a project: 

Distributed project organizations, particularly Offshoring and Offshore-Outsourcing 

project organizations, exhibited significantly lower technical efficiency compared to 

Collocated Insourcing project organization. Further, as would be expected, employee 

turnover was negatively associated with the technical efficiency of a project. In contrast, 

project management practices such as risk management planning, agile management, 

and face-to-face interaction were positively associated with the technical efficiency of 

projects. Taken together, the findings in Chapter 4 go beyond earlier studies on project 

efficiency (which have been mostly diagnostic in nature and focused on benchmarking 

projects with respect to the efficient frontier) by examining both organizational and 

execution factors that have the potential to impact the technical efficiency of the project. 

 
5.4. Limitations and Future Research  
 
This dissertation has some limitations that should be taken into account in interpreting 

the results.  First, the use of a single informant for collecting information about a project 

is a key limitation. While multiple informants would have provided increased reliability 

to the study’s findings, very often this is a possibility only when data collection is 

primarily carried out within a single firm or a limited set of firms. In the case of this 

study, the nature of the conceptual framework across each of the three essays was a 

limiting factor in achieving this goal. By conceptualizing project organization into five 

different types, the empirical testing of the hypotheses warranted a data collection 
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approach that would allow for collection of a large sample of data from projects across 

the different project organizations, all of which are seldom found within a single firm. 

We therefore approached professional management associations (PMI –ISSIG and PMI-

NPDSIG) for data collection. While this approach provided us with a sampling frame 

that included project management professionals from across the world and technology 

projects across different industries, it also limited the possibility of multiple informant 

data. Further, respondents had different affiliations to the project (i.e. project 

client/client firm, project team/vendor firm, or external consultant). While heterogeneity 

in respondent affiliations was controlled in the analyses, future research studies could 

certainly improve upon the study by collecting survey data on each project from 

multiple respondents with different affiliations to the project. 

 The second limitation of the dissertation relates to the large representation of 

software projects in the study sample. While the hypotheses in this study were framed 

to represent a generic sample of technology projects including both information 

technology and product development projects, the higher representation of information 

technology projects in this study sample limits the strict applicability of the findings to 

similar projects. A balanced sample with a more equitable representation of both types 

of projects would have increased the generalizability of the study’s findings.  

 Finally, the potential presence of heterogeneity effects of different firms, 

industries, and geographical regions in the data is a limitation. While we controlled for 

industry and geographical effects to a limited extent, the absence of firm-level controls 

constrained this dissertation.  
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 Given the rapid globalization and varying complexity of technology projects being 

executed in distributed project organizations, it is safe to say that the questions 

investigated in this dissertation serve merely to represent the proverbial “tip of the 

iceberg” when it comes to identifying the challenges surrounding the effective 

management of distributed project organizations. A number of avenues for future 

research follow from this dissertation that merit attention. We discuss them below. 

 A potential extension of this dissertation lies in carrying out empirical 

investigation wherein sourcing strategies of firms represent a multi-level phenomenon. 

While a focus on projects as the unit of analysis provides researchers with a closer view 

and a micro-level understanding of how sourcing decisions are executed within firms, it 

is likely that the effectiveness and the efficiency with which sourcing decisions of firms 

are executed at the project level may be dependent upon the characteristics of the firm 

itself. For example, a client firm which has worked with vendor firms in Offshoring or 

Offshore-Outsourcing project organizations is likely to leverage this experience to 

inform its policies and strategies for future sourcing endeavors of similar type.  The 

usefulness of such experience increases significantly as the client firm continues to 

maintain a working relationship with the same vendor firm. Thus, studies that examine 

the performance outcomes from sourcing strategies by taking into account factors 

across multiple levels—project level and firm level—are more likely to provide a 

nuanced and accurate assessment of such decisions.  We encourage future studies to 

build upon this dissertation to examine the organization and execution of sourcing 

strategies in firms as a multi-level phenomenon.  
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 The role of contracts in facilitating the execution of technology projects also 

presents a fertile area for further research. Gopal et al. (2003) examine the determinants 

of contract choice (fixed price contracts vs. time and materials contract) in the context 

of offshored software development projects and emphasize that the choice of a contract 

can significantly influence performance outcomes of such projects. In extending this 

stream of research further, we believe that the project organization classification scheme 

used in this dissertation could serve as a foundation for future studies to examine the 

role of contract choice on the dynamics of project execution and it consequent impact 

on project performance, across different project organization types. In particular, it 

would be interesting to identify differences between Offshoring and Offshore-

Outsourcing project organizations with respect to contract choice and their implications 

for project performance. 

 Another valuable area for future research relates to understanding the impact of 

psychological safety of a project team on the efficiency of project execution across 

different project organization types. Edmondson and Nembhard (2009) have pointed out 

that psychological safety in project team—a shared belief [among team member] that 

the team is safe from interpersonal risk taking—often facilitates problem solving and 

leads to innovative outcomes from the project. Given the competitive landscape in 

which offshore information technology and product development vendor firms typically 

operate and decreasing profit margins brought about by the current global economic 

recession, project team members, today, engaged in Offshoring or Offshore-

Outsourcing project organizations face intense pressure to reduce costs and improve 
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efficiency of project execution. This could motivate them to take "shortcuts" during 

project execution, a practice that often leads to quality issues downstream and rework of 

project tasks (Austin, 2001). It is important for academicians to recognize this 

possibility and conduct research that not only examines the role of psychological safety 

of a project team on the efficiency of project execution, but also uncovers variation in 

this relationship across domestic and offshore project organizations. 

 Finally, understanding the role of conflict between the client and the vendor firm 

on the effectiveness of project execution presents a promising avenue for future 

research. Project conflicts, a key behavioral OM issue, are a stark reality in technology 

projects, and managing project conflicts is critical to the effective execution of a project 

(Loch et al. 2006, Xie et al. 1998). While studies examining intra-team conflict in 

distributed project organizations are not uncommon (e.g., Hinds and Mortensen 2005; 

Hinds and Bailey, 2003), those examining the impact of conflict between the project 

team and the project client on project performance are rare. It would be interesting to 

identify project management practices that mitigate the negative effects of conflict 

between the project team and the project client during project execution, and enable a 

project to achieve its outcome goals. Studies of this nature stand to yield valuable 

findings that will inform the theory and practice of project management in distributed 

project organizations. 
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