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Abstract 

Design, Operation, and Evaluation for 

Enhancing Customer Experience in 

Technology-based Service Systems 
 

Bomi Song 

Industrial Engineering and Naval Architecture 

The Graduate School 

Seoul National University 
 

 

Experience economy is the concept that refers to the paradigm in which 

economic value is created from customers’ experiences. In recent years, the 

importance of customer experience as a new differentiating factor is gaining 

ground given the fierce competition in the global market, fast-changing 

business environment, and commoditized products and services. In particular, 

the development of information and communication technologies has realized 

and extended the potential customer experience by integrating physical, real 

world and virtual, digital world, and thereby promoting the advent of 

experience economy. In this circumstance, the effective use of technology to 

create innovative customer experience has become an essential requirement 

for companies to secure competitive advantages. Todays’ customer-firm 

interaction arises not from single face-to-face service encounters, but from 

technology-based service systems into which various technology-based 

service encounters are also incorporated. Hence, to improve and innovate 

customer experience, it is critical to analyze customer-firm interaction within 

the frame of technology-based service systems and use and manage 
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technologies from the perspective of customer experience.  

In this regard, this study deals with the problem of ‘customer 

experience innovation using technologies’ in the frame of technology-based 

service systems. To this end, this study transforms the question as to ‘how we 

should use technologies to provide better customer experience’ into the 

question as to ‘how we should manage technology-based service systems to 

provide better customer experience’. Specifically, this study considers three 

different aspects of management of service systems including design, 

operation, and evaluation, and derives customer experience-related issues for 

each aspect, aiming to suggest analytical methods and processes to address 

such issues systematically.  

Theme # 1, from the design perspective of technology-based service 

systems, aims to contribute to creating new customer experience by designing 

innovative customer-firm interaction based on technologies. The research of 

this theme starts from the fact that values that customers perceive in 

technology-based service systems differ depending on the relationship 

between enabling technologies and customer activities. Based on this, a 

conceptual construct is developed to represent a value creation mechanism in 

technology-based self-services with three components - enabling technologies, 

customer activities, and values. Based on the conceptual construct, a relational 

matrix approach is finally proposed, which is able to explore opportunities for 

technology-enabled customer experience in services. The suggested approach 

is applied to a case of mobile app-based self-services in supermarket retailing.  

Theme # 2, being concerned with the operation perspective of 

technology-based service systems, aims to provide holistic customer 

experience with integrative operation of various technology-based service 

channels. Historically, interaction between customers and firms usually arises 

based on a single service channel independently. However, in these days, such 

single-channel service environment has been changed into multichannel 

service environment in which customers and multiple service channels 

interact with each other in complex and integrative ways. This change 

increases the importance as well as difficulty of understanding customer 

behavior. In this situation, this study suggests an agent-based modeling 
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approach to represent and investigate customers’ channel choices across the 

buying decision process in the multichannel service environment. The 

suggested approach is illustrated with a fashion retailing case.  

Theme #3, dealing with the evaluation perspective of technology-

based service systems, aims to obtain information that is relevant and useful 

to diagnose quality problems and improve customer experience by analyzing 

customer experience feedback. For technology-based service systems, an 

additional means is essential to obtain customer experience feedback because 

of lack of face-to-face interaction between customers and service personnel. 

This study focuses on customer review data, which have shown a dramatic 

increase in amount with the development of information and communication 

technologies. With a sentiment analysis-based approach to customer review 

data, a method to diagnose quality of technology-based service systems from 

the perspective of customer experience is proposed. The proposed approach is 

applied to a case of mobile navigation.  

The major contributions of this study can be summarized from the 

two aspects: academic aspects and practical aspects. First of all, this study 

contributes to both customer experience literature and technology 

management literature. From the perspective of customer experience, the area 

of discussion in the literature is expanded from the conceptual discussion to 

the analytic and methodological approaches. The issue of customer experience 

creation using technologies is transformed into the decision-making problems 

relating to the design, operation, and evaluation of the technology-based 

service system. This can be viewed as to make a step forward from the 

previous studies that had focused on measuring and evaluating the subjective 

and cognitive dimensions of customer experience without substantial methods 

to create desired customer experience. From the perspective of technology 

management, this study brings extension of its topics in the literature. The role 

of technology management in designing and managing customer experience is 

accentuated with the suggested methods, which are based on the standpoint of 

technology management in a narrow sense, and industrial engineering in a 

broad sense. Also, this study is expected to support realization and 

systemization of customer experience management by providing the analytical 
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methods to organizations which are seeking to technology-based innovation in 

customer experience.  
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Chapter 1. Introduction 

 

1.1. Background and motivation 

 

Customer experience has received a growing attention as one of the strongest 

guarantors for survival in today’s fast-changing competitive environment. 

While many products and services have become commodities given the ever 

fierce competition, customer experience is emerging as a new source of 

competitive advantages (Pine II and Gilmore 1998, 1999; Meyer and 

Schwager 2007). The term ‘experience economy’ refers to the paradigm in 

which economic value is created from customers’ experiences rather than 

products and services (Pine II and Gilmore 1998; 1999). In other words, in 

this economy, superior experiences can be a primary reason for customers’ 

choosing a certain product or a service among competing products or 

services. Delight and extraordinary customer experience is able to achieve 

higher customers’ satisfaction, reduced churn, increased revenue, and even 

greater employees’ satisfaction (Rawson et al. 2013).  

In this circumstance, a strategic concern for firms to survive and 

success in the ever fierce competition in these days is to provide innovative, 

favorable, and memorable customer experiences (Pine II and Gilmore 1998, 

1999; Meyer and Schwager 2007). Growing roles of technologies for 

shaping innovating customer experience are evident. Customer experiences 

are originated from the customer-firm interaction, and the contact points in 
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which a customer and a firm interact with each other are referred to as 

touchpoints or service encounters. These encounters are ‘critical moments of 

truth’ in which customers often develop indelible impressions of a firm 

(Bitner et al. 2000). Because of their importance, individual service 

encounters can greatly affect customers’ overall satisfaction with a service 

provider (Haytko and Simmerse 2009).  

In these days, various forms of technology-based interaction 

between customers and firm can be seen (Meuter et al. 2000). With the 

technological development, technology-based interaction between customers 

and firms has been evolved from the early form (e.g., telephone-based and 

kiosk-based encounters) through the Internet-based encounters (e.g., email 

and website) to the mobile-based encounters (e.g., mobile application). The 

active application of various technology-based encounters has resulted in 

innovative outcomes in services (Edvardsson et al. 2005). The use of 

technologies to deliver services has contributed to the cost reduction and 

efficiency improvement via the automation of services. Also, technologies 

encourage customers to involve service processes actively, and open large 

possibilities of more personalized services. On the other hand, technologies 

establish multichannel environment where customer-firm interaction arises 

via integrated and complex interaction between customers and multiple 

service encounters. In particular, the development of mobile technologies 

closes the temporal and physical boundary between organizations and 

customers and enhances the continuity of customer experience between the 

physical and the virtual worlds. All these changes in customer experience are 
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impossible without the development of technologies. In other words, 

technologies are facilitators for the advent of ‘experience economy’ by 

realizing differentiating customer experience (Pine II and Korn 2011). In this 

circumstance, the effective use of technologies to offer innovative customer 

experience becomes a core competence for organizations to gain competitive 

advantage.  

Although customer experience naturally accompanies any products 

and services (Carbone and Haeckel 1994; Berry et al. 2002), but good 

customer experience is not naturally generated, and special efforts are 

required to provide desirable experience. However, a discrepancy between 

the management’s perception and the customers’ perception of customer 

experience is easily observed in many industries (Johnston and Kong 2011). 

For instance, a survey of 362 companies and their customers found that 80 

percent of the senior executives believed they provided a superior customer 

experience, but only 8 percent of their customers agreed (Coffman and Stotz 

2007). This accentuates the need for the effective and systematic 

management of customer experience (Berry et al. 2002).   

Then, the key question arising is how the firm can effectively 

manage customer experience (Berry et al. 2002). Customers’ perception of 

experience can be conceptualized as a holistic process in which customers 

interact with a series of and a bunch of touchpoints with firms, and perceive 

values or benefits from the interaction (Prahalad and Ramaswamy 2004; 

Hume et al. 2006; Verhoef et al. 2009). Therefore, an essential prerequisite 

for service organizations to provide enhanced customer experience is to 
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orchestrate the interaction between customer and the provider (Carbone and 

Haeckel 1994; Zomerdijk and Voss 2010). However, as the ultimate subject 

who finally determines values from the experience is the customer, and there 

also exist a lot of uncontrolled elements (Verhoef et al. 2009), the values 

cannot be unilaterally offered by and completely designed by firms (Teixeira 

et al. 2012). Thus, customer experience per se cannot be designed by 

organizations. Instead, service systems can be, and should be designed and 

managed for the desired customer experience (Gupta and Vajic 2000; Berry 

et al. 2002; Cho and Menor 2010; Patrício et al. 2011). A service system 

encompasses a series of, and a bunch of touchpoints from which customer 

experience arises (Lasalle and Britton 2003; Prahalad and Ramaswamy 2004; 

Shaw and Ivens 2005), which provide clues to shape customer experience 

collectively (Glushko and Tabas 2009). Since a service system is a set of 

organization’s resources, a service system is a controllable, primary factor 

for customers’ perception of their experience (Patrício et al. 2011). In 

summary, the service system can be a base of practical approaches to the 

management of customer experience, which is often regarded as a mere 

notional concept. 

In this respect, it is needed to view customer experience in the 

frame of technology-based service systems to harness technologies for 

service organizations seeking to better customer experience. However, this 

issue has been relatively neglected in the literature. While the main focus of 

management literature has been on products and services, the academic 

research on customer experience is still in its infant stage (Pullman and 
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Gross 2004). Main focus has been on the conceptual and qualitative 

discussion of the definition, importance, and main drivers of customer 

experience (Verhoef et al. 2009). Some empirical studies about the formation 

processes of customer experience (Lemke et al. 2001) examined only on the 

customers’ internal and cognitive responses while overlooking the service 

system that had evoked those responses. Few studies have taken analytical 

approaches to design and management of customer experience except a very 

limited number of studies including Patríco et al. (2008). Moreover, research 

on technology-based service systems from the customer experience’s 

perspective is still in its early stages. Some studies were performed 

sporadically about such aspects of technology-based service encounters as 

customer adoption (Dabholkar and Bagozzi 2002), intention to use (Curran 

et al. 2003), and customer satisfaction (Meuter et al. 2005). Little research 

has investigated the technology-based service system as a means and base 

where customers perceive and shape their experience although the necessity 

of such research has been emphasized in the literature (Parasuraman and 

Grewal 2000; Verhoef et al. 2009).  

With these background and motivations, this study translates a 

problem of management of customer experience in technology-based service 

systems into a problem of management of technology-based service systems 

for enhancing customer experience.  
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1.2. Purpose 

 

The overall purpose of this study is to suggest analytical methods and 

procedures to address customer experience-related issues in the management 

of technology-based service systems, thereby contributing to enhancing 

customer experience. In order to fill the void in the literature on analytical 

approaches to customer experience in technology-based service systems, this 

study takes the perspective of management of service systems, which enables 

the investigation of customer experience, which is conceptual and subjective, 

in the substantial frame of service systems. Specifically, this study is 

comprised of three research themes, each of which is concerned with a 

noteworthy problem involved in technology-based service systems and is 

analyzed from the viewpoint of three major domains in management of 

service systems – design, operation, and evaluation. Given a primary purpose 

that management of technology-based service systems is aimed at creating 

better customer experience, as presented in Figure 1-1, opportunity 

exploration for design-perspective analysis, customer channel choice 

behavior for operation-perspective analysis, and customer review-based 

quality diagnosis for evaluation-perspective analysis are addressed in each 

research theme, respectively. To address each issue, several analysis methods 

are suggested, providing methodological sufficiency and relevance. The 

purposes and basic concepts of three research themes are summarized as 

bellows.  

Theme # 1 deals with a design-perspective analysis. The specific 
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question to be addressed is how we can explore the opportunities of 

achieving ubiquitous and personalized experience in mobile app-based self-

services. The aim of this theme is to suggest a systemized framework, 

labelled a relational matrix-based approach. The suggested approach is 

tailored to the opportunity exploration of mobile app-based self-services for 

ubiquitous and personalized experience.  

Theme # 2 is concerned with an operation-perspective analysis. The 

research question to be addressed is how we can orchestrate multiple service 

encounters based on the understanding of customers’ channel choice 

behavior across buying decision process. To address this question, this study 

suggests an agent-based modeling (ABM) approach to modeling customers’ 

channel choices across the buying decision process in the multichannel 

service environment.  

 

 

Figure 1-1 Overall research structure and purpose 
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Theme #3 focuses on an evaluation-perspective analysis. The 

research question to be addressed is how we can diagnose the quality of 

technology-based service system using online customer experience feedback. 

Recognizing potentials of online customer reviews as a source of the voice of 

the customers (VOC), this study proposes an analytic framework and 

procedure that perform sentiment analysis on customer reviews and generate 

useful and actionable information for diagnosing service quality of 

technology-based service system.  

 

1.3. Scope and framework 

 

This study deals with the problem of ‘customer experience innovation using 

technologies’ in the frame of technology-based service systems. Put it 

differently, a research question on how to use technologies to create better 

customer experience in services is translated in this study into a research 

question on how to manage the technology-based service system for better 

customer experience.  

The overall scope of this study covers the customer experience-

related issues from three perspectives of management of systems, i.e., design, 

operation, and evaluation, aiming to suggest analytical methods and process 

to address such issues systematically. The three research themes address the 

three problems, each of which is related to customer experience in 

technology-based service systems at each step of design, operation, and 

evaluation. While the scope of each research theme differs by its objective 
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and content, it can also be defined with several dimensions of customer-firm 

interaction, such as service environment, customer activity, locus of 

interaction, and stage of value delivery. Table 1-1 shows the scope of the 

three themes in terms of these dimensions.  

 

Table 1-1 Scope of thesis 

Theme Service 
environment 

Customer 
activity 

Locus of 
interaction 

 Stage of value 
delivery 

Service 
system 

management In-
store 

Out-
store 

 Pre-
service 

Main 
service 

Post-
service 

#1 Single 
technology-
based 
encounter 

Self-service √ √  √ √ √ Design 

#2 Multiple 
technology-
based 
encounter 

Channel 
choice 

√ √  √ √ √ Operation 

#3 Single 
technology-
based 
encounter 

Assessment  √    √ Evaluation 

 

1.4. Thesis outline 

 

This study consists of six chapters and the remainder is organized as follows. 

Prior to the main bodies, Chapter 2 provides background of this study from 

theoretical aspects of customer experience, covering three topics: emergence 

and concept of customer experience, customer experience management from 
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the perspective of service system, and technology in customer experience 

innovation.  

Chapter 3, 4, and 5 are main bodies of the study. Basically, the 

study is organized according to three steps for managing technology-based 

service system, including design, operation and evaluation. Each chapter 

includes each research theme related to customer experience in technology-

based service system at each step of design, operation, and evaluation. Figure 

1-2 depicts the overall structure of main bodies of this study.  

Finally, the study ends with conclusions in Chapter 6. Conclusions 

include summary, contributions, and limitations with directions for future 

research.  

 

 

Figure 1-2 Overall structure of main bodies of thesis  
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Chapter 2. Background 

 

To understand what to do for enhancing customer experience in technology-

based service systems, the prerequisite is to understand customer experience 

per se, its relation to the service system, and the roles of technology in 

customer experience innovation. Such theoretical background enables us to 

identify important customer experience-related issues that are notable in 

technology-based service systems, which are addressed in this study, and 

also provides an important clue to select, adapt, and modify the appropriate 

methodologies to analyze customer experience-related issues.  

 

2.1. Customer experience 

 

2.1.1. Emergence of customer experience  

 

Traditionally, firms primarily focused on delivering physical elements to the 

customers. However, given that the markets are becoming unprecedentedly 

competitive, such a strategy relying solely on physical elements, such as 

price, delivery and lead time, is no longer sustainable (Shaw and Ivens 2005). 

Given the pressure of commoditization, globalization, and market saturation 

especially in developed countries, nowadays, it is not sufficient and 

sometimes extremely difficult to differentiate products and services, and to 

satisfy customers and improve performance.  
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In this circumstance, customer experience has received growing 

attention as a new differentiator from both academia and industry. The notion 

of customer experience was first brought into focus in mid-1980s (Holbrook 

and Hirschman 1993). In recent years, the experience has become an 

important element to understand customer behavior and a core of economic 

values (Addis and Holbrook 2001). In particular, Pine II and Gilmore (1998; 

1998) advocated the emergence of experience economy as the next economy 

following the agrarian economy, the industrial economy, and the service 

economy. In the experience economy, experiences are a distinct economic 

offering, as different from services as services are from goods. As services 

were suggested as a new source of competitive advantages for firms facing 

the challenge of product commoditization to differentiate their offering 

(Oliva and Kallengerg 2003), “experience” has been increasingly recognized 

as a way to create value for both firms and customers (Pine II and Gilmore 

1998; 1999). Given the commoditized products and services, providing 

customers with a unique, memorable experience has emerged as a core 

differentiating factor for higher financial performance and stronger brand 

loyalty (Yu and Dean 2001; Mascarenhas et al. 2004; Pullman and Gross 

2004). 

 

2.1.2. Concept of customer experience 

 

Although the research on the customer experience appears still to be in its 

infancy, and the concept of customer experience lacks theoretically 
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sophisticated foundation, some notable definitions of customer experience in 

the literature can provide an understanding of important characteristics and 

dimensions of customer experience. One of the important and recent 

definitions of customer experience was proposed by Gentile et al. in 2007: 

‘‘The customer experience originates from a set of interactions between a 

customer and a product, a company, or part of its organization, which 

provoke a reaction. This experience is strictly personal and implies the 

customer’s involvement at different levels. Its evaluation depends on the 

comparison between a customer’s expectations and the stimuli coming from 

the interaction with the company and its offering in correspondence of the 

different moments of contact or touch-points’’ (Gentile et al. 2007, p.397). 

Another definition of customer experience was presented by Meyer and 

Schwager (2007): “customer experience is the internal and subjective 

response customers have to any direct or indirect contact with a company. 

Direct contact generally occurs in the course of purchase, use, and service 

and is usually initiated by the customer. Indirect contact most often involves 

unplanned encounters with representatives of a company’s products, service 

or brands and takes the form of word-of-mouth recommendations or 

criticisms, advertising, news reports, reviews and so forth.” (Meyer and 

Schwager 2007, p.118).  

Based on the above views on customer experience, the important 

characteristics of customer experience can be summarized as follows 

(Verhoef et al. 2009). First of all, experience is characterized as internal and 

subjective to the customer. Second, customer experience is defined as a 
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multidimensional concept, including sensory, cognitive, affective, physical 

and relational components (Gentile et al. 2007). Third, customer experience 

involves both functional and emotional aspects of services. The earlier idea 

and research on customer experience emphasized only emotional aspects 

(Arnould and Price 1993), focusing on entertainment-type organizations such 

as theme park (Voss et al. 2008; Zomerdijk and Voss 2010). However, as the 

recent studies have pointed out, regardless of the type, a service always 

comes with experiences (Carbone and Haeckel 1994), and a key for 

memorable experience is the balance between functional and emotional 

values (Gentile et al. 2007). Fourth, the customer experience is collectively 

created at the moments of contact or touchpoints notion, which is a point 

where customer-firm interaction evolves, encompasses all stages of customer 

experience including not only purchase (or main service stage) but also pre- 

and post- purchase experiences (Davis and Dunn 2002). Finally, the above 

definitions also shed light on the issue of measurement by suggesting that 

customer experience can be measured by comparing customers’ prior 

expectations with the actual experience in various touchpoints.  

 

2.2. Customer experience management 

 

All organizations interact with customers, and thus an experience is inherent 

no matter what organizations market and provide to their customers. 

However, unfortunately, a positive experience does not naturally accompany, 

and should be symmetrically managed (Carbone and Haeckel 1994; Berry 
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and Carbone 2007).  

 Customer experience management is defined as “the process of 

strategically managing a customer’s entire experience with a product or a 

company” (Schmitt 2003, p.17). Carbone and Haeckel (1994) defined 

managing customer experiences as an integrated approach to create 

distinctive customer value through systematic design and implementation of 

various context clues. These definitions commonly emphasized that at the 

heart of managing customer experience are clues, called touchpoints in the 

service literature and customer experience literature. Some researchers have 

suggested steps and processes to manage customer experience, as 

summarized in Table 2-1. The specific terms used in those previous studies 

are different, but all the suggested processes are the results of effort to take 

more strategic and holistic approach to customer experience management. It 

is worth noting that the extant processes of managing customer experience 

are not completely but partially related with three steps of service system 

management, which is considered in this study.  

One of the earlier studies taking a process approach to manage 

customer experience was performed by Carbone and Haeckel (1994). They 

suggested a four-phase process to engineer customer experience. While the 

first three phases, (1) including acquisition of service experience design 

skills, (2) data collection and analysis, and (3) service clue design, are 

associated with design of service systems, the last phase of (4) 

implementation and verification can be regarded as one related to operation 

and evaluation of service systems. More recently, Carbone (2004) suggested  
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Table 2-1 Management process of customer experience 

 Service system management 

Process approach to customer experience  Design Operation Evaluation 

Experience 
engineering 
process (Carbone 
and Haekel 1994) 

Acquisition of 
experience design 
skills 

√   

Data collection and 
analysis 

√   

Service clue design √   

Implementation and 
verification 

 √ √ 

Experience design 
process (Carbone 
2004) 

Drill down to the 
experiential core 

√   

Focus on clues  √   

Develop the 
experience 
narrative 

√   

Prioritize experience 
implementation 
opportunities  

√   

Experience auditing 
processes (Berry 
and Carbone 2007) 

Identify the emotions 
that evoke 
customer 
commitment 

√   

Establish an 
experience motif 

√   

Inventory and 
evaluate 
experience clues 

√ √ √ 

Determine the 
experience gap 

  √ 

Close the experience 
gap and monitor 
execution 

√ √ √ 
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five steps with an emphasis of design aspect of customer experience: (1)  

Build a diverse design team; (2) Drill down to the experience core; (3) Focus 

on clues; (4) Develop the experience narrative or story line; (5) Prioritize 

implementation opportunities. Since the process is focused on designing 

customer experience, quite naturally, the suggested five steps are associated 

with design of service system rather than operation or evaluation of service 

system. In contrast, Berry and Carbone (2007) proposed an experience 

auditing process that consists of five steps: (1) Identify the emotions that 

evoke customer commitment; (2) Establish an experience motif; (3) 

Inventory and evaluate experience clues; (4) Determine the experience gap; 

(5) Close the experience gap and monitor execution. These steps are 

balanced in terms of their relation to design, operation, and evaluation of 

service systems, whereas the former two processes are more related to design 

of service system. This might be because the experience auditing process is 

ultimately aimed at experience quality management and includes activities 

from monitoring, through evaluation, to improvement. 

 

2.2.1. Managing service systems for enhancing customer 

experience 

 

The previous scholarly work on customer experience management can 

contribute to shedding light on the importance and the need of systematic 

approaches for creating positive customer experience. However, only limited 

numbers of studies have been performed on the specific methods and 
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procedure to support activities involved in managing customer experience 

(Pullman and Gross 2004). One of major reasons might be the fact that the 

notion of customer experience consists of conceptual construct. In addition, 

the complexity involved in characteristics of customer experience renders it 

difficult to take practical approaches. In particular, customer experience is 

co-created with customers (Vargo and Lusch 2004), as customers are an 

ultimate agent who finally constructs and perceives their experience. 

Therefore, strictly speaking, organizations cannot create customer experience 

independently. Customer experience is influenced not only by controllable 

factors, but also by uncontrollable factors, as it entails direct and indirect 

contact between firm and customers across all processes of services.  

In this circumstance, it can be a helpful solution to start from the 

perspective of managing service system for enhancing customer experience. 

While customer experience management essentially involves the analysis of 

the customer-firm interaction (Schmitt 2010), a service system can be 

considered as a set of organization’s resources, encompassing a series of, and 

a bunch of touchpoints from which customer experience arises (Lassalle and 

Britton 2003; Ramaswamy 204; Shaw and Ivens 2005), which have been 

continually emphasized as the critical moment of truth that make customers’ 

impression on the service, and therefore, should be managed for good 

customer experience.  

The management of service encounters or touchpoints does not 

imply that only focus on the moment of interaction literally. The interaction 

between customers and firms only can be realized within the entire service 
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system. Therefore, the management of service encounters for enhancing 

customer experience can be regarded as the management of service system 

that involves the decision makings relating to the customer-firm interaction 

and customer experience. In other words, a service system includes 

controllable, primary factors for customers’ perception of their experience 

(Patrício et al. 2011), and provide customers with clues to shape their 

experience collectively (Clushko and Tabas 2009). Therefore, service 

systems should be designed and managed to provide customers with clues 

that make positive impressions on customers. 

More specifically, service systems include both the front-stage components, 

which are direct touchpoints where the firm-customer interaction arises, and 

the back-stage components. A clue for customer experience is almost never 

the result of a single encounter between a firm and a customer. Instead, it 

emerges from the service system of back and front stages that establish the 

context and satisfy the preconditions for the final service encounters to take 

place. In other words, while the quality of customer experience might be 

apparent to the customers in the final service encounters, but that quality was 

enabled or constrained to a greater or lesser extent by the entire service 

system (Glushko and Tabas 2009). Therefore, the management of customer 

experience should be investigated from the service system’s point of view. 

 

2.3. Technology in customer experience innovation 

 

As product innovation and service innovation, technology has also been 
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considered as an important factor to deal with customer experience 

innovation. Given the growing importance of technology in customers’ 

interaction with firms, the pyramid model proposed by Parasuraman (2000) 

incorporates “technology” into the traditional triangle model as a new apex, 

where customer, employee, and company are placed on the vertexes of a 

triangle and their interaction with each other are represented as the sides of 

the triangle, to demonstrate the fact that the interactions among companies, 

employees and customers are increasingly mediated by technology. Beyond 

the marketing, in these days, it is generally believed that service systems are 

value-creation networks composed of people, technology, and organizations 

(Maglio et al. 2006). 

The pyramid model and value-creation networks indicate that 

technology has been infused into all aspects of the service system including 

the backstage, front-stage, and beyond-stage of service systems. Since 

service systems are a set of resources that provide clues for customer 

experience, as we discussed in the above section, such infusion of 

technology into service systems leads to new, innovative customer 

experience.  

First, technology infusion into the backstage of service systems 

usually appears as the form of aiding employee’s backstage supporting tasks 

or to perform such tasks automatically. The hotel reception employee’s use 

of a reservation system, instead of a document including a check-in list, is a 

simple example of technology-infusion into the backstage-support process. 

This form of technology infusion can basically facilitate efficient service 
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operations, and contribute to create delight customers experience with 

correctly performed supporting tasks in a reduced time. In addition, 

technology infusion into the backstage-process provides employees with 

useful information about customers and context to improve front-stage 

experience by exploiting backstage and context information (Glushko and 

Tabas 2009). Take the above example of hotel reception service again, if the 

customer checked in before and the reservation system connected with a 

database tracking customers’ historical use of rooms and entertainment 

services, the reception employee can use such data to infer customers’ 

preference and provide highly customized check-in experience.  

Second, technology infusion into the front-stage of service system 

obviously has direct impacts on customer-firm interaction. One of the most 

notable results of technology infusion into the front-stage is customer-firm 

interaction via technological touchpoints, such as telephone, email, website, 

kiosk, and mobile applications (mobile apps). Based on such a new type of 

service encounter, named a self-service technology (SST) (Bitner et al. 2000; 

Froehle and Roth 2004), recently, many firms provide the technology-based 

communication channel to provide customers with services. This kind of use 

of technologies causes fundamental changes in the customer-firm interaction 

primarily because of being immune to the co-location requirement of the 

customer and the provider (Goldstein et al. 2002).  

Technology infusion has affected customer-firm interaction even the 

beyond-stage of service system. A representative example of this kind of 

technology infusion is word of mouth (WOM) behavior that is expanded to 
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the digital context. The advances in information technologies over recent 

years have given customers access to various Internet channels, such as 

review sites, online stores, blogs, and other social media via which they can 

talk about their experiences of products and services, and share them with 

others (Akehurst 2009; Witell et al. 2011). This has brought about changes 

not only in interaction among customers but also in interaction firms and 

customers, expanding the range of the firm-customer interaction beyond 

those involved in the stage of transaction or core services (Mueter et al. 

2002).  

In summary, technology infusion into a service system cause 

fundamental changes in the ways by which customer and firm interact with 

each other, and such chances finally lead to new customer experience which 

have distinct characteristics from the customer experience in the traditional 

service system. However, despite the accelerating pace at which technology-

based service systems are permeating many industries, scholarly research on 

the impact of technology-based service systems on customers’ experience is 

still at a nascent stage. Much of that research to date has focused on 

determinants of customers’ intentions to adopt and use self-service 

technologies (SSTs) (e.g., Dabholkar and Bagozzi 2002; Curran et al. 2003; 

Montoya-Weiss et al. 2003; Meuter et al. 2005; Falk et al. 2007). Some 

studies have also examined the consequences of SST usage in terms of 

impact on outcome constructs such as perceived waiting times (Weijters et al. 

2007), customer satisfaction/dissatisfaction (Holloway and Beatty 2008; 

Meuter et al. 2000; Weijters et al. 2007), and customer loyalty (Selnes and 
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Hansen 2001). Other studies have focused on understanding how customers 

assess the quality of service delivered through websites and developing 

scales to measure that construct (e.g., Parasuraman, Zeithaml, and Malhotra 

2005; Wolfinbarger and Gilly 2003; Zeithaml, Parasuraman, and Malhotra 

2002). Although findings from previous studies offer some insights 

pertaining to designing effective SSTs, because most of those studies focus 

on some specific aspects of SST usage (e.g., intentions to use, e-service 

quality, etc.), those insights are necessarily “piecemeal” vis-à-vis the 

customer’s experience as a whole and SSTs’ role in it (Parasuraman and 

Grewal 2000). Those research lacks a view on the technology-based service 

system as a means and base for customer experience although the necessity 

of such research has been emphasized in the literature (Parasuraman and 

Grewal 2000; Verhoef et al. 2009). In addition, few studies have taken 

analytical approaches to design and management of customer experience in 

the technology-based service system. These limitations of literature have 

motivated this study.  

Specifically, each of research themes in this study deals with a 

distinct and remarkable feature of customer experiences that is observed in 

as a result of technological innovation, and an important issue related to that 

feature. The remainder of this section provides basic understanding of 

noteworthy customer experiences in today’s technology-based service 

systems.  
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2.3.1. Ubiquitous and personalized experiences 

 

The flexible accessibility and possibility of customization have commonly 

been recognized and discussed as the potential benefits of technology-based 

self-services. Because of being free from the co-presence requirement of 

customers and service personnel (Goldstein et al. 2002; Fitzsimmons and 

Fitzsimmons 2002), technology-based self-services can benefit from the 

increased hours of operation and location (Walker et al. 2002) and be 

characterized with spatial and time flexibility (Bitner et al. 2000; Bitner 

2001). The flexible accessibility is also related to customization as it can 

enhance the chance of fulfilling customers’ desire for a service to take place 

“where I want” and “when I want” (Meuter et al. 2000). In addition, the 

nature of self-services that gives customers a certain level of authority to 

control services is also favorable to customization since it enables customers 

to reflect their own needs for themselves (Surprenant and Solomon 1987), as 

an example of NikeID - Nike’s system of online ordering of customized 

shoes (Ramaswamy 2008) - shows. In the meanwhile, another nature of self-

services that having no interpersonal interaction was traditionally recognized 

as a disadvantage regarding customization since the service personnel can 

instantaneously adapt customers’ individual needs on the basis of customers’ 

reactions and responses (Bitner 1990). In recent years, however, technology-

based self-services can overcome such a disadvantage from the loss of 

interpersonal interaction with the technological development and the advent 

of innovative SSTs in which technologies are used to identify and predict 
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customers’ needs (Meuter et al. 2000). For example, Amazon’s 

recommendation services (Meuter et al. 2000; Bitner et al. 2002), which  is 

a popular example of customization, is definitely a fruit of advanced 

technologies that enable the firm to develop their knowledge of customers 

and provide unsolicited, personally relevant information to customers that 

would highly accords with customers’ preferences. 

Such potential benefits of technology-based self-services as flexible 

accessibility and customization can be reinforced and realized in mobile app-

based self-services, thereby reaching to certain levels that can be described 

as ubiquitous and personalization. Such reinforcement is due to the portable 

and personal nature of mobile apps, along with the advancement in 

technologies (Barnes and Scornavacca 2004; Ngai and Gunasekaran 2007). 

The portability pertains to the fact that mobile devices can go 

everywhere in contrast to other types of SSTs including personal computers 

or kiosks being tied to a certain site. The personality represents the aspect 

that a mobile device is usually owned by a customer, whereas a personal 

computer is often shared by family members and a kiosk is shared by the 

public. As mobile apps are information systems that are operated on mobile 

devices, they inherit the portable and personal nature of mobile devices 

(Barnes and Scornavacca 2004; Ngai and Gunasekaran 2007). Therefore, 

customer-firm interaction in mobile app-based self-services can take place 

anywhere and anytime, which extremely expand the location and time of 

customer-firm interaction and result in the ubiquitous experiences (Ngai and 

Gunasekaran 2007) even with relatively less investment to hardware (i.e., 
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mobile devices) (Schumann et al. 2012). Also, the portable and personal 

nature of mobile apps raises the possibility of customization in the service 

process and outcomes. The personality facilitates customers’ self-adaptation 

behaviors of offerings or obtaining personal and situational information (e.g., 

identity, preference, time and location) from mobile devices (Doyle 2001; 

Siau et al. 2001; Watson et al. 2002; Rao and Minakakis 2003; Naaman et al. 

2004) and the portability that enables customers to reflect or service 

providers identify and satisfy customers’ needs that change according to the 

time and place of services (Doyle 2001; Kannan et al. 2001; Nysveen et al. 

2005).  

In the case of earlier generations of mobile devices, such as so-

called feature phones, the processing capability and data transmission 

capability were so low to hinder the use of mobile devices for the service 

provision, and canceled out their advantages in ubiquity and personalization. 

In addition, since it was rarely allowed to use mobile apps provided by third 

parties other than device developers and network operators, service 

organizations had limited options for service provision: using the primitive 

mobile apps that came with mobile devices as standard, such as SMS and 

MMS (e.g., alerting services for bank transaction results). These kinds of 

services have proved as being useful. However, the use of SMS and MMS 

was limited to the one-way communication from service providers to 

customers in most cases. Usually, customers were mere information 

receivers and the information customers got was in the restrict format, such 

as texts and images.  
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In contrast, in these days, mobile devices become smarter, and have 

been evolving to those reaching a sufficient level of processing and data 

transmission, which is even comparable to personal computers and wired 

Internet and being equipped with various, advanced features that can be used 

by apps. As a result, apps being operated on them are allowed to be much 

richer and to address more complex scenarios of customers’ usage during 

service processes. Mobile apps are allowed to make advantage of features of 

and data from mobile devices, strengthening potential of ubiquitous and 

personalized interaction of mobile app-based self-services. For example, 

various sensing technologies equipped with mobile devices in these days like 

a GPS enable the information and services to be adapted to the customers’ 

real-time context, such as time of the day and customer location. Such 

contextual-based offerings were suggested as one of the dimensions of the 

ubiquitous commerce (Watson et al. 2002), presenting convenience (e.g., 

automated identification of information) and unprecedented experience to 

customers using truly personalized services. 

 

2.3.2. Multichannel experiences  

 

Multichannel service environment has become increasingly common in these 

days given the fact that technology is present in almost every aspect of 

service provision. In this, technology obviously has played a central role for 

both front-stage interactions and backstage support processes. In particular, 

the development of technologies has directly contributed to create 
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multichannel environment by adding various technology-based service 

encounters to the traditional service personnel in the bricks-and-mortar store. 

As a result, for example, customers in these days can interact with their 

banks through multiple points of contact such as branches, automatic teller 

machines, the telephone, the Internet, or mobile apps. Such proliferation of 

channels through which customers can interaction with firms is one of the 

most remarkable trends resulting from the technological innovation in the 

service domain.  

The technology-enabled multichannel service environment requires 

a profound change in design and management of service systems (Johnson et 

al. 2000). Such a need of change is primarily because customers in such 

multichannel service environment have totally different experience compared 

to single channel environment. One of major difference is that the customer 

experience arising from different channels become intertwined (Curran et al. 

2003; Montoya-Weiss et al. 2003; Van Birgelen et al. 2006), and thus a 

primary challenge in multichannel service environment is multichannel 

integration (Bendoly et al. 2005; Rangaswamy and Van Bruggen 2005; Sousa 

and Voss 2006).  

With the proliferation of multichannel services has resulted in the 

growth of the research field of “multichannel service environment”. One of 

the core concerns in this field is understanding consumer behavior in a 

multichannel environment (Neslin et al. 2006). Some major questions should 

be addressed are related to designing the appropriate mix of channels and  

customer experiences for each channel to harmonize different channels for 
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better customer experience (Patrício et al. 2008).  

 

2.3.3. Digital word-of-mouth (WOM) experiences 

 

The advent and the growth of the Internet and the development of 

information and communication technologies (ICTs) have paved an entirely 

new way for customers to communicate and influence each other. Customers 

increasingly express and share opinions on their purchase or use experience 

of products and services via various channels on the Internet, such as review 

sites, online stores, blogs, and other social media. Customers use such online 

channels not only to communicate with each other, but also to communicate 

with organizations and provide their feedback. Namely, customers’ 

experience of digital WOM is a notable and even common phenomenon in 

these days, and accordingly, this has been considered a vital component of e-

commerce (Kirkpatrick and Roth 2005).  

Listening to the VOC is always regarded as a prerequisite for 

succeeding in any businesses, providing organizations with chances to 

understand their customers and adapt their offerings to customers’ needs 

(Sun and Li 2011). In this respect, the digital WOM leads to the dramatic 

growth of customer feedback in unstructured, and textual formats 

(Büyüközkan et al. 2007), and this can be both opportunities and challenges 

for organizations seeking collecting and analyzing customer feedback. 

(Akehurst 2009). The importance of understanding the holistic nature of 

customer experiences in order to design improved service systems has been 
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continuously recognized (Verhoef et al. 2009; Patrício et al. 2011). In this 

respect, the growth of customer feedback in the unstructured, textual format 

can be useful, if properly used, because it is likely to contain more relevant 

and richer information on customer experience than structured data such as 

customer surveys (Ziegler et al. 2008). At the same time, however, the 

variety of content and the large amount of data require significant time and 

resources to analyze textual feedback to produce meaningful information.  

 Recognizing the values of customers’ textual feedback, both 

academia and industries have attempted to use and analyze such data, which 

can be categorized into manual and automatic approaches. The manual 

approach to analyzing customers’ textual feedback can produce deeper and 

more sophisticated insights, if systemized procedural is supported (Ziegler et 

al. 2008). However, the tremendous amount of customers’ textual feedback 

renders it difficult for companies to devote to time and resources to manual 

investigation of such data. Responding to such difficulty, the automatic 

approach to analyzing customers’ textual feedback with the aid of text 

mining techniques and sentiment analysis has begun to gain much attention. 

While it is obvious that the automated approach is essential to handle a large 

amount of data has a great possibility to produce useful information to gain 

insight on customers, much remains to be considered to realize such 

expectations in using this method, including accuracy of predicting customer 

sentiments (positive/negative/neutral) and the inflexibly of methods in 

adapting to different business domains and purposes (Fenn and LeHong 

2012).  
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Chapter 3. Design-perspective Analysis 

 

3.1. Research theme 

 

Self-services have been changing the nature of ways whereby services are 

provided to customers and organizations interact and communicate with 

customers (Bitner et al. 2002; Beatson et al. 2007). It is obvious that the 

development of ICTs and the application of innovative SSTs are at the heart 

of those changes (Bitner 2001; Schumann et al. 2012). While various types 

of SSTs have existed and the use of SSTs by customers is now commonplace 

(e.g., using automated teller machines and using websites to track the 

shipment status), SSTs at the center of growing attention in recent years are 

mobile apps (Leeflang et al. 2014). Fueled by the proliferation of mobile 

devices becoming smarter and the growth of mobile apps pervading every 

aspect of our lives, an increasing number of firms are providing their 

customers with mobile apps that enable customers to aid diverse service 

activities and produce services for themselves. The examples can be seen in 

various sectors including mobile apps for banking transactions, airline 

reservation, and check-out in retail shops. 

Apart from the common benefits of the self-service provision, such 

as cost saving (Walker et al. 2002), mobile app-based self-services have 

unique strengths of potentials in creating ubiquitous (Fano and Gershman, 

2002) and personalized (Asif and Krogstie 2012) experiences. These 
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strengths are basically attributed to the portability (i.e., mobile devices can 

go everywhere) and personality (i.e., mobile devices are owned and used by 

individuals rather than groups) of mobile devices (Barnes and Scornavacca 

2004). In addition, such modern mobile devices as smartphones and tablets 

allow mobile apps to be much richer and to address more complex service 

activities and scenarios with their improved capabilities and various 

functionalities (Pitt et al. 2011). For example, various sensing technologies 

equipped with mobile devices (e.g., GPS, thermometers, and heart rate 

sensors) enable the information and contents to be adapted to the customers’ 

real-time context such as time of the day, customer location, and bio-data. In 

brief, the advancement in mobile devices and other related technologies has 

added impetus to broaden and deepen the ability of mobile app-based self-

services to achieve ubiquity and personalization.  

The possibility that mobile app-based self-services offer to actualize 

the ubiquitous and personalized customer experience are growing in 

importance as a source of competitive advantage. It can expand the location 

and scope of services (Gershman and Fano 2006; Shankar et al. 2011) and 

strengthen long-term relationships with customers (Andersson and Nilsson 

2000), which can lead to satisfied customers (Berry et al. 2010) and even 

drive new business models (Fano and Gershman 2002; Yuan and Zhang 

2003). Customers are also increasingly expecting more diverse and quality 

self-services to be available through mobile apps (Miloslavsky 2010; 

ClickFox 2013; Siwicki 2013), but the degree of their satisfaction for mobile 

service experience remains low (Siwicki 2013). This implies that many 
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organizations have failed to fully capitalize on the advantages and potentials 

of mobile app-based self-services. For instance, the Monetate (2013)’s 

survey of more than 1,100 digital and e-commerce professionals showed that 

while 43% of firms delivered a personalized experience on desktops, this 

figure fell to 14% on tablets and 13% on mobile phones. This is a significant 

problem that causes dissatisfied customers, and probably missing out on 

growing customer segments of mobile services.  

In these circumstances, a main concern for modern business 

organizations is how to realize the advantages of mobile app-based self-

services for ubiquitous and personalized experience. To investigate this issue, 

it should be kept in mind that SSTs are basically technology-based service 

encounters (Meuter et al. 2000) to be a base in which customer-firm 

interaction arises during the self-service process with the aid of technologies. 

Therefore, it is the interaction between technologies and customers’ activities 

in the form of means-goal relationships, which underpins the experience of 

technology-based self-services. While customer experience of services 

involves diverse influencing factors (Verhoef et al. 2009), such interaction 

between technologies and customers is a basic and necessary element of 

customer experience through technology-based services (Sandström et al. 

2008) that can be, and should be designed by companies for desired 

experience (Berry et al. 2002; Cho and Menor 2010). In particular, the 

mobile app-based self-service has various options of supporting a certain 

customer activity given the technologies increasingly available to mobile 

apps. As a consequence, for the successful implementation of mobile app-
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based self-services to achieve ubiquitous and personalized experiences, it is a 

basic and good starting point for organizations to identify the possible 

options to support customer activities using available technologies, and to 

understand the expected benefits and values generated from each option 

regarding ubiquity and personalization. To address this problem, the demise 

of an ad-hoc process is evident, and a systemized framework is urgently 

needed to deal with the technology-customer activity interaction that has 

become increasingly complex and grown in diversity with the development 

of ICTs. 

However, the previous research fails to meet this need. Mobile 

services and mobile commerce are gaining research attention, and popular 

topics include opportunities and challenges of doing business in the mobile 

environment (e.g., Wu and Hisa et al. 2008; Shankar and Balasubramanian 

2009; Varadarajan et al. 2010; Shankar et al. 2010; Pitt et al. 2011; Shankar 

et al. 2011) and characteristics of customers’ perception and behaviors in 

mobile services and their determinants (e.g., Shankar and Balasubramanian 

2009; Kwon et al. 2013). Those studies can provide important implications 

for organizations to understand mobile-based customer experience. However, 

their implications are limited to the general foresight and possibility (Fano 

and Gershman 2002; Yuan and Zhang 2003; Shankar and Balasubramanian 

2009) and the industry- or case-specific knowledge (Tiwari and Buse 2007; 

Shankar et al. 2010; Kwon et al. 2013). Also, the major approaches used are 

qualitative explanation, the case-based investigation, and/or hypothesis 

testing based on customer surveys. Moreover, the literature lacks a view 
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focusing on roles of mobile apps as SSTs and an underlying technology-

customer interaction that leads to values in these promising SSTs. 

Accordingly, the previous studies do not provide organizations with specific 

methods or processes to investigate opportunities resulting from the 

interaction between mobile technologies and customer activities.  

Given these considerations, this paper aims to provide a systemized 

framework, which is labelled a relational matrix approach, being tailored to 

the opportunity exploration of mobile app-based self-services for ubiquitous 

and personalized experience. A conceptual construct is developed to 

represent a value creation mechanism in mobile app-based self-services with 

three design components - enabling technologies, customer activities, and 

values. A relational matrix approach is designed for translating this 

conceptual construct into practical methods for opportunity exploration by 

investigating an underlying-level interaction among the three components. 

Specifically, two types of relational matrixes are suggested: a technology-

customer interaction matrix that enables the investigation of the possible 

ways by which customer activities are supported with enabling technologies 

and a value evaluation matrix that enables the assessment of the resulting 

values generated from the enabling technology-customer activity interaction.  

 

3.2. Research background 
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3.2.1. Technology-based customer interaction with SSTs 

 

There is broad agreement in both academia and industry concerning the 

importance of interaction between customers and service organizations in 

shaping customer experience. In service literature, an important concept 

related to the customer-firm interaction is service encounter, which is 

defined as a period of time that a customer interact with a service (Shostack 

1985) or the interaction per se (Surprenant and Solomon 1987). A crucial 

role of service encounters in customers’ perception and experience is 

described as “critical moments of truth in which customers often develop 

indelible impression of a firm” and as “the service from the customer’s point 

of view” (Bitner et al. 2000, p.130).  

In recent decades, the use of SSTs has become an essential 

component of the customer-firm interaction, resulting in the proliferation of 

technology-based service encounters (Meuter et al. 2000). In the technology-

based self-services, customers interact with SSTs instead of frontline 

employees, and thus, such interaction between the customer and the 

technology is immune to the co-location requirement of the customer and the 

provider (Goldstein et al. 2002; Fitzsimmons and Fitzsimmons 2002). With 

this basic feature, the proliferation of SSTs has brought about a fundamental 

shift in the nature of services (Meuter et al. 2000), allowing the automation, 

standardization, and storability (Curran et al. 2003; Snellman and Vihtkari 

2003; Edvardsson et al. 2005), which are difficult to be achieved in the 

traditional face-to-face service delivery (Edvardsson et al. 2000). These 



37 

changes have contributed to overcoming operational difficulties associated 

with face-to-face interaction and improving the efficiency and effectiveness 

of the customer-firm interaction (Bitner 2001; Curran et al. 2003). In 

addition, new, innovative SSTs can provide opportunities for new service 

experience, as the Internet have created and realized unprecedented service 

concepts during the past decades (Bitner 2001), such as e-market places. 

Consequently, technology-based self-services have become strategically and 

operationally important options to gain competitive advantages for service 

organizations.  

Yet, the roll-out and implementation of SSTs is often not successful 

(Bitner et al. 2002). Turning the opportunities of SSTs into reality does not 

naturally attend the introduction of SSTs, but is rather a strategic concern for 

service firms in which deliberate decision-making for design, 

implementation, and management is required (Bitner et al. 2002). 

Technology-based interaction is not always superior to human-based 

interaction, and each has strengths and downside (Berry 1999; Bitner et al. 

2001). Moreover, while technology-based interaction shares some nature 

distinguished from the interpersonal interaction, its specific characteristics 

differ from technology to technology. In this circumstance, certainly, 

understanding of the unique characteristics of SSTs and their potential 

benefits in the customer interaction becomes a crucial prerequisite for 

successful implementation of technology-based self-services (Cho and 

Menor 2010). The purpose of our study is related to deal with such a 

prerequisite for mobile app-based self-services, particularly regarding their 
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potentials in ubiquitous and personalized experience.  

 

3.2.2. Value creation in technology-based self-services 

 

A strategic concern for firms to survive and success in the ever fierce 

competition in these days is to provide innovative, favorable, and memorable 

customer experiences (Pine II and Gilmore 1998, 1999; Meyer and Schwager 

2007). Customers’ perception of experience can be conceptualized as a 

holistic process in which customers interact with a series of and a bunch of 

touchpoints with firms, and perceive values or benefits from the interaction 

(Prahalad and Ramaswamy 2004; Verhoef et al. 2009). As the ultimate 

subject who finally determines values from the experience is the customer, 

and there also exist a lot of uncontrolled elements (Verhoef et al. 2009), the 

values cannot be unilaterally offered by and completely designed by firms 

(Teixeira et al. 2012). However, firms’ roles are still important in providing 

value proposition (Sandström et al. 2008), and for this, firm should design 

and manage service elements related to each touchpoint for desired customer 

experience (Patrício et al. 2011) - preparing and managing the 

situations/environment that better support customers in co-creating their 

desired values in touchpoints (Forlizzi and Ford 2000).  

Obviously, technologies are important and essential resources that 

can be innovative means making favorable clues for customers’ service 

experience. While the use of technologies can be beneficial to supporting 

customers’ co-creation of desired values in both front stage and back stage of 
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service systems, in particular, SSTs are the application of technologies to the 

frontline service activities. Therefore, for technology-based self-services, 

primary touchpoints are the technologies that interact with customers to 

support their self-service activities. Hence, a related question that should be 

considered in designing technology-based self-services is how to make such 

interaction between customers and technologies, more specifically customer 

activities and technologies, generate desired value propositions and favorable 

clues for customers’ actual perception of values.  

However, there has been very limited investigation on this issue. To 

the best of our knowledge, the mostly related research is the work of 

Sandström et al. (2008) that suggested a conceptual frame of describing 

values through service experience in technology-based services from a co-

creation perspective. Emphasizing the growing roles of technologies in 

customer interaction in services, they conceptualized physical/technological 

enablers as the physical system and the technical infrastructure serving as a 

foundation for the value proposition made to the customer in technology-

based services. Such value proposition is translated into value through 

customers’ individual and situation filter only if customers use technology-

based services. Their model presents a theoretical illustration of how 

technology-based service experience leads to values for customers, and also 

offers some inspiration for a conceptual construct of our approach. However, 

the model is too abstract to investigate actual relationship between 

technologies and customer activities. For example, suppose that their model 

is applied to mobile app-based self-services. Mobile apps are definitely 
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physical enablers, while technical enablers vary with several available 

technologies, which are determined according to organizations’ decision. 

Value proposition can be interpreted as target values that firms plan to co-

create with customers during service processes using physical/technical 

enablers, and the target values for our case in this research are ubiquitous and 

personalization. However, a problem is that there is no explanation of the 

interaction between technologies and customers’ activities in the form of 

means-goal relationships, which can influence the values that customers’ 

perceive. In addition, there are a lot of combinations of technologies and 

customer activities, so the need of practical and systemized approach to 

investigate the underlying-level interaction between technology-customer 

activities is in more urgent, which is a research problem in our study.  

 

3.3. Research framework  

 

Our research framework consists of three modules. In module I, we firstly 

formulate a research problem. Module II explains the proposed approach, 

named a relational matrix approach, in terms of the structure and the 

development procedure of relational matrixes.  

 

3.3.1. Module I. Formulation of research problem 

 

3.3.1.1. Defining the scope of research 
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The scope of research is defined with the notion of mobile app-based self-

services, which is a result of application of the concept of SSTs to mobile 

apps. SSTs refer to technological interfaces, which are usually in the form of 

information systems, with which customers produce services for themselves 

independent of interpersonal contact between customers and service 

providers (Meuter et al. 2000). Based on this concept, a mobile app to be 

regarded as a SST in this study pertains to the mobile app that can be 

considered a contact point interacting with customers during service 

processes – namely a technological interface between customers and firms. 

Accordingly, mobile app-based self-services represent self-service provision 

via such mobile apps that act as SSTs. This notion excludes the mobile apps 

used by employees to support their back-office tasks during service 

processes, such as supply chain management, stock management, and 

communication among employees, because such use of mobile apps does not 

entail interaction between customers and technologies.  

Mobile apps acting as SSTs are not just software that are operated 

on mobile devices, rather are service systems in which technologies are 

implemented to support customers’ self-service activities. Therefore, such 

mobile apps for self-service provision should be viewed from the service 

perspective. In this vein, the notion of mobile app-based self-services enables 

us to emphasize potentials of mobile apps as SSTs and investigate their 

characteristics compared with other types of SSTs.  
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3.3.1.2. Developing a conceptual construct 

 

What should we consider when designing a method for exploring 

opportunities of mobile app-based self-services for ubiquitous and 

personalized experience? The understanding of how customer values to be 

created in technology-based self-services can be useful to answer this 

prerequisite question.  

 The scrutiny of the extant literature leads us to understanding of 

customer experience in technology-based self-services as a two-step process 

in which certain values arise from the customers’ use of SSTs, as Figure 3-1 

depicts. In particular, customers’ use of SSTs can be interpreted as enabling 

technologies’ support of customers’ activities. Hence, values for customers 

highly rely on which technologies to be used for which customer activities. 

We conceptualize this as the means-goal relationship between enabling 

technologies and customer activities, resulting in certain values for 

customers. 

While customers are final executors in a value creation process by 

using SSTs and perceiving some values, organizations still have an important 

responsibility of designing ways of co-creating values by determining such a 

means-goal relationship between enabling technologies and customer 

activities and examining the resulting values. Therefore, three design 

components of a value creation mechanism in technology-based self-services 

are derived at an underlying interaction level as the enabling technology, 

customer activity, and value.  
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Figure 3-1 Mechanisms of value creation in technology-based self-services 

 

A basic premise of this research is that technology-based self-

services should provide apparent benefits to the customers. Taking this into 

account, we derive a question concerning each design component, which 

needs to be answered opportunities of technology-based self-services:  

 

� For enabling technology: what enabling technologies are required to 

enable customers to perceive a certain value from the target self-

service activities?  

� For customer activity: what customer activities can provide 

customers with a certain value when these activities are performed 

in the form of technology-based self-services? 
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� For values: what values (or benefits) can be created if a certain 

enabling technology is used to put a target self-service activity into 

practice? 

 

Identification of components of mobile app-based SSTs  

The conceptual construct is applied to a case of mobile app-based self-

services, providing grounds for our suggested relational matrix approach. 

Therefore, the three design components involved in a value creation 

mechanism in technology-based self-services need to be particularized with 

attributes specific to mobile app-based self-services. Table 3-1 presents some 

lists of attributes for each component that can aid the particularization.  

For the enabling technology, six categories, such as communication 

and network, multimedia, data, input/sensing, mapping, and social 

networking, and their representative elements are presented. Note that the 

enabling technology for mobile app-based self-services is not limited to these 

categories and the attributes presented in this paper, but can differ depending 

on the mobile devices and the development of technologies and strategic 

decision of organizations. Our purpose here is not to provide a complete and 

finalized set of candidates, and is rather to offer a guideline for organizations 

to identify enabling technologies.  

For the customer activity, we need for considering the overall 

customer experience cycle. Customer experience typically develops over 

time (Gupta and Vajic 2000; Pine II and Gilmore 1998) based on cues/clues 

that can be generated at any point in time during the delivery of services 
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(Carbone and Haeckel 1994; Hoffman and Turley 2002; Zomerdijk and Voss 

2010). Moreover, the potential for ubiquitous and personalized experience 

via mobile channels means chances to expand the service area and service 

offerings beyond the main services, encompassing pre-and post-stages of 

services (Carbone and Haeckel 1994; Hoffman and Turley 2002; Zomerdijk 

and Voss 2010). Accordingly, attributes of the customer activity to be 

supported in mobile app-based self-services includes all activities associated 

with the phases of pre-service, main-service, and post-service. Table 3-1 

presents some representative attributes of the customer activity with such 

three phases. For instance, the pre-service phase can be sub-divided into 

need recognition, information search, and evaluation of alternatives, and thus 

customer activities pertaining to these tasks can be considered candidates. 

Similar to the enabling technology, the customer activity is not limited to the 

presented attributes and can differ depending on the services or sectors rather 

than technologies.  

For the value, ubiquity and personalization are considered in this 

study, which are two remarkable strengths of mobile app-based self-services. 

According to our conceptual construct on a value creation mechanism in 

technology-based self-services, enabling technologies’ support of customer 

activities is examined in terms of ubiquity and personalization. 
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Table 3-1 Value creation components of mobile app-based self-services 

Component Attribute Note 

First class Second class 

Value Ubiquity Remarkable strengths of 

mobile app-based self-

services concerning 

customer experience 

Personalization 

Customer 
activity 

Pre-service Need recognition-
related 

Need for considering the 

overall customer 

experience cycle 

Not limited to these 

attributes, but can differ 

depending on the services 

or sectors 

Information search-
related 

Evaluation of 
alternatives-related 

Main-service Transaction/Service-
related 

Post-service Use of offering-related 
Post-purchase 

evaluation-related 
Experience sharing-

related  
Enabling 

technology 
Communication 

and network 
Telephone Not limited to these 

attributes, but can differ 

depending on the mobile 

and mobile device 

technology 

Message  
Internet-connectivity 
Near field 

communication 
(NFC) 

Multimedia Camera 
Video player 

Audio player 
Data Photo 

Video  
Audio file 

Input/Sensing  Text 
Location awareness 
Image awareness 
Voice awareness 
Barcode/QR code 

reader 
Mapping Map 
Social 

networking 
Social networking 
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3.3.2. Module II. Design of a relational matrix approach to 

opportunity exploration  

 

Based on the conceptual construct for a mechanism of value creation in 

technology-based self-services, a relational matrix approach is suggested as a 

tool to explore opportunities of mobile app-based self-services for ubiquitous 

and personalized experience. Two types of relational matrixes are suggested 

to investigate interaction between enabling technologies and customer 

activities, and values that are expected to result from the technology-activity 

interaction. This section offers explanation of structures and development 

procedure of the suggested relational matrixes.  

 

3.3.2.1. Structures of relational matrixes 

 

The structure of the relational matrixes suggested in this study resembles that 

of house of quality (HoQ), which is a representative tool of quality function 

deployment (QFD). The original QFD was proposed to translate customer 

requirements into engineering characteristics using the matrix-like structure 

of HoQ. As the method also includes rating the importance of methods (the 

hows) for achieving goals (the whats), and QFD methods has been used in 

various disciplines, including product development (e.g., Huang and Mak 

2002), and quality management (e.g., Chen 2010).  

The matrix-like structure that relates methods to goals fits our 

purpose of investing means-goal relationships between enabling technologies 

and customer activities. Thus, this study adapts matrix-like structure of HoQ 
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for opportunity exploration. At the same time, two types of relational 

matrixes are devised, each of which corresponds to the each step in the 

conceptual construct for a mechanism of value creation in technology-based 

self-services (Figure 3-2). Two types of relational matrixes are tailored to the 

purpose of investigating interaction between enabling technologies and 

customer activities, and values that are expected to result from the 

technology-activity interaction. Accordingly, the former matrix is named a 

technology-customer interaction matrix. The name of latter one is a value 

evaluation matrix. Table 3-2 presents a comparison structures between HoQ 

and relational matrixes suggested in this study. 

 

 

Figure 3-2 Correspondence between a relational matrix approach and the 

conceptual construct 
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Table 3-2 Comparison of structures between HoQ and relational matrixes  

Location in 

the 

matrix 

Structure of 

HoQ 

Structure of relational matrixes 

Technology-customer  

interaction matrix 

Value evaluation 

matrix 

Left column The whats 
(customer 
needs) 

Customer activity Customer activity 

Upper row The hows 
(technology) 

Enabling technology Enabling technology 

Intersection 
(center) 

Relationship 
between the 
whats and the 
hows 

Which customer 
activities to be 
supported by which 
enabling 
technologies 

The degree of ubiquity 
and degree of 
personalization 

Right 
column 

Evaluation of the 
how 

Versatility in 
supporting customer 
activity 

Importance of 
enabling 
technologies with 
respect of their role 
in enhancing target 
values 

Bottom row Evaluation of the 
whats 

Variation in a way to be 
supported by mobile 
apps 

Benefits of 
introducing mobile 
app-based self-
service technologies 

 

Although the specific structures of these two types of relational 

matrixes are different from each other according to their purposes, they share 

some common parts in their structure as follows. Firstly, both matrixes 

commonly place customer activities and enabling technologies in the left 

column and upper row, respectively. This is because customers activities 

correspond to goals, and thus are designated in the left column as HoQ. 

Enabling technologies are means or ways to customer activities to be 

performed customers themselves, and accordingly, appear in the upper row. 

Secondly, the intersection part between enabling technologies and customer 
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activities represent the relationship between these two components. Finally, 

as HoQ includes the assessment of methods (the hows) and goals (the whats) 

with respect to each other, both types of relational matrixes include the 

assessment of enabling technologies and customer activities with respect to 

each other.  

What relationship between enabling technologies and customer 

activities to be evaluated is different in two types of relational matrixes, and 

such a difference leads to different structures of two matrixes. One the one 

hand, the structure of a technology-customer interaction matrix aims to 

investigate the question: what are possible ways by which customer activities 

are supported with enabling technologies? Thus, a relational score in the 

intersection part of the technology-customer interaction matrix represent 

whether the corresponding customer activity can be supported by the 

corresponding enabling technology (Figure 3-3). Based on this, enabling 

technologies and customer activities are assessed with respect to each other 

by aggregating the relational scores. Specifically, for each enabling 

technology the aggregate score over customer activities is calculated and 

designated in the bottom row (Figure 3-3), being defined as the versatility of 

the technology in supporting customer activities. In reverse, the aggregate 

score for each customer activity over enabling technologies is calculated and 

designated in the right column (Figure 3-3), being viewed as the variation in 

customer activity to be supported by mobile apps. The operational definitions 

of the versatility of technology and the variation in customer activity, and 

their meanings are summarized in Table 3-3.  
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Figure 3-3 Structure of a technology-customer interaction matrix  

 

Table 3-3 Evaluation based on a technology-customer interaction matrix 

Components Evaluation 

index 

Operational 

definition 

Meaning 

Enabling 
technology 

Versatility in 
supporting 
customer 
activity 

The number of 
customer 
activities to which 
the enabling 
technology is 
related 

Higher versatility of an 
enabling technology 
means that the 
technology can be 
used for wider 
purposes 

Customer 
activity 

Variation in a 
way to be 
supported by 
mobile apps 

The number of 
enabling 
technologies to 
which the 
customer activity 
is related to 

Higher variation of a 
customer activity 
means that there might 
be more options to 
support that activity by 
mobile app-based self-
services 

 

On the other hand, a value evaluation matrix aims to evaluate the 

question: how are the values/benefits of certain interaction between customer 
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activities and enabling technologies regarding ubiquity and personalization? 

The structure of a value evaluation matrix is designed to answer this question 

(Figure 3-4). Potential advantages that are expected to be gained from 

introducing mobile app-based self-services to support a certain customer 

activity are evaluated. Because values of interest in this study are ubiquity 

and personality, degree of ubiquity and degree of personalization are 

evaluated for each cell at the center of the matrix. Also, similar to 

technology-customer interaction matrix, enabling technologies and customer 

activities are evaluated with aggregating score. In this case, an enabling 

technology is assessed regarding importance in value creation, i.e., potential 

contribution to enhancing ubiquity and personalization in self-services. On 

the other hand, every customer activity is assessed with respect to its benefits 

of introducing mobile app-based self-services, i.e., potentials in increases in 

ubiquity and personalization.  

 

 
Figure 3-4 Structure of a value evaluation matrix  
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3.3.2.2. Procedure of developing relational matrixes 

 

The procedure of developing relational matrixes is comprised of five steps, 

as shown in Figure 3-5.  

 

 

Figure 3-5 Overall procedure of developing relational matrixes 

 

First of all, detailed attributes of customer activities, enabling 

technologies, and values are specified (step 1). As explained before, 

customer activities are case specific, relying on service industries or service 

sectors of interest. Such methods for structuring a service process or 

customer experience cycle as flow charts and service blueprints can be 

helpful to identify attributes of customer activities to be researched with the 

suggested approach. As enabling technologies depends on the development 
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of technologies, identification of attributes of enabling technologies needs 

additional research technologies that can be used to implement mobile 

applications. Values that this study focuses are focused on ubiquity and 

personalization.  

The next step is to construct a technology-customer interaction 

matrix. The intersection part of the matrix is completed by examining the 

means-goal relation between each enabling technology and each customer 

activity (step 2-1). If a certain enabling technology and a certain customer 

activity are in the means-goal relationship, the intersecting cell is filled up 

with “O”. Otherwise, the cell becomes empty. Once the means-goal relation 

between every pair of enabling technologies and customer activities is 

assessed, the versatility for each enabling technology is calculated by 

counting the number of customer activities related to the corresponding 

technology. Similarly, the variation for each customer activity is measured as 

the number of enabling technologies related to the corresponding customer 

activity (step 2-2).  

The last step is to construct a value evaluation matrix. In this step, 

we examine the values to be expected to result from the situation where a 

certain customer activity is supported with a certain enabling technology in a 

mobile app-based self-service. Thus, for the pairs of a customer activity and 

an enabling technology that is assessed to be in the means-goal relationship 

in the previous step, the ubiquity score and the personalization score are 

rated with the scale as follows: ‘0’ for the low; ‘1’ for the medium; and 5 for 

the high degree of ubiquity or personalization. Accordingly, the 
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corresponding intersecting cell in the value evaluation matrix is filled up 

with a vector of (ubiquity score, personalization score). 

The degree of ubiquity and personalization represents as a value 

score as follows: ‘0’ for the low; ‘1’ for the medium; and 5 for the high. 

Based on the value scores, the importance score of every enabling 

technology in enhancing ubiquity and personalization is measured as the 

total of respective value scores (i.e., ubiquity or personalization scores) over 

the customer activities. For every customer activity, in a similar way, a score 

of potential benefit is measured as the total of respective value scores (i.e., 

ubiquity or personalization scores) over the enabling technologies.  

 

3.4. Research case: supermarket retailing 

 

We performed a case study to illustrate how the proposed approach could be 

applied in practice. A case study of this research was set in the retailing. 

Retailers have been often among the early adopters of new technologies 

(Tamilia 2007) although many of these technological developments neither 

originated in the retailing sector nor were developed primarily for 

transforming the retailing sector. In the case of mobile technologies, retailing 

is also one of pioneering sectors showing remarkable efforts to use mobile 

apps for customer interaction. The use of mobile technologies and mobile 

apps in the retailing sector has created an environment in which ways of 

interaction between firms and customers changes faster and more complex. 

In addition, the increasing number of customers has reported their experience 
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of using smartphone apps for shopping that support searching product 

information, gaining electronic coupons, receiving recommendation of good 

deals, and locating items in offline stores (Google Shopper Marketing 

Agency Council 2013). Such a rapidly changing environment has led to an 

upsurge in the innovative way of interaction with customers in the retailing. 

These characteristics make the retailing an interesting site for a study 

focusing on customer-firm interaction involved in mobile app-based service 

provision.   

To be more specific, supermarket retailing was selected as a subject 

of a case study with some assumption about some scenarios which a virtual 

retailer encounters. First, a supermarket retailer is carrying on a clicks-and-

mortar business (operating both offline and online stores). Second, the 

retailer has considered the development and use of mobile apps to interact 

with their existing and potential customers. In this situation, the retailer 

wants to know what opportunities mobile apps can bring about to the firm-

customer interaction.  

 

3.4.1. Application of a relational matrix approach  

 

As the first steps, detailed attributes of enabling technology and customer 

activity, and value were identified. Values of interest in this study are set as 

ubiquity and personalization. Attributes of enabling technology and customer 

activity for a supermarket retailing case were identified as Tables 3-4 and 3-5 

present respectively.  
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Table 3-4 Attributes of enabling technologies for supermarket retailing 

Technology field Enabling technologies 

Communication and network 
technology 

Push-notification 

Internet-connectivity 

Near field communication (NFC) 

Input/Sensing technology Text 

Voice awareness 

Image awareness 

Location awareness 

Barcode/QR code reader 

Mapping technology Map 

Social networking technology Social networking service 

 

  Table 3-5 Attributes of customer activities for supermarket retailing 

Buying cycle Customer activities Specific attributes for supermarket retailing 

Pre-service 
 
 
 
 
 
 
 
 
 
 
 
 
 
Main service 
 
 
 
 
Post-service 

Need recognition 
 
 
 
Information search 
 
 
 
 
 
 
Evaluation of 

alternatives 
 
Purchase decision 
Payment 
 
Delivery 
 
Post-purchase 

request 
Use of offering 
 
Experience sharing 

Being reminded 
Exposed to advertisements 
Receive recommendation  
Exposed to discount or event information 
Get product details 
Get price information 
Get product reviews 
Find store information 
Check inventory 
Find items in the shop 
Find fleeting special deals and collect coupons 
Create a shopping list 
Compare alternatives 
Trial 
Add an item to the shopping cart 
Make a payment 
Rack up and/or use redeemable points 
Pick up products in stores 
Request a delivery service 
Make a claim or report an issue 
Check the order status 
Keep track of past purchase history  
Get the official instructions 
Get the social instructions 
Comment on experiences 
Location check-ins 
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Next, the technology-customer interaction matrix (Figure 3-6) and 

the value evaluation matrix (Figure 3-7) were constructed.  

 

 
Figure 3-6 Technology-customer interaction matrix for supermarket retailing 

 

 

Figure 3-7 Value evaluation matrix for supermarket retailing 
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Based on these matrixes, customer activities and enabling 

technologies were evaluated concerning each other: versatility of enabling 

technologies (Figure 3-8) and potential variation in customer activities 

(Figure 3-9) based on the technology-evaluation matrix; and potential 

benefits of customer activities in terms of the increase in ubiquity and 

personalization (Figure 3-11) and the importance of enabling technologies in 

achieving ubiquity and personalization in customers’ self-service activities 

(Figure 3-12) based on the value evaluation matrix. 

 

 

Figure 3-8 Versatility of enabling technology in supporting customer activity 

 

 

Figure 3-9 Potential variation in customer activities to be supported 
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Figure 3-10 Potential benefits of customer activities from mobile app-based 

self-services 

 

 

Figure 3-11 Role of enabling technologies on the overall customer activities 
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From the result of versatility of enabling technology in supporting 

customer activity, we could identify different applicability of enabling 

technologies improvising activities, and categorize enabling technologies 

into two types: general purpose-technology that is generally rank high or 

medium versatility score at least over the customer buying cycle; and limited 

purpose-technology of which versatility score is differently distributed over 

the customer buying cycle. Internet-connectivity, Barcode/QR code reader, 

NFC, social networking were included as general purpose-technology, while 

push notification and map showed features of limited-purpose technology.  

In addition, based on the comparison of ubiquity score and 

personalization score among enabling technologies, we identified four 

different roles of technologies in mobile app-based self-services: 

personalization enhancer, ubiquity enhancer, ubiquity with personalization 

enhancer, and small contributor, as presented in Figure 3-11.  

 

3.5. Research conclusions 

 

The contributions of this research can be summarized as follows. Above all, 

this research is unique and even exploratory in that it first adopts the notion 

of SSTs and technology-based self-service to mobile apps and mobile app-

based services. These notions allow us to emphasize potentials of mobile 

apps as SSTs and investigate their characteristics compared with other types 

of SSTs. Second, this research introduces a value creation perspective into 

opportunity exploration of technology-based interaction. A conceptual 
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construct is developed to represent a value creation mechanism in 

technology-based self-services, and three design components are derived. 

Third, this research translates the conceptual construct into practical methods 

for opportunity exploration. An underlying-level interaction among enabling 

technologies, customer activities, and values are investigated according to 

the value-creation process. Two types of relational matrixes, each of which 

fits the interaction involved in each step of value creation mechanism of 

technology-based self-services. Further, the suggested relational matrix 

approach produces information about possible options of matching customer 

activities and enabling technologies in the context of mobile app-based self-

services, and the resulting values regarding ubiquity and personalization. 

Those kinds of information can aid researchers and decision makers in the 

design stage of mobile app-based self-services of which major goal is to 

support and achieve differentiating customer experience regarding ubiquity 

and personalization. Although there are numerous other design factors which 

this research does not deals with, the information that the suggested methods 

can produce enables researchers and decision makers obtain an outline for 

innovative customer-technology interaction in mobile app-based self-

services prior to determining specific design parameters. 

However, there is still a need for future research to overcome the 

limitations of this research. First, concerning the component of value, 

incorporating customers’ actual response into evaluation of possible 

technology-customer interaction can aid in more complete analysis. For 

example, customers’ perceived values in terms of utilitarian and hedonic 
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perspective are representative classes of customer value. Second, our 

suggested approach can be complemented by other methods that address 

other aspects of customer experiment design. For instance, our suggested 

approach does not deal with a processual aspect of services, which has been 

considered a major characteristic of services. Therefore, it can be useful to 

jointly use customer journey map or service blueprint to address such a 

processual aspect of services. Moreover, such tools can also be used to 

bundle a series of possible technology-customer interaction as customer 

experience scenarios. All these would be fruitful research areas. 
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Chapter 4. Operation-perspective Analysis 

 

4.1. Research theme 

 

In recent years, an increasing number of companies have adopted a 

multichannel strategy where service firms reach and interact with their 

customers through different channels (Geyskens et al., 2002; Neslin and 

Shankar 2009). Main drivers of such widespread use of the multichannel 

strategy are obviously the development ICT and innovative SSTs. Service 

firms try to implement a multichannel strategy for various purposes 

including the efficiency, segmentation, and customer satisfaction (Neslin et 

al. 2006).  

In the multichannel service environment, understanding how 

customers choose a service channel is crucial for firms to plan and operate 

effective multichannel strategies (Neslin et al. 2006; Verhoef et al. 2009). In 

particular, understanding how customers choose channels and what impact 

that choice has on their overall buying patterns is crucial for firms (Neslin et 

al. 2006; Verhoef et al. 2009). The success of a multichannel strategy 

ultimately relies on the adoption and usage behavior of individual customers. 

Accordingly, strategy formulation and management essentially need to 

incorporate a customer-centric viewpoint.  

With the development of ICTs, customers’ channel choice behaviors 

are becoming complex and diversified (Konuş et al. 2008). A majority of 
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customers show a preference for using different channels during the buying 

decision process (Burke 2002; Konuş et al. 2008). Another notable 

phenomenon is research shopping, which refers to transition between service 

channels during the buying decision process. Research shopping behaviors 

are becoming much easier and more frequent given the development of ICTs 

and proliferation of mobile services (Kelly, 2002; Yellavali et al. 2004; 

Verhoef et al., 2007), involving potential for both cross-channel 

cannibalization and synergy (Neslin, et al., 2006; Pauwels and Neslin 2008). 

While general findings in the literature have supported the value of 

multichannel customers is much higher than single channel customers 

(Myers et al. 2004; Neslin et al. 2006), some studies, such as Thomas and 

Sullivan (2005), have produced the opposite results. In addition, even though 

customer-side benefits of multichannel strategies, such as convenience in 

using the service, and firm-side benefits, such as the increased purchase 

volume, are certainly guaranteed, the cost-benefit perspective is still 

important as resources available to the firm are limited and the operational 

cost can be greater than the expectation. Thus, given the fact that 

multichannel service environment can be both opportunities and challenges 

for service firms, deliberate planning and implementation of multichannel 

strategies are required (Neslin et al. 2006). There are diverse factors 

including the market share and the cost-benefit ratio, but the complexity 

precluded the inclusion of all of them in this research. Instead, this research 

focuses on customers’ channel choices in each stage of the buying decision 

process to enable firms to obtain insight that is useful to determine which 
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channels to employ for which stages and activities. 

In this circumstance, there has been a growing need for a coherent 

model to investigate customers’ channel choice behaviors not only in a 

certain stage but also across all stages of the buying decision process. 

However, existing studies suffer from some limitations as follows. First, a 

primary focus of previous studies has been on the adoption and use of 

individual technology-based service channels rather than multichannel 

service environment (Pikkarainen et al. 2004). Some studies have 

investigated customer behaviors in multichannel service environment, but 

most of them have been limited to certain stages or certain service tasks 

(Balck et al. 2004). A few studies have considered the difference according 

to the stages of buying decision process (Gupta et al. 2004). However, such 

studies usually have relied on the data from survey or interview, and 

analyzed those data with statistical analysis.  

This research aims to suggest an ABM approach to modeling 

customers’ channel choices across the buying decision process in the 

multichannel service environment. A conceptual model is established based 

on the literature review on the factors affecting customers’ preference, usage, 

adoption, response to service channels and SSTs. The focus of modeling is 

on the transition of the selected channels while customers move through the 

buying decision process. In the next section, appropriateness of using ABM 

for our research concern is discussed based on the congruence between 

features and advantages of ABM and requirements for investigating 

customers’ channel choice behavior in multichannel service environment.  



67 

4.1.1. Why ABM?  

 

A mechanism underlying customers’ channel choices is a complex system 

that includes diverse objects and factors, and the complex interaction thereof. 

Therefore, to represent such a complex system, a coherent and systematic 

approach is needed, which is able to satisfy basic requirements as follows. 

First of all, since channel choice and use behaviors vary depending on 

individual customers, a model should allow the analysis at the individual 

customer level and can consider the heterogeneity in individual customers 

(Black et al. 2002). Second, various influencing factors and the complex 

interaction among the factors should be incorporated into the model (Burke 

2002; Neslin and Shankar 2009). Third, the model needs to support testing 

the effect of a multichannel strategy, such as the introduction of a new 

channel into the current service system, prior to the implementation.  

Among several modeling methods, ABM is selected because its 

features and advantages (Garcia 2005; Rand and Rust 2013) are congruent 

with the above-mentioned requirements to represent and investigate 

customers’ channel choice behavior across the buying decision process in the 

multichannel service environment. First of all, ABM is best suited to 

domains where the natural unit of analysis is the individual, which is the first 

requirement for modeling the multichannel choice. Also ABM is useful when 

the population or their interaction is heterogeneous and complex, which 

corresponds to the second requirement. Last, ABM enables simulation, 

thereby assisting in exploring the consequences of various contingencies. 
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Therefore, a new multichannel strategy can be tested prior to the 

implementation by assuming a new strategy and investigating effects of the 

strategy once the model is developed. Table 4-1 summarizes the congruence 

between ABM features/advantages and the basic requirement for analysis of 

customers’ channel choice behaviors.  

 

Table 4-1 Congruence between ABM and modeling requirements 

Requirement to model channel 

choice behaviors 

Features/advantages of ABM that can 

address the requirement 

Analyzing individual customers’ 
behavior and the mechanisms behind 
it (Black et al.,2002) and considering 
the heterogeneity thereof  (Burke, 
2002) 

Best suited to domains where the natural 
unit of analysis is the individual 
(Garcia 2005; Rand and Rust 2013) 

Incorporating various influence factors 
and the complex interaction thereof  
(Burke, 2002; Neslin and Shankar, 
2009) 

Useful when the population or their 
interaction is heterogeneous and 
complex (Garcia 2005; Rand and Rust 
2013) 

Supporting testing the effect (e.g., 
benefits and costs) of a multichannel 
strategy, such as introduction of a new 
channel, prior to the implementation 
(Cranage and Kokkinou, 2010) 

Enabling simulation, assisting in 
exploring the consequences of various 
contingencies (Garcia 2005; Rand and 
Rust 2013) 

 

4.2. Research background 

 

4.2.1. Determinants of customers’ channel choice 
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Which factors and how do they affect customers’ channel choice? 

Investigating this question has been one of major research topics in the 

literature on customer behaviors in multichannel environment. Determinants 

of customer channel choice can be categorized into seven types: channel 

property, channel integration, marketing, personal traits, attitude toward new 

technologies, contextual factors, and social influence. Table 4-2 summarizes 

each type of determinants of customer channel choice.  

Those determinants of customer channel choices can be grouped 

into company-related one and customer-related one. On the one hand, 

channel property including functions and quality that a channel provides, the 

extent of integration of multiple channels regarding information flows and 

service processes, and marketing efforts are company-related determinants 

because they are determined and controlled by the company. On the other 

hand, personal traits, attitude toward new technology, contextual factors, and 

social influence rely on individual customers, and thus these are considered 

customer-related determinants.  

 

4.2.2. Agent-based modeling and simulation 

 

ABM is a new approach to model system of autonomous, interacting agents 

(North and Macal 2009). One of distinct features of ABM compared to other 

traditional simulation methods, such as discrete-event simulation and system 

dynamics, is that it is a bottom-up approach and has active entities that can 

perform an action autonomously, which are called agents (Siebers et al. 2010;  
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Table 4-2 Determinants of customers’ channel choice  

Types Description References 

Channel 
property 

Functions (purchase, post services, etc.) 
and quality (purchase speed, search 
convenience, etc.) of a channel can 
influence customers’ attitude toward a 
channel and customers’ comparison 
among multiple channels.  

Function: Keen et al. 
2004; Jiang and 
Rosenbloom 2005 

Quality: Burke 2002; 
Gupta et al. 2004 

Channel 
integration 

Multichannel environment where the 
information flow or service processes 
are intimately integrated across channels 
can lead to desired customer behaviors.  

Montoya-Weiss et al. 
2003; Bendoly et al. 
2005 

Marketing Firms can promote customer’s use of a 
certain channel through marketing 
efforts such as e-mail and catalogue. 

Burke 2002; Myers et 
al 2004 

Personal 
traits 

Personal traits like demographic features, 
past experience of channels can 
contribute to difference in channel 
preference and channel attitude. 

Demographic features: 
Burke 2002; Gupta 
et al. 2004 

Prior experience: 
Meuter et al. 
Verhoef et al. 2007 

Attitude 
toward 
new 
technology 

Individual customers have different 
propensity to embrace and use new 
technologies for accomplishing their 
goals. This is important in different 
preference on channels because 
technology-based channels are essential 
in multichannel environment.  

Parasuraman 2000; 
Parasuraman and 
Colby 2001; 
Tsikriktsis 2004; 
Lin et al. 2007 

Contextual 
factor 

Customers’ channel choice can differ 
according to physical setting (weather, 
congestion), social context (companion), 
temporal context (access time, urgent of 
use), and task context (service type). 

Nicholson et al. 2002 

Social 
influence 

Customers’ channel choice is affected by 
other customers’ behavior (e.g., choice, 
recommendation, word of mouth, 
reputation) similar to the innovation 
adoption, product purchase, and service 
usage. 

Nicholson et al. 2002; 
Keen et al. 2004 
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Rand and Rust 2011). Each agent is allowed to be represented as a 

heterogeneous entity with different properties with each other. As a result, 

ABM is able to model individual behaviors of agent. Another important 

characteristic of agent is the fact that an agent has a state that represents its 

current situation, which usually consists of a set of related attributes. An 

agent’s behaviors can also be conditioned on its state (Macal and North 

2010), allowing dynamic modeling of agents’ behaviors. Such a capability of 

modeling heterogeneity of individual agents allows a more realistic 

representation of real-world phenomena compared to traditional simulation 

approaches that assume homogeneity or assume that individual agents follow 

an average behavior (Gracia 2005). In addition, agents can be represented 

entities that can interact with other agents, perceive the environment and 

reactive to it, learn from the result of previous decision, and adapt their 

decisions based on the result of previous decisions. Therefore, ABM is very 

useful when the goal is modeling the behaviors of individuals in a diverse 

population or when agents have dynamic and complicate relationships with 

other agents (Gracia 2005; Siebers et al. 2010).  

 

4.3. Research framework 

 

An aim of this research is to design and experiment ABM that is able to 

represent and explain: 1) customers’ channel choices in multichannel service 

environment and 2) transition of customers’ channel choices across the 

buying decision process. Accordingly, research questions for building a 
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conceptual model are:  

 

� What factors/attributes affect customers’ channel choices? 

� How and why do the choices differ according to the stage of the 

buying decision process?  

 

As mentioned Section 4.1.1, an ABM approach provides a useful 

modeling and analysis framework for our research concern because it 

enables us to represent and investigate customers’ channel at the level of 

individual customers, reflect the heterogeneity of agents, the interaction 

between customer agents and channel agents, and the complexity involved in 

the multichannel service environment, and support testing the effect of a 

multichannel strategy prior to the implementation with simulation (Garcia 

2005; Rand and Rust 2011).  

 

4.3.1. Overall process for the development of agent-based channel 

choice model 

 

An overall process to build agent-based model is comprised of four steps: (1) 

decide if ABM is appropriate; (2) design the model; (3) construct the model; 

and (4) analyze the model (Rand and Rust 2011). We developed an agent-

based channel choice model following this process in general.  

As the first step, it is essential to decide whether an ABM approach 

is appropriate to research problem before building any agent-based model. In 
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Section 4.1.1, we have discussed the congruence between features and 

advantages of ABM and requirements for investigating customers’ channel 

choice behavior in multichannel service environment, and concluded that 

ABM is appropriate and useful for our research concern.   

 The second step is to design the model. Several decisions to be 

made when designing a model using the ABM approach include scope of the 

model, agents, properties, behaviors, and environment. In fact, in this step, 

“conceptual model” is determined with because of characteristics of 

modeling and simulation which should be changed depending on specific 

problems. In Section 4.3.2, the conceptual design of agent-based channel 

choice model is explained.  

The third step is to construct the model to create an implemented 

version of the conceptual model that can be executed computationally and 

that corresponds with the conceptual model. Because of convenience of 

simulation-oriented language/library, in this research, AnyLogic, which is a 

multi-method simulation modeling tool including ABM, is used. This will be 

discussed in Section 4.4 with our case study.  

The agent-based channel choice can be used to perform 

computational simulation to discover insights from the model. This is also 

discussed in Section 4.4 with the case study, but it involves running the 

model over a range of parameters and analyzing the results.  

 

4.3.2. Conceptual model design 
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Figure 4-1 is a schematic representation of our conceptual model, which 

shows agents, agents’ behavior, and their relationship with each other.  

 

4.3.2.1. Scope of the model 

 

Determining the scope of the agent-based model is to answer the question: 

what aspects of the complex system under examination will be described in 

the model. The proposed agent-based channel choice model primarily 

focuses on heterogeneity in customers, service channels and stages of the 

buying process. The inter-firm competition is excluded. In addition, this 

study only considers interaction between customers and service channels, 

which is a basic interaction involved in customers’ channel choice situation. 

Interaction between customers is excluded in our model despite its 

possibility of influencing customers’ channel choice decision (Nicholson et 

al. 2002; Keen et al. 2004). This is primarily due to model simplicity. The 

incorporation of both types of interaction can reflect higher degree of reality, 

leading to higher analytical power and generality of modeling. In contrast, it 

can also increase the complexity of modeling, and hinder practicability and 

workability of the model. Because the studies taking ABM approaches for 

investigating customers’ channel choice behaviors in multichannel service 

environment are in their infant stage, simplicity is primarily considered in 

this study.  
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Figure 4-1 Conceptual model of customers’ channel choice 

 

4.3.2.2. Agents 

 

The purpose here is not to list every individual agent to be modeled. Instead, 

the conceptual model design aims to identify the general classes of agents 

(Rand and Rust 2011). Two types of agents are considered in our agent-based 

channel choice model: customer agents and service channel agents.  

 

4.3.2.3. Properties 

 

Each agent has properties that describe and characterize that agent and 

agent’s behaviors. This study is concerned with customers’ channel choice 

behavior, and hence, factors that affect customers’ channel choice decision 
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are considered as properties. Through the literature reviews, several factors 

affecting customers’ preference, usage, adoption, and responses to service 

channels and self-service technologies were identified. Among various 

factors, the basic determinants of customers’ channel choice behaviors were 

selected to be further studied for the model similarity. Such factors could be 

divided into customer-relate one and channel-relate one. Finally, customer 

agents and service channel agents have customer-related factors and service-

channel related factors as their properties, respectively. Table 4-3 

summarizes specific properties for each type of agent.  

Each of two types of agents also has its own state, which represents 

the current situation each agent is in. The state of customer agents is 

determined with variables including stage of the buying process and selected 

service channel. The state of service channel agents is determined only by 

the stage of the buying decision process.  

 

4.3.2.4. Behaviors 

 

The behaviors of customer agents that we consider in this study are as 

follows. For each stage of buying decision process, a customer perceives and 

evaluates every service channel. And then, s/he chooses a service channel 

according to his/her own behavioral rules. Once choosing a service channel, 

he/she experience a service channel in a certain stage of the buying decision 

process. This experience updates prior experience of him/her for the selected 

channel, and affects his/her choice in the next stage afterwards. 
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Table 4-3 Properties of customer agents and service channel agents 

Type of 

agents 

Properties Adaptiveness References 

Customer 
agents 

Personal trait Demographic features (age, 
gender, education, income) 

Static Burke 2002 

Technology readiness Dynamic Parasuraman 2000; Parasuraman and 
Colby 2001; Tsikriktsis 2004 

Prior 
experience 

Satisfaction Dynamic Meuter et al. 2000; Verhoef et al. 2007 

Lock-in Dynamic Verhoef et al. 2007 

Cumulative experience Dynamic Verhoef et al. 2007 

Channel 
evaluation 

Perceived usefulness Dynamic Dabholkar 1994, 1996; Meuter et al. 2000; 
Pikkarainen et al. 2004; Curran et al. 
2005 Perceived ease of use Dynamic 

Service 
channel 
agents 

Functionality Specific to channels* Static (but stage-
dependent)** 

Dabholkar 1994, 1996; Meuter and Bitner 
1998; Meuter et al. 2000; Verhoef et al. 
2007 Quality Specific to channels* 

Accessibility Specific to channels* 

* Functionality, quality, and accessibility can differ depending on channels. 

** Functionality, quality, and accessibility of a certain channel do not change over time, but have different values depending on the 

stage of the buying decision process.
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In our model, each customer agent to choose a service channel 

based on their behavioral rule in every stage of the buying decision process 

on the basis of a probability of a customer i choosing a channel j in the stage 

k of the buying decision process (pij
k). If the maximum value of this 

probability among service channels is larger than a threshold value, then the 

customer choose the service channel showing the maximum probability. 

Here, probability of a certain customer choosing a certain service channel in 

a certain stage, pij
k is a function of perceived usefulness and perceived ease 

of use. Value of perceived usefulness and perceived ease of use are different 

depending on customer agent’s personal traits, service channel’s functionality, 

quality, and availability, and stages of buying decision process. Figure 4-2 

presents a flow chart for customers’ channel choices and simple 

representation of the behavioral rules for customer agents.  

 

 
Figure 4-2 Flow chart of customers’ behaviors 
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4.2.3.5. Environment 

 

The environment of an agent-based model represents the interaction 

topology of the agents (Rand and Rust 2011). As mentioned in the scope of 

our model, this study only considers interaction between customers and 

service channels, and excludes interaction among customers. Accordingly, a 

conceptual and spatially independent environment is defined, allowing 

customers to interact with service channels by choosing and using certain 

channels in each stage of the buying decision process.  

 

4.3.3. Model analysis  

 

One of major benefits of ABM is that the full effect of diversity that exist 

among agents in their attributes and behaviors can be observed as micro-

rules of behavior of agents that researchers encodes it gives rise to the 

behavior of the system as a whole (Macal and North 2010). Therefore, ABM 

allows individual-level modeling and the constructed model to be used for 

both individual-level analysis and system-level analysis (that resulting from 

individuals’ aggregate behaviors) (Garcia 2005; Rand and Rust 2011).  

 Based on this feature of ABM, once the suggested agent-based 

channel choice model is constructed, customers’ behaviors in multichannel 

service environment can be analyzed at both individual level of 

customersand aggregate level of service channels or buying decision process. 

In this research, two subjects of analysis are individual choice of channels in 
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each stage of buying decision processes and the path of channel choices 

which represents transition of customers’ channel choices across the buying 

decision process. For both subjects, examples of research questions for 

individual-level analysis and system-level analysis are suggested in Table 4-4. 

Note that the analysis of the agent-based channel choice model is not limited 

to these subjects and questions presented, but can vary relying on research 

concerns and purposes.  

 

Table 4-4 Research questions for model analysis 

Subject of 
analysis 

Level of analysis 

Individual level System level 

Individual 
choice of 
channels 

• How does an individual 
customer choose a certain 
service channel at each stage 
of buying decision process? 

• How about the share of each 
service channel and what are 
major choice factors?  

• How are the share and choice 
factors difference between 
the stages of buying decision 
process? 

Path of 
channel 
choices 

• What are paths where 
individual customers choose 
service channels across buying 
decision process? 

• Is it possible to categorize 
customers’ channel choice 
paths?  

• How about customer 
segmentation according to 
channel choice paths? 

 

An important analytical ability of ABM is a scenario analysis. 

Based on this ability, the suggested model in this study can used to 

investigate impacts of multichannel-related scenarios on customers’ channel 

choice. Scenario analysis is to observe how the answers on the research 
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questions presented in Table 4-4 are different when a certain scenario is 

assumed. Some examples of important scenarios include in this study quality 

improvement and additional functionality of existing service channels and 

introduction of new service channels. 

 

4.4. Research case: fashion retailing 

 

While retailing in general has been obviously dominating by multichannel 

strategies primarily driven by the development of ICTs (Grewal et al. 2009), 

fashion retailing was relatively slower than other retailing sectors to adopt 

ICTs (Blázquez 2014) because of its high involvement characteristic that 

needs customers’ seeing, feeling, touching and trying on products. In 

addition, the fashion sector usually dealt with the products which were 

highly individual and were difficult to be commoditized (Tyler et al. 2006). 

However, the recent years have witnesses that a significant growth in the use 

of advanced ICTs such as augmented reality and 3D virtual models to 

improve the customer experience, and thus the use of multichannel strategies 

has been also increased. While the effective operation of multiple channels is 

becoming an inevitable condition for fashion retailers to compete with rivals 

and survive in the fierce competition, little is known about customer 

behaviors in multichannel environment in this sector because such 

environment is relatively new phenomenon for fashion retailing (Clifford 

2012). These characteristics make the fashion retailing an interesting site for 

a study modeling customers’ channel choice behaviors and examining 
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changes in customers’ choices with several scenarios related to operation of 

multiple service channels prior to the implementation of those scenarios. In 

this study, therefore, customers’ channel choice behaviors are investigated in 

the multichannel environment for a fashion retailer via the proposed 

approach for the verification of the proposed approach’s feasibility and utility. 

 

4.4.1. An agent-based channel choice model for a fashion retailer 

 

A case-specific model should be built based on the conceptual model of 

customers’ channel choice. Before a case-specific is modeled, a situation is 

assumed in which a fashion retailer is providing its service via a brick-and-

mortar store and a website, and is considering additional channels, such as a 

mobile app and an interactive touchscreen. In this situation, the retailer wants 

to know how the customers’ usage behaviors would be when new channels 

are adopted. Based on the conceptual model explained in Section 4.3.2, two 

basic agents involved in this case of fashion retailing are the customer agents 

and the service channel agents. Specific service channels to be considered 

are a front-stage employee in a brick-and-mortar store (channel 1), a website 

(channel 2), a mobile app (channel 3), and an interactive touchscreen 

(channel 4). With a consideration of these assumptions, a case-specific model 

for channel choice in the fashion retailing was modeled with AnyLogic 

software as shown in Figure 3-2.  
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Figure 4-3 A case-specific model for channel choice in the fashion retailing  

 

4.4.2. Setting experiment 

 

To complete modeling that allows the experiment of scenarios with the 

model, it is necessary to define the inputs to the model. In our case study, 

variables were defined and specified for properties of the customer agents 

and for properties of the service channel agents. 

 The inputs for the properties of the customer agent were set as 

summarized in Tables 4-5 and 4-6. While the value of demographic feature-

related variables of the customer agent, such as age, gender, education, and 

income, are not changed once they are determined, the value of technology 

readiness, satisfaction, lock-in, cumulative experience are changed during 

the experiment.  

Each service channel has different properties of functionality, 

quality, and availability, which can vary depending on the stage of the buying 

decision process. The specific variables that represent properties of service 

channels were defined as Tables 4-7 and 4-8.  
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Table 4-5 Variables for properties of customer agents: demographic features 

Properties Variables Definition Data/ Assumption on the distribution/ Calculation 

Personal 
trait 

Demographic 
features 

Age Age category  
Age Probability Age Probability 
Early 20s 0.1 Early 30s 0.2 
Mid20s 0.15 Mid 30s 0.2 
Late 20s 0.2 Late 30s 0.15 

  
Gender Gender 

category 
Drawn from a distribution: male or female with equal probability (0.5) 

Education Educational 
level 
category 

 
Education Probability 
Low 0.15 
Average 0.35 
High 0.6 

  
Income Income level 

category 
 

Income Probability 
Low 0.15 
Middle 0.65 
High 0.2 
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Table 4-6 Variables for properties of customer agents: technology readiness and prior experience 

Properties Variables Definition Data/ Assumption on the distribution/ Calculation 

Personal 
trait 

Technology 
readiness 

 

TRI The level of 
technology 

One of seven-Likert-point values with a triangular distribution:  
• Triangular (1, 7, TRI_mode) 

TRI_mode The most 
likely value 
in the 
triangular 
distribution 
of TRI 

• Initial value: function of customers’ demographic features (based on 
Tsikriktsis (2004)) 

TRI_mode Gender Age Education Income 
4.85 Male Late 20s-Early 

30s 
High High 

3.79 Female Older than 35 
years 

Low Middle 

4.34 Male Younger 45 
years 

Average/High Middle 

3.50 
(average) 

Other combinations 

• Updated with prior experience 
- For satisfactory experience: triangular (1, 7, TRI, 7, TRI_mode) 
- For dissatisfactory experience: triangular (1, 7, 1, TRI, TRI_mode) 

Prior 
experi
-ence 

Satisfaction PrioSt The level of 
satisfaction 

One of seven-Likert-point values with a triangular distribution:  
• Triangular (1, 7, St_mode)  
• St_mode to be updated with the choice 

Lock-in LockIn The level of  
lock-in 

One of seven-Likert-point values with a triangular distribution:  
• Triangular (1, 7, LockIn_mode) 
• LockIn_mode to be updated with the choice 

Cumulative 
experience 

Cexp The level of 
cumulative 
experience 

One of seven-Likert-point values with a triangular distribution:  
• Triangular (1, 7, Cexp_mode) 
• Cexp_mode to be updated with the choice results 
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Table 4-7 Variables for properties of service channel agents: functionality 

Properties Variables Definition Data/ Assumption on the distribution/ Calculation 

Functionality Func A vector that 
include a list 
of functions 
offered by 
each channel 
for each stage 

 

Type of service 

channels 

Need 

recognition 

Information search Evaluation of 

alternatives 

Purchase Post 

purchase 

behavior 

Employee Recommendation Face-to-face question 

Product details 

Price information  

See and check 

real products 

Payment in cash 

Payment with a 

credit card 

1: 1 Q&A 

Website Popular items Product details 

Price information 

Related items 

Similar items 

Virtual 

shopping cart 

Payment with a 

credit card 

1: 1 Q&A 

FAQ 

Share 

experience 

Mobile app Mobile Push 

coupon 

Recommendation 

based on 

historical 

purchase and 

personal traits 

Product details 

Price information 

Related items 

Similar items 

Compare 

multiple 

product with 

criteria 

Virtual 

shopping cart 

Payment with a 

mobile IC card 

Payment with a 

mobile app card 

(QR code, 

barcode, 

terminal device) 

1: 1 Q&A 

FAQ 

Share 

experience 

Interactive 

touchscreen 

Popular items Product details 

Price information 

Related items 

Similar items 

Item location 

Product 

comparison 

Virtual try-on 

Payment with a 

credit card 
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Table 4-8 Variables for properties of service channel agents: quality and accessibility 

Properties Variables Definition Data/ Assumption on the distribution/ Calculation 

Quality Qual The degree of objective 
performance of functions 
provided by a service 
channel 

Objective performance of functions assumed to be same in this case 

Accessibility Access Whether a service channel can 
be accessed by a customer 
in a certain stage of the 
buying decision process 

• Access = 0 means it is impossible to access the channel 
• Access = 1 means it is possible to access the channel 

• The value of access depends on the type of service channels and the 
customers’ location 

Type of service channels In-store home Out-store 
except home 

Employee 1 0 0 
Website 0 0 1 
Mobile app 1 1 1 
Interactive touchscreen 1 0 0 

- Assuming that:  
1) every customer owns a smartphone and a computer with Internet 
connectivity 
2) a customer can access the website only via a computer at his/her 
home 
3) the interactive touchscreen is located at the store 
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In addition to variables for properties of agents, functions that 

describe customers’ channel choice behaviors should be specified. To this 

end, the behavioral rules by which an individual customer agent decide to 

use which service channel in each stage of buying decision process was 

represented as the decision diagram with AnyLogic software as Figure 4-4 

depicts.  

 

 

Figure 4-4 Decision diagram for customers’ choosing a channel 

 

First, the value of perceived ease of use (PEOU) is determined by 

the values of variables related to the property of the service channel, and 

personal traits and prior experience of the customer agent. Second, the value 
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of perceived usefulness (PU) is calculated as the function of channel 

property, personal traits and prior experience of the customer agent, and the 

value of PEOU. Then, the probability to choose a certain channel for a 

certain stage is calculated as the weighted sum of PEOU and PU, which is 

normalized to be a value between zero to one. In this case study, the weights 

become randomly generated-values. If the maximum probability value 

among service channels is larger than the threshold value, which differs 

across customers, the customer chooses the corresponding channel. If there is 

no channel having probability value larger than the threshold value, the 

customer does not choose any service channel and exits the buying decision 

process.  

 

4.4.3. Scenario analysis and results 

 

As mentioned before, three scenarios for multichannel strategies were 

examined with the constructed model. Scenario #1 is a basic scenario in 

which a brick-and-mortar store and a website are currently offered. The other 

two scenarios represent situations in which new channels are added to the 

basic scenario: scenario #2 supposes a mobile application is introduced in 

addition to the existing store and website, and scenario #3 supposes that the 

fashion retailer operates a new interactive touchscreen in their physical store. 

Table 4-9 summarizes these scenarios with involved service channels.  

These scenarios were inserted into the developed model with 

AnyLogic software by adjusting the values of accessibility of service 
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channels (Access) with the multiplication of access and channel availability 

for corresponding scenarios (the last column in Table 4-9).  

To compare the impact of new channel in the customers’ channel 

choice in the fashion retailing in the context this case study assumed and 

specified, the share of channels for each stage were recorded during the 

simulations of those scenarios. The results are described as bar graphs in 

Figure 4-5. In addition, the data on the selected channel for each stage were 

traced and recorded for each individual customer agent. By investigating the 

customers who changed their choice decision with different scenarios, major 

changes in channel choices with new scenarios could be identified as 

summarized in Table 4-10. 

 

 

Figure 4-5 Comparison of shares of channles for each stage among scenarios 
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Table 4-9 Scenarios for the experiment  

Scenarios Description Employee 

(channel 1) 

Website 

(channel 2) 

Mobile app 

(channel 3) 

Interactive 

touchscreen 

(channel 4) 

Channel 

availability 

(channels 

1, 2, 3, 4) 

#1 Basic scenario A brick-and-mortar-

store and a 

website are 

currently offered. 

√ √   (1, 1, 0, 0) 

#2. Mobile app- 

added scenario 

A mobile 

application is 

introduced. 

√ √ √  (1, 1, 0, 0) 

#3. Touchscreen- 

added scenario 

An interactive 

touchscreen is 

introduced. 

√ √  √ (1, 1, 0, 1) 
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 Table 4-10 Major changes in channel choices with a new scenario  

 Need recognition Information 
search 

Evaluation of 
alternatives 

Purchase Post-purchase behavior 

scenario 1  
à Scenario 2 
(effect of 
introduction of  a 
new mobile app) 

2à3 
eà3 

2à3 
eà3 

2à3 
eà3 

1à3 
2à3 
eà3 

eà3 

• Secure additional customers 
• Take away share of the website  

• Take away 
share of the 
employee 

• Secure 
additional 
customers 

• Incorporate 
customers’ post-
purchase behavior 
into the area of 
service 

Scenario 1  
à Scenario 3 
(effect of 
introduction of a new 
interactive kiosk) 

eà4 eà1 
eà4 

eà4 eà1 
eà4 

- 

• Secure additional 
customers 

• Increase in in-
store experience 
of customers 

• Secure additional 
customers 

• Secure 
additional 
customers 

• Increase in in-
store 
experience of 
customers 

• Secure 
additional 
customers 

- 

* 1-employee | 2-website | 3 – mobile | 4 touchscreen | e - exit 
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4.5. Research conclusions 

A need for investigating customers’ channel choice behavior across the 

buying decision process has been continuously pointed out in the literature. 

However, little research has investigated this issue with substantial methods. 

Closing such a gap, this research presented an analytical and practical tool 

for this issue using ABM approach. Based on the features and benefits of 

ABM, our suggested ABM approach is capable of satisfying basic 

requirements of modeling and analyzing customers’ channel choice 

behaviors in technology-enabled multichannel service environments. Also, 

this research offered a framework by which a simulation can be implemented 

based on the theoretical implications and empirical findings in the extant 

literature. Although our case relied on fictional data for simulations, the 

suggested model can also produce actionable information with real data as 

the modeling was based on the properties of the customer and service 

channel agents and their relationships that demonstrate the behavioral rules 

of customers’ channel choices. The suggested ABM approach can support a 

variety of analysis about customers’ channel choice behavior during firms’ 

decision-making processes through individual-level analysis and system-

level analysis. Overall, such experiments of sceneries on multichannel 

strategies that the suggested ABM-based approach can support, and the 

produced information can aid researchers and decision makers to develop 

understanding of customers’ channel choices across the buying decision 

process. Such understanding is a basic requirement for integrated operation 

of multiple service channels, and thus is expected to contribute achieving 
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harmonious experience of well-orchestrated channels.  

Despite such contributions, this research still has some limitations 

that should be overcome in future studies. First, our proposed model could be 

further elaborated by incorporating additional influencing factors, e.g., 

interaction among customers and time and location of channel usage. This 

can increase the analytic power and the applicability of the model. Second, 

the proposed channel choice model does not consider competition between 

firms. However, in reality, customers’ channel choice involves more complex 

behaviors to decide a certain channel among multiple channels, which are 

provided not by a single company, but by multiple companies in general. So 

another fruitful avenue for future research would be to expand the scope of 

the modeling to the competition between firms. Such efforts would make the 

proposed model become closer to reality. 
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Chapter 5. Evaluation-perspective Analysis 

 

5.1. Research theme 

 

The strategic importance of diagnosing service quality has become more 

apparent given the increased complexity of services (Chang and Lin 1991) 

and the holistic nature of the customer experience (Lemke et al. 2011). There 

have been various discussions about how to define and measure service 

quality, but a general consensus has been reached on the importance of 

quality as based on customer satisfaction (Seth et al. 2005; Behara and 

Gundersen 2011). The unique features of services - such as intangibility, 

heterogeneity, and inseparability - lead to higher degrees of uncertainty in 

service processes, making the objective assessment of service quality 

difficult (Parasuraman et al. 1985). In addition, although service processes 

and offerings are identical for every customer, each one will assess them 

differently as they compare their experiences to their needs and expectations 

(Parasuraman et al. 1985), so an operational-based notion of quality, that 

only considers the extent to which the service matches its specification, is 

insufficient to ensure satisfactory customer experience (Johnston and Kong 

2011). In contrast, customer-based quality centers on customers’ perspectives 

in assessing service quality by examining their judgments of the service 

experience and their perceptions of the benefits of the focal service. Taking a 

customer-based perspective on service quality enables organizations to 
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investigate the strengths and weakness of their current services, and 

determine the priority of improvements required from the customers’ 

perspective (Yu 2013). In essence, therefore, the first and imperative step for 

diagnosing service quality is to obtain and analyze customer feedback on the 

services, so as to understand both the customer’s desires and their 

perceptions of the services they have experienced.  

Advances in information technologies over recent years have given 

customers access to various Internet channels, such as review sites, online 

stores, blogs, and other social media via which they can talk about their 

experiences of products and services, and share them with others (Akehurst 

2009; Witell et al. 2011). This has led to the tremendous growth of customer 

reviews in unstructured formats (Büyüközkan et al. 2007), offering 

organizations both the opportunity to obtain and the challenge of analyzing 

customer experience feedback (Akehurst 2009). When properly used, these 

data can provide organizations with rich and credible feedback about 

customers’ perceptions of their offerings (Bickart and Schindler 2001). In 

particular, the value of customer experience feedback in such online 

customer reviews is magnified for the diagnosis of quality of technology-

based service systems for which customers’ instant feedback is difficult to be 

obtained because of the loss of interpersonal contact (Bitner 1990; Bitner 

2001).  

Organizations have been increasingly recognizing the potential of 

customer reviews as a source of the VOC, and have made increasing efforts 

to incorporate such sources into their management processes. However, the 
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enormous numbers of customer reviews, and the wide variety of their 

contents, inevitably require considerable time and resources if they are to be 

analyzed manually (Ziegler et al. 2008). Accordingly, the challenges of 

analyzing these data have inspired the development of new and more 

automated methods of harnessing customer reviews to develop managers’ 

knowledge about their customers, and to understand their implications more 

efficiently and effectively. 

One significant effort to respond to the need for automating the 

analysis of customer reviews has been using sentiment analysis (also known 

as opinion mining). Sentiment analysis can be considered a special type of 

text mining, and is particularly concerned with identifying and analyzing 

subjective information (e.g., emotions, opinions, and the like) from large 

amounts of textual data using natural language processing, text analytics, 

and/or computational linguistics. Much of the research on sentiment analysis 

to date has focused on its technical aspects, emphasizing the method’s 

performance (Fenn and LeHong 2012) in predicting the sentiments (e.g., 

positive, negative, or neutral) conveyed in customer reviews (Turney 2002; 

Gräbner et al. 2012), or in identifying the product or service features that 

trigger customers’ sentiments (Hu and Liu 2004). However, at the same time, 

such automated methods need to be adapted for use in different contexts 

(Fenn and LeHong 2012), such as the business domains and managerial 

purposes in and for which customer reviews are analyzed to ensure they 

produce clear implications. Applied to diagnosis of service quality, it means 

that sentiment analyses of customer reviews should be conducted within a 
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framework that is designed to produce appropriate outputs for diagnosing 

service quality: but research on this issue remains scarce, motivating this 

study. 

The question then arises as to what appropriate outputs of customer 

review analysis are for diagnosing service quality. To address this question, 

first of all, it should be considered that a purpose of diagnosing service 

quality is to examine the performance of a currently offered service from the 

customers’ perspective, and to identify areas where that service could be 

improved. In this regard, as previous literature noted, a gap-based approach 

to service quality - that compares customers’ perceptions of their experiences 

with their expectations - has the benefit of directing service quality diagnosis 

and improvement towards a customer-oriented focus (Kettinger and Lee 

1997; Jain and Gupta 2004). In addition, it has been recognized that there are 

multiple dimensions to service quality (Parasuraman et al. 1985), implying 

its diagnosis involves considering customers’ assessments not only of the 

overall service, but also of its individual components. In summary, to support 

decision making for diagnosing service quality with usable and actionable 

information, an analysis of customer reviews needs to enable the comparison 

of customers’ perceptions and expectations at the component level, 

identification of the service’s main sources of strengths and deficiencies from 

the customer’s point of view, and determination of the areas in most urgent 

need of improvement to deliver a better customer experience.  

Given these considerations, this paper proposes a customer-review 

based gap analysis, aimed at producing useful information from customer 
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reviews for diagnosing service quality by applying sentiment analysis with a 

tailored framework. A key research question is how to capture the customers’ 

perception and expectation of service features from customer reviews, which 

are required to gap analysis but are not presented explicitly in customer 

reviews. As a remedy, we develop proxies for customers’ perceptions and 

expectation by utilizing the positive and negative sentiments about service 

features that customers express in their reviews, in conjunction with their 

overall ratings. The suggested approach can enhance the efficiency and 

effectiveness of quality management in service organizations by allowing 

managers and researchers to take advantage of the exploding amount of 

customer reviews in the diagnosis of service quality. 

 

5.2. Research background 

 

5.2.1. Gap analysis for diagnosing service quality 

 

A common core construct in the conceptualization and operationalization of 

service quality is the customer-centered viewpoint (Seth et al. 2005; Behara 

and Gundersen 2011). The literature has generally recognized the difficulty 

in measuring service quality objectively and the need for the notion of 

customer-based quality because of the inherent characteristics of services, 

such as their intangibility, heterogeneity, and inseparability (Parasuraman et 

al. 1985). Specifically, the mechanism with which customers assess the 
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quality of a service is conceptualized as one in which they compare their 

perceptions of the service as delivered with their needs or desires. In more 

academic terminology, the former is represented as customers’ perceptions, 

and the latter as customers’ expectations. Several models have been 

suggested which use these conceptualizations to measure and evaluate 

service quality, such as the technical-and functional-quality model (Grönroos 

1984), SERVQUAL (Parasuraman et al. 1985, 1988), an attribute service-

quality model (Haywood-Farmer 1988), and a synthesis model of service 

quality (Brogowicz et al. 1990). The most prominent of these methods is 

SERVQUAL, and many others have been based on this model: they have one 

thing in common in that they operationalize service quality by scoring the 

gap between customers’ expectation and perceptions of service quality 

dimensions and their various sub-items.  

There have been some questions about the empirical value of 

measuring service quality as a gap score, and some have contended that 

perception-only score outperform gap score in predicting overall evaluation 

of services (e.g., Cronin and Taylor 1992). However, diagnosis of service 

quality is not to predict overall quality of services, rather to “investigate” the 

strengths and weakness of current services and to “identify” where should be 

improved for better customer satisfaction. For such a diagnostic purpose, a 

gap-based approach is still a useful because it enables the comparison of the 

objectives and the performance of a service from the customers’ perspective 

(Kettinger and Lee 1997; Jain and Gupta 2004). Specifically, perceptions of 

certain aspects of services that are higher than customers’ expectation mean 
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the service can be defined as high quality regarding those aspects, and can 

lead to customer satisfaction and loyalty. In contrast, when the perceived 

performance of certain aspects of services does not meet customers’ 

expectation, customers are likely to be dissatisfied, and identify those aspects 

of services as low quality. Those aspects of the service that show negative 

disconfirmation are those that need to be rectified to bridge the ‘gap’ 

between expectations and perceptions.  

 

5.2.2. Indexes of service quality 

 

Based on the notion of customer-based service quality, substantial research 

has been dedicated to developing indexes of service quality. Apart from how 

to calculate final scores of service quality (such as a debate between 

performance-only and perception-expectation gap scores as we described 

above), other important issues regarding indexes of service quality are 

quality factors, measurement scales, and data sources. Table 5-2 presents a 

summary of these issues and related previous studies.  

First, a prerequisite task for measuring service quality is to identify 

factors that influence customers’ assessment of service quality. Two different 

approaches have been made either to suggest generic quality factors such as 

five dimensions of SERVQUAL (Parasuraman et al. 1988), or to identify 

industry-specific quality factors, such as RSQS for retail services (Dabholkar 

et al. 1996). Another important issue is about scales to measure customers’ 

assessment of service quality through customer survey. The most widely 
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used approach is based on the Likert scale. A recently suggested approach 

used linguistic variables (e.g., poor, satisfactory, good, very good, and 

excellent) and fuzzy set theory to analyze and interpret linguistic variables.  

While the former two issues have attracted considerable research 

attention, leading to several advances in the methodologies and applications, 

a lacuna still remains as to how to gain information about customers’ 

assessment of services other than by customer surveys. Concerning such a 

data source issue, customer reviews can be a valuable source of VOC as they 

include ample information about customers’ thoughts and perceptions about 

services. Some recent studies have focused on this potential of customer 

reviews as data sources, and have devoted their efforts to use customer 

reviews in analyzing service quality. A primitive approach for this would be 

to conduct a manual investigation of reviews to examine customers’ 

satisfaction or feelings about the product or service they had experienced and 

their reasons for those sentiments. For instance, in Yang et al. (2004), the 

contents of customer reviews about online banking services were manually 

coded and classified into satisfied or dissatisfied attributes to identify the 

quality dimensions to online services that customers felt were most salient. 

However, the growing numbers of customer reviews make such manual 

approaches inefficient and even impractical, and call for more automated 

methods (Ziegler et al. 2008), such as sentiment analysis. One example 

performing sentiment analysis on customer reviews in the context of service 

quality is the work of Duan et al. (2013), decomposing customer reviews of 

hotels into five SERVQUAL dimensions. While such information is helpful 
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in comparing the quality of multiple services across different dimensions, it 

does not identify the reasons behind the superiority or inferiority of certain 

services, which is an essential concern when it comes to diagnosing service 

quality. In contrast, this paper proposes to use sentiment analysis to analyze 

customer reviews with the specific aim of gaining useful information for 

diagnosing service quality: we therefore suggest a tailored analytic 

framework and procedures. 

 

5.2.3. Sentiment analysis  

 

The dramatically increased amount of customer review data on the Web 

means that reading customer reviews, extracting information from them, and 

so creating knowledge about customer perceptions and reactions is an 

extremely time-consuming and labor-intensive task for companies. 

Fortunately, recent advances in computational methods and software have 

meant that analyzing online customer reviews can be productive when 

information retrieval, natural language processing, and machine-learning 

techniques are used. A major concern of analyzing customer reviews has 

been the (semi-)automatic identification and analysis of subjective 

information from the large amounts of unstructured textual data involved. An 

independent new research area named sentiment analysis has emerged to 

address this problem.  

The sentiment analysis can be categorized according to goals and 

methods, as summarized in Table 5-1. On the one hand, regarding goals of 
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sentiment analysis, it covers such topics as sentiment detection (Riloff et al. 

2003), sentiment prediction (Turney 2002; Gräbner et al. 2012), feature 

identification (Hu and Liu 2004), and text summarization (Liu et al. 2005).  

 

Table 5-1 Classification scheme of sentiment analysis 

Criteria Categories of 
sentiment 
analysis 

Category description Examples in the 
literature 

Goals Sentiment 
detection 

To detect subjective content in 
data at the document or 
sentence level 

Riloff et al. 

(2003) 

Sentiment 
prediction 

To evaluate the polarities of 
sentiments (positive, 
negative, or neutral) at the 
document or sentence level 

Turney (2002) 

Gräbner et al. 

(2012) 

 

Feature 
identification 

To identify features that trigger 
customers’ sentiments 

Hu and Liu 

(2004) 

Text 
summarization 

To summarize the subjective 
information found in text 
documents 

Liu et al. (2005) 

Methods Lexicon-based 
approach 

To use a dictionary that 
includes information about 
the polarities and/or the 
strength of polarities of 
sentiment-related words 

Taboada et al. 

(2011) 

Text classification 
approach 

To build classifiers from 
labelled instances of texts, 
such as co-occurrences 
between words, syntactic 
rules, or patterns detected 
from the text corpus 

Mullen and 

Collier (2004) 
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Table 5-2 Summary of research issues regarding indexes of service quality  

Research 

issues 

Research question Research 

approach 

Previous research 

Quality factors  What factors influence customers’ 

assessment of service quality 

Generic 

factors 

Earlier studies suggested generic quality factors that could be 

applied to different service industries.  

e.g., SERVQUAL’s five dimensions (Parasuraman et al. 

1988) 

Industry-

specific 

factors 

Many studies identified industry-specific quality factors. 

e.g., Retail services: RSQS (Dabholkar et al. 1996); 

ReServQual (To et al. 2013) 

e.g., Healthcare services: four factors of patients’ satisfaction 

(Raposo et al. 2009) 

e.g., E-service: E-S-Qual (Parasuraman et al. 2005); Key-e-

Service Quality dimensions (Jiang et al. 2015) 

Measurement 

scales 

What measurement scales are used 

to measure customers’ 

assessment of service quality 

Likert scales Most previous studies performing customer survey usually 

asked respondents to rate their evaluation of service 

quality-related questions on a Likert scale (e.g, 1-5 or 1-7). 
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Table 5-2 Summary of research issues regarding indexes of service quality (continued) 

Research 

issues 

Research question Research 

approach 

Previous research 

Measurement 

scales 

What measurement 

scales are used to 

measure customers’ 

assessment of 

service quality 

Linguistic 

variables and 

fuzzy set 

theory 

Some recent studies suggested to use linguistic variables (e.g., poor, 

satisfactory, good, very good, and excellent) instead of the Likert scale, 

and applied fuzzy set theory to translate those linguistic values into 

numerical values. 

e.g., Integrating fuzzy set theory with SERVQUAL based on customer 

surveys with linguistic variable (Chou et al. 2011) 

Data sources  How information 

about customers’ 

assessment of 

services are 

obtained 

Customer 

survey 

Most studies that measured indexes of service quality used customer 

survey as a means for collecting customer’ feedback on services.  

Customer 

reviews 

A limited number of recent studies used potentials of customer reviews in 

analyzing service quality. 

e.g., A manual investigation of customer reviews to identify quality 

factors for online banking services (Yang et al. 2004) 

e.g., Sentiment analysis of customer reviews of hotels to decompose 

customers’ opinion into SERVQUAL dimensions (Duan et al. 2013) 



107 

On the other hand, according to the methods employed, sentiment analysis 

can be divided into lexicon-based (Taboada et al. 2011) and text-

classification approaches (Mullen and Collier 2004).  

In fact, the use of sentiment analysis is not limited to customer 

reviews, although its main focus on analyzing subjective statements mined 

from textual data is well suited to this task. This study employs feature-level 

sentiment analysis to analyze customer reviews of services, focusing on 

customers’ sentiments or opinions about the features that comprise those 

services. Feature-level sentiment analysis usually includes several sub-topics, 

such as identification and extraction of the features and sentiments about 

service features, judgment of sentiments’ polarity and strength, and 

evaluation of features based on those factors (Hu and Liu 2004). 

 

5.3. Research framework 

 

As Figure 5-1 shows, our customer review–based gap analysis consists of 

two modules: data collection and preprocessing (made up of four steps) and 

service quality diagnosis (in three steps). This section explains the purpose 

of each step and the processes involved. 

 

5.3.1. Module 1: Data collection and preprocessing  

 

5.3.1.1. Step 1: Collecting customer reviews 
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Figure 5-1 Overall process of the proposed approach 

 

The first step is to collect customer reviews about the focal service, which 

can be obtained via various Web channels, such as online stores (e.g., 

amazon.com, hotels.com), review sites (e.g., epinions.com, tripadvisor.com), 

blogs, and social media. In our study, data sources are not limited, but are 

subject to the following conditions. First, as the analysis of textual data is 

highly language-dependent, we focus on the analysis of customer reviews in 

English. Second, our suggested method investigates both overall ratings and 

comments about services, which reflect different aspects of customers’ 

assessments. Specifically, overall ratings represent their overall assessment 
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of the quality of services, while comments show customers’ thinking at 

specific attribute or feature levels (Cheng et al. 2011). Thus, in this study, we 

analyze customers’ comments at the sentence level to identify their opinions 

about specific service features. Customers’ overall ratings are then used to 

complement their service-feature level opinions, so reflecting customers’ 

overall assessments. Thus the subjects of this study are limited to customer 

reviews written in English which include both comments about and overall 

ratings of a focal service. 

 

5.3.1.2. Step 2: Developing a service-feature hierarchy 

 

We measure and evaluate service quality at the service-feature level. Before 

the collected reviews are to be analyzed, the features of the service and their 

hierarchical relationship are identified by domain experts in this step. A 

service feature is defined as a component or aspect of a service that 

customers see as crucial when assessing the service and a service-feature 

hierarchy is the hierarchical structure of such components. For instance, the 

service-feature hierarchy for a hotel (presented in Figure 5-2) shows that 

customers perceive its quality in terms of location, room, staff, general 

amenities, and price. These features are therefore located at the hierarchy’s 

first level, with room, staff, and general amenities also being subdivided into 

second-level service features. The service-feature hierarchy constructed in 

this step is reconciled with what customers report in their reviews in Step 3 

to provide a clearer picture of the customers’ perspective of service quality. 
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The finalized service-feature hierarchy gives us a unified frame within which 

to investigate customers’ perceptions and expectations of each service feature, 

and it also facilitates the examination and comparison of the overall system’s 

service quality, as well as that of its individual features.  

 

 
Figure 5-2 Example of a service-feature hierarchy for hotel 

 

5.3.1.3. Step 3: Constructing keyword dictionaries  

 

Two kinds of keyword dictionaries - a service-feature word dictionary and a 

sentiment word dictionary - are constructed based on the customer reviews, 

following the development procedure shown in Figure 5-3.  

First, we perform part-of-speech (POS) tagging on the collected 

customer reviews: every sentence in the reviews is analyzed syntactically 

and each word is annotated with an appropriate POS tag (e.g., noun, verb, 

adverb, and adjective).  

A service-feature word dictionary is a collection of keywords that 

customers used in their reviews to represent service features, linked to the 

corresponding service features as identified in Step 2. Service features are 
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generally expressed via nouns or noun phrases - those which occur with high 

frequency are selected (after being rearranged to take account of 

abbreviations, singular and plural forms of words, etc.) as the service feature-

related keywords (SFrKs). A service-feature word dictionary is then 

constructed by mapping the SFrKs onto the relevant leaf nodes of the 

service-feature hierarchy, a task that is handled by domain experts.  

 

 
Figure 5-3 Procedure for constructing keyword dictionary 

 

There can be two occasions where a SFrK and a leaf node of the 

service-feature hierarchy cannot be matched - implying discrepancies 

between experts’ and customer’s views about the particular service features. 

Thus, the service-feature hierarchy needs to be revised to reflect the 
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customers’ verbalizations about service features. The first is when there is no 

leaf node in the service-feature hierarchy for certain SFrKs. This suggests 

that the service-feature hierarchy the domain experts prepared does not 

include some service features that customers consider important when 

assessing the service. In this case, the relevant nodes should be added to the 

service-feature hierarchy to incorporate those customer-generated SFrKs. 

The second case is the reverse - where a leaf node of the service-feature 

hierarchy is not matched by any SFrKs, implying that customers did not 

consider such service features important in their service assessments, even 

though experts believed they were. In that case, we remove that leaf node 

from the service-feature hierarchy.  

A sentiment word dictionary lists keywords that represent 

customers’ sentiments in the reviews, along with their polarities. The 

literature on sentiment analysis has studied how different parts of speeches 

contribute to the sentiment expressed in a document or a sentence. In 

particular, adjectives (e.g., (Hu and Liu 2004; Taboada et al. 2006)), adverbs 

(e.g., (Benamara et al. 2007)), and verbs (e.g., (Kim and Hovy 2004; 

Sokolova and Lapalme 2008)) have generally been recognized as those parts 

of speech that can capture subjective content in textual data. Accordingly, 

sentiment-related keywords (StrKs) are selected based on the frequency of 

occurrence of the adjectives, adverbs, and verbs extracted from customer 

reviews. Finally, a sentiment word dictionary is constructed which evaluates 

the polarity of StrKs as either positive or negative. 
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5.3.1.4. Step 4: Constructing customer-opinion vectors  

 

The collected customer reviews are transformed into customer-opinion 

vectors that consist of overall ratings for the service and customer sentiments 

about the SFrKs. The customer-opinion vector of review i is represented as 

COi = (ORi, CSi1, …, CSij, …, CSim), where ORi is the overall rating of the 

customer review i; CSij is the customer sentiment about the j-th SFrK in the 

review i; and m is the number of SFrKs.  

While ORi is extracted from the review i by simple parsing 

techniques, CSij is determined by sentence-level co-occurrence analysis 

between the j-th SFrK and the StrKs. Specifically, based on the polarity of 

the StrKs that co-occur with the j-th SFrK in a sentence in the review i, the 

value of CSij is determined as Equation 5-(1): 

 

1

-1

0
ij

 , if j-thSFrK co-occurs witha positiveStrK ina sentenceinthereviewi

CS , if j-thSFrK co-occurs witha negative StrK in a sentenceinthereviewi

, otherwise

ì
ï

= í
ï
î

 5-(1) 

 

Figure 5-4 shows the example of how to transform customers’ 

reviews of their hotel experience into customer-opinion vectors, assuming 

the three SFrKs of location, view, and food. In Figure 5-4, the overall rating 

of Review 1 is 5, so the value of OR1 becomes 5. When it comes to the 

customer sentiment elements, the value of CS11 is -1, since the SFrK location 

(the first SFrK) co-occurs with the negative StrK bad in the first sentence, 

while the value of CS12 is 1, as the second sentence includes the SFrK view 



114 

(the second SFrK) and the positive StrK attractive. The value of CS13 is 0, as 

there are no sentences in which food (the third SFrK) co-occurs with any 

StrK. To sum up, the customer-opinion vector for Review 1 can be 

constructed as CO1 = (5, -1, 1, 0). 

 

 

Figure 5-4 Example of constructing customer opinion vectors 

 

5.3.2. Module 2: Service quality diagnosis 

 

5.3.2.1. Step 5: Measuring customers’ perceptions and expectation 

 

It is difficult to extract the degrees of customers' perceptions and 

expectations of a service directly from their reviews, as they rarely present 

the degrees of their reactions to particular service factors (in terms of scores 

or high-medium-low scales) in their reviews - which are, by their nature, 

their free-form expressions about their experience of services. This study, 

therefore, develops proxies for customers’ perceptions and expectations 

based on customer-opinion vectors – the customer perception (CPS) and 

customer expectation scores (CES), respectively. 
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(1) Measurement of CPS about the SFrKs  

First, we constructed an individual customer assessment score (ICAS) matrix 

to register the impact of a service’s features on its overall rating (which, of 

course, can differ between customers). For instance, in Figure 5-4, while 

Reviews 1 and 2 both express positive sentiments about the service feature 

view and negative sentiments about the service feature location, Review 1’s 

overall rating was higher than that of Review 2. This suggests that the 

customer who wrote Review 1 might have a positive impression of the hotel’s 

view that is stronger than his/her negative impression of its location, while, 

in contrast, the Review 2 customer’s negative impression of the hotel’s 

location is stronger than their positive impression of  its view. Such 

differences in the influence of customers’ perceptions of features on their 

overall evaluations of services must be considered in measuring customers’ 

perceptions from their reviews. Based on these observations, we can make 

the following two assumptions:  

 

· The positive (negative) sentiment of a service feature contributes to 

increasing (reducing) the customers’ overall rating of the service.  

· The amount by which a customer’s overall rating is increased 

(decreased) by their positive (negative) sentiments about a service 

feature is amplified by the ratio of the number of service features 

associated with negative (positive) sentiments to the number 

associated with positive (negative) sentiments. 
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Given these assumptions, the ICAS for review i of the j-th SFrK can 

be given by Equation 5-(2):  
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where 1ijCS+ =  if 1ijCS =  and 0 otherwise; 1ijCS- =  if 1ijCS = -  

and 0 otherwise; 
1

+

=å
m

ijj
CS  is the number of SFrKs that are associated 

with positive StrKs in review i; 
1

-

=å
m

ijj
CS  is the number of SFrKs that are 

associated with negative StrKs in review i; MR is the maximum value that 

ORi can take; and m is the total number of SFrKs.  

The sign of ICASij indicates the polarity of customer i’s assessment 

of the j-th SFrK: a positive value means a positive assessment, a negative 

value means a negative assessment, and zero means that the review included 

no assessment. Moreover, the absolute value of ICASij indicates the degree of 

customer i’s assessment of the j-th SFrK: the higher the absolute value of 

ICASij, the stronger the customer assessment, whether positive or negative. 

By incorporating the impact of a service feature’s impression on the 
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customer’s overall ratings of the service, the ICAS matrix can capture how 

strongly positively or negatively the customers evaluate service features; 

whereas customer-opinion vectors only indicate whether their sentiments 

about those features were positive or negative. 

Based on the ICAS matrix, the CPS for the j-th SFrK can be defined 

as the average of the ICAS for the j-th SFrK: 
1

n

j iji
CPS ICAS n

=
=å  

where n is the total number of customer reviews. The higher the value of 

CPSj, the higher the customers’ perceptions of the j-th SFrK. In contrast with 

survey-based measurements of customer perception using Likert scales, the 

CPS can have positive or negative values, so more clearly presenting 

whether customers perceive service quality positively or negatively. To 

achieve a scale adjustment that enables us to compare the CPS and CES, we 

normalized the CPS to be between –c and c to obtain a normalized customer 

perception score (NCPS). Thus the NCPS for the j-th SFrK is calculated as

( )j jNCPS c CPS Max CPS= ´ , where c is a scale-adjustment constant 

that is a positive real number.  

 

(2) Measurement of CES about the SFrKs 

The CES is designed as a proxy for customers’ expectations of services 

under the following considerations. First, for the diagnostic purpose of 

identifying quality problems and establishing priorities for improvement, 

customers’ expectations should be seen as a goal which the service aims to 

meet, and to exceed to create greater customer satisfaction and loyalty. 
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Hence, expectation is represented in this study as a desired standard (Swan 

and Trawick 1980; Prakash 1984). Second, while expectation can be viewed 

as the ideal level of service, as the prediction of service, or as the importance 

of features (or attributes) (Teas 1993), expectations as the importance of 

features are useful and feasible in designing of a proxy of expectation based 

on customer reviews. By definition, customer’s predictive expectations are 

not desires, but rather their anticipated performance levels (Prakash 1984), 

and so are not appropriate for diagnostic purposes. On the other hand, 

customers’ ideal expectations can represent their desired performance levels 

(Swan and Trawick 1980), but such data are only possible to gain by asking 

customers to rate their desired level. In contrast, the importance of features 

can be captured from customer reviews based on how often customers 

mention them in the reviews, as the frequency of occurrence of a word in a 

text document is typically used to measure the importance of that word. In 

addition, a service feature that is mentioned frequently in reviews is highly 

likely to indicate that customers think that feature is important in their 

experience of services, and/or that it has impressed them. So the service 

features that customers mention frequently in their reviews are those that 

need to be managed to enhance customer satisfaction. Moreover, it has been 

pointed out that the importance of a feature can be a good indicator of 

customer’s desired expectations about that feature (Landrum and Prybutok 

2004; Akbaba 2006). To sum up, CES is designed with the assumption that 

the more frequently service features appear in customer reviews, the higher 

are customers’ expectation of those features.  
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The CES for a SFrK is defined as the average frequency with which 

the SFrK occurs in customer reviews. Based on the customer-opinion vectors, 

the CES for the j-th SFrK is defined as the average absolute value of the CS 

for the j-th SFrK: 
1

n

j iji
CES OSF n

=
=å , where 1ijOSF =  if 0ijCS > and 

0 otherwise; and n is the total number of customer reviews. As with the CPS, 

the CES scale is adjusted to give a normalized customer expectation score 

(NCES) for comparing the CPS and CES, which is calculated as 

( )j j jNCES c CES Max CES= ´ , where c is a scale-adjustment constant that is 

a positive real number. Compared with the NCPS ranging between –c and c, 

NCES is designed to be between 0 and c since a customer can have no 

expectations of a service feature, but will only rarely have negative 

expectations when such expectations are defined as a desired standard: after 

all, they are hardly like to expect a feature to be disappointing.  

 

5.3.2.2. Step 6: Assessing service quality performance and objectives  

 

A gap-based approach can facilitate the more effective management and 

improvement of service quality by regarding customers’ perceptions as 

measuring the performance as currently delivered by the service, and 

customers’ expectations as objectives providers should aim to attain. In this 

respect, the NCPS and NCES can provide clues, to some extent, about 

quality-performance and quality-objectives at the SFrK level. However, 

since terms and words about a service feature can differ across customers’ 
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reviews, an analysis at the keyword level is insufficient to identify clearly 

those service features that are problematic, or to determine priorities for their 

rectification.  

To overcome this problem, in this step, we measure service quality 

performance (SQP) and service quality objective (SQO) on different 

constituents of the service-feature hierarchy. First, the SQP and SQO for 

each leaf node of the service-feature hierarchy are obtained by averaging 

NCPSs and NCESs for the SFrKs that correspond to each leaf node. For 

nodes the other than leaf nodes, SQP and SQO are calculated as the average 

of the SQPs and SQOs for the nodes at the level below.  

The value of the SQP is between –c and c because the value of the 

NCPS ranges between –c
 
and c. The sign of the SQP indicates the direction 

of customers’ perceptions of the performance of the corresponding service 

feature, and its size indicates how customers rated (positively or negatively) 

the service feature’s performance. On the other hand, the value of the SQO 

takes the same range as that of the NCES - i.e., between 0 and c - with 

higher values indicating that customers see that particular service feature as 

having a relatively higher performance target. 

 

5.3.2.3. Step 7: Performing a gap analysis  

 

Finally, we performed a service quality gap analysis on every constituent of 

the service-feature hierarchy. For this purpose, we measured the service 

quality gap (SQG) as the difference between the SQP and SQO for each 
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service feature in the hierarchy. Thus the SQG for service feature k is 

calculated as 
k k kSQG SQP SQO= - , so the value of SQGk ranges between 

–2c and c.  

The quality of service features was assessed according to the sign 

and size of the SQG. In terms of its sign, features in the service-feature 

hierarchy can be classified into two types: features of satisfactory quality 

(whose SQGs have nonnegative values), and those of unsatisfactory quality 

(whose SQGs have negative values). By definition, the SQG for a service 

feature that has a negative SQP is negative whatever its SQO value. Hence, 

our approach assesses negatively perceived aspects more strictly, and so is 

more suitable for diagnostic purposes aimed at identifying problematic areas 

that need to be rectified. In terms of the SQG’s size, higher values imply that 

the service feature is more competitive in customers’ eyes, while lower SQG 

values indicates that customers’ perceive the service feature as having more 

significant quality problems. So service features can be prioritized based on 

their SQG values to identify those that are in most urgent need of 

rectification to yield better customer satisfaction.  

 

5.4. Research case: mobile navigation service 

 

We performed a case study to illustrate how the proposed approach could be 

applied in practice, selecting a mobile navigation service for three reasons. 

First, as the primary purpose of such services is to provide accurate and 
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useful information, quality problems can be key determinants of their 

success. Second, as mobile navigation services have become more complex 

and varied, identifying which service features are satisfactory and which are 

not is critical for improving and redesigning such services. Third, the 

relatively higher price of navigation services compared with other mobile 

services is likely to lead to higher customer expectations of good-quality 

services, so diagnosing service quality issues is important for those offering 

such services onto the market.  

 

5.4.1. Application of customer-review based gap analysis  

 

5.4.1.1. Step 1: Collecting customer reviews about the mobile navigation 

service 

 

A mobile navigation service X for iPhone, iPod touch, and iPad was chosen 

as the target service for our case study because of its popularity and the 

appropriate number of reviews. A data source of customer reviews on the 

mobile navigation service X was iPhone Apps Plus 

(http://www.iphoneappsplus.com). This is a website that provides diverse 

information on applications for Apple’s mobile products, including customer 

reviews about each application with overall ratings and comments. Since 

customer reviews were presented as parts of HTML documents, we used a 

self-developed JAVA-based program to extract and collect customer reviews 

for the focal service (i.e., mobile navigation service X) from the website. 
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Some inappropriate data, such as reviews in non-English languages and 

those having no overall ratings or comments, were filtered out. As a result, 

579 customer reviews for navigation service X remained, each of which was 

written by a single reviewer and was accompanied with an overall rating 

using a five-star rating system and comments in English.  

 

5.4.1.2. Step 2: Developing a service-feature hierarchy for the mobile 

navigation service 

 

We developed a service-feature hierarchy for mobile navigation services, as 

shown in Figure 5-5. Based on the fact that a mobile navigation service was 

delivered via mobile devices, the service features were grouped into two 

types at the first level: service-specific features related to core service 

offerings and product-specific features related to mobile devices. 

Information/contents and functions are included as the service-specific 

features. The product-specific features consist of five sub-features: design, 

usability, processing speed, battery life, price, and compatibility: of these, 

design, processing speed, battery life, and price are leaf nodes. The others 

are subdivided into third-level service features. It should be noted that 

battery life, compatibility, and sub-features of compatibility (i.e., device and 

OS), which are denoted in dashed line boxes, were added during the process 

of finalizing the SFrKs in Step 3. The details are explained in the following 

section.  
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Figure 5-5 Service-feature hierarchy for mobile navigation service 

 

5.4.1.3. Step 3: Constructing keyword dictionaries for the mobile navigation 

service  

 

Based on the collected customer reviews and the procedure shown in Figure 

5-3, we constructed service-feature and sentiment word dictionaries for the 

mobile navigation service X, using Stanford CoreNLP API (accessible at 

http://nlp.stanford.edu) for POS tagging and lemmatization. 

Among the words annotated with POS tags, nouns and noun phrases 

that occurred more often than the average were rearranged by lemmatization 

and domain experts to include abbreviations, and singular and plural forms 

of words. As a result, we identified a total of 55 SFrKs, which were then 

matched with the leaf nodes of the service-feature hierarchy to produce the 

service-feature word dictionary. However, some SFrKs - such as battery, 

iPhone 4, and iOS4 - were difficult to fit to relevant nodes. To incorporate 
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them in the further analyses, we revised the service-feature hierarchy by 

adding the relevant nodes - battery life, compatibility, device, and OS. We 

then generated our finalized service-feature hierarchy (see Figure 5-5) and 

service-feature word dictionary (see Table 5-3).  

The sentiment word dictionary was constructed after the 

lemmatization and domain experts’ investigation of the words tagged as 

adjectives, adverbs, and verbs that occurred more often than the average. It 

consisted of 108 positive StrKs and 111 negative StrKs based on the words 

customers used most often to express their positive or negative sentiments 

about the mobile navigation service. (Part of the word dictionary is presented 

in Table 5-4.)  

 

5.4.1.4. Step 4: Constructing customer-opinion vectors about the mobile 

navigation service 

 

We transformed 579 customer reviews into customer-opinion vectors using 

our self-developed JAVA-based program. The review’s overall ratings on the 

five-star rating system were separated and translated into numbers from zero 

to ten. The CSij value of each review was determined according to Equation 

5-(1) through the co-occurrence analysis between SFrKs and StrKs at the 

sentence level. 
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Table 5-3 Service-feature word dictionary for mobile navigation service X  

Service-feature hierarchy  Service feature-related keywords (SFrKs) 

level 1  level 2  level 3  

Service-
specific 
features 

Information/ 
contents  

Map  Map 

GPS info.  GPS  

Address info.  Address, Street name, Post code 

Real time info.  Real time, Traffic add-on  

Local info.  Google local search, Restaurant, Parking, Gas station, Shops, Rest room 

Function  Route planning  Route search, Rerouting, Lane assistant, POIs, Interim destination, Compass, Remaining time, Arrival time  

Speed assistant Speed assistant  

Entry-input  Access to contact list, Cut-and-Paste, Coordinate input 

Display  2D display, 3D display, Panorama view, Day and night mode, Zoom-in/out 

Voice guidance Voice instruction, Text-to-Speech 

Personalization  MyRoute, Profile, Take me Home, Language, Location sharing  

Product-
specific 
features 

Design  Design  

Usability  Interface Ease of use, Interface, Portrait mode, Landscape mode  

Multitasking iPod control, Resuming after incoming call  

Processing speed Processing speed  

Battery life Battery  

Price  Price 

Compatibility  Device iPhone 3G, iPhone 3GS, iPhone 4, iPod, iPad  

OS iOS2, iOS3, iOS4 
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Table 5-4 Part of sentiment word dictionary for mobile navigation service X 

Polarity  Sentiment-related keywords (StrKs) 

Positive  accurate, active, advanced, all-around, amazing, amusing, appealing, 
appropriate, attractive, awesome, beautiful, beneficial, best, better, 
brilliant, clean, cleaner, clear, clearer, complete, comprehensive, 
convenient, correct, crisp, … (108)  

Negative annoyed, annoying, awful, bad, boring, bulky, choppy, confused, 
congested, counter-intuitive, crappy, crash, curious, dangerous, 
dead, desolate, difficult, disappointed, disappointing, dull, dumb, 
erroneous, expensive, faulty, … (111) 

 

5.4.1.5. Step 5: Measuring customers’ perceptions and expectations of the 

mobile navigation service 

 

The customer-opinion vectors for the mobile navigation service X were 

transformed into a 579 by 55 ICAS matrix according to Equation 5-(2), 

given the value of MR as 10. (Due to space constraints, Table 5-5 only 

depicts part of this ICAS.)  

 

Table 5-5 Part of the ICAS matrix for mobile navigation service X 

Review 

Service feature-related keywords (SFrKs) 

Map GPS Address Street 

name 

Post 

code 

… iPod iPad iOS2 iOS3 iOS4 

CO1 10.4 0 0 0 0 … -0.6 0 0 0 0 

… … … … … … … … … … … … 

CO233 6.3 0 -4.7 6.3 0 … 6.3 0 0 0 -4.3 

… … … … … … … … … … … … 

CO579 0 8.3 8.3 0 0 … 0 0 0 0 0 
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The CPS for each SFrK was calculated as the average of the ICAS 

for each keyword, and the NCPSs were then calculated using a scale-

adjustment constant 100 for c. The results are presented in ascending order in 

the second column of Table 5-6. 36 SFrKs have positive NCPSs, ten SFrKs 

show zero NCPSs, and nine SFrKs have negative NCPSs. Among them, GPS 

is the most positively perceived SFrK, with an NCPS value of 100; almost 

twice as high as the next most positively perceived SFrK (root search). The 

most negatively perceived SFrK is processing speed, which gained the 

lowest NCPS value. 

 

Table 5-6 NCPSs and NCESs for service feature-related keywords of mobile 

navigation service X 

Service feature-related keywords (SFrKs) NCPSj NCESj 

GPS 100.00  50.25  
Route search 53.82  20.81  
POIs 34.03  15.23  
Voice instruction 27.18  12.69  
Map 26.29  38.07  
Traffic add on 22.53  8.63  
Address 20.14  12.69  
Design 17.85  9.65  
Lane assistant 16.67  14.72  
2D display 12.77  6.09  
Ease of use 10.71  4.57  
Price 8.58  10.66  
iPod 8.56  5.58  
iPad 7.24  2.54  
Interface 5.73  3.55  
Rerouting 4.78  4.57  
Speed assistant 3.75  5.08  
3D display 3.60  7.11  
Text to Speech 3.37  2.03  
Access to contact list 3.32  2.54  
Restaurant 2.96  1.02  
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Table 5-6 NCPSs and NCESs for service feature-related keywords of mobile 

navigation service X (continued) 

Service feature-related keywords (SFrKs) NCPSj NCESj 

iPhone4G 2.74  1.02  
iPhone 3GS 2.72  2.54  
Panorama view 2.64  1.02  
iPod control 2.59  1.02  
Compass 1.91  1.02  
Battery life 1.73  2.54  
Gas station 1.66  0.51  
Portrait mode 1.62  0.51  
Landscape mode 1.62  0.51  
Street name 1.39  1.52  
Day and night mode 1.22  2.54  
Cut and paste 1.01  0.51  
Real time 0.86  6.09  
iPhone 3G 0.70  2.54  
Parking 0.36  1.02  
Post code 0.00  0.00  
Google local search 0.00  0.00  
Shops 0.00  0.00  
Interim destination 0.00  0.00  
Remaining time estimation 0.00  0.00  
MyRoute 0.00  0.00  
Profile 0.00  0.00  
Language 0.00  0.00  
Resuming after incoming call 0.00  0.00  
iOS2 0.00  0.00  
Take me home -0.35  0.51  
Arrival time estimation -0.47  1.02  
iOS3 -1.36  1.02  
Location sharing -2.31  2.03  
Coordinate input -4.22  3.05  
Zoom in out -5.25  8.63  
iOS4 -14.59  10.66  
Rest room -16.13  12.18  
Processing speed  -54.17  100.00  
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Figure 5-6(a) presents a histogram of the NCPSs. Its normal 

distribution-like shape suggests that most of X’s service features left 

customers with slightly positive impressions, whereas a few of them - such 

as GPS-related and processing speed-related features - made strong impacts 

on their perceptions.  

As for customers’ expectations, we measured the CES for each 

SFrK as the average absolute value of the CS of the customer-opinion 

vectors for each keyword. We normalized the CESs using a scale-adjustment 

constant for c of 100 - the resulting NCESs are shown in the third column of 

Table 5-6. In contrast with the NCPS, processing speed turned out to be the 

top SFrK, with an NCES about twice as high as the next highest, GPS. Some 

keywords with high NCPSs - such as GPS, map, route search, and POI - also 

showed high NCESs. 

Figure 5-6(b) shows the histogram of the NCESs. The half-bell 

shape suggests that customers’ only had high or moderate degrees of 

expectations for a few service features, such as processing speed- and GPS-

related features, while their expectations of most service features were low.  

 

5.4.1.6. Step 6: Assessing service performance and quality objective of the 

mobile navigation service 

 

We next measured the SQPs and SQOs for the mobile navigation’s service 

features in the service-feature hierarchy. As regards the service features at the 

leaf nodes, the SQPs and SQOs were calculated as the average NCPSs and 

NCESs for the associated SFrKs in the service-feature word dictionary. In 
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the case of those at the remaining nodes, the SQPs and SQOs were calculated 

as the average of the SQPs and SQOs for the nodes at the level below. 

Figure 5-7 depicts the resulting SOPs and SQOs on the service-

feature hierarchy, with which we can develop our knowledge on the 

performance and objective of mobile navigation service X in customers’ eyes. 

Some examples are presented at the first-level of service feature hierarchy as 

follows. First, service-specific features have positive SQPs, whereas product-

specific features have negative SQPs: but the SQO for product-specific 

 

 

Figure 5-6 Histogram of NCPSs and NCESs 
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features is greater than that for service-specific features. Therefore, we can 

say that the performance of the mobile navigation service X provided 

customers with positive impressions in terms of its overall service-specific 

features, but that they perceived the overall performance of its product-

specific features negatively, despite them having higher objectives than those 

of the service-specific features. As for remaining service features, the 

performance and objective can be examined in a similar way.  

 

 

Figure 5-7 SQPs and SQOs for mobile navigation service X 

 

5.4.1.7. Step 7: Performing the gap analysis on the mobile navigation service  

 

We calculated the SQGs for all constituents of the navigation service’s 

service-feature hierarchy by subtracting the SQOs from the SQPs. Figure 5-8 

presents the results for the corresponding nodes of the service-feature 
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hierarchy. 12 service features with negative SQGs were assessed as being of 

unsatisfactory quality, while the quality of the remaining 13 service features 

was assessed as being satisfactory, with positive SQGs. The service feature 

of the mobile navigation service X which showed the most unsatisfactory 

quality was processing speed, which had the lowest SQG: in contrast, GPS 

information had the highest SQG, indicating the most satisfactory quality. It 

is worth noting that in particular, six service features – map, speed assistant, 

entry-input, display, price, and battery life – were classified as being of 

unsatisfactory quality, despite having positive SQPs. It cannot be revealed 

that such service features have led to dissatisfied customers if we do not 

investigate a gap between customers’ perception and expectation. Thus, it 

can be said that the identification of such service features with positive SQPs 

but showing negative SQGs using the gap analysis supports why we should 

examine both customers’ perceptions and expectation.  

 

 
Figure 5-8 SQGs for mobile navigation service X 
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5.4.2. Diagnosis of quality of mobile navigation service 

 

The application of the suggested customer-review based gap analysis to the 

case of mobile navigation service X provides useful information in 

diagnosing service quality. In this section, we provide some examples for 

how the SQGs and the structure of the features represented in the service-

feature hierarchy (Figure 5-8) can be used to diagnose service quality. 

With respect to service-specific features, both information/content 

and functions were assessed as satisfactory, but the much higher SQG value 

of information/content indicates that X is perceived as being better in terms 

of its informational and content aspects than of its functional aspects. The 

function-related features - speed assistant, entry-input, display, and 

personalization - have negative SQGs, so can be considered targets for 

quality management or improvement. As far as information/content-related 

features are concerned, map and local information both need more 

improvement: in particular, map has the higher priority when it comes to its 

SQG, despite the fact that it has a positive NCPS, while local information 

has a negative NCPS. 

 

5.5. Research discussion 

 

Customers have been recognized as an important source of information 

leading to successful innovations (Desouza et al. 2008), and are seen as 
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particularly important in the service sector due to their vital role in shaping 

the service experience (Bitner et al. 1997). Many firms devote substantial 

efforts to acquiring customer knowledge and utilizing it in managerial 

activities such as service development, operation, and evaluation (Desouza et 

al. 2008), and these efforts have increased and become diversified with the 

advance in ICTs and the rise of Internet in recent years (Sigala 2009). Thus, 

online customer reviews are emerging as a valuable source for acquiring 

customer knowledge at relatively low cost to complement other methods for 

obtaining VOC information.  

However, given the growing amount of such review data, utilizing 

them in practice can be a major challenge, unless systematic methods and 

automated processes are available. Moreover, when customer reviews are 

used to support managerial processes, the end purposes must be considered - 

otherwise, it is difficult to derive useful information, and customer reviews 

are just texts that lose their value as a source of customer knowledge. From 

this view, this study suggests customer review-based gap analysis as a way 

of shedding light on how to use customer reviews to diagnose service quality. 

As well as reducing the burden of perusing customer reviews manually, the 

approach adopted must be tailored to the diagnosis of service quality rather 

than to general purposes. This section presents and discusses how our 

suggested approach can actualizes potentials of customer reviews in 

diagnosing service quality. 
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5.5.1. Usefulness of indexes in diagnosis of service quality 

 

While previous studies have analyzed customer reviews, they have mostly 

involved manual processes, and been limited to identifying quality 

dimensions (Yang et al. 2004). Beyond identifying the factors customers 

consider important when they evaluate service quality, we suggest using 

review data as a means of quantifying information about customers’ 

perceptions and expectations. Specifically, several indexes developed in this 

study (such as NCPS, NCES, SQP, SQO and SQG) translate the everyday 

words in customers’ reviews into service quality-specific knowledge, which 

can facilitate managers in using customer review data to examine the quality 

of their service system effectively.  

As our case study shows, the suggested indexes reveal that strength 

and weakness of services that currently offered at the keyword-level and the 

service-feature level. Since the suggested indexes offer information related to 

customers’ perception and expectation in the form of numerical values, the 

indexes enable SFrKs and service features of services to be ranked and 

compared with each other. Hence, the use of our suggested indexes can 

derive implication not only for the quality of individual service features but 

also for the prioritization of service improvement. In addition, as our case 

study examined the histograms of NCPSs and NCESs (Figure 5-6), such 

numerical values can be used to gain an overall picture of service quality. In 

summary, our suggested indexes can be used to address for both micro-level 

and macro-level diagnosis of service quality by examining the performance 
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and objective of a currently offered service from the customers’ point of 

view and to identify areas where that service could be improved.  

 

5.5.2. Building customer knowledge 

 

Fundamentally, the suggested approach facilitates customer-oriented 

diagnosis of service quality as it is based on the analysis of customer reviews, 

which convey customers’ thought through customers’ own expression. In 

addition, a service-feature hierarchy and a service-feature word dictionary in 

the suggested approach have advantages in building customer knowledge for 

diagnosing service quality.  

As explained in Section 5.4.1.2 and 5.4.1.3, in the process of 

conducting the case study, service features that the experts had not predicted 

were identified when SFrKs were extracted from customer reviews (i.e., 

battery life, device compatibility, and OS compatibility). This implies that a 

mismatch between experts’ understanding of customers and customers’ 

actual thought. The suggested two-step process for developing a service-

feature hierarchy, which is initially developed by experts, and then is 

adjusted with extracted SFrKs if necessary, can handle such a mismatch. As a 

result, it can enhance organizations’ knowledge about service features that 

influence customers’ assessment of service quality, enabling more 

comprehensive diagnosis of service quality. 

A service-feature word dictionary can also contribute to building 

customer knowledge by presenting information on the words customers used 
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to describe the service features. In our case study of mobile navigation X, for 

example, we could identify that a service feature local information of mobile 

navigation service X was characterized by such SFrKs as Google local 

search, restaurant, parking, gas station, shops, and rest room. When jointly 

considered with the suggested indexes for customers’ perception and 

expectation, the relationship between service features and SFrKs that a 

service-feature word dictionary represents can also enable the inference of 

SFrKs that cause high or low perception and expectation for certain service 

features, offering useful information in planning service improvement. In the 

above example of our case study, by investigating the NCPSs and NCESs of 

characterizing SFrKs of local information, we can identify the negative SQG 

of local information was due to rest room that having the negative NCPS, 

and parking having the NCPS lowering than the NCES. Such information 

implies that if the organization wants to improve the quality of location 

information that the X offers, it can be an effective way to investigate its 

currently offered information on rest rooms and parking lots. Although our 

suggested approach does not deal with how to improve the quality of certain 

service features, and additional research is essentially required for 

determining specific ways of service improvement, such information that 

NCPS and NCES deliver on underlying causes at the keyword level is still 

useful as it can offer clues for service improvement from customers’ 

perspective.  
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5.5.3. Potentials for continuous service improvement 

 

From the total service quality management perspective (Chang and Lin 

1991), the results of service quality evaluation should be reflected in service 

design and deployment, so forming a continuing cycle aimed at driving 

ongoing service improvements and raising customer satisfaction levels. 

Although the customer review-based gap analysis in this study has focused 

on the diagnosis of service quality, the method and results can also be 

informative in managerial issues concerning the design and deployment of 

services. The service-feature hierarchy assessed via the SQP, SQO, and SQG 

indexes can provide a common communication tool between service quality 

diagnosis and service design and deployment by clearly showing up quality 

problems and superiority at the service-feature level, rather than merely 

presenting customer ratings. It can also provide an opportunity to gain 

customers’ trust by resolving directly the complaints they identify in their 

reviews.  

Also, service quality should be diagnosed periodically if total 

service quality management and continuous innovation are to be 

accomplished (Min et al. 2002). As customer needs become more volatile, 

and innovation cycles become shorter, monitoring service quality becomes 

imperative to achieving higher customer satisfaction and thus business 

success. The approach suggested in this study does not cover this dynamic 

aspect of diagnosing service quality, but could be expanded in a cost-

effective way to cover this issue. Once they have been constructed, the 
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service-feature and sentiment word dictionaries are reusable and can be 

easily updated, as new data can be added via the use of a systematic 

methodology. 

 

5.6. Research conclusions 

 

The contributions and potential utility of this research are threefold. First, 

this study is the first attempt to utilize customer review data to analyze the 

service quality gap, by proposing a systematic process and appropriate 

methods that are tailored to this end. Second, the indexes we suggest can 

provide the practical information required to analyze service quality. The 

CPS and CES indexes can capture customers’ perceptions and expectations 

from their review data, even when the degrees of those perceptions and 

expectations are not represented explicitly. Incorporating CSP and CES into 

the SQP and SQO based on a service-feature hierarchy provides a diagnostic 

tool capable of examining both overall and detailed aspects of service quality. 

Third, identifying those service features which are competitive and those 

which are causing quality problems, and establishing priorities for rectifying 

underperforming features, support the diagnosis of service quality and 

further decision making about such issues as service redesign and resource 

allocation. Further, it is expected to the information related to the diagnosis 

of service quality that our suggested methods produce can contribute to 

enhancing the technology-based service systems toward a better customer 

experience because such information is basically derived from customer 
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reviews of which contents are based on customers’ real experience of 

customers.  

Believing that our method can serve as a starting point for 

developing more general models to make use of customer review data for 

service quality studies, we suggest some possible areas for future studies. 

First, customers often describe various types of opinions in their reviews 

other than simple positive and negative reactions, such as compliment, wish, 

suggestion, and complaint. Each of them could offer different implications 

for diagnosing service quality and service improvement. Compliment and 

complaint for certain service features can reveal where superior and inferior 

areas of current services are respectively. In contrast, wish and suggestion 

can offer customers’ voice about how the current services can be improved. 

Thus, if such types of customer opinions can be extracted from customer 

reviews and used to develop appropriate indexes, an analysis of customer 

reviews can provide relevant information not only for diagnosing service 

quality but also for prescribing remedies for service improvement from the 

customers’ perspective. Second, another useful type of information in 

customer reviews for service quality studies is comparative opinions. 

Customer reviews often convey customers’ assessment of focal services in 

comparison with their experience of other similar services, including which 

one is better and/or worse than another in what aspects. Such information is 

essential for benchmarking studies of service quality, and hence, how to 

extract and analyze such comparative information can be an interesting 

research topic.  
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Chapter 6. Conclusions 

 

6.1. Summary and contributions 

 

In recent years, customer experience has emerged as a new kind of economic 

offering, making differentiation and creating values for both firms and 

customers. In particular, the role of technologies is notable in realizing new 

customer experience. Given such advent of experience economy in which 

customer experience becomes one of the strongest guarantors for survival in 

the ever fierce competition, how to effectively use technologies to create and 

provide innovative and desirable customer experiences has been a 

strategically significant and important issue for firms to survive and success. 

The difficulty involved in addressing this problem is because customer 

experience has been dealt with as if it is a mere conceptual notion. Despite 

the necessity, analytical and methodological approaches to customer 

experience management have been rarely investigated. A lack of research is 

more severe for technology-based customer experience.  

In this circumstance, this study proposed analytical methods and 

procedures to address customer experience-related issues in the management 

of technology-based service system. In order to allow analytical approaches 

to customer experience in technology-based service systems, the perspective 

of management of service system was taken. The system perspective enables 

the investigation of customer experience, which is conceptual and subjective, 
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in the substantial frame of service system. Specifically, three research themes 

related to noteworthy customer experience in the technology-based service 

system were investigated at the three different steps of service system 

management – design, operation, and evaluation. Each of the three themes 

represented in usage in the management of technology-based service system 

aiming to create desired customer experience, as shown in Table 6-1. 

Considering various methods of matrix-based approach, ABM-based 

approach, and text mining and sentiment analysis, the possibility of 

suggesting practical research is explored as well. 

 

Table 6-1 Summary of each theme 

Theme Summary 

Theme # 1  Proposing a relational matrix-based approach to design-

perspective analysis for opportunity exploration 

Theme # 2 Proposing ABM-based approach to operation-perspective 

analysis of customer channel choice behavior 

Theme # 3  Proposing sentiment-based analysis on customer reviews for 

evaluation-perspective analysis that produces useful 

information to improve technology-based service systems 

in the view of customer experience  

 

Theme # 1 deals with a design-perspective analysis. The specific 

question to be addressed is how we can explore the opportunities of 

achieving ubiquitous and personalized experience in mobile app-based self-

services. The aim of this theme is to suggest a systemized framework, 

labelled a relational matrix-based approach. The suggested approach is 
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tailored to the opportunity exploration of mobile app-based self-services for 

ubiquitous and personalized experience.  

Theme # 2 is concerned with an operation-perspective analysis. The 

research question to be addressed is how we can orchestrate multiple service 

encounters based on the understanding of customers’ channel choice 

behavior across buying decision process. To address this question, this study 

suggests an ABM approach to modeling customers’ channel choices across 

the buying decision process in the multichannel service environment.  

Theme #3 focuses on an evaluation-perspective analysis. The 

research question to be addressed is how we can diagnose the quality of 

technology-based service system using online customer feedback. 

Recognizing potentials of online customer reviews as a source of the VOC, 

this study proposes an analytic framework and procedure that perform 

sentiment analysis on customer reviews and generate useful and actionable 

information for diagnosing service quality of technology-based service 

system.  

The major contributions of this study can be summarized from the 

two aspects: academic aspects and practical aspects. First of all, this study 

contributes to both customer experience literature and technology 

management literature. From the perspective of customer experience, the 

area of discussion in the literature is expanded from the conceptual 

discussion to the analytic and methodological approaches. The issue of 

customer experience creation using technologies is transformed into the 

decision-making problems relating to the design, operation, and evaluation 



145 

of the technology-based service system. This can be viewed as to make a 

step forward from the previous studies that had focused on measuring and 

evaluating the subjective and cognitive dimensions of customer experience 

without substantial methods to create desired customer experience. From the 

perspective of technology management, this study brings extension of its 

topics in the literature. The role of technology management in designing and 

managing customer experience is accentuated with the suggested methods, 

which are based on the standpoint of technology management in a narrow 

sense, and industrial engineering in a broad sense. Also, this study is 

expected to support realization and systemization of customer experience 

management by providing the analytical methods to organizations which are 

seeking to technology-based innovation in customer experience  

Each theme has its unique contributions, which are also presented in 

the section of research conclusions in each chapter. Table 6-2 summarizes 

major contribution of each research theme.  

 

6.2. Limitations and future research 

 

Despite the contributions, this study is subject to some limitations which 

could be a fruitful area for future research. The limitations of each theme are 

also presented in the section of research conclusions in each chapter. 
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Table 6-2 Major contribution of each theme 

Theme Perspective Contribution 

# 1  Design Contributing to creating new technology-enabled 

customer experience by enabling researchers and 

decision makers to obtain an outline for innovative 

customer-technology interaction in mobile app-

based self-services prior to determining specific 

design parameters. 

# 2 Operation Contributing to holistic, unified customer experience 

by performing experiments on scenarios of 

multichannel strategies and relevant information for 

the integrative operation of various technology-

based service channels 

# 3  Evaluation Contributing to the improvement of technology-based 

service systems that could provide better customer 

experience by obtaining information that is relevant 

and useful to diagnose problems  from the 

perspective of customer experience  

 

The major future research is to integrate the suggested methods to 

enhance customer experience at three steps of management of service 

systems into a holistic framework. The management of service system should 

be based on the design, operation, and evaluation that are intimately 

connected to one another, thereby forming a virtuous cycle. By doing so, 

continuous improvement and innovation of customer experience would be 

possible. However, this study currently focuses on each step independently. 

The possibility of unifying the suggested methods to enhance customer 
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experience in technology-based service systems and their results should be 

verified. In this respect, it would be helpful for more in-depth study to 

choose a common case to be investigated with the suggested approaches for 

design, operation, and evaluation, although the three different cases are 

studied for three steps in this study.  

Another future research is to extend the research area beyond 

analysis of front-stage customer experience to the whole aspects of service 

system including backstage and beyond-stage. The role of technology in 

customer experience innovation is evident from all three aspects. In addition, 

the backstage, front-stage, and beyond-stage of service systems are related to 

each other. Hence, in order to create desirable and innovative customer 

experience in technology-based service system, it is essentially needed to 

harmonious use of technologies at the overall-system level. Currently, the 

analytic focus of customer experience in this study is on the front-stage of 

technology-based service system. The proposed approach can provide useful 

and relevant information on customer experience that is observed in the 

front-stage. However, such information is not sufficient to create customer 

experience. To achieve desired customer experience at the front-stage in the 

technology-based service system, the result of our proposed analysis should 

be complemented by investigation of other aspects of service system, which 

also requires appropriate data and systemized methods.   
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경험 경 (experience economy)란 품이나 스가 아닌 

고객  경험 부  경  자 가 창출 는 러다임  지칭 는 

개 , 근 벌 경쟁  심  사업 경  속  변 , 

품  스  범용  인해 새 운 차별  요소  고객 

경험  요 이 증가 고 있다. 특히 보통신   

실  리  계  가상  지  계를 통합함 써 잠재  

고객 경험  실 , 장 고 경험 경  도래를 진 고 있다. 

이러  상황에   효과  용  통  신  고객 경험 

창출  업이 차별  경쟁  보    요건  

부상 고 있다. 늘날 업-고객  상 작용  면 면(face-to-face) 

스 뿐 아니라 다양    스 이 통합  

  스 시스 에  생 고 있 며, 라  고객 

경험  개 과 신  해 는   스 시스  체계 

내에  고객과  상 작용  분 고 고객 경험  에  

 용 고 리 는 것이 매우 요 다.  

이러  맥락에  본 논  ‘  용  고객 경험 

향상’이라는 를   스 시스  체계 내에  

다룬다. 즉, ‘향상  고객 경험  공  해   어떻게 

용해야 는가?’라는 질  ‘향상  고객 경험  공  

해 는   스 시스  어떻게 리해야 

는가?’라는 질  함 써 상  에 근 다. 
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구체 , 시스  리를 계, 운 , 평가  단계  나 어, 

  스 시스  계-운 -평가  각 단계에  고객 

경험  를 도출 고 이를 체계  해결   있는 분  

법  차를 안 는 것  목  다.  

첫 번째 연구 주 는   스 시스  계 

면에    신 인 고객- 업 상 작용  

고안함 써 새 운 고객 경험 창출에 여 는 것  목  다. 

본 논    스에  고객이 경험 는 가 가 

지원 과 고객 동 간 계에 라 달라진다는 에 착안,  

 스에  가  창출 커니즘  지원 , 고객 동, 가  

 요소  그 사이  상 작용  명 는 개  모  

구축 고, 이를 탕    고객 경험 회를 탐색  

 계 매트릭스 근  안 다. 안  계 매트릭스 

근  슈퍼마  소매업 경에  모 일 앱  스 

사 에 용 다. 

 번째 연구 주 는   스 시스  운  

면에  다양    스  통합  

운 함 써 체 인 고객 경험  공함에 여 는 것  

목  다. 과거 스 채  별  고객과  상 작용이 

독립  생  단일 스 채  경에 , 늘날 고객과 

복  스 채  사이  복합 , 통합  상 작용이 생 는 

다  스 채  경  변 는 고객 행동 이해  요 과 

어 움  증가시키고 있다. 이러  경 에, 본 논    
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다  채  경에  고객  채  택 행동  모 고 분  

 행 자  모델링  시뮬 이  근  안 고,  

소매업 사 연구를 행 다. 

 번째 연구 주 는   스 시스  평가 

면에  고객 경험 드  분 함 써 품질  진단과 

고객 경험 향상에 용  보를 획득 는 것  목  다.  

 스 시스  경우 고객과 직원 간  면 면 상 작용이 

부족 므 , 고객 드  획득   추가 인 안이 

이다. 본 논  보통신   인해 증 고 

있는 고객 드  데이 인 리뷰 데이 에  맞추고, 이에 

 감  분  근  통 여 고객 경험    스 

품질 평가 안  안 다. 안  근  모 일 내 게이  

사 연구에 용 다.  

본 논   효과는  면과 실  면에  

나 어 살펴볼  있다.  면에 , 본 논  존 헌에  

주  개  다루어  고객 경험에  논 를 분 , 

법  역  장했다는 에  를 가진다. 특히  

용  고객 경험 창출 를   스 시스  계, 

운 , 평가   사결  고, 이를 지원   

분  체계  차를 안함 써 고객 경험  주 , 인지  

차원  과 평가에 주   맞추어  존 연구  

범주에  나아가  경   시스  분  에  고객 

경험  다루었다는 에  를 가진다. 편  이러  근  
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고객 경험 창출  리를   경  역  강조 고 

시킴 써  경  분야  주  장  시도  것  

평가   있다. 실  면에 , 본 논   경험 경  

러다임과   고객 경험 신  통해 차별  경쟁  

보  요 이 증가 고 있는 상황에  업에게 이를 달  

 실질  도구를 공함 써 고객 경험 리  구 과 

체계 에 여  것  다. 

 

주요어 : 고객경험,  스 시스 , 고객 경험 향상   

분 ,  스 시스  계,  스 시스  운 , 

 스 시스  평가 
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