
Online Appendix:  A Note on Instrumental Variables 
	
  

	
  
Choice of Instruments For Incentive (INC): 
 
Extant research in the field of information systems has pointed to the role of incentives in shaping 

the behavior of providers. Researchers have noted that the quantum of incentives can shape the 

behavior of the vendor in terms of the effort induced (Kirsch 1997) as well as the responsiveness 

of the vendor to the client’s needs (Kirsch et al. 2002). Building on these studies researchers have 

shown that in offshore BPO, contractual service level agreements (SLAs) require that vendors 

random sample both the finished output and work in progress for errors, at pre-specified random 

sampling rates (Aron et al., 2008; Knowledge@Wharton 2005; Seshasai et al. 2010). For the 139 

processes for which we have cross sectional data, the SLA specified sampling rates for finished 

output and work in process were extracted from the contract. We also obtained1 the actual 

average sampling rates from the QA documents. Based on this we constructed two Instrumental 

Variables which measure the extent to which the vendor exceeded the SLA specified sampling 

rate in audit of the final output (termed as final audit) as well as the extent to which the vendor 

exceeded the SLA specified random sample rates for work in progress (termed as preliminary 

audit). The two excess sampling rate variables represent the extent to which the vendor exceeded 

the sampling efforts specified in the SLA. The variable Excess Sampling Rate is operationalized 

as follows: 

 
Excess Sampling Rate of final output2, given by ESR_F is defined as: 
 

𝐸𝑆𝑅_𝐹! = 𝑄𝐴𝐹! − 𝑆𝐿𝐴𝑄𝐹!  
 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1 A scan of a vendor QA log was furnished in the technical appendix. The technical appendix will be made 
available on request. 
2 The excess sampling rate - ESR_P - of work in process is similarly defined. 
 



Where 𝑄𝐴𝐹! is the actual fraction of finished output that was randomly sampled for QA and  - 

𝑆𝐿𝐴𝑄𝐹! is the SLA specified proportion of finished output to be sampled for QA purposes, for the 

ith process (see scan of a vendor QA log in the Technical Appendix). 

 

Note that we are not interested in the SLA specified sampling rate per se; instead we use the 

excess sampling rate - because greater the quantum of penalty (reward) faced by the vendor, the 

greater will be his incentive to exceed the SLA specified QA levels to identify possible errors. The 

quantum of this excess effort is a direct result of the penalties (rewards) faced by the vendor and 

we expect that the excess sampling rates will be correlated with the incentive variable.  Note too 

that unlike the actual SLA specified sampling rates, the excess rate – the extent to which the 

vendor exceeds the SLA specified rates – is the vendor’s decision alone and is a response to 

the quantum of incentives faced by the vendor.   

The correlation coefficients of the two variables with potentially endogenous regressor 

are provided below in Table 1.   

Table 1: Correlations Between The IVs And The Incentive (INC) Variable 
 
    INC (Incentive) 

ESR_P 
  

Pearson Correlation Coefficient 0.631 
R Standard Error (0.004) 
t 9.520 
p-value 0.000 

ESR_F 
  

Pearson Correlation Coefficient 0.504 
R Standard Error (0.005) 
t 6.824 
p-value 0.000 

 
It can be seen that the two Instrumental Variables are significantly correlated with the 

potentially endogenous variable, Incentive (INC). This is an important requirement of 

instrumental variables (Cameron and Trivedi 2005, Greene 2011).  

 

 



Choice of Instruments for Process Codifiability (COD): 
 
We discuss below the two variables that we identified as instruments for the potentially 

endogenous regressor Process Codifiability (COD). We offer both conceptual arguments and 

reasons grounded in extant research in support of our choice of these variables in the discussion 

that follows. 

Our definition of codifiability is identical to that that of Mithas and Whitaker (2007) from whose 

paper we adopt the definition of process codifiability as “the extent to which the tasks 

constituting a process can be described completely in a set of written instructions” (measured 

using 1-7 Likert Scale items).  For each process there are a number of tasks that constitute the 

process. For instance, see the example of BPO discussed in Table 1A in the main paper where we 

have outlined the tasks associated with a process in our data set. It can be seen that there are 8 

tasks that constitute the example process in Table 1A, each with its own task specification 

(description of task requirements). For the 139 processes in our cross sectional data set we 

extracted the number of tasks associated with each process3. We define this variable as Process 

Task Index (PTI).  

 
𝑃𝑇𝐼! = 𝑘! where 𝑘! is the number of tasks that constitute the ith process. 

 
Note that the actual set of tasks associated with a process defines the process. It is not a decision 

made by the vendor (or the client). When we refer to a process we mean a set of tasks (Mithas 

and Whitaker (2007)) that need to be accomplished. These tasks do not come into being at the 

point of offshoring. They were tasks that were being performed in-house by the client before the 

process was offshored to a vendor. Extant research suggests that a process with multiple clearly 

specified tasks must also be highly codifiable and vice versa (Langlois, 2002; Ulrich and 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3 In one of the sequential rounds of review, we furnished an alternate operationalization of process 
codifiability – used to test the robustness of the model – in response to a reviewer request. This 
operationalization was based on aggregating codifiability ratings at the level of each task in a process. We 
used the process-level task count from that operationalization. 



Eppinger, 1999). We would therefore, expect that this variable be significantly correlated with the 

process codifiability (COD) variable.  

We extracted a second instrumental variable for Process Codifiability (COD) based on the 

research of Malone et al. (1999) and Fettke et al. (2010) and Scheer et al. (2010).  This variable is 

based on the techniques that are used to define business processes in the BPO process 

specifications.  Malone et al. (1999) observe that it has become easier to define the activities that 

constitute a complex business process and codify it thanks to the emergence of a set of process 

specification tools. These tools identified by Malone et al.  are based on ‘process grammar’ and 

description ‘libraries’ consisting of state transition diagrams, data flow diagrams, flow charts and 

process goal representation models. Recent research in business process design by Fettke et al. 

(2010) and Scheer et al. (2010) shows that these techniques first identified by Malone et al. have 

been combined into the domain of business process management (BPM) and are deployed as five 

principal BPM tools in specifying the nature of business processes (Fettke et al. 2010; Scheer et 

al 2010).  

Five BPM tools used for process description are identified; (i) Data Flow Diagrams (DF), (ii) 

Work Flow Diagrams (aka Process Flow Diagrams), (iii) Data Dictionaries (iv) Task Rules and 

(v) Output metrics. For each process in our cross sectional database we extracted from the process 

specification the number of BPM tools used. If data flow diagrams existed (in the process 

specification) for a process it was coded as 1 and 0 if not. Similarly if data dictionaries existed for 

a process it was coded as 1 and 0 if not and so on. Each one of the five BPM tools above used to 

define a business process structure was coded as 1 if it existed and 0 if it did not.  These scores 

were combined into a single variable Business Process Definition Index – BPDI. The BPDI score 

could range from 0 if none of the above tools were used to 5 if all of the above tools were used.   

 

𝐵𝑃𝐷𝐼! = 𝑡!!

!

!!!

∶        𝑡! ∈ 0,1  

 



The actual scores ranged from 1 to 5. Our expectation is that the higher the score, the greater is 

the extent of process description and therefore, greater the process codifiability (Malone et al. 

1999; Scheer et al. 2010). We would expect this variable too would be significantly correlated 

with process codifiability.  

We would expect this variable to be significantly correlated with process codifiability. 

The correlations of the two IVs with the potentially endogenous regressors are furnished 

in Table 2 below. 

Table 2: Correlations Between The IVs And The Codifiability (COD) Variable 
 
    COD (Codifiability) 

PTI 
  

Pearson Correlation Coefficient 0.52 
R Standard Error (0.005) 
t 7.127 
p-value 0.000 

BPDI 
  

Pearson Correlation Coefficient 0.535 
R Standard Error (0.005) 
t 7.418 
p-value 0.000 

 
 
It can be seen that the two instrument variables are indeed significantly correlated with 

the (potentially) endogenous regressor, codifiability (COD). 
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