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Abstract 

Following recent advances in information technology, the modes of communications 

and interactions between people, in general, are changing rapidly. This is also true at the 

organizational level; the modes of interactions between firms and their stakeholders, 

particularly customers, are undergoing rapid transformations. In this context, business 

process virtualization (BPV) is becoming an increasingly important topic for both 

academics and practitioners. BPV seeks to eliminate the physical interactions 

traditionally required between people engaged in business processes. However, in light 

of several operational issues and psychological barriers, questions have remained with 

respect to how effective BPV has been in practice.  

According to social presence theory, physical modes of interaction carry communication 

cues better than virtual ones. Quality improvement and innovation at the firm level 

requires effective interactions among the stakeholders. Customer encounters and 

personal attentiveness can achieve customer delight; customers become more loyal to 

the firm by getting attached to specific service employees. The poor communication 

flows and the lack of interpersonal warmth resulting from BPV are likely to reduce 

customer satisfaction in the long run. However, notwithstanding such problems, BPV is 

still considered an essential strategic tool in view of its ability to reducing the cost of 

deploying human resources and physical facilities needed in implementing business 

processes. Clearly, there is a need to empirically examine whether BPV implementation 
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has an overall positive impact on firm performance and determine the types of 

companies or business processes that are more likely to benefit from BPV.    

We studied a sample of 323 BPV cases drawn from the period 1989-2011. We found 

that BPV is associated with increases in labor productivity rather than with sales growth 

and cost of goods sold. Following an application of the long-horizon event study 

methodology, we found that BPV is associated with firm performance particularly in 

terms of return on assets (ROA). We found that, as compared to other processes for 

internal operations, the adoption of BPV in customer-related or customer-oriented 

processes could provide stronger abnormal ROA. In particular, firms with extensive 

customer contact gained more benefits. We also found empirical evidence showing that 

BPV could help low-market-share firms to penetrate high industry concentration 

markets (e.g., oligopoly markets). We argue that the removal of physical interactions 

between firms and their customers does not necessarily create interaction barriers within 

the business processes conducted on a BPV platform. BPV might also provide a 

cushioning effect among firm-customer interactions and customer identification with a 

given firm.   

 

Keywords: Business Process Virtualization, Firm Performance, Customer Relationship 

Management, Customer Encounter, Innovation, Market Penetration, 
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Chapter 1: Introduction 

1.1 Background 

Virtualization is happening in many contexts across societies. Following advancements 

in information technology, virtualization of business processes is diffusing at an ever 

quickening pace (Overby, 2008). Business process virtualization (BPV) may be defined 

as the removal of physical interactions among business processes and process 

participants (Fiol & O'Connor, 2005; Overby, 2008; Young & Jude, 2004). For example, 

electronic commerce has virtualized many physical, store-based shopping processes. 

There is little need for customers to physically visit stores for purchasing products. They 

do not need to physically interact with a salesperson while paying for their purchases. 

Likewise, automated teller machines (ATM) and online banking are being performed via 

virtualized transaction processes hitherto performed physically at bank branches 

(Overby, 2008). In a virtual mode, customer can place instructions, thus eliminating the 

need for filling many physical forms or the need for interacting face-to-face with a teller. 

As a result of all this, BPV has become one of the most important business strategies in 

recent times (Young & Jude, 2004). It has transformed the networking of firms and 

influencing their information infrastructures.  

Among the investigators of virtualization and the related developments, Overby (2008) 

was the first to model process virtualization as a social phenomenon regardless of the 

enabling means. This led to his process virtualization theory. Table 1 summarizes the 

process examples presented by him. Although IT has been the main enabler of many 
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contemporary BPV exercises, he points out that BPV should not be interpreted narrowly 

as IT. Rather, it should be recognized that BPV refers to the actual embrace of a wide 

range of operational changes cutting across different processes and people in business 

processes (Fiol & O'Connor, 2005; Huang & Rust, 2013; Overby, 2008). At the same 

time, since active human intervention continues to be needed even in virtualized 

processes, BPV must not be confused with process automation (Overby, 2008; Young & 

Jude, 2004). Human intervention continues to be necessary in processes such as 

decision-making and coordination. For example, an online sales transaction still requires 

decision-making on the customer’s part whether to buy or not after reviewing product 

information presented in a virtual setting. Likewise, customers continue to be required to 

initiate payment transaction so the firm could receive the payment for the product or 

service provided. In this sense, sales do not happen in an automated manner. This means 

that BPV can be seen as a transition in the mode of interaction with the process 

participants and the firms interacting at a transactional level.  

Table 1: Process Examples (Overby, 2008) 

Process Physical Process IT Based 

Virtualized Process 

Not IT Based 

Virtualized Process 

Shopping Store-based 

Shopping 

Electronic 

Commerce 

Catalog Sales 

Education Classroom-based 

Education 

Online Distance 

Learning 

Correspondence 

Courses 

Banking Bank teller 

Interaction 

ATMs, Online 

Banking 

Mail Deposit 

Friendship 

Development 

Face-to-face 

Interaction 

E-mail, Instant 

Messaging, Online 

Dating 

Letter-writing 

between Pen Pals 
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The volume of transactions relating to retailing BPV has grown by 313% between 2002 

and 2013 (Statista, 2014b). It is anticipated that, BPV will grow by at least USD100 

billion between 2013 and 2016 (Statista, 2014a). However, a 2012 survey showed that 

many customers are not satisfied with BPV; 37% of online banking users reported bad 

experiences with virtualized banking processes (Statista, 2014c). However, it is not yet 

clear what exactly are the reasons for the observed divergence in customer acceptance of 

BPV. Social presence theory, categorization theory, and virtualization theory continue to 

hold different views on a range of aspects of BPV (Breidbach, Kolb, & Srinivasan, 2013; 

Fiol & O'Connor, 2005; Overby, 2008). Despite the considerable interest expressed by 

both managers and scholars, there continues a noticeable lack of empirical evidence 

throwing light on the overall impact of and contextual influences of BPV on firms.  

 

1.2 Objectives and Significances 

Our study seeks to extend Overby (2008) to examine virtualization. We employ the 

long-horizon event methodology of Barber and Lyon (1996) to study 323 companies 

listed in the U.S. that had undertaken BPV projects. Our study has led to several 

empirical findings supporting the contention that the application of BPV enhances the 

viability of business operations. Moreover, processes have different levels of 

virtualizability (Overby, 2008). Depending on the extent of human intervention required 

by specific business processes, the impact of BPV can be expected to be different. 

Therefore, we investigate contextual influences of BPV. Event samples drawn from 
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Thomson Reuters’ archival database are mapped against financial data gathered from 

COMPUSTAT. Using hierarchical linear analysis, we test our samples at both the 

process and industry levels. We conclude that BPV does not necessarily create barriers 

for firm-customer interaction. In addition, we demonstrate that BPV is especially helpful 

for firms with small market shares while they seek to penetrate an oligopoly market. 

 

1.3 Thesis Layout and the Empirical Methodology 

Information Technology (IT) is playing significant roles in many virtualization tools 

today (Overby, 2008). Virtualization which is the most important change in the mode of 

human interaction that has occurred since the development of automation (Overby, 

2008).  Chapter two provides the literature reviews of our BPV study.  Chapter three 

documents our development of hypotheses. Our study aims to extend the application of 

Process Virtualization Theory to business operations. Results contribute to the field of 

Operations Management (OM) study. Chapters four and five describe the quantitative 

analyses of BPV. We adopt the event study methodology, used by Fama and Jensen 

(1983) to study stock prices, as our quantitative method. The methodology was extended 

later by Barber and Lyon (1996) to study the long-horizon impact of events. Our study 

follows the guidelines provided in the latter study with respect to the detection of 

abnormal performance of the sample firms. An advantage of event study is that it 

enables researchers to control factors that could influence the main factors as a result of 

the event. The event in question in our study is defined as the introduction of BPV in a 

firm. Since the impact of BPV can be moderated by the impacts of other factors, in 
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accordance with the guidelines of event study, we match our sample and control firms in 

terms of the industry, firm size, and pre-event performance across a portfolio of control 

firms. Similar procedures have been used by Yeung, Lo, and Cheng (2011) and Liu, 

Yeung, Lo, and Cheng (2014). Details relating to our event study and data collection 

procedures will be discussed in chapter four.  Chapter five, six and seven are our results, 

discussions, and managerial and theoretical implications respectively.
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Chapter 2: Literature Reviews of the Study on BPV 

The modes of interaction between firms and customers have been changing rapidly in 

recent times. At the same time, the role of customer is changing from one of being a 

mere consumer to an active collaborator with the firm (Moeller, Ciuchita, Mahr, 

Odekerken-Schroder, & Fassnacht, 2013; Nambisan & Baron, 2009). Virtualization 

tools for different business processes such as online sales, electronic messaging, and 

electronic commerce are becoming increasingly popular. BPV removes physical and 

face-to-face interactions between a business process and the corresponding process 

participants (Fiol & O'Connor, 2005). For instance, online selling has eliminated the 

need for physical interaction between the salesman and the customer at the store’s site. 

Traditional electronic messaging tools, such as Email, have likewise removed face-to-

face interactions among people (Overby, 2008). Mobile messaging tools such as 

Whatsapp and WeChat are seen as trendy. Studies on transformative and IT-enabled 

services have found that customers prefer the use of technology, e.g., new virtualization 

tools for business processes (Wunderlich, Kranz, Totzek, Veit, & Picot, 2013). However, 

there is still a paucity of empirical evidence clarifying the actual impact of these tools on 

firm performance.    
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2.1 Relating IT and OM 

The works of Federick Taylor and Peter Drucker on scientific management have been 

recognized as the major cornerstones of many management theories and practices. 

Contemporary OM is concerned both with systems and human factors arising in 

processes. It emphasizes observation of the interaction of systems, methods, and human 

behaviors in a holistic manner to improve OM process design. In this sense, the works 

of Taylor and Drucker contain little OM context (Lewis, 2007). As noted by Lewis, a 

pioneer in the area, contemporary OM studies can be traced back to Charles Babbage. 

Unlike most works on ordinary management science, those of Babbage consisted of a 

combination of contextual and biographical factors related to processes. In addition to 

systems and methods, Babbage saw the interactions and relationships among human 

participants in the processes, such as co-operation and good relationship between 

companies and their workers, as a central tenet of effectiveness (Lewis, 2007).   

Helped by economic and societal developments, OM has moved away from being 

material-based to more information-based (Karmarkar & Apte, 2007). During the times 

of Taylor and Drucker, interactions among process participants and systems were 

mainly physical. This continued until the advancement of IT after which production 

operations and services became ever more virtual (Gunasekaran & Ngai, 2011). 

Virtualization reduced physical interaction. As IT continued to evolve and given that 

OM objectives started getting entangled more and more with marketing and technology, 

the increased understanding of the evolution of information chains and market started 

helping the rise of virtualization as an OM strategy.  
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In every century, the evolution of OM has been influenced by the evolution of society 

(Gunasekaran & Ngai, 2011; Karmarkar & Apte, 2007). Gunasekaran and Ngai (2011) 

consider the development of IT to be an important component of market evolution. They 

argued that there is a triadic relationship among the evolutions in society, market and 

OM. Societal expectations such as safety, environment, and sustainability, coinfluence 

market evolution. They directly influence the evolution of OM objectives. Evolutions in 

the market, e.g., virtual enterprise, knowledge-based management, IT-driven technology, 

and globalization, directly influence the evolutionary changes in OM objectives 

(Gunasekaran & Ngai, 2011). 

 

2.1.1 Era of Information Dependent Economy 

Around the world, economies have evolved from being reliant mainly on agriculture to 

manufacturing, and from manfucturing to services. Another dimension of the evolution 

is that, in addition to being materials-based, societies are becoming more information-

based. Information and material categorization of products and services are equally 

important today. Since technologies impact processes and firms in term of productivity, 

value, cost and transformation, a deep understanding of information chains is central to 

the analysis of competition (Karmarkar & Apte, 2007). 

In the history of OM development, the product-service dichotomy is commonly used as 

the basis in the catergorization of operational problems. It has been demonstrated to be 

useful in studying process characteristics across firms and sectors. Since economies 

were becoming ever more information-based, Karmarkar and Apte (2007) introduced 
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‘material and information’ as a new dichotomy for the study of OM. They also observed 

that most processes in economies get less physical and become more symbolic.  

Processes are shifting from atoms to bits. They argue that the management of 

information chains should not be an issue of management science or information 

technology. Although technology is the driver, it has a great deal to do with process 

economics as it impacts the operation and configuration of processes. Therefore the 

management of operations (OM) cannot separate itself from the management of 

information technology. 

However, the study of information chains could remain challenging in OM; not only 

because it has no clear catergorization as product and service. Furthermore, the chains 

often consist of complex systems of operations in firms and sectors. Also, quantities are 

not measurable. However, as suggested by Karmarkar and Apte (2007), process analysis 

is a good starting point to tackle operational and tactical issues. They suggest starting by 

identifying the individual processes to which the technologies are attached. Examples of 

processes include storing, distribution, transportation, processing, scheduling, tabling 

and displaying. Studying information flows and observing outputs from specific 

processes could help in understanding information chains from an OM perspective. 

Process studies could acheive quality conformance of the information chains. Output 

studies could indicate the  performances of supply chains. 

2.1.2 Information, Knowledge, and Organizational Capability 

Advancements in information technology (IT) have allowed real-time communcation 

among people and enterprises belonging to distant geograpical regions. They have 
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shrunk the dimensions of time and space associated with communications. Firms can 

now take advantage of these interactions to improve their learning processes and create 

their own competences. At the same time, the avaliability of IT has made financial, 

commerical, and production globalization possible. As a result, competition among 

firms has also become global and more vigorous (da Silva Gonçalves Zangiski, Pinheiro 

de Lima, & Gouvea da Costa, 2013). 

In the early days, scholars and practioners argue the usefulness of IT.   However, due the 

the advances of IT equipment and computing techniques, IT is considered as one of the 

cost-based measures that could bring saving to organizations (Bharadwaj, 2000).  With 

the interited characteristic from IT and the perspective of resources, BPV is nowadays 

considered to be an in-imitable resource.  It can help organizations to rapidly connect 

customers in distance in terms of the boundary spanning capability (Wade, 2004). BPV 

is an prominent organizational capability today (Quirós Romero & Rodríguez Rodríguez, 

2010).    

Transforming information into knowledge and successfully turning the results into 

organizational capability have become a pivotal research topic in Knowledge 

Management (KM). Since it is an interactive process between the internal and external 

environment of firms, technology by itself does not safeguard the transformation process. 

In the context of OM, it can be seen as a dynamic process involving comprehending 

people and relationships, sharing of information, and knowledge diffusion. In other 

words, effective interaction continues to be the key. It has been said that the types of 

business processes, activities types, and resources all influence the effectiveness of the 
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information transformation processes all the way to the formation of organizational 

competence (da Silva Gonçalves Zangiski et al., 2013).  Table 2 summaries the work of 

Gunasekaran and Ngai (2011) on the evolution of the OM strategies and related 

technologies. 

Table 2: Change in Strategies and Technologies by Period 

Stage Year Strategies and Technologies 

1 Beginning Craftsman production 

2 Post World War II Automation, TQM, JIT 

3 1975 – 1985 QRM, CIM, FMS, and BPR 

4 1985 – 1995 LP, AM, and distributed enterprise 

5 1995 – 2010 Outsourcing, global manufacturing and market, Internet, SCM, 3PL 

6 2010 – Global SCM, virtual enterprise, RFID-enabled SCM, sustainability 

 

2.2 Divergence in Customer Acceptance on BPV Tools 

As business processes get increasingly virtualized (Overby, 2008), many researchers 

have started to study different aspects of the phenomenon, e.g., electronic commerce, 

online banking and distant learning (Overby, 2008) and customer interaction, and cost 

saving (Boyer & Hult, 2006; Hendricks, Singhal, & Stratman, 2007; Rabinovich, 

Knemeyer, & Mayer, 2007; Subramani & Walden, 2001). Reports published in Statista 

(2014a) indicate that firms are conducting BPV at an ever-quickening pace. A 2012 

survey of online banking reported that 37% of the users had negative experiences with 

online banking (Statista, 2014c). By contrast, in the same year, online shoppers 
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expressed high satisfaction with their online buying processes (Statista, 2014e). With 

respect to online banking, 87% indicated that ‘user-friendliness’ overrides the 

‘convenience’ resulting from the removal of physical travel to the bank branches 

(Statista, 2014d). However, the reports also show divergent expectations from and levels 

of satisfaction with BPV tools. Some users of BPV tools emphasized convenience and 

friendliness while others were more instrumental and justified the effectiveness of 

virtualized processes over the traditional ones. Meanwhile, some Internet-based studies 

have found that younger generations demonstrate higher levels of acceptance of the 

virtual mode of interactions than older generations (Wasko, Teigland, Leidner, & 

Jarvenpaa, 2011). 

Activities related to customer encounter significantly affect customer’s experience with 

firm’s services and products (Tax, McCutcheon, & Wilkinson, 2013).  Tax et al. (2013) 

describe the series of activities experienced by customers while certain service is 

provided to them, which managers must carefully plan for in their formulation of 

customer relationship management (CRM) strategies. Customer experience is an 

important aspect to be taken into account while managing the operations of a firm. As 

discussed, literature and statistics indicate that satisfaction and acceptance of BPV varies 

across types of BPV tools (e.g., online banking against online shopping), expectations 

for BPV tools from the customer diverge quite a bit (e.g., user-friendliness against 

convenience), and users of different categories demonstrate differing acceptance levels 

(e.g., young users versus old users).   
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2.3  Operational Issues and Psychological Barriers 

2.3.1 Operational Aspects 

In the study of customer encounter and firm-customer interactions, Frei (2006) concerns 

customer variability in the effective formulation of business processes. Southon, Sauer, 

and Dampney (1997) concerns whether BPV could effectively solve custom and 

complex process issues. BPV has transformed the modes of interactions between firms 

and their customers (Overby, 2008). Studies have shown that effective maintenance of 

firm-customer relationships strongly influence customer acceptance of BPV. 

Relationship-based studies of BPV, such as those reported by Zhang et al. (2011), 

Huang and Rust (2013), Verhagen, Feldberg, van den Hooff, Meents, and Merikivi 

(2011), and Chong and Zhou (2014), adopt a customer-centric perspective and point out 

the importance of the maintenance of relationship quality in BPV. In their study of web-

based demand chains, Chong and Zhou (2014) emphasize that firms should focus more 

on collaborative rather than technological structures of BPV tools. They argue that 

technology on its own does not guarantee quality relationships between firms adopting 

BPV and their customers. Zhang et al. (2011) opine that the quality of relationships 

influences customer satisfaction. Subsequent customer satisfaction determines customer 

retention. Managers should therefore pay may more attention to the effectiveness of 

customer interaction rather than technology while developing and applying BPV tools 

(Verhagen et al., 2011). Customer-centric proponents of BPV argue that, in order to 

maintain the quality of relationships, firms must ensure that the BPV tools utilized suit 

the needs of customers. 
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By contrast, Wang, Harris, and Patterson (2013) and Wunderlich et al. (2013) take a 

customer self-efficacy perspective while assessing customer adoption of BPV tools. 

They argue that the acceptance of BPV by a customer is influenced by habit rather than 

satisfaction. In the long run, habit overrides satisfaction. In their study of self-serviced 

retailing technologies, they distinguish between a sense of satisfaction and habit and 

believe that the continued use of self-service retailing virtual tools is the result of a 

learning process. The initial use of self-service retailing technology by customer is 

instrumental and rationale-driven. Over time, use turns into habit. Sense of satisfaction 

and friendliness of the BPV tools are just emotional drivers in BPV in the initial stage of 

adoption. Their influence is often impermanent. Satisfaction does not necessarily assure 

future usage of BPV tools by customers. The self-efficacy driven studies argue that 

long-term adoption of BPV tools by customers is trainable.  

 

2.3.2 Psychological Aspects 

Social presence theory has long considered the effectiveness cue and attentiveness 

transmission of different type of communication means. Face-to-face and physical mode 

of communicate is determined to be the most effective.  Text and image related mode 

are found to be the second best. The virtual mode of communicate is found to be the 

most ineffective among all the communication mode.  It was argued that human beings 

are predisposed to the physical and face-to-face modes of communications. Therefore, 

we have natural tendency to resist the virtual mode of communications (Kock, 2004; 

Short, Williams, & Christie, 1976).    The firm-customer bonding is BPV were also 
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concerned.  Whether the process of customer encounter could actual delight customers 

to general the customer’s identification was an issue. In the words of customer 

relationship management studies and marketing studies, such consequences are 

concerned to be customer satisfactions (Nambisan & Baron, 2009; Tax et al., 2013). 

Convenience and social presence are recurring psychological arguments in BPV-related 

studies (Arbaugh, 2000; Jarvenpaa & Leidner, 1999; Overby, 2008; Verhagen et al., 

2011). Process participants in physical processes are contained in the same physical 

setting. By contrast, participants in a virtualized process stay physically apart. 

Traditionally, it is believed that communication of information is more effective in a 

physically proximate setting. Delays in processing and resolution are expected to be 

lower in physical environments (Overby, 2008). Arbaugh (2000) describes the 

psychological outcome of minimal delay as being just “convenient”. Established and on-

going demonstrations of social presence among the people have also been questioned in 

the context of BPV (Kehrwald, 2008). Social presence refers to a sense of awareness of 

existence among process participants. According to social presence theory, both 

physical and virtual modes carry a sense of social presence but are different in terms of 

effectiveness. The degree of social presence impacts the interpretation of messages 

among process participants (Short et al., 1976). Business processes involving physical 

and face-to-face interactions are associated with the highest degrees of social presence 

while the opposite is true with virtual modes. Since physical interaction is removed, 

communication cues such as gestures, postures, and inflections are transmitted less 

effectively in virtualized business processes than in a traditional one (Kock, 2004).  
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‘Sense of attentiveness’ and ‘interpersonal warmth’ rely on effective communication 

cues during interaction (Jarvenpaa & Leidner, 1999; Overby, 2008). They are essential 

in building relationships between firms and customers (Verhagen et al., 2011). In his 

study of computer-mediated communications, Kock (2004) argues that humans are 

predisposed to physical and face-to-face modes of interaction. We are naturally resistant 

to virtual modes of interaction. ‘Social presence’ influences thinking as well as knowing. 

It affects the interpretation of characteristics, qualities, and inner states of other parties 

involved in the interaction process. In other words, perceptions concerning the counter 

parties could be influenced by a sense of social presence. A heightened sense of contact 

leads to better perception. It also affects the sense of attentiveness and the feeling of 

warmth. The perceptual elements that customers are required to characterize and 

identify with firms are put in question. According to Fiol and O'Connor (2005), the 

context of communication influences the stability of customer identification. A sense of 

attentiveness does have a bearing on the psychological attachment of customers to firms 

in the context of customer encounter. The psychological issues involved could be 

barriers of customer in their acceptance of BPV. 

 

2.4 BPV Related Theories 

2.4.1 Social Presence Theory 

Short et al. (1976) is perhaps the first to propose a social presence theory. The theory 

classifies communication media along a linear continuum in terms of social presence. 

The degree of social presence equals the degree of awareness of the others persons 
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engaged in interaction and communication. An effective medium is one that supports the 

appropriate level of social presence for the participants in the task (Kock, 2004). 

Physical and face-to-face interactions are associated with the highest possible degrees of 

social presence and awareness. Customers are easier to develop an identity with a firm if 

the firm is using the physical mode of interactions. Text-based interactions are 

associated with lower degrees of social presence. Virtual modes of interaction go with 

the lowest degrees of social presence and awareness among all communication media 

(Short et al., 1976). Virtualized interactions are believed to be associated with the lowest 

order of communication cues and the lowest degree of social presence.  

BPV removes physical and face-to-face interactions among people engaged in business 

processes. According to social presence theory, BPV tools carry very low degree of 

social presence and awareness among process participants due to the virtual mode of 

interactions. Therefore, the effectiveness of communication cue transmission in BPV is 

a matter of debate. Customer encounter and customer categorization with the firm might 

be affected once a traditional process or transaction is transferred to the virtual mode.   

 

2.4.2 Processes Virtualization Theory 

Overby (2008) has developed a process virtualization theory that recognizes that more 

and more processes are being conducted in the virtual mode. Regardless of the 

implementation means, virtualization is seen as a social phenomenon. It removes the 

need for physical interactions among processes and process participants. Unlike with 

automation, human intervention is still required by transactions associated with 
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processes conducted in the virtual mode (Fiol & O'Connor, 2005). For example, the 

initiation of a purchasing action in a buying process still requires decisions on the part of 

customers. Likewise, payment actions in a payment process (for the exchange of the 

goods and services) still need to be made by the respective customers. In other words, 

sales and payment do not happen automatically; human decision-making and 

intervention continue to support them. Process virtualization theory also states that 

advances in information technology create a potential for more and more processes to be 

virtualized. There are four contextual factors of a process affecting the virtualizability of 

a process: sensory, relationship, control, and synchronism expectations of customers. 

Note that these are all customer expectation elements. 

 

2.5  Stakeholders and Virtualizability of Business Processes 

Business processes involve a variety of interactions between firm and its stakeholders, 

including firm-customer interactions. Quality improvement and innovation at the firm 

level requires effective interactions among various stakeholders (Goffin, Lemke, & 

Szwejczewski, 2006; Nambisan & Baron, 2009; Sanders, 2007; Wiengarten, Fynes, 

Cheng, & Chavez, 2013). Physical encounters and personal attentiveness could help 

achieve customer delights to specific firms and attachment to specific service employees. 

By nature, processes have different degrees of virtualizability. Virtualizability consists 

of four customer related elements: sensory requirement, relationship requirement, 

control requirement, and synchronism requirements (Overby, 2008). Virtualizing the 

different types of business processes can influence the stability of the interactions 
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among the stakeholder resulting in performance impacts of firms in different degrees. 

Process virtualization theory states that the effort required to virtualize a process varies 

across processes. 

 

2.5.1 Quality Improvement and Innovation of Firms 

Sanders (2007) has studied the relationship between collaboration and organizational 

performance.  He has found that quality improvement and innovation in firms rely 

heavily on the effective collaboration among stakeholders of business processes, which 

in turn helping to achieve organizational performance improvement. Collaboration is a 

complex process of communication and sharing of information. It involves internal and 

external collaborations. Stakeholders in the collaboration processes are customers, 

suppliers and internal staffs. Sanders has also argued that electronic technology 

improves both internal and external collaborations of firms and organizational 

performance. 

Nambisan and Baron (2009) have studied the relationship of customer and firms in the 

virtual environments. They have argued that firms should no longer view customers as 

only consumers of goods and services but co-innovation partners. As an important social 

capital, customer provides new ideas for product, product services, and quality 

improvements of firms. In addition, the perceived innovation partnership of customer 

with firms in expectation of private rewards shapes the contribution a firm makes. 
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Close firm-supplier relationships are found to benefit  manufacturers in cost reduction, 

quality improvement and new product development (Goffin et al., 2006).  Effective 

internal interactions within organizations can promote leadership, learning, continuous 

improvement, and employee fulfillment. It has a strong impact on organizational 

performance characterized by high level of innovativeness (Wiengarten et al., 2013). 

 

2.5.2 Customer Encounter and Delight 

Interaction and participation of the customer promote customer’s identification firms 

(Nambisan & Baron, 2009). However study of Specht, Fichtel, and Meyer (2007) has 

found that the perceptions of the customer and attribution of the effort and abilities of 

employees carry weight in terms of customer encounter and satisfaction.  In the views of 

customers, it is the responsibility of the organization to provide a connected overall 

service experience. Therefore, managers must recognize such a reality so as to better 

serve the customer by understanding the role that firms play in the customer-defined 

service journey. Managers must be prepared to coordinate their activities in their 

interactions with customers (Tax et al., 2013). 

Customer delight is a prominent human issue in service design (Cook et al., 2002). It has 

been shown to be a demand side effect that a firm has to achieve in firms’ CRM 

functions for organizational performance (Kalaignanam & Varadarajan, 2011). In a 

study of online shopping conducted by Huang and Rust (2013), ‘delightful experience of 

the customer’ is found to be a critical factor impacting purchase intentions and brand 

equity.   
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2.5.3 Sensory Requirements of a Process 

Sensory requirements are associated with the five human senses. They stem from the 

process participants’ need for full sensory experiences of the products or services in 

question, e.g., touching, tasting, seeing, hearing, and smelling. It also involves 

sensations such as vulnerability and excitement on the part of the participants (Overby, 

2008). Virtualizing a car-selling process has a higher sensory requirement than 

virtualizing a car maintenance booking process with dealers. Before making a high-cost 

purchase, such as a car, almost all buyers want to physically touch and test-drive the car. 

They might even want to physically experience the car more than one time. Compare 

this with making a car maintenance booking where visiting the dealer for making the 

booking is not a must as long as the customer is able to find a time slot that fits his 

personal schedule. Therefore, virtualizing a maintenance booking process requires less 

effort than virtualizing a car sales process. In other words, the sensory requirement is 

more pronounced in car sales than while making a booking for car maintenance. BPV is 

conducted in different types of industries and the processes in the industries. The 

sensory requirements of different processes are therefore different. 

The business processes related to a single product (e.g., car sales and car maintenance 

booking) have different sensory requirements from customers. Sensory requirements 

vary across products and services (Overby, 2008; Ramus & Nielsen, 2005). Sensory 

expectation is determined by the need of the customer to manipulate the physical objects 

involved in the process (Apte & Mason, 1995). 
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2.5.4 Relationship Requirements of a Process 

Relationship requirements define the needs of the customer while interacting in a 

professional or social context in a given process. Participants depend on interactions to 

acquire knowledge and to establish trust (Overby, 2008). Virtualizing insurance selling 

has higher relationship requirements than virtualizing insurance claim processes. In the 

former case, customers need to interact with the agents to fully appreciate the detailed 

context of the insurance policy. During interaction, customers need to be assured that 

the insurance companies and the agents are dependable and trustable when the time 

comes for collecting the protections on offer. Once the expected level of trust has been 

established, the insurance agent can proceed to make concrete proposals for potential 

insurance sales. On the other hand, the relationship requirements are lower while 

virtualizing the process of insurance claiming. Since the coverage details have already 

been documented and contracted upon within the insurance policy, passing a claim to 

the insurance company is a much more routine process. It doesn’t make a significant 

difference to the customer whether the claim is processed in the traditional or a 

virtualized mode. Media richness (Daft & Lengel, 1986) concerns how accurately the 

media can mimic the physical objects involved if the transaction was to be conducted in 

the traditional manner. Social presence (Short et al., 1976) concerns the transmission of 

presence in the media. It affects relationship building among process participants 

through interaction media (Overby, 2008). 
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2.5.5 Synchronism Requirements of a Process 

Synchronism requirements refer to the tolerance of delays in the activities contained in a 

process. For instance, it is important that the activities take place quickly (Overby, 2008). 

Such a requirement is high in medical or injury treatment processes. Patients expect 

physical and immediate attention; they have low tolerance for delay. How quickly the 

patient can receive medical assessment and care is crucial. A delay in treatment could 

cause serious and irreversible harm. However, a consultation process related to over-the-

counter health products (e.g., vitamins, minerals, and proteins) has lower synchronism 

requirements than one arising when attendants have to be approached. Medical and 

injury treatment processes have high synchronism requirements. Another example of a 

selling process with a different synchronism requirement is the selling of perishable, 

grocery items. Some business processes involve the delivery of a large variety of 

products and services to different industries, so synchronism requirements among 

products and services vary.  

 

2.5.6 Control Requirements of a Process 

Control requirements are concerned with the need for monitoring the delivery quality of 

the process on the part of the customer. It refers to the tolerance of deviations in the 

quality of the product or service (Overby, 2008). Some processes have higher control 

requirements than others. The process of production in a manufacturing shop requires 

close internal monitoring and timely reporting so as assure effective problem resolution 

and compliance with production specification. While the cooking process in the kitchen 



34 

 

of a restaurant has a lower control requirement in terms of specifications than a factory, 

the quality of the products from a kitchen are still subjected to evaluation by customers. 

However, the cost involved and the requirements for controlling the quality of processes 

in a factory and in a kitchen are not at the same level. In terms of the network nodes 

involved, restaurants have many individual customers, whereas a factory producing for 

business entities has a smaller number. The impacts of single-incident and long-term 

failure on quality control on their competitiveness are also different in terms of the 

natures of the respective customer networks. We can see that the number of contacts in 

business transactions and the natures of the products involved in the transactions 

determine to a large extent the control requirements of a service or product delivery 

process. Likewise, in virtual shopping, the expectation of the customers is to be able to 

exert direct control over the product just as in physical shopping. Customers may fear 

running the risk of fraud because they are unable to synchronize with the process 

(Friedman & Resnick, 2001; Overby, 2008). While virtualizing of their business 

processes, firms need to consider control expectations from the perspective of customer 

encounter. 

 

2.5.7 Customer Oriented Business Processes and Interactions 

From the perspective of the virtualizability of a process, contextual influences arising 

from the business nature, the process nature, the relative production size in industry, the 

targeted market and customers, and competition are all different. Business processes 

differ in terms of the degrees of interaction among process participants. Bowersox, 
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Closs, Cooper, and Bowersox (2013) classify business processes into five categories: 

customer relationship management (CRM), logistics, manufacturing, purchasing, and 

inventory deployment (table 3). The degree of interaction with customers varies across 

processes. Some processes involve more customer and supplier interactions while others 

are more oriented towards internal interaction (Chong & Zhou, 2014). For example, in 

CRM, order management consists of a range of order taking processes. It therefore 

requires extensive firm-customer interaction. Production execution and control are shop 

level processes mainly involving interactions among internal departments. Because 

business processes have different degrees of virtualizability and consist of different 

parties, the impact and the contingent influences of virtualization can be expected to 

vary across process categories.    

 

Table 3: Business Processes Mapping (Bowersox, 2013) 

Business Process Functions 

Customer Relation Management 

Customer Relationship Management 

Forecasting 

Demand Management 

Collaborative Planning, Forecasting and 

Replenishment 

Order Management 

Inventory Deployment Integrated Inventory Planning 

Logistics 

Finished Inventory Management 

Order Processing 

Warehouse Management 

Transportation Management 

Yard Management 

Accounts Receivable Interface 

Manufacturing 
Manufacturing Resource Planning 

Capacity Management Planning 
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Master Production Schedule 

Productions Execution and Control 

Quality Management 

Purchasing 

Purchase Order Administration 

Materials Requirements Planning 

Supplier Relationship Management 

Accounts Payable Interface 

 

 

 

2.6 Conceptual framework for the study of BPV 

2.6.1 Model Development 

There are complex co-influences among the triadic relationships involved in the 

evolution of society, market, and OM (Gunasekaran & Ngai, 2011). As an important 

evolution of OM, BPV has significantly restructured traditional interactions among 

process participants (Overby, 2008).  Overby states that Information Technology (IT) is 

enhancing the sensory, relationship, synchronism, and control among processes and 

process participants. As a result, traditional processes, which were previously conducted 

physically, are now much easily virtualized by means of IT. Following the development 

of IT, it is realized that the advancement of IT and the desire of customers of BPV tools 

are acting as society and market forces in pushing and pulling firms to adopt more BPV 

tools. However, there is little empirical evidence of the impact of BPV on actual 

organizational performance. 

Statistics are available showing that customers are driven by different motives while 

adopting BPV tools. For example, some customers look for better user-friendliness. 

Some look for convenience in terms of physical interaction or physical visit while 
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transacting business processes. Statistics also show variations in the acceptance of 

different virtualized processes (Statista, 2014c, 2014d, 2014e). Customer categories, 

such as age groups, have also been examined in previous BPV studies. It has been found 

that younger customers tend to accept BPV tools more than elder customers (Wasko et 

al., 2011).  Psychological (Arbaugh, 2000; Verhagen et al., 2011) and operational issues 

(Verhagen et al., 2011; Zhang et al., 2011) are also involved. In fact, it has long been 

recognized that BPV acceptance and customer satisfaction impact organizational 

performance significantly (Verhagen et al., 2011; Wang et al., 2013; Wunderlich et al., 

2013; Zhang et al., 2011). The nature of the business process also varies across firms; 

some are customer encounter orientated, some involve more internal interactions, some 

are supplier interactions, and some are mixed (Bowersox et al., 2013). 

We can classify the contingency factors associated with BPV into customer contact and 

competitive environment aspects. Customer contact aspects can be seen as micro-actors 

of BPV, while competitive environment aspects can be seen as the macro-factors that 

could affect the performance of BPV. 

 

2.6.1.1 Customer Contact Characteristics (Micro Aspects) 

The customer contact characteristics of BPV concern the networking and relationship 

aspects of business process. They are the micro-aspects related to the daily interactions 

among systems and peoples in virtualized business processes. If the networks of service 

firms and manufacturing firms are different in nature as mentioned by Choi and Wu 

(2009) and network ability can influence the financial performance of firm as stated by 
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Semrau and Sigmund (2012), the impact of BPV on the networks and on the processes 

with different extensiveness of customer contact should be different; the interactions 

among the participants in the service and manufacturing networks are different in nature.  

For example, service networks consist of more nodes (more customers contact) and 

links (the processes between firms and their customers) than those in manufacturing 

networks (Dean, Holmes, & Smith, 1997).  

In addition to the network and relationship concerns, Chase and Tansik (1983) 

distinguishes organizations in term of the extensiveness of customer contact.  They 

argue that the level of customer contact of firm influences the design of organization 

structure and its operations.  The effectiveness of the organization structure and 

operations would subsequently favor and disfavor the delivery process of firm to its 

customer.  Mersha (1990) further classifies organization into high and low type of 

customer contact level.  He argues that the number of customer contact determines the 

interactions frequency between firm and customers. Efforts to manage and control firms 

with different type of customer contact extensiveness are different.  

Furthermore, while some business processes are concerned more with customer 

interactions and relationships with external customers, other processes are concerned 

more with internal interactions (Chong & Zhou, 2014). It is known that effective 

maintenance of these interactions impacts the dynamic capabilities of firms (Carlsson, 

1989, 1992). In other words, the BPV performance of a firm depends on the 

corresponding network and extensiveness of customer contact in business processes. 

Our model (Figure 1) includes both the extensive of customer contact and process 
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orientation (customer / non-customer oriented) of processes of a firm as micro-

influencing factors determining BPV performance.       

 

2.6.1.2 Competitive Environment (Macro Aspects) 

The competitive environment of firms consist of the relative competence and the states 

of the industry in individual firms. This study is concerned with the effect of changes in 

interactions among process participants caused by BPV.  From a macro perspective, 

different firms hold different positions in the market they belong to. In their study of 

virtualization, Wasko et al. (2011) recognize that multinational firms have certain 

intrinsic advantages over SMEs in the context of larger geographic operations. They 

suggest that the trend of virtualization of business processes is leveling the advantages 

of multinational firms and SMEs. Their study covers resource differences between SME 

and multinational firms with respect to customer encounter and the opening of physical 

stores at different geographic locations. This implies that the sizes and competence of 

individual firms are contingent on the benefit derivable from BPV in terms of 

virtualization of individual business process. However, there is no empirical evidence in 

support of this contention so far. Firm size and resource competence within a given 

market are just relative measures. Hendricks and Singhal (2008) and Liu et al. (2014) 

use industries’ concentration to reflect the competitiveness values of individual markets. 

To reflect the competitive position of firm, Szymanski, Bharadwaj, and Varadarajan 

(1993) observe both the intrinsic competence of firm and the market situation in firms’ 

specific industries.  Accordingly, the macro perspective adopted in the present study 
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want to reflect the competitive positive of firms in its industry. Therefore, we concern 

both competitiveness of the individual firms (market share) and the occupancy of its 

industry (industry concentration).  

Figure 1 presents the conceptual framework underpinning our BPV study.  It consists of 

the customer contact characteristics (micro) and the competitive environment (macro) 

aspects of BPV that will influence the benefit of BPV to the organizational performance 

of firms. Details of the development of H1, H2, H3, H4, H5, H6, H7, H8, and H9 

according to the micro and macro aspects are presented in chapter 3. 

 

 

Figure 1: Conceptual framework for the study of BPV 
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Chapter 3: Hypotheses Development 

3.1 Paradox of BPV 

The advancement of IT is speeding up the diffusion of BPV. Some customers and users 

view BPV as trendy.  It creates a demand force for firms to adopt BPV. According to 

PVT, IT could increase the virtualizability of processes.  In fact, the question of whether 

the improvement of virtualizability of business processes can induce actual performance 

improvement for firms is unanswered. Social presence theory states that virtual mode is 

the poorest interaction mode for the transmission of communication cues. However, we 

believe that the inherited advantages of IT on BPV might help firm from the aspects of 

resources saving and business networking. Among the paradoxical issues of BPV, we 

formulate our hypotheses to investigate the usefulness and the contingent factors of BPV. 

 

3.2 Operational Effectiveness of BPV 

3.2.1 Sales Growth 

Studies have found that virtualization tools can promote quality improvement and 

innovation in firms through collaborations with customers, supplier, and internal staffs 

(Goffin et al., 2006; Nambisan & Baron, 2009; Sanders, 2007; Wiengarten et al., 2013). 

Process virtualization theory states that IT is able to enhance the virtualizability of 

processes, i.e., sensory, relationship, synchronism, and control. Therefore, as advocated 

by Cook et al. (2002) and (Tax et al., 2013), BPV should also be able provide service 
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journeys promoting customer’s personal attentiveness close to the physical mode of 

interaction, promote customer delight, and facilitate psychological attachment of 

customers with the firm. Quirós Romero and Rodríguez Rodríguez (2010) have 

demonstrated that IT investment can improve the sales performance of a firm.   With the 

assistance of IT, graphical representation (physical distance between firms and customer, 

and ease of assess) and communication among processes participants are becoming ever 

more effective (Breidbach et al., 2013; Wang et al., 2013). Media richness and social 

presence are coming ever closer to mimicking actual physical modes (Overby, 2008). 

Through BPV, stakeholders can receive good psychological feeling of convenience from 

reduced physical travels, identification with the firm through co-innovation and 

participation in the firm’s quality improvement efforts. Based on the above arguments 

concerning the operational and psychological benefits provided by BPV in terms of 

convenience and ease of access, customers’ demand should increase. Therefore, we 

hypothesize that BPV should indeed be capable of assisting sales growth in firms. 

H1: The adoption of BPV by a firm is positively associated its sales growth. 

 

3.2.2 Cost of Goods Sold 

Contemporary studies found that firms with high IT capability tend to outperform in 

terms of profit and cost-based performance measures (Bharadwaj, 2000).  The study of 

Nolan (1994) on banks and airline has suggested that IT capability differentiate the 

performance of firms.  Cost-based measure and sales level are common attributes in the 

determination of the profit of firms.  Our hypothesis 1 tests the sales attribute related to 



43 

 

BPV.   To confirm the benefit of BPV in terms of profit that might be brought to firms, 

we further test cost of goods sold for the firms which have conducted BPV.  According 

the finding of Power and Singh (2007) and Zhu, Kraemer, and Xu (2006) on the costs-

based benefit of IT tools on the business processes through the reduction of physical 

operation resources (Bharadwaj, 2000; Power & Singh, 2007; Zhu et al., 2006), we 

hypothesize that BPV improves cost of goods sold (reduction of cost of goods sold) in 

business. 

H2: The adoption of BPV by a firm is negatively associated with its cost of goods sold. 

 

3.2.3 Labor Productivity 

Investment of IT was viewed as paradoxical in the 80s and 90s (Solow, 1987). There 

were arguments about the ability of IT to organizational productivity and profitability. 

After decades of technological advancements, cost and power of IT have evolved 

significantly.  Today, IT infrastructure, human IT resources, and IT-enabled intangibles 

are recognized to be contributing significantly to organizational capabilities (Quirós 

Romero & Rodríguez Rodríguez, 2010). IT is found to be able to support firms in terms 

of cost-based measures (Bharadwaj, 2000). Technologies have also allowed suppliers 

and customers to work and be serviced in a more self-efficacy and self-service based 

manner (Wang et al., 2013). Empirical data from Atrostic and Nguyen (2005) show that 

modern IT vehicles are improving the labor productivity of firms. We agree with the 

heterogeneity view of IT vehicles and BPV. Advances in IT have indeed enhanced the 

virtualizability of business processes and reduce requirements for physical and human 
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resources (Bharadwaj, 2000; Overby, 2008; Overby & Clarke, 2012). As a result, inputs 

in terms of labor will be reduced. From the perspectives of transaction efficiency and 

reduced human and physical resources in processes, we hypothesize that BPV could 

assist labor productivity of firms in business process. 

H3: The adoption of BPV by a firm is positively associated with its labor productivity. 

 

3.2.4 Abnormal Operational Performance 

The increase of sales growth, decrease in cost of goods sold, and increase of labor 

productivity are not sufficient to support that BPV is beneficial to the overall operational 

performance of firms. Sales and cost-based accounting figure changes could be affected 

by the economic conditions, such as inflation and deflation.  To confirm the relationship 

of BPV and firm performance, and for the purpose of robustness, we also test the 

abnormal operational performance of firms in terms of ROA.  According to the BPV 

paradox described in section 3.1, we hypothesize H4 and H5.   

Figure 2: Abnormal Operational Performance 
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3.2.3.1 Abnormal Operational Performance Increase 

A survey of 4,200 firms conducted by Boothby, Dufour, and Tang (2010) on the 

technological tools and productivity shows that firms adopting technological tools 

exhibit higher productivity than other firms (Boothby et al., 2010). Process virtualization 

theory states that IT is a positive mediator in today’s BPV (Overby, 2008). Another 

survey conducted by Rabinovich et al. (2007) on 4,733 firms showed that Internet-based 

commerce does not only improve the transactional and logistic costs to firms, but also 

improves network relationships between firms and customers. Others (Power & Singh, 

2007; Zhu et al., 2006) have argued that IT could reduce transaction costs in business 

processes and integrate processes and trading partner in cost effective ways (Power & 

Singh, 2007). The ability to use advanced technologies and the associated skills are 

contributing significantly to today’s business operations. Overby and Clarke (2012) state 

that, through reduction in human resources and physical facilities, firms with high IT 

capabilities generally outperform those driven by profit and cost-based performance 
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measures alone. In addition to sales growth, cost of goods sold, and labor productivity, 

we seek to confirm the aggregate benefit of BPV on the overall operational performance 

of firms, we test the relationship of BPV on the overall improvement on the operational 

performance of firms, relative to other firms (H4 and H5) with the event study 

methodology. 

 

H4: The adoption of BPV by a firm is positively associated with its operational 

performance. 

 

3.2.3.2 Abnormal Operational Performance Decrease 

However, from a customer encounter perspective, customers demand different levels of 

experience with respect to service and product delivery. According to process 

virtualization theory, business processes need to satisfy a variety of sensory, relationship, 

synchronism, and control expectations from customers. The satisfaction and continued 

identification with the firm depends highly on the experiences of the customers during 

the course of the delivery of the services by the firm. A service can be seen as a complex 

series of activities involving customer-firm interactions (Tax et al., 2013). BPV removes 

any physical interactions existing. In a virtualized process, transactions are conducted in 

virtual modes.  

According to social presence theory, virtual modes of interaction transmit lower 

communication cues and carry lower social presence than those arising in traditional 

physical interactions. Therefore, the removal of physical interactions creates gaps 

between the sensory, relationship, synchronism, control expectations and the actual 
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experience of customers in the course of service delivery by firms. IT improves the 

virtualizability of processes (Overby, 2008). It encourages firms to virtualize more and 

more business processes. However, whether improvements in virtualizability do indeed 

lead to improvements in organizational performance is uncertain. Along with the 

development and evolution of OM, customer is consistently the important factor for 

formulation of strategies (chapter 2). In other words, if the firm is unable to maintain 

effective customer-firm interaction after virtualizing the original processes, the 

operational performance of firm will be at risk. The operational performance of the firm 

will be affected as a consequence of poor customer retention and disruption of the 

customer’s identification with the firm. Therefore, we also make the following 

hypothesis (H5).   

 

H5: The adoption of BPV by a firm could be negatively associated with its operational 

performance. 

 

3.3  Extensiveness of customer contact  

A firm’s ability to network significantly influences its financial performance (Semrau & 

Sigmund, 2012). The operation of the network affects the relationship and the bonding 

between network participants. It correlates with the future business success of the firm 

(Choi & Wu, 2005). Firms operating in different industries have different network 

characteristics in terms of nodes and links (Choi & Wu, 2009). Firms in different 

industries consists of different extensiveness of customer contact (Chase & Tansik, 1983; 

Mersha, 1990). Usually, networks of service firms have larger numbers of nodes and 
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links (paths) than those of manufacturing firms (Dean et al., 1997). Firms of higher 

customer contact level need more networking effort to maintain the relationship with 

customers and the effectiveness of business transactions (Chase & Tansik, 1983; Mersha, 

1990). In addition, extensiveness of customer contact influence effective strategic 

relationship management and the dynamic capabilities of firms (Carlsson, 1989; Overby 

& Clarke, 2012; Wang et al., 2013; Wasko et al., 2011). Here, ‘dynamic capability’ 

refers to the timely, change-oriented capabilities of firms to renew and redeploy their 

resources in a manner capable of sustaining competitive advantage. This is an essential 

factor for consideration by contemporary electronic businesses (Carlsson, 1989; Wu & 

Hisa, 2008). Kamp (2005) identified the positive influence of network management on 

business dynamism. Studies on supply chain management systems and knowledge 

management have shown that network management first affects the dynamics of the 

firm in question and, subsequently, its performance (Hendricks et al., 2007; Kim, Lee, 

Chun, & Benbasat, 2014). A study by Breidbach et al. (2013) confirmed that both the 

quantity and quality of inter-personal relationships determine the success of technology-

enabled systems. 

Networks of service firms are mostly B (business) to C (customer), each consisting of 

several individual customers. By contrast, networks of manufacturing firms are more B 

to B. The nodes of a manufacturing network are mainly made up of business entities 

with fewer individual customers. Because service networks consist of more nodes and 

paths than manufacturing networks, the cost savings resulting from a well maintained 

network should be higher in the former than in the latter. Dean et al. (1997) found that 

service industries have higher needs for idea exchange than the manufacturing industries 
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involved in the same business network. While Mersha (1990) and Chase and Tansik 

(1983) pointed out the extensiveness of customer contact of firm induces the resource 

difference of the operation of the firm network. Managing and interacting with 

customers in a physical mode, level of customer contact plays an important part from 

the networking perspective. Therefore, we argue that a reduction in the physical 

interactions involved in a business process should benefit high customer contact firms 

more than for low customer contact firm firms. Keeping in mind the opportunities for 

leveraging business dynamics and the differences in the natures of the respective 

networks, we make the following hypothesis: 

H6: Firms with extensive customer contact firms benefit more than firms with less 

extensive customer contact from BPV. 

 

3.4  Customer Oriented / Non Customer Oriented Process 

Interactions engaged in by firms can be classified as internal or external. External 

interactions mainly occur between customers and trading partners (Chong & Zhou, 

2014). Both internal and external interactions influence the dynamic capability of the 

firm (Carlsson, 1989, 1992).  The enhancement of the external linkages of firm provide 

firm with better spanning capability and social connectivity(Breidbach et al., 2013). 

Customer involvement is becoming ever more important in today’s business operations. 

The role of customer is changing from one of being a mere consumer to an active 

collaborator with the firm in terms of product innovation and operation enhancement 

(Moeller, Ciuchita, Mahr, Odekerken-Schroder, & Fassnacht, 2013; Nambisan & Baron, 
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2009). Many scholars and managers have drawn attention to the importance of value co-

creation and partnership between firms and customers (Breidbach et al., 2013; Moeller 

et al., 2013; Vargo & Lusch, 2008). Breidbach et al. (2013) studied the contribution of 

technology to such value co-creation processes. They found that technological tools 

benefit value co-creation in terms of interpersonal, relationships and social connectivity, 

rather than in terms of processing speed. Different processes in firms engaged in 

different operational functions, require different degrees of interaction with customers 

(Bowersox et al., 2013). External processes require extensive customer interaction and 

customer contact. Enhancements in external relationships improve the social 

connectivity of the firm and extends the quality and quantity of network paths associated 

with it (Breidbach et al., 2013). The enhancement of internal relationships improves 

only the internal operational efficiency. Although external relationships and internal 

processing speed are both important to firms, the benefits derivable from external 

relationships create more immediate business opportunities and business connections. 

 

In addition, traditional person-to-person relationship marketing is usually high in cost 

and small in scale (Huang & Rust, 2013). By removing physical constraints, BPV tools 

enable firms to build relationships more cost effectively. At the same time, customer 

participation is increased and the value co-creation processes are better implemented. As 

customers become more emotionally attached to the firm, the identification of customers 

with the firm gets increased. The commitment to the firm and, hence, customer retention 

is also increased. Such an extension of external relationship capability has a higher 
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influence on firm performance than internal communication enhancement. Therefore, 

we make the following hypothesis (H7): 

H7: Customer oriented business processes benefit from BPV more than internal non-

customer oriented processes do. 

 

3.5  Market Share 

Studies of the virtual world have found that virtual modes of communication are 

leveling the advantages enjoyed by multinational firms and SMEs (small and medium 

manufacturing enterprises). Multinational firms have more resources for building 

person-to-person relationships in the traditional physical mode, e.g., opening physical 

stores and branches. They also have resource utilization advantage in term of scale of 

economy (Wasko et al., 2011). Because of relatively smaller financial resources, SMEs 

find it difficult to compete with multinational firms in expanding sales forces, branches, 

and transaction processes (Wasko et al., 2011). A study by Szymanski et al. (1993) 

discovered certain relationships among market share, firm-specific resources, and firm 

profitability. Multinational firms have greater advantages while competing in the 

physical mode. Entrance into a new market is much more difficult for an SME operating 

in the traditional mode. BPV tools help eliminate such physical constraints. They 

provide a platform for SMEs to interact and collaborate with their customers and 

partners. However, the quantity and quality of interactions of SME can be enhanced 

through improvements in networking. Business can then be expanded with reduced 

effort. Small firms can expend their networks more cost efficiently on virtual platforms. 
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Therefore, we expect BPV to benefit firms with low market share, e.g., of an SME, 

since their major disadvantages vis-a-vis large firms rich in physical resources can be 

mitigated significantly through the removal of physical limitations on resources. The 

virtual platform provided by BPV forms an effective way forward for these in 

expanding their sales and customer contacts. We argue that small firms should make us 

of more BPV tools due to the benefit difference between the small firms and the large 

firms. In view of the above, we make the following hypothesis: 

 

H8: BPV helps firms with low market share more than firms with high market share. 

3.6  Competitive Environment  

To fully realize the advantages of BPV arising from the removal of physical constraints, 

we also need to look at the variation in firm performance with industry concentration. 

An industry with a state of high concentration means that the market is pre-occupied by 

a small number of firms (Hendricks & Singhal, 2008; Liu et al., 2014). While entering a 

pre-occupied market, firms need to spend more effort while showcasing their 

capabilities. Printing and distributing physical catalogs is costly. Virtual platforms allow 

firms to spread information about themselves around much quicker than in a traditional 

mode. Access to information from customers will also be much wider than in the 

traditional, physical mode. As a result, entrance into a highly concentrated market 

becomes easier. Therefore, we hypothesize that BPV tools are helpful to firms seeking 

to penetrate a high concentration markets. 

H9: BPV is helpful to firms in penetrating high concentration markets. 
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Figure 1 lists the hypotheses in the conceptual model of our study. 
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Chapter 4: Methodology 

4.1 Event Study Methodology 

We adopted the long-horizon event study methodology of Barber and Lyon (1996) and 

followed the guidelines provided by them with respect to the detection of the 

accounting-base abnormal performance of sample firms. As a secondary data study 

method of OM, it overcomes the problems associated with traditional statistical tests 

when sample firms have performed unusually well or unusually poorly. The method 

matches sample firms with control firms of similar characteristics in their specific 

industries. However, instead of testing only pre-event and post-event performances of 

the sample, one can perform statistical tests on abnormal performances in the sample. 

Alternatively, one can examine the performances of control firms as benchmarks. The 

method does not only measure the change of performance of the sample firms within 

themselves. One can also focus on relative measures with respect to industry 

benchmarks. The method has the advantage of being able to overcome the economic 

distortion over the time horizon when the samples are taken. 

Barber and Lyon (1996) suggested four general ways of matching sample firms with 

control firms: 

1. Two-digit SIC code, 

2. Four-digit SIC code, 

3. Two-digit SIC code and similar size, 
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4. Two-digit SIC code and similar pre-event performance 

The industry group for sample firm i in year t is denoted as PIit
j
. j indexes the difference 

of industry group.  Thus, the expected performances of the sample firms are 

E(Pit) = PIit
j 

where E() is the expectation operator. 

In this method, we are comparing the performance of a firm relative to the pre-event 

industry benchmark, (Pi, t-1 – PIi,t-1
j
), and to the post-event performance measure, (Pit - 

Pit
j
). 

Restating the method in terms of expected performance with respect to the industry 

benchmark, we have 

E(Pit) = Pi, t-1 + (PIit
j
 – PIi, t-1

j
) 

          = Pi, t-1 + ΔPIit
j
 ,      j = 1, 4. 

Therefore, the abnormal performance of sample firm i in year t is APit.  It is defined as 

the realized performance, Pit, minus expected performance of the sample firms, E(Pit): 

APit = Pit - E(Pit)  
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4.2 Measurements 

4.2.1 Dependent and Independent Variables 

4.2.1.1   Sales Growth 

Quirós Romero and Rodríguez Rodríguez (2010) found that IT investment improves the 

sales performance of the firm.  Due to the inconsistent view of IT vehicles and BPVs, 

we believe that BPV will benefit sales performance. We adopt the yearly amount of 

sales growth of sales performance change of the BPV firms.  It is the ratio of yearly 

sales amount change over the yearly sales amount of the base year. It is a popular 

measure of sales performance. For example, Yeung et al. (2011) and Hendricks and 

Singhal (2008) used the sales growth ratio to measure firm performance.   

4.2.1.2   Cost of Goods Sold 

In addition to sales, cost-based measurement is an important attribute to reflect the 

effectiveness of IT related tools (Bharadwaj, 2000).  We selected cost of goods sold to 

measure the cost-based performance related to the adoption of BPV.  Cost of goods sold 

is an accounting entry in the financial statements of firms.  Sales of the firm minus the 

cost of goods sold reflects the net profit of a firm.  Cost of goods sold has been widely 

adopted to reflect the cost related performance of firms, such as, the quality 

improvement practices study of Adam Jr (1994), the enterprise resources planning, 

supply chain management, customer relationship management system study of 

Hendricks et al. (2007). 
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4.2.1.3   Labor Productivity 

BPV vehicles enable suppliers and customers to work in a more self-efficacy and self-

service mode (Atrostic & Nguyen, 2005; Wang et al., 2013). It also reduces the physical 

assets and resources required by business process (Bharadwaj, 2000; Overby, 2008; 

Overby & Clarke, 2012). Based on this rationale, BPV should enhance the labor 

productivity of firms. We adopt the measure of labor productivity used by Lo, 

Wiengarten, Humphreys, Yeung, and Cheng (2013). It is the ratio of the operating 

income of firm to its number of employees. 

4.2.1.4   Abnormal Operational Performance 

Return on Asset (ROA) is a popular indicator of effectiveness of operational 

performance in a given firm (Guthrie & Datta, 2008) and is available from its financial 

reports. ROA is the ratio of the yearly net income to the yearly total asset of firms. 

Barber and Lyon (1996) suggest abnormal ROA as a measure of operational 

performance. ROA as a measure of operational performance has also been used as 

indicated by the study of Yeung et al. (2011) on the operational performance of 

ISO9000 certification of firms and the study of Szymanski et al. (1993) on profitability. 

Our study uses abnormal ROA as the dependent variable while measuring and analyzing 

the operational performance of and the contingency factors associated with BPV.  
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4.2.1.5   Extensiveness of Customer Contact 

Depending on the business nature, the extensiveness of contact with customer vary 

across firms and industries (Chase & Tansik, 1983; Mersha, 1990). From the perspective 

of customer contact characteristic, service type of networks and manufacturing type 

networks are different in nature (Choi & Wu, 2009). They consist of different numbers 

of nodes and links (Dean et al., 1997). The extensiveness of customer contact as a result 

is also vary. If the efforts put in and resources spent by service and manufacturing firms 

to maintain their networks are different due to such networking characteristic difference, 

we can expect that the performance of BPV will be contingent on the customer contact 

extensiveness of firms. Therefore, we hypothesize that firms of high customer contact 

and firms of low customer contacts benefit from BPV differently. The two-digit SIC 

code of firms can be used for such a purpose. Following the work of Hendricks and 

Singhal (1997); (Lo, Yeung, & Cheng, 2009; Yeung et al., 2011), we use the two-digits 

SIC code to distinguish the firm types and customer contact extensiveness level for our 

samples. For a firm of high customer contact level, we assign a dummy value equaling 1.  

For a belonging to the low customer contact level type, we assign the value 0. 

 

4.2.1.6   Customer / Non Customer Oriented Process 

From the perspective of relationship characteristic, we expect that tasks involving 

external customer interactions should benefit from BPV more than internal tasks in 

firms because they are more customer oriented. Bowersox et al. (2013) classify supply 

chain tasks in firms into 21 types: 



59 

 

 

1. Customer Relationship Management (Customer Relationship Management) 

2. Forecasting (Customer Relationship Management) 

3. Demand Management (Customer Relationship Management) 

4. Collaborative Planning, Forecasting, and Replenishment (Customer Relationship 

Management) 

5. Order Management (Customer Relationship Management) 

6. Integrated Inventory Planning (Inventory Deployment) 

7. Finished Inventory Management (Logistics) 

8. Order Processing (Logistics) 

9. Warehouse Management (Logistics) 

10. Transportation Management (Logistics) 

11. Yard Management (Logistics) 

12. Accounts Receivable Interface (Logistics) 

13. Manufacturing Resource Planning (Manufacturing) 

14. Capacity Management Planning (Manufacturing) 

15. Master Productions Schedule (Manufacturing) 

16. Production Execution and Control (Manufacturing) 

17. Quality Management (Manufacturing) 

18. Purchase Order Administration (Purchasing) 

19. Materials Requirement Planning (Purchasing) 

20. Supplier Relationship Management (Purchasing) 

21. Account Payable Interface (Purchasing) 



60 

 

Some business tasks involve customer-oriented interactions. Some tasks are just internal 

(Chong & Zhou, 2014). Effective maintenance of internal and external interactions 

impacts the dynamic capabilities of firms (Carlsson, 1989, 1992). We classify the BPV 

process in our sample using the guidelines provided by Bowersox: 

 Customer Relationship Management  Customer Oriented 

 Inventory Deployment  Customer Oriented 

 Logistics  Mixed (Non-Customer Oriented) 

 Manufacturing   Non Customer Oriented 

 Purchasing  Non Customer Oriented 

We use the, dummy value, 1 to denote a customer oriented process and 0 to denote a 

non-customer oriented process. 

4.2.1.7   Market Share 

Szymanski et al. (1993) discovered the relationships among the market shares, firm-

specific resources, and their respective profitability figures. The market share of a firm 

reflects the relative competence in its specific industry or strategic priority that it places 

on the industry. SME’s own smaller shares of their industries and markets than 

multinational firms do. Multinational firms have certain resource advantages while 

opening physical stores and increase sales force in the traditional platform. BPV 

requires no physical interaction between the salesperson and the customers he/she is 

serving. A firm with a low market share, such as an SME, can approach customers and 

expand contacts with them much easily on a virtual platform.  Virtual interactions help 

level the advantages of multinational firms and SMEs (Wasko et al., 2011). This implies 
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that, for SME initially owning a little piece of the industry’s market pie would benefit 

from BPV more than a multinational firm owning a much larger piece. As a result, the 

leveraging effect of BPV on SME should be higher than on a multinational firm. We 

therefore follow the computation of market share of a firm suggested by Szymanski et al. 

(1993): the total sales of the firm divided by the total sales of the industry to which the 

firm belongs. 

 

4.2.1.8   Industry Concentration 

To reflect the market competitiveness of a firm, Szymanski et al. (1993) do not just look 

at the market share of the firm. The state of the industry is an important relative measure. 

Szymanski et al. (1993) also include a measure of industry concentration to reflect the 

competitive position of the firm in firms’ specific industries. Market share is an absolute 

measure while industry concentration is a relative measure of the overall competition 

level in an industry (Szymanski et al., 1993). Our study adopts the Herfindahl index, 

defined as the sum of squares of firms in specific industries, as the relative measure of 

competition in industries. Similar measures of industry concentration have been used in 

the studies conducted by Hendricks and Singhal (2008) and Liu et al. (2014). 

4.2.2 Control Variables 

In their study of  the profitability figures of firms, Szymanski et al. (1993) find that the 

business performance of a firm is moderated by both market factors and the relative 

competitive positions of firms. This suggests that, by themselves, market factors and the 

internal competitiveness figures of firms could influence the post-event performance of 
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the sample firms in BPV. Therefore, in our study, we control the factors influencing the 

models used in our HLA analysis. From the market perspective, we controlled firm size 

and employee share in the industry of the samples firms. Large firms possess more 

assets and are generally believed to have a greater ability to deploy of physical resources, 

such as opening physical stores and employing salespersons (e.g., employee share ), in 

the generation of sales. Also, the possession of physical assets (Dhawan, 2001; Wasko et 

al., 2011) and human resources (Chadwick & Dabu, 2009; Wasko et al., 2011), by 

themselves, are capable of moderating operational performance. As for the robustness of 

our analysis of the firm performance after BPV, we include pre-event total assets and 

pre-event percentages of workers hired (i.e. employee share of the industry) by the 

sample firms as control variables. We also control the pre-event performance and the 

pre-event financial ability of the sampled firms. Firms exhibiting a good pre-event 

performance and pre-event financial ability might be exhibiting a superior operational 

ability by demonstrating an improving performance measure after the event. Therefore, 

like Liu et al. (2014), we include pre-event ROA of the sampled firms as the control for 

pre-event operational performance or ability. We also include pre-event Standard & 

Poor’s financial strength (taken from archival database of COMPUSTAT) as the control 

for financial ability. 

Table 4 lists the measures used along with brief indications of how they are computed. 

 

Table 4: HLA Measurements 
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 Measure Computation Variable Type 

Sales Growth 

(H1) 

Change in annual sales 

amount (Hendricks & 

Singhal, 2008; Yeung et 

al., 2011)  

Ratio of yearly sales 

amount change over 

the yearly sales 

amount of the base 

year 

Dependent 

Variable 

Cost of Goods Sold 

(H2) 

Cost-based performance 

of BPV tools (Adam Jr, 

1994; Hendricks et al., 

2007) 

The expense related 

to selling booked on 

finance accounting 

Dependent 

Variable 

Labor Productivity 

(H3) 

Efficiency of labors(Lo 

et al., 2013) in generating 

income 

Ratio of the 

operating income of 

firm number of 

employees 

Dependent 

Variable 

Operational 

Performance (H4, H5) 

Abnormal Return on 

Asset (ROA)  (Barber & 

Lyon, 1996; Szymanski 

et al., 1993; Yeung et al., 

2011) 

 

Net Income divided 

by Total Assets 

Dependent 

Variable 

Extensiveness of 

Customer Contact 

(H6) 

Network characteristic 

difference of firms 

(Hendricks & Singhal, 

1997; Lo et al., 2009; 

Yeung et al., 2011) 

 

2-digit SIC code  

(20-49: Low 

customer contact 

type dummy = 0; 

Others: High 

customer contact 

type dummy= 1) 

Independent 

Variable 

Customer / Non 

Customer Oriented 

Process (H7) 

Process level indicator to 

reflect relationship 

characteristic difference 

of firms (Bowersox et al., 

2013) 

Customer Oriented 

Process: Dummy = 

1; Non Customer 

Oriented Dummy = 

0 

Independent 

Variable(Hendr

icks & Singhal, 

1997) 

Market Share (H8) To reflect Relative 

Competence of firms 

(Szymanski et al., 1993) 

Pre-event Sales of 

firm divided by total 

sales of its SIC 

industries (at t -1) 

Independent 

Variable 

Industry 

Concentration (H9) 

Market Competitiveness 

to indicate the state of 

Industries 

(Hendricks & Singhal, 

2008; Liu et al., 2014; 

Szymanski et al., 1993) 

Herfindahl Index of  

each SIC 

industry(i.e., at t -1) 

Independent 

Variable 
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Pre Event 

Performance 

Operational Strength  

(Liu et al., 2014) 

Pre-Event ROA (i.e., 

t - 1) 

Control 

Variable 

Firm size Resource advantage of 

large firms over the small 

firms in BPV (Dhawan, 

2001) 

Natural logarithm of 

pre-event (i.e., at t -

1) total assets of the 

firm  

Control 

Variable 

Financial Ability Financial strength 

(Felton, Hearth, & Pu, 

1995)  

Pre-event Standard 

& Poor's Financial 

Strength Rating (i.e., 

at t -1) 

Control 

Variable 

Year Dummy Benner and Veloso 

(2008) 

t is event year. (i.e., 

t-2, t-1, t, t+1, t+2, 

t+3, t+4) 

Control 

Variable 

Percentage of 

Workers hired in 

industry 

Competitive advantage 

arising from human 

resources (Chadwick & 

Dabu, 2009) 

Pre-event number of 

employees of firm 

divided by total 

number of employee 

of its SIC industries 

(i.e., in t -1) 

Control 

Variable 

 

 

4.3 Data Collection 

 

We started by locating cases of BPV from the archival database of Thomson Reuters 

through the interface of Factiva. According to the definition of process virtualization 

provided by Fiol & O'Connor (2005) and Overby (2008), a virtualized process is one in 

which physical and human interactions have been removed. Human interventions 

continue to exist but have been shifted to virtual platforms. In accordance with the 

works of Fiol & O’Connor, and Overby on virtualization, we used the following 

guidelines during sample identification:  
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1. Listed U.S. companies demonstrate business process changes. 

2. Must consist the removal of physical interactions in business function. 

3. Human interactions may still exist but should be moved to a different 

platform. 

Table 5 summarizes the natures of the samples and the keywords adopted while 

searching the Thomson Reuter database. 

 

 

Table 5: Sample Keywords 

E-tailing Online Catalog 

Internet 

Marketing 

Mobile 

Commerce 

Virtual 

Storefronts 

Virtual mall Newsletter Blog / Forum Online Support 

Online 

Customer 

Communication 

Virtual 

Assistant 

Online 

Assistant 

Instant 

Messaging Newsgroups 

Online 

Shopping 

Online Order 

Tracking 

Online 

Banking 

Tele-

conferencing 

Social 

Networking Catalog Sales 

Mail Ordering Online Sales 

Cloud 

Computing 

Online 

Technical 

Support 

Electronic 

Commerce 

 

We started by searching news and company announcement articles in the archival 

database of Thomson Reuters on the basis of BPV related keywords. Since the existence 

of BPV keywords in the article might not necessarily indicate that the article is 

describing a BPV case, we studied each article carefully according to a set of sample 

identification guidelines.    
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In the first round of data collection, we have 346 BPV cases in the first round. After 

reviewing the details of the articles, we remove 23 cases due to mismatch to our data 

collection criteria. 

At the end, we have 323 BPV cases of listed companies covering the period 1989 to 

2011. As for listed companies, the financial data needed were taken from publicly 

available sources. We used COMPUSTAT’s database as the source for financial data 

associated with our samples. We analyzed the financial performance of each firm using 

the guidelines for the long-horizon event study methodology suggested by Barber and 

Lyon (1996). It takes time for a firm to prepare for BPV implementation and 

assimilation. Therefore, we use one year before BPV as our base year (i.e., t-1) and as 

the referencing base while evaluating performance change. We observed abnormal 

changes in the performance of the firms over the next five years (i.e., t, t+1, t+2, t+3, 

t+4). 

 

4.4  Assessment of Performance of Firms Using the Event Study Methodology 

We employed the event study methodology in our study. Choices with regard to 

research design normally consist of the balance among external validity (i.e., 

generalizability), internal validity (i.e., precision of measurement), and control of 

behavioral variable (i.e., construct validity) (McGrath & Martin, 1982). Long horizon 

event studies are able to relax the constraints of validities for empirical studies when 

proper analysis methodology is applied (Fama, 1998). At the same time, they also 

reduce the number of issues arising from reverse causality of dependent variable and 
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independent variables (Corbett, 2005; Sharma, 2005). By observing the long horizon 

abnormal changes of performance over different event periods, while according due 

respect to the control firms in the industries, we were able to gather evidence in support 

of the performance of firm after BPV adoption with high precision of measure and 

validity.  

We adopted return on assets (ROA) as our performance measure for assessing each 

sampled firm’s performance. ROA, a base measure related to accounting, is defined as 

the ratio of the operating income before depreciation, interest, and taxes to the total 

assets of the firm. It is a widely used indicator of the financial performance of a firm 

(Guthrie & Datta, 2008). We detected abnormal performances in our sampled and 

control firms by using the guidelines provided by Barber and Lyon (1996). The event of 

interest in our study was the introduction of BPV. Abnormal performance is the post-

event performance minus the estimated expected performance of the samples. The 

estimated expected performance of the sample was taken as the pre-event performance 

plus the median changes in performance of their control groups of the same period. We 

first tested the mean abnormal ROA using the parametric t-test. In order to minimize the 

biases caused by outliers, we also analyzed the median abnormal ROA using the non-

parametric Wilcoxon signed-rank (WSR) test and the signed test described in Yeung et 

al. (2011), Liu et al. (2014), and Lo et al. (2009). In fact, Barber and Lyon (1996) 

recommend non-parametric WSR as the most powerful statistical test for event study 

duo to the non-parametric distribution of results. 
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The advantage of using the predicted abnormal performance with sample firms and 

control firms is that it minimizes the confounding factors caused, for example, by the 

particular industry as well as by the economy in general, in a specific period (Barber & 

Lyon, 1996). We adopted the guidelines of Barber and Lyon for matching sample firms 

with a portfolio of control firms. Barber and Lyon have suggested that the best matching 

criteria for sample firms and control firms are industry type and 90-110% pre-event 

performance. Following the procedure outlined in Hendricks and Singhal (2008), we 

matched sample firms with control firms using a two-digit SIC code, 50%-200% of total 

assets, and 90%-110% performance (ROA) range in the year before BPV. 

 

4.5 Hierarchical Linear Analysis 

We applied hierarchical linear analysis (HLA) to study the contingency factors 

associated with BPV at the process as well as industry levels. Our study consisted of 

repeated measures of BPV processes nested within industries. HLA overcomes the 

weaknesses of traditional methods while analyzing nested data. It has been widely used 

in multilevel data analyses (Bloom & Milkovich, 1998; Raudenbush & Bryk, 2002). The 

first model used in our study was the base model, which contained only the control 

variables. Next we analyzed the independent variables by assimilating them into the 

base model one-by-one.  

According to the guidelines provided by Barber and Lyon (1996) of event study, the 

dependent variable associated with H1 and HLA is abnormal ROA between the samples 

and control firms. The possession of resources impacts the performance of firms after 
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BPV (Tsai, Raghu, & Shao, 2013). To control the effect of company resources on 

performance, we controlled the assets along with the financial and human resources in 

four of our other models (Model 1, Model 2, Model 3, model4) in HLA analysis. We 

included firm size, financial ability, and employee share of industries as control 

variables (see Table 4). 
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Chapter 5: Results  

5.1 Descriptive Statistics 

Table 6 summarizes our data on pre-event total assets (year t-1) and the return on assets 

for the sample firms and the control firms. The figures show that the mean, median, 

skewness, and kurtosis of the distribution curves for the sample firms and the control 

firms are very similar. The mean value of all the assets for the sample firms is 

USD7.87M while that for the control firms is USD6.81M. The median value of total 

assets is USD1.15M for the sample firms. The median of total assets for the control 

firms is USD1.20M. Skewness measures the asymmetry of a probability distribution (a 

negative skewness reading shows that the distribution curve skews to the right, and a 

positive skewness reading indicates that the distribution is skewing toward the left). 

Kurtosis describes the peakedness of a distribution (A normal distribution curve has a 

value of 0 kurtosis). The skewness of the distribution of total assets of the sample firms 

is 6.479. The skewness of the distribution curve for total assets of the control firms is 

6.678. The kurtosis of total assets of the samples firms is 50.234 and that for the control 

firms is 50.872.  

The mean of ROA for the sample firms is 0.091 and that for the total assets of the 

control firms is 0.09. The median of ROA is 0.132 for the sample firms. The median of 

ROA for the control firms is 0.134 while the skewness of the distribution of ROA of the 

sample firms is -3.208.  The skewness of the distribution curve of ROA of the control 

firms is -13.236. The kurtosis of the distribution of ROA of the samples firms is 204.975. 

http://en.wikipedia.org/wiki/Probability_distribution
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The kurtosis of total assets of the control firms is 205.613. These figures demonstrate 

that the population and the distribution of sample firms are essentially similar. We see 

that our sample firms match well with our control firms in the respective industries. As 

required by the guidelines of Barber and Lyon (1996), pre-event firm size (total assets) 

and pre-event performance (ROA) also exhibit a close match (Table 6).   

 

Table 6: Descriptive Statistics – Pre-event Data of Sample and Control Firms for year t-1 

 

Table 7 shows the pre-event descriptive statistics (year t-1) for the control and 

independent variables in our HLA analysis. In our sample of 323 firms, we were able to 

map 226 financial ability rankings (S&P rankings) as recorded in the database of 

COMPUSTAT. The ranking ranges from 1 to 8 with 1 standing for the strongest pre-

event financial ability and 8 for the weakest pre-event financial ability. The mean value 

of financial ability is 3.956. The corresponding median is 4.000, standard deviation 

1.873, skewness 0.400, and kurtosis -0.595. 
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Employee share is the percentage (ratio) of workers in the sample firms are hiring in 

their respective industries. We were able to compute this percentage for 312 sample 

firms. A higher percentage indicates that the sample firms are hiring more workers 

relative to the industry and therefore they have a higher advantage in terms of human 

resources. The mean of employee share for the sample firms is 0.025 (2.5% of the 

worker population of the industry). The median of employee share for the sample firms 

is 0.007 (0.7% of the worker population of the industry), the standard deviation 0.055 

(0.55%), the skewness 4.773, and the kurtosis 29.747. 

Market share is the ratio of the sales figures of the sample firms to the corresponding 

total sales at year t -1. We have been able to obtain the sales volumes for all of our 323 

samples. The mean of market share is 0.025 (2.5% market share) and the median of 

sales share is 0.006 (0.06% market share). The standard deviation is 0.056. Clearly, the 

samples exhibit enough variance to draw plausible conclusions from statistical analyses. 

The skewness of market share is 4.502 and the kurtosis 25.848. 

A popular measure of industry concentration is the H-index (Herfindahl index). The 

mean of H for our sample is 0.025 and the median 0.006. An H-index close to 1 

indicates that the market is controlled by a small number of firms while a figure close to 

0 indicates that there are many players in the market. In our case, the standard deviation 

of industry concentration is 0.056. This shows that we have good variance on industry 

concentration to justify our statistical analysis. The skewness is 5.594. The kurtosis is 

36.286. 
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Among the 323 samples, 106 were service firms while 217 were manufacturing firms. 

169 business processes were related mainly to customer orientation; 55 were not. 99 

were mixed (involving customer, supplier, and internal interactions) or we were unable 

to determine from the announcements contained in the database of Thomson Reuter. 

 

 

Table 7: Descriptive Statistics – Control and independent variables for year t-1 

 

 

5.2 Impact of BPV on Firm Performances 

Before we test the sales growth, cost of goods sold, labor productivity, and abnormal 

ROA of our sample firms for each of our event period (t-1 to t; t-1 to t+1; t-1 to t+2; t-1 

to t+3; t-1 to t+4), we first observe this performance measures for the period of t-2 to t-1.  

This provides us more evidences to draw conclusion whether the performance changes 

happen after t-1 are induced by BPV.  Table 8 summarized the result of paired sample 

test. Labor productivity, ROA, and abnormal ROA of firms show no significant change 

(p = 0.121; p = 0.311; p = 0.084). We found significant sales growth (p = 0.015) and 

significant cost of goods sold (p = 0.034) for the period of t-2 to t-1.  There is possibility 
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that such sales growth and cost of goods sold could be due to the inflation of the 

economy.    

 

Table 8: Performance Check on t-2 to t-1 

 

5.2.1 Sales Growth 

As for hypothesis 1, we test five periods of sales growth figures for the BPV firms.  The 

base year of our test is t-1. It is the year of BPV implementation. Table 9 shows the tests 

of sales growth of the BPV firms from the year of BPV implementation up to the fifth 

year.   The mean value of the sales growth figures for our 322 BPV sample firms in the 

first year (t-1 to t) of BPV implementation is 0.902.  Both the results from the WSR Test 

and the Signed test show that BPV firms have significant sales growth in the first year of 

BPV implementation (p < 0.000, p < 0.000).  For the second year of BPV performance 

(t-1 to t +1), our 289 sample firms with mean sales growth of 1.146 have significant 

sales growth with the p value being smaller than 0.000 for both the WSR and Signed 

tests.  In the third year (t-1 to t+2), 262 sample firms demonstrate significant sales 

growth with mean value of 0.306 in WSR test and Sign test (p < 0.000, p < 0.000).  For 

the fourth year of BPV implementation, we have 239 firms (t-1 to t +3).  The samples 

have a mean value of 0.402 of sales growth.  The sales growth in this period is found to 
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be significant, following both WSR and Signed tests (p < 0.000, p < 0.000).  In the fifth 

year of BPV, 208 sample firms also demonstrate significant sales growth (p < 0.000, p < 

0.000) following WSR and Signed tests. However, for the pre-event period (t-2 to t-1), 

we also observed significant sales growth (WSR test p = 0.000; Signed test p = 0.000) 

and we cannot confirm the causal relationship of BPV to sales growth. Therefore, 

hypothesis 1 is not supported.  We have no clear evidence to support that the adoption of 

BPV by a firm improves its sales growth. 

 

Table 9: Sales Growth 

 

 

5.2.2 Cost of Goods Sold 

Table 10 shows the tests of cost of goods sold of the BPV firms.   The mean value of the 

sales growth figures for our 323 BPV sample firms in the first year (t-1 to t) of BPV 

implementation is 550.629 million.  Both the results from the WSR Test and the Signed 

test show that BPV firms have significant sales growth in the first year of BPV 

implementation (p < 0.000, p < 0.000).  For the second year of BPV performance (t-1 to 

t +1), our 290 samples with mean cost of goods sold of 629.675 million have significant 

cost of goods sold change with the p value being smaller than 0.000 for both the WSR 
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and Signed tests.  In the third year (t-1 to t+2), 263 samples demonstrate significant 

sales growth with mean value of 956.100 million in WSR test and Sign test (p < 0.000, p 

< 0.000).  For the fourth year of BPV implementation, we have 240 samples (t-1 to t +3).  

The samples have a mean value of 1686.045 million of cost of goods sold.  The cost of 

goods sold in this period is found to be significant, following both WSR and Signed 

tests (p < 0.000, p < 0.000).  In the fifth year of BPV, 209 sample firms also demonstrate 

significant cost of goods sold increase (p < 0.000, p < 0.000) following WSR and 

Signed tests. Therefore, hypothesis 2 is not supported.  Our samples firms actually 

demonstrate increases in cost of goods sold after the adoption of BPV.  

 

Table 10: Cost of Goods Sold Change 

 

 

5.2.3 Labor Productivity 

As for hypothesis 3, we also tested the first five consecutive years of BPV performance 

in labor productivity (Table 11).  In the first period, t–1 to t, the mean labor productivity 

increase of our 322 sample firms is 0.901. They demonstrate significant increase of 

labor productivity in our WSR test and Signed test (p < 0.000, p < 0.000).  In the second 

year of BPV implementation (t-1 to t+1), we find significant labor productivity increase 
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in WSR test and Signed Test (p < 0.000, p <0.000) for our 289 samples.  In the third 

year of BPV (t-1 to t+2), 262 samples with a mean labor productivity growth of 0.306 

demonstrates significant increase supported by p = 0.012 and p < 0.007 in WSR Test 

and Signed Test respectively. We have 239 sample firms for our year four testing (t-1 to 

t+4) period. They have a mean labor productivity increase of 0.402. The result is 

significant in WSR test and Signed test (p < 0.000, p < 0.000). In the fifth year of BPV 

implementation (t-1 to t+4), 208 sample firms showed a mean labor productivity 

increase of 0.493.  They are significant both in our WSR and Signed tests (p = 0.000, p 

= 0.000).  We found five consecutive years of significant labor productivity increase 

from our BPV sample and there is no significant labor productivity increase in the 

period of t-2 to t-1 (WSR Test p=0.120; Signed Test p=0.080). Therefore, H3 is 

supported. We can confirm that the adoption of BPV can improve labor productivity of 

firms.  

 

Table 11: Labor Productivity 
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5.2.4 Abnormal Operational Performance 

Table 12 shows the results pertaining to the testing of hypothesis 4 (H4). The base year 

in our study is one year before BPV implementation (i.e., t-1). The mean values of 

abnormal ROA from the first to the fourth year of BPV implementation are -0.120, -

0.027, -0.011, 0.009 and 0.010 respectively. The corresponding standard deviations are 

0.257, 0.360, 0.346, 0.098 and 0.009, respectively. However, the skewness and the 

kurtosis values for the distribution mean of abnormal ROA are highly negative (-10.508, 

-11.277, -11.267, -1.513, -1.387) as well as highly positive (151.950, 147.228, 230.531, 

8.180, 7.746). The skewness and kurtosis values are particularly strong in the first three 

event periods (t-1 to t-0, t-1 to t+1, and t-1 to t+2). This suggests that the distributions of 

the abnormal ROA follow non-parametric distributions. Since the t-test is a parametric 

test, we needed to use non-parametric tests such as Wilcoxon’s signed-rank (WSR) test 

and the signed test to assess the medians of abnormal ROA in each event period, in 

addition to the t-tests on means and medians. In fact, observing abnormal performance 

by using the value of median is the norm in event studies. Median and percentile 

analyses are believed to be statistically more meaningful than just the mean values while 

reflecting upon the results of event studies (Yeung et al., 2011).  

The median values for abnormal ROA from the first to the fourth year of BPV 

implementation are 0.002, 0.010, 0.001, 0.010 and 0.016, respectively. The results from 

the WSR test show that there are significant positive abnormal ROA figures in the 

second year (t+1) and the third year (t+2) of BPV (p < 0.05). The significantly positive 

abnormal ROA continues into the fourth (t+3) and the fifth (t+4) years at p < 0.005. 
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These WSR results are supported by results from the signed test with significant positive 

abnormal ROA median for all event periods. The p-values associated with the signed 

test conducted on abnormal ROA data, from the first (t+0) to the fifth (t+4) year 

following BPV introduction are 0.019, 0.004, 0.027, 0.002 and 0.005, respectively. 

These WSR results indicate significant positive performances (ROA) on the part of the 

firms; starting from year one subsequent to the introduction of BPV. The sign test even 

shows significant positive performance starting from the year of BPV. In the period of t-

2 to t-1, there is no significant ROA changes among the sample firms (WSR test 

p=0.084; Signed test p=0.121). These results from WSR and the sign test confirm that 

the adoption of BPV is associated with the operational performance of firms, 

particularly in terms of ROA. Therefore, H4 is supported and we reject H5.   

Table 12: Results Relating to Abnormal ROA testing 

 

 

 

5.3 Results from HLA with Predicted Controls 

Prior to performing our HLA analysis, we conducted a linear collinearity test for the 

independent variables in our regression models (Table 13a). Note that extensiveness of 

customer contact, process orientation (customer/non-customer oriented process), market 
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share, and industry concentration do not exhibit significant linear collinearity with our 

dependent variable (abnormal ROA). Only firm size and financial ability are linearly 

correlate with abnormal ROA. Firm size and financial ability are included as the control 

variables in the regression models used in our analysis. From the VIF analysis (Table 

13b), extensiveness of customer contact in model 1 and process orientation in model 2 

both exhibit low VIF value associated with independent variable – abnormal ROA. On 

the other hand, market share in model 3 (8.967) and model 4 (15.501) exhibit high VIF. 

However, consider its part correlations in all model are, and it has no significant linear 

correlation with abnormal ROA, we therefore confirm to employ all of our predicted 

dependent variables, including market share, with regard to the dependent variable 

(abnormal ROA) in our HLA analysis. 

 

Table 13a: Linear Collinearity Analysis 
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Table 14b: Multicollinearity and VIF Analysis 
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Table 15: Results of HLA Analysis 

 

Table 14 reports the results from our HLA analysis. The dependent variable is abnormal 

performance (abnormal ROA) of the sample firms that had implemented BPV. Firm size, 

financial ability, employee share, and year dummy are the control variables. We first test 

BPV performance at the industry-level by including extensiveness of customer contact 

using the control variables adopted in Model 1. Results show extensiveness of customer 

contact has significant predictive power with respect to the abnormal performance of the 

BPV firms (beta = 0.083, p < 0.05). Recall that we had assigned a dummy value equal to 

0 to firms with lower extensiveness of customer contact with 2-digit SIC codes a 

dummy value of 1 for high extensiveness of customer contact firms with other SIC 

codes. The results show that extensive customer contact firms (extensiveness of 

customer dummy = 1) benefit more from BPV than firms with low customer contact 

extensiveness. Therefore, H6 is supported. 

To test the predictive power of customer and non-customer orientated processes on BPV 

performance, we removed the customer contact intensity variable. Instead, we included 

the process orientation in the regression model to determine process level non-
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observation in Model 2. As for customer orientaed processes, we used a dummy value of 

1. For non-customer oriented processes, we used a dummy value of 0. As for mixed and 

undetermined types, we simply excluded them. The application of Model 2 confirmed 

that process orientation has significant predictive power with respect to abnormal 

performance (beta = 0.129, p < 0.005). Therefore, Model 2 can be taken to have been 

validated and that customer oriented processes is associated with better BPV 

performance. Therefore, H7 is supported. 

Model 3 tests market share as a contingent factor while predicting BPV performance. 

We had tested market share (industrial sales share) with the control variables. We found 

that market share has significant negative prediction relationship (beta = -0.154, p < 0.1) 

with regard to the BPV performance of firms. Although 0.05 is general adopted as the 

level of statistical significant, to prevent type I error and as a ground work for future 

research, we choose to adopt a looser significant level of 0.1. Result shows that firms 

with lower market shares in the respective industry benefit more from BPV. H7 is 

supported.  Since we are adopting a lower statistical significance, we will also rely on 

the result of model 4 for the robustness of the observation regarding market share. 

Model 4 is the full model in our HLA analysis. With a view to controlling the pre-

possession of company resources from assets, financial, and human resources (i.e., firm 

size, financial ability, and employee share), we had included industry concentration 

(Herfindahl Index) values together with extensiveness of customer contact, process 

orientation, and market share in our full regression model. Following the model, process 

orientation (p < 0.005), market share (p < 0.005), and industry concentration (p < 0.05) 



85 

 

significantly predict the performance of BPV. Since the beta and p-values of the process 

orientation, market share, and industry concentration remain significant (beta = 0.025, p 

< 0.005; beta = -0.239, p < 0.005; beta = 0.123, p = <0.005), the full model provides 

additional support to H7 and H8). Model 4 also indicates that industry concentration has 

a positive, significant prediction relationship with BPV performance. A Herfindahl 

index value close to 1 suggests that the industry is controlled by a small number of firms 

(higher concentration). Therefore, a positive value of beta shows that firms in industries 

with higher concentration benefit more from BPV. Therefore, H9 is supported. 

 

5.4  Results from HLA with Further Control on Pre-event Performance  

Although we have controlled pre-event resources (firm size in terms of pre event total 

asset), financial strength (financial ability in terms of pre event S&P’s financial rating), 

and the human resources of firms (pre-event employee share in the industry), it must be 

recognized that the soft sides of operational and managerial abilities could also influence 

post-event performances of BPV firms. With regard to robustness, following Liu et al. 

(2014), we performed another set of HLA analysis that included pre-event performances 

(pre-event ROA values) of firms as controls. Table 16 shows that R
2
 values associated 

with all models after including pre-event performances have improved (control model: 

0.047, model 1: 0.053, model 2: 0.044, model 3: 0.049, model 4: 0.052 and Table 16 

(control model: 0.312, model 1: 0.314, model 2: 0.070, model 3: 0.318, model 4: 0.089). 

Although the R
2
-
 
values for models 2 and 4 in Table 16 are lower than those for the 

control model; they are larger than the values for the corresponding models in Table 14. 
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This suggests that each model is describing higher populations of the samples arising 

from the addition of pre-event performances (pre-event ROA values) as control 

variables. 

Table 16a: Linear Collinearity Analysis (Include Pre event Performance) 
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Table 17b: Multicollinearity and VIF Analysis (Include Pre event Performance) 
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We also conducted linear collinearity check for the independent variables in our 

regression models (Table 15a). Our independent variables (extensiveness of customer 

contact, process orientation, market share, and industry concentration) for regression 

exhibit no significant linear correlation with our dependent variable (abnormal ROA). 

From the VIF analysis (Table 15b), market share and employee share in model 4 both 

exhibit high VIF value (15.745, 13.153) associated with independent variable – 

abnormal ROA. Since model is for the purpose of robust test, and we consider the part 

correlations of process orientation in all others model are low, we therefore decided 

continue to include it as predicted dependent variables with regard to the dependent 

variable (abnormal ROA) in our HLA analysis. 

Table 18: Results of HLA Analysis (Further Control Pre event Performance) 

 

Even after adding pre-event performance as a control variable, extensiveness of 

customer contact continues to exhibit significant predictive power with regard to the 

abnormal performance of the BPV firms (beta = 0.049, p < 0.05 in Model 1, and beta = 

0.049, p <0.1 in model 4) as shown on table 16. Therefore, we can further confirm that 
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firms with higher extensiveness of customer contact (extensiveness of customer contact 

dummy = 1) benefit more from BPV than firms with lower extensiveness of customer 

contact. Thus H6 continues to be supported and, arguably, has been shown to be quite 

robust. 

Model 2 results shown in Table 16 confirm that the process orientation has significant 

predictive power with respect to abnormal performance (beta = 0.121, p < 0.005) when 

pre-event performance is controlled. Thus, H7 is further supported. H8 and H9 are also 

further supported when pre-event performance is controlled (p < 0.05; p <0.005) in 

models 3 and 4 respectively (see Table 16). 

The new full models (Model 4), which have pre-event performance as control (Table 16) 

and without it as a control (Table 14), show similarly significant results with respect to 

the predicting variables as well. Together with control of the pre-possession of company 

resources in terms of assets, finances, and human resources (i.e., firm size, financial 

ability, and employee share), process orientation (beta = 0.104, p < 0.05), market share 

(beta = -0.326, p < 0.05), and industry concentration (beta = 0.241 p < 0.005) continue 

to predict the performance of BPV at a significant level.  

 

5.5 Results from HLA to include Adoption Year (Additional Analysis)  

According to Prof. Timon Du, BPV before year 2000 are more internal focused (e.g., 

ERP system) while BPV after year 2000 are more customer focused. Therefore, we 

created an additional hypothesis - H10. We hypothesize that the late adopter of BPV 
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(more customer focused) benefits firms more that the early adopters (more internal 

focused). A new dummy variable - adoption year is introduced. For BPVs before year 

2000, we assigned value of 0.  For BPVs after year 2000, we assigned value of 1.  In 

model 1, adoption year demonstrate significant value of p < 0.005 and beta = 0.091. In 

model 5, adoption year demonstrate significant value of p < 0.001 and beta = 0.092. 

Extensiveness of customer contact continues to exhibit significant predictive power with 

regard to the abnormal performance of the BPV firms (beta = 0.049, p < 0.05 in Model 2, 

and beta = 0.016, p <0.05 in model 5) as shown on table 17.  Therefore, we have more 

evidence to indicate that customer related BPVs (late BPV after year 2000 are more 

customer focused) are positively associated with the operational performance of firms.  

 

Table 19: Results of HLA Analysis (Include Adoption Year) 
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Chapter 6: Discussion and Conclusions 

6.1 BPV and Organizational Performance 

Virtualization is spreading rapidly across business processes. Many physical and face-

to-face interactions between firms and customers are being virtualized. Firms are 

employing new virtualization vehicles in order to keep up with market trends. The cost 

base reduction aspects of BPV are attractive to managers for adopting BPVs (Bharadwaj, 

2000; Power & Singh, 2007; Zhu et al., 2006).  Firm-customer interactions in a virtual 

mode run the risk of being unable to maintain interpersonal warmth and attentiveness. 

Satisfaction with and long-term adoption of BPV by customers have been uncertain. On 

the other hand, BPV allows firms to operate with fewer physical resources and increase 

in productivity, such as facilities and human resources. The usefulness and subsequent 

impact of BPV on firm performance have received little empirical attention so far. Our 

study has extended the work of Overby (2008) on process virtualization theory. By 

studying 323 virtualization cases, drawn from the period 1989−2011, we have found 

that virtualization of business processes can improve the operational performance of a 

firm in terms of labor productivity and ROA. Counter-intuitively, our empirical 

evidence indicates that virtualization is helpful particularly in promoting firm-customer 

interactions. 

For a very long time, humans have been used to physical and face-to-face interactions. 

Humans are naturally resistant to virtual modes of interaction. Because it offers 

maximum social presence, we psychologically enjoy the transmission of communication 
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cues in some physical mode (Kock, 2004; Short et al., 1976). A sense of social presence 

does influence the psychological attachment of customers to firms. The absence of 

physical interaction in the virtual interactions have been criticized for holding a low 

sense of social presence (Kock, 2004). A lack of social presence affects the 

psychological attachment of customers to firms. It lowers customer identification with 

the firm and hence impacts the firm’s business. Therefore, retention of customer 

commitment is put in jeopardy. However, our empirical evidence with respect to long-

horizon events has shown that the operational performances of firms had not been 

decreased after the introduction of BPV. In fact, we have found that firm performance 

(labor productivity, ROA) improves after the introduction of BPV.  

 

6.2 BPV and Contingency Factors 

6.2.1 Customer Contact Characteristic Aspects 

To better understand the effect of removing physical customer-firm interactions in BPV, 

we performed cross-section analyses of the BPV performances of firms at both the 

industry and process levels. Counter-intuitively, both results have shown that BPV does 

actually benefit firm-customer interactions. Service firms differ from manufacturing 

firms in terms of networking characteristics and orientations of customer-firm 

interactions. The operational networks of service firms are associated with higher 

numbers of nodes and links with customers whereas those of manufacturing firms relate 

to other business entities (Dean et al., 1997), such as the supplying companies. Even if 

some manufacturing firms had established direct selling paths to the respective markets, 
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traditionally, the numbers of their firm-customer links are smaller than those of services 

firms. At the organizational level, the extensiveness of such customer contact influences 

the maintenance and operations of firm-customer interaction with due regard to cost and 

effectiveness. By analyzing performance differences among firms with different 

customer contact extensiveness, we have been able to arrive at a first level evidence of 

the effects of BPV on firm-customer interaction. Our results show that BPV performs 

better in the more complex and more customer dependent networks, such as of the high 

customer contact extensiveness firms. In contrast to common intuition, we found that 

BPV does not negatively influence firm-customer interaction.  

With a view to further examining firm-customer interaction in BPV, we analyzed our 

samples at the process-level according to the process classification of Bowersox et al. 

(2013). We have found that customer orientated processes perform better than non-

customer oriented ones. Traditional relationship building methods are costly since they 

generally rely on sales persons and physical facilities to connect with the customers. 

BPV allows customers to engage with the firm’s processes more extensively than 

possible with the traditional ways (Payne & Frow, 2005). Customers can approach firms 

and enquire about the services and products on offer in an environment encumbered by 

fewer restrictions with regard to access time and physical distance. This creates a 

stronger psychological attachment between customers and the firm, thus improving 

customer identification with the firm (Wang et al., 2013). Our process-level finding has 

supplemented our industry-level finding that BPV enhances firm-customer interactions. 

BPV reduces traditional costs of human and physical resources deployed by firms for 

the purpose of customer relationship maintenance. Our empirical evidences show that 
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BPV helps labor productivity, and overall operational performance in terms of abnormal 

ROA. In the absence of physical constraints dominating traditional interaction modes, 

firms today are able to expand their external networks with customers more extensively 

and quickly. From the perspective of the costs associated with relationship maintenance, 

customer engagement, as well as spanning capability and network expansion, BPV 

improves firm-customer interactions; it facilitates value co-creation on the part of the 

firm and its customers. 

 

6.2.2 Competitive Environment Aspects 

Possession of superior physical resources traditionally allows large firms to enjoy 

superior competitive advantages over smaller firms operating in the market. In general, 

due to resource advantages, large firms usually exhibit a greater capability to employ 

more sales persons and open more branches to connect with customers and to improve 

marketing. Therefore, while operating in the physical mode in terms of physical 

networking, smaller firms find it difficult to compete with large firms in terms of 

economic of scale and possession of resource. By contrast, BPV provides leveraging 

benefit to small firms to compete better against large firms by enabling virtual 

interactions with customers. Our results have shown that, by employing BPV, firms with 

low market shares realize higher increases in operational performance than firms with 

higher market shares. Wasko et al. (2011) argue that, relative to SMEs, the emerging 

virtual mode of interaction is leveling the competitive advantage of multinational firms. 

Our study has provided empirical evidence in support of this contention. While 
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connecting with their customers and showcasing their products, smaller firms adopting 

BPV need fewer physical resources such as hiring sales persons, opening store branches, 

and printing and mailing catalogs. Therefore, they can concentrate more on the 

development of innovative products and services. This helps them gain extra market 

share. Virtual platforms reduce physical constraints while connecting their products and 

services to the market. As a result, smaller firms are better able to compete with much 

larger firms in terms of market share by demonstrating superior operational performance.    

Market concentration also impacts the efforts required by a firm while it seeks to enter 

the industry of interest and compete for increased market share. Markets with high 

industry concentrations (high Herfindahl index values) are dominated by small numbers 

of firms. When the market is substantially pre-occupied, customers exhibit a tendency to 

attach with existing firms with which they have been interacting historically. Switching 

from or starting a new relationship involves cost and time. It can also involve risk in 

view of possible failure of the new relationship. First of all, so as to induce the 

customers to switch, the products and the services offered by newly entering firms need 

to be superior in terms of cost and quality. Furthermore, firms seeking to build new 

networks within a high concentration market require exceptional firm-customer 

interaction while showcasing their products and services. This is why we had to include 

industry concentration in our full model (Model 4). Our empirical data have 

demonstrated that, firms adopting BPV outperform existing firms, particularly in highly 

concentrated markets. BPV is especially helpful to low-market-share firms operating in 

an oligopoly. 
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Chapter 7: Managerial and Theoretical Implications 

7.1 An Effective Business Trend and Strategy 

Following advancements in information technology, new BPV tools have kept emerging 

in recent times. In particular, younger customers are demanding ever-greater use of 

virtual tools. To adopt BPV, firms need to step beyond traditional ways of effecting 

firm-customer interactions. Instead of relying on physical, face-to-face interactions, 

firm-customer interactions need to embrace the virtual mode. Moves towards virtual 

modes of firm-customer interaction should be seen by everyone as the ones of great 

strategic significance. Starting from the assessment stage, human resource re-allocation, 

training, changes in operating procedures, and revamping other corporate resources need 

to be continued until BPV has been internally institutionalized. The journey is referred 

to as the assimilation process of a firm (Fichman, 2001; Zhu et al., 2006). Business 

managers should not abandon BPV in view of the assimilation efforts needed. Although 

business processes can have different degrees of virtualizability and different levels of 

effort needed during virtualization, our study has demonstrated that BPV does enhance 

operational performance especially with respect to customer oriented business processes. 

Older customers may not respond to BPV initially as well as younger ones (Wasko et al., 

2011), but we need to remember that young customers will mature in time. Therefore, 

the numbers of customers demonstrating high BPV adoption can be expected to keep 

increasing. By monitoring the acceptance of BPV among different customer groups and 
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providing effective assistance, training, and care for each customer segment, BPV can 

turn into an effective strategy for improving business performance.  

Basing on intuition, many studies have argued that human beings resist virtual modes of 

interactions. Physical modes of interaction are believed to build better attachments 

among people. However, our empirical findings have shown that this is not necessarily 

true with respect to business processes. Virtual modes of firm-customer interactions are 

quite effective in terms of speed and quality. Physical, face-to-face interaction may 

provide communication cues at a high speed and quality, but that may not be actually 

beneficial to all business process participants. For example, while gathering customer 

enquiries on products, customers generally prefer to make the problem known to the 

firm and receive a solution in the shortest time. Face-to-face communications with the 

firm’s support staff can achieve better attentiveness on the part of the customers. 

However, in the physical interaction between the support staff and the customer, both 

are involved emotionally in the resulting dynamics and uncertainty. The quality of the 

services provided by support staff can emotionally affect customers. On the other hand, 

although training could improve the performance of the supporting staff, high speed and 

real time interactions impact supporting staff at an emotional level too. Over time, this 

will affect the performance of the staff and the quality of support being received by 

customers.  
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7.2 Protection of Relationships 

Physical, face-to-face interactions between a firm and its customers get eliminated in 

virtualized business processes. Customers and firms do not exchange gestures, postures, 

or inflections during interactions. Although the quality of communication cues may have 

been lowered (Kock, 2004), the emotions experienced by the parties are not transmitted. 

Because customers and firms are not in the same physical setting and have no face-to-

face interaction (Bloomfield, 2007), the emotional states of the customers and servicing 

staff do not interfere as much as they do in the physical mode. As a result, interactions 

become more focused on the product and issue resolution. Even though the speed of 

information transmission might have been lowered in comparison to physical modes, a 

protection barrier is also formed between customers and firms. Unlike with traditional 

relationship building, BPV acts as a cushion blocking unnecessary emotional 

communication cues and allowing participants to focus on the context of the business 

process. 

Communication theories and interpersonal deception theory state that facial expressions 

communicate emotions such as anger and sadness in universally recognized manners 

across cultures (Burgoon, Buller, Dillman, & Walther, 1995). However, individuals are 

not always able to control facial expressions in face-to-face interpersonal 

communications. Further, the display and the use of facial expressions also varies across 

cultures (Burgoon & Buller, 1996). Scholars have also found that non-face-to-face 

interaction could sometimes reduce hurting actions and verbal conflicts between 

communication participants. It could also preserve and enforce relationships by 
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protecting process participants from getting into conflict (Griffin, 2012). Along with 

open communications, the quality of products and services are prominent elements in 

any business process. Effective firm-customer interaction does not depend just on 

openness, but also on many psychological factors and customer categorization with 

firms (Loken, 2006). The removal of face-to-face and physical interaction following the 

adoption of BPV should protect firms and customers from conflicts arising from verbal 

and physical interactions.   

Our findings on BPV support the above views. The removal of physical interaction in 

business processes through BPV could have affected the performance of service firms as 

they rely a lot on effective firm-customer interaction. Counter-intuitively, our evidences 

show that virtual mode of interaction is helping both firms with extensive customer 

contact and customer oriented processes to achieve better operational performance. It is 

suggested that virtual mode of interactions in business processes is not necessarily 

ineffective. On the other hand, it can protect the firm from conflicts that might arise if 

the firm had continued with the traditional way of physical interaction in business 

processes.  

Finally, our study confirms the general value of BPV and we found that it is helpful in 

the external relationship of firms. Distinguished from the study of e-commerce, IT, and 

automation, we study BPV as a phenomenon of the removal of human physical 

interaction in the business sector.   We tried to under BPV from the perspectives of 

market competition, stakeholder interaction and boundary spanning capability. 
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Chapter 8: Limitations and Suggestions for Further Study 

By measuring BPV at the industry-level using SIC-codes and the guidelines provided by 

Bowersox et al. (2013) with regard to customer orientation at the process-level, we have 

found that service firms (firm type) and customer oriented business processes (process 

type) perform well by implementing virtualization. We believe that service firms engage 

more intensively than manufacturing firms in customer related business processes. 

Following supplemental findings cutting across firms of the process type to service type, 

we conclude that BPV does not necessarily harm customer encounter. Our study has 

relied on SIC-codes to distinguish between service firms and manufacturing firms. 

While a firm type is a self-declaration on the part of the firm, the distinction between 

manufacturing and services is becoming less clear-cut. Hence, future researchers may 

consider identifying a new industry-level base to distinguish between firm types.   

Our samples were based on announcements and news collected from the archival 

database of Thomson Reuters. Since the announcements and the news might not have 

appeared subsequent to BPV introduction, we arrived at our process classifications on 

the basis of keywords contained in the announcements or news in accordance with the 

guidelines provided by Bowersox et al. (2013). Future studies may consider other 

methodologies; such as surveys of firms adopting BPV. Further, data repositories in 

other countries might not be as reliable as those in the U.S. While studying cultural 

differences with regard to the effects of BPV in other developing countries, such as 

China and India, future researchers might want to study other forms of interviews and 
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surveys. In addition to cultural influences in the implementation of BPV, markets are 

growing rapidly in China and India. Many new businesses of all sizes are starting in 

these countries. Due to the prevailing business practices and cultural differences, it is 

not unlikely that the findings of our BPV studies base on U.S. data do not fully apply 

elsewhere.  

Our study has extended the work of Overby (2008) and provided empirical evidence 

supporting the assertion that BPV is helpful especially to low-market-share firms while 

penetrating an oligopoly market. We have studied both firm level and process level. 

However, Wasko et al. (2011) have suggested that customer age also determines the 

acceptance level of BPV. Since customers of different ages exhibit different levels of 

adaptability and preferences with regard to products and processes, the resulting 

influence of the conjunction of age, product, and process have not been studied in the 

context of BPV. Specific firms might provide products and services targeted for 

individual customer generations. These factors have not been included within the scope 

of our study. Further studies could do well by looking at product type—for example, 

perishable, and grocery—and age groups of customers to further generalize the 

applicability of process virtualization theory.  

BPV is perhaps the most important phenomenon affecting changes in human 

interactions since the advent of automation (Overby, 2008). We have discussed the 

positive abnormal performance and contingency findings associated with BPV from the 

perspective of changing physical interactions. We have also utilized communication 

theories while examining relationships among process participants. Many contemporary 
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BPV projects are facilitated by IT. Therefore, researchers might do well by studying 

BPV from system and human interaction perspectives, e.g., from the perspective of 

systems theory. Systems theory concerns interactions among artifacts and other 

resources like human resources (Ducq, Chen, & Doumeingts, 2012). Future studies 

could extend our dyadic study of firm-customer interaction into the triadic space (firm-

customer-supplier) in the sense of supply chain by including other plausible factors, 

such as customer variability, sensory requirement, relationship requirement, control 

requirement, and synchronizing requirement that might influence virtualization in the 

business sector. 
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Appendix A - Sample Classification Guideline (Bowersox et al., 

2013)  

Business Process Tasks Process Orientation Type 

Customer Relation 

Management 

Customer Relationship 

Management 

Customer 

Forecasting 

Demand Management 

Collaborative Planning, 

Forecasting and 

Replenishment 

Order Management 

Inventory Deployment 
Integrated Inventory 

Planning 
Customer 

Logistics 

Finished Inventory 

Management 

Mixed 

(Customer/Internal/Supplier) 

Order Processing 

Warehouse Management 

Transportation Management 

Yard Management 

Accounts Receivable 

Interface 

Manufacturing 

Manufacturing Resource 

Planning 

Internal 

Capacity Management 

Planning 

Master Production Schedule 

Productions Execution and 

Control 

Quality Management 

Purchasing 

Purchase Order 

Administration 

Supplier 

Materials Requirements 

Planning 

Supplier Relationship 

Management 

Accounts Payable Interface 
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Appendix B – Mapping of Extensiveness of Customer Contact  
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