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ABSTRACT

Advancement of technology has enabled new forms of market interactions as well as

faster information exchange among market actors. For example, the electronic social
media act as means of customer-provider and customer-customer relationships,
facilitating constructive discussions and exchange of recommendations. In other words,
modern markets could be represented as systems comprising multiplicities of customers,
service providers and other kinds of stakeholders who rapidly interact with each other in
the forms of services, information exchange, recommendations, etc.

Customer loyalty has traditionally been recognized as playing a major role in customer
revisits, except in the case of fake loyalty caused by lock-in situations. Therefore, in the
quest for an answer to the traditional question of “why customers switch”, customer loyalty
has been studied extensively from different dimensions to identify possible causes of
loyalty. Especially the relationship between customer satisfaction and loyalty has been
thoroughly studied and quite prevalent (despite criticisms). However, the modern research
on customer loyalty is more directed towards customers’ emotional responses towards
consumption situations such as “affect” and “customer engagement”. Especially since
about a decade, customer engagement is getting increasing attention in the research
community, both as a psychological process that drives loyalty as well as a psychological
state at which loyalty is a consequence.

Notably, these research studies pay less attention to the possible dynamics of loyalty
stemming from interactions among market actors in modern markets. For example, an
emotional response of a customer at a particular consumption situation or with a new
provider just came to the market can reach hundreds of other potential customers within a
short period of time. On the other hand, competitive moves of providers to delight their
customers elevate the customer expectation levels, making customer satisfaction harder
to all providers. Therefore, customer loyalty may need to be studied as a dynamic
property in a complex system for better understanding. In other words, focusing on the
time dimension of loyalty in competitive business environments would be a necessity to
see how loyalty varies over time and its possible relationships with customers’ switching.

A study of such system dynamics demands a systems thinking approach to capture the
non-linearities and uncertainties involved with the interactions. However, the conventional
research methods in business and marketing lack such a systems thinking approach as
they rather focus on the properties of individual components than the interactions between

iii
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the components. This research introduces a novel method to study the dynamics of
loyalty taking the systems thinking approach by combining Agent-based Modeling (ABM)
and Service-Dominant (S-D) Logic.

When it comes to the “market as a system” viewpoint, the service-dominant logic
unarguably has done a tremendous contribution. It views market as a system of actors,
who possess resources and provide services to other actors by exchanging resources.
This transcends the traditional transactional view of market interactions to a relational
level. In the traditional transactional view, value is added to a product or service (the
intangible product) at different points of the value chain, and exchanged for something
(usually money) to complete a transaction. Thus, the traditional view considers value-in-
exchange. In contrast, service-dominant logic views any tangible or intangible offering (of
resources) by a service provider as a means of delivering a service, and value as being
co-created at the time of use by the beneficiary by combining provider’s resources with its
own resources. This relational view focuses on the value-in-use than value-in-exchange.
As the relationship between loyalty and value-in-use is recognized, service-dominant logic
opens up a new perspective for research on customer loyalty.

Agent-based Modeling, on the other hand has got significant attention in the study of
complex adaptive systems. However, no agent-based market model has been reported to
date that is constructed upon the foundations of service-dominant logic. This thesis
presents an agent-based market model constructed upon the foundations of service-
dominant logic to study the dynamics of customer loyalty. It adopts the “service system
abstraction” to define agents and Kauffman’s NKCS architecture to the computational
representation of agents and value co-creation in their interactions. It further defines
customer loyalty as stemming from one’s “affective commitment” towards a provider,
which is a combination of “trust” and the strength of “peer recommendations” received
about the provider. Customer agents use their loyalty values towards each service
provider probabilistically to choose a provider when they get a service need. The resulting
service experience is evaluated in terms of co-created value against the expectation of
the customer at that time, which grows by a certain percentage at each positive service
experience.

The thesis reports an extensive study of related literature, the details of the formalization
of the model with respect to the literature, key outcomes as well as a discussion on the
potential of applying this model to the tourism sector using Sri Lanka as the test bed.

iv



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

LIST OF FIGURES

2.1
2.2
23

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

3.9
3.10
3.1

4.1
4.2
4.3

44

4.5-(a)
4.5-(b)
4.6

4.7-(a)
4.7-(b)
4.8-(a)
4.8-(b)
4.9-(a)

4.9-(b)

5.1
5.2

Overview of Related Work
The ISPAR Model of Service System Interactions
The Customer Engagement Process Model by Bowden

Organization of Model Details According to the ODD Protocol

Model Overview

Entities and their Relationships as a Class Diagram

Process of Selecting a Provider at a Service Need

The Process of Service Interaction between a Customer and a Provider

lllustration of the Representation of Value Proposition and Current State
The Dependency Structure of Value ltems according to the NKCS Model
Algorithm that Determines Satisfaction on Attributes based on

Matzler et al.’s Categorization

The Correspondence between Trust and Satisfaction

Sub Models of Building the Model Context

Sub Models of the Market Process

Dynamic Behavior of Customer Loyalty with Time
Number of Customers Arrived for Each Provider over Time
Frequency of Customer Switching over Time

6
12
17

23
24
24
34
35
37
39

42
44
49
55

59
60
61

Frequency of Customer Switching Over Time at Higher Initial Expectations 62

Change of Average Affection with a Competitor Added at Time = 50
Change of Market Share with Early Competition

Change of Average Affection with a Competitor Imitating the Best Existing
Provider Added at Time = 50

Change of Average Affection with a Competitor Added at Time = 200
Change of Market Share with Late Competition

Change of Average Affection with Low Expectation Growth Rate (=1%)
and a Competitor Added Early (time = 50)

Change of Market Share with Low Expectation Growth Rate (=1%)
and a Competitor Added Early (time = 50)

Change of Average Affection with Higher Loyalty Biasness (=90%)

and a Competitor added Early (time = 50)

Change of Market Share with Higher Loyalty Biasness (=90%)

and a Competitor added Early (time = 50)

Comparison of Tourist Arrivals to Sri Lanka in 2013 and 2014

Tourism Area Life Cycle of Butler, 1980

63
64

65

65

66

67

67

68

69

76
77



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

5.3
54
5.5
5.6

Part of a Hotel's Value Proposition and Potential States
Part of a Tourist’'s Value Proposition and Potential States
How Value Co-creation Works in Tourism

Service System Interactions in a Tourism Market

78
79
80
81

vi



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

LIST OF TABLES

21
2.2

23

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.1
3.12

Fundamental Premises of Service-Dominant Logic
Comparison of Goods-Dominant Logic and Service-Dominant

Logic on Value Creation

The Five Fundamental Propositions of Customer Engagement

Attributes of the Entity “Value Iltem”

Attributes of the Entity “Customer”

Attributes of the Entity “Provider”

Attributes of the Entity “Service Experience”
Attributes of the Entity “Recommendation”
Attributes of the Entity “Affection”

Attributes of the Entity “Transaction”

Attributes of the Entity “Customer Relationship”
Attributes of the Entity “Context Builder”
Attributes of the Entity “Controller”

Model Parameters

Initial Parameter Values Used in the Simulation

15

25
26
27
28
28
29
29
29
30
31
32
48

vii



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

1. Introduction

1.1. Background

“Why do customers switch?” or “Why do customers defect?” is an important
question in business and marketing. In competitive business environments,
business entities are proactively working on continuously improving their service
and competence levels expecting to secure the market share and
competitiveness. In this endeavor, it is advocated to put greater emphasis on
retaining customers than attempting to acquire new customers, as the retained
customers bring in long-term benefits to the company [1]. For example, the cost
of acquiring a new customer is a one-time expense and it is not incurred with
repeat customers. Instead, the repeat customers are likely to contribute to the
growth of the company by creating positive word-of-mouth, extra purchases,
advocacy, etc. Therefore, retaining their existing customers is an important
objective of any company, and hence the question “why customers defect?” is
valid all time.

While it is not always accurate to consider customer retention as a proxy to
customer loyalty [1], loyalty of customers has been thoroughly acknowledged as a
key determinant of repeat customer visits. According to Oliver, loyalty refers to the
extent, to which customers feel committed to suppliers and do not actively seek
out replacement suppliers [2]. Over the past, the determinants of loyalty have
been studied taking different approaches, from the measures of mere satisfaction
to the measures of emotional consumption responses while attention being paid
recently to the concept of customer engagement [3]. According to Bowden, there
exists a need for the development of measurement models that more effectively

account for the depth of customers’ emotional responses, to consumption
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situations. These emotional responses of customers to consumption situations
are closely related to the concept of “value-in-use” found in Service Dominant
Logic [4]. Therefore, Service-Dominant Logic (SD Logic) has become an

important aspect in the discussion on the determinants of customer loyalty.

1.2. Motivation and Research Questions

The motivation for this research comes from the observations on the changes
taking place in business environments over that past decade. Compared to the
previous century, markets today have become complex systems with increased
connectivity among its actors. For example, the growing popularity of electronic
social networks has opened up new means for maintaining firm-customer
relationships as well as customer-customer relationships. This has enabled faster
exchange of information, opinions and recommendations among system actors.
For example, an emotional response of one customer related to a particular
consumption experience or with a new provider came to the market, can get
disseminated through electronic social networks among hundreds of potential and
current customers within a short period of time. Frequent exchange of such
information is more likely to influence the next purchase decisions of some
potential customers. On the other hand, business competitiveness has grown
rapidly in the recent years with the development of technology. In most industries,
firms are continuously focusing on giving delightful experiences to their
customers. However, such attempts to delight customers elevate the levels of

customer expectations, making customer satisfaction a challenge [6].

Therefore, this thesis holds the view that the study on customer loyalty has to
take these changes in the market conditions into consideration. In other words,
customer loyalty needs to be studied as a dynamic property influenced by the
customers’ emotional responses in consumption situations and the rapid
exchange of consumption experiences among customers. This emphasizes the
necessity of adopting the systems thinking approach and focusing on the

interactions between system components to understand potential dynamics of
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loyalty. For example, value co-creation in firm-customer interactions generates
emotional responses at use contexts, varying customers’ trust and involvement
with respective providers and influencing their next purchase decisions and
behaviors in customer forums. The significance of this approach is further
corroborated with the work of Bowden where customer loyalty is conceptualized
as stemming from interactive customer experiences in the process of customer
engagement [3] as well as the work of Brodie et al. where customer loyalty is
seen as a consequence of dynamic, iterative customer engagement processes
[6].

However, apart from such conceptual models, research to date has no evidence
of any research conducted to study loyalty as a dynamic property stemming from
interactions in markets. Hence, this thesis is inspired by the following research

questions.

* How does customer loyalty dynamically change in competitive business
environments?

* How such dynamics could be effectively studied?

* If such dynamics exist, how are customers’ switching decisions associated

with them?
1.3. The Service-Dominant Logic Perspective

When it comes to the “market as a system” viewpoint, the service-dominant logic
unarguably has done a tremendous contribution. It views market as a system of
actors, who possess resources and provide services to other actors by
exchanging resources [7]. This transcends the traditional transactional view of
market interactions to a relational level. In the traditional transactional view, value
is added to a product or service (the intangible product) at different points of the
value chain, and exchanged for something (usually money) to complete a
transaction. Thus, the traditional view considers value-in-exchange. In contrast,
service-dominant logic views any tangible or intangible offering (of resources) by

a service provider as a means of delivering a service, and value as being co-
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created at the time of use by the beneficiary by combining provider’s resources
with its own resources. This relational view focuses on the value-in-use than
value-in-exchange. As the relationship between loyalty and value-in-use is
recognized [6], service-dominant logic opens up a new perspective for research

on customer loyalty.
1.4. Methodology

The traditional approach of studying complex systems involves decomposing the
system into components to analyze the properties of components. However, such
approach is not effective in the study of human systems that involve non-
linearities [8]. In contrast, systems thinking approach focuses on how the thing
being studied interacts with the other constituents of the system—a set of
elements that interact to produce behavior—of which it is a part. This means that
instead of isolating smaller and smaller parts of the system being studied,
systems thinking works by expanding its view to take into account larger and
larger numbers of interactions as an issue is being studied [9].

This thesis proposes to use Agent-based Modeling and Simulation (ABMS)
methodology to study the dynamics of loyalty in market systems from the service-
dominant logic perspective. Since ABMS adopts systems thinking approach to
model and simulate complex adaptive systems computationally, combination of
ABMS and service-dominant logic seems to have the right potential to initiate a
new direction for the research on customer loyalty. In ABMS, Agents resemble
actors of the real social system being modeled and are software components
programmed to mimic the behaviors of their real counterparts when put together.
With such a model, it is possible to initialize the virtual world to a preset
arrangement and then let the model run and observe its behavior. Specifically,

emergent patterns of action may become apparent from observing the simulation

[8].
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1.5. Objectives

However, building an agent-based model based on the fundamental propositions
of service-dominant logic is a challenging task. Service-dominant logic proposes a
completely different mindset from that of the well-established goods-dominant
logic; hence this research requires a start from the scratch. In other words, due to
the lack (if not unavailable) of benchmark models, building an agent-based model
on the foundations of service-dominant logic requires careful attention on each of
the fundamental propositions to formalize the entities of agents, define their
structures, model their interactive behaviors, etc. For example, value co-creation
is still a vague and abstract concept but central to this study and hence, modeling
the value co-creation process among agents requires an in depth analysis.
Therefore, this thesis is developed having the building of agent-based model from
the service-dominant logic as a key objective. Following is the list of objectives of
this thesis in the quest for answers to the research questions.

. Develop an Agent-based Model from the SD Logic perspective

. Study how ‘Loyalty’ change dynamically in a competitive

environment
. Study the relationship between the dynamics of loyalty and the

decision to switch
1.6. Thesis Contents

This thesis contains six chapters in the main text followed by few appendices to
fulfill certain gaps. The chapter two discusses the important literature relevant to
this research. Chapter three, which is the longest chapter, contains the details of
the model, organized according to the ODD protocol. Chapter four presents the
results of the basic experiments conducted using simulation. Chapter five
discusses further about the model, its usefulness and applicability. It discusses
the applicability of the model to the tourism industry of Sri Lanka. Chapter six

provides the concluding remarks, limitations and future work.
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2. Literature Review

This section of the thesis contains a review of the related literature of this
research. Due to the interdisciplinary nature of this research, as illustrated by
Figure 2.1, this section demands a thorough review of all major research streams
related to the study. Therefore, this section is organized under three subsections
namely, “Markets and Systems”, “Customer Satisfaction, Engagement and

Loyalty” and “Agent-based Modeling and Artificial Markets”.

\ - .

}_, ______________________ . This

| ..Research_.
/ -

Artificial
s/

Service Dominant
Logic & Service
Science

Agent-based Modeling Literature

Customer Loyalt )
and Engagement W

Business and Marketing Literature

-

Figure 2.1: Overview of related work

2.1. Markets as Systems

The identity of Marketing is continuously evolving over a century [10]. According
to the latest definition of marketing of the American Marketing Association (AMA),
marketing is the activity, set of institutions, and processes for creating,
communicating, delivering, and exchanging offerings that have value for

customers, clients, partners, and society at large [11]. Compared to the historical
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stages of marketing philosophy such as “To Market” and “Market To”, modern
marketing has the essence of “Marketing With (Customers)”’, where customers
are recognized as endogenous and as partners in the co-creation of value [10].
This indicates a shift in the emphasis of marketing research towards the systems

thinking approach.
2.1.1. Service-Dominant Logic

According to Barile et al., systems view within marketing is not new although only
through the service-dominant logic (SD logic) [12] and service science (SS) can
one truly appreciate the full integration of systems thinking within marketing
research [13]. Service-dominant logic was first introduced in 2004 and went
through a refinement in 2006 [4] to be what it is known as service-dominant logic
today [10]. S-D logic adopts the systems approach to the study of markets by
defining markets as systems of resource integrating actors who interact by
exchanging services and co-creating value [7]. The difference between Service-
Dominant logic and what is called the traditional Goods-Dominant logic involves a
philosophical discussion on value in the foundation of economics [14]. According
to Vargo et al. [14], the traditional Goods- Dominant logic focuses on the value-in-
exchange where as the Service-Dominant logic focuses on the value-in-use.
Thus, the firms that believe in Goods-Dominant logic would focus on producing
goods (or its intangible counterpart - services) in surplus with embedded value
and distributing that surplus to maximize profits through economies of scale. In
contrast, firms that adopt a Service-Dominant logic mindset would focus on
increasing the adaptability, survivability and system wellbeing through competitive
value propositions that primarily involve applied operant resources (i.e.
knowledge and skills) and support realizing value in use. Table 2.1 presents the
foundational premises of Service-Dominant logic and Table 2.2 presents a
comparison of Service-Dominant logic and Goods-Dominant Logic in terms of

value creation.

According to service-dominant logic, a service is an exchange of resources either

in tangible or intangible form [4]. In other words, any tangible or intangible offering



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

in the market is a means of offering a service by one actor to another, which is
called a value proposition. A value proposition of a firm to its customers thus
indicates an application of its resources, to a particular need. Therefore, a value
proposition could be characterized by a set of value creating attributes, along
which the firm’s resources are applied and organized [15]. According to Lusch et
al., S-D logic emphasis on the operant resources, which are mainly the
knowledge and competence of the firm [4]. Typically, operant resources are
applied on operand resources, i.e. tangible resources, to offer a service. The
extent to which the resources need to be allocated along each attribute of the
value proposition is a strategic decision of the firm. According to Karpen et al., the
capabilities that facilitate and enhance value co-creation processes are strategic
capabilities central to an organization’s competitive advantage [16]. Therefore, a
value proposition of a particular firm is a state that reflects its strategy in
supporting value co-creation. The best combination of resources mobilized for a

particular situation is also called “density” in the literature [15] [17].

Table 2.1: Fundamental Premises of Service-Dominant Logic

Foundational Description
Premise ID

FP1 Service is the fundamental basis of exchange

FP2 Indirect exchange masks the fundamental basis of
exchange

FP3 Goods are a distribution mechanism for service provision

FP4 Operant resources are the fundamental source of
competitive advantage

FP5 All economies are service economies
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FP6 The customer is always a co-creator of value

FP7 The enterprise cannot deliver value, but only offer value
proposition

FP8 A service centered view is inherently customer oriented

and relational

FP9 All social and economic actors are resource integrators

FP10 Value is always uniquely and phenomenologically

determined by the beneficiary

Table 2.2: Comparison of Goods-Dominant Logic and Service-Dominant Logic on

Value Creation

Comparison Goods-Dominant Service-Dominant Logic
Factor Logic
Value driver Value-in-exchange Value-in-use or value-in- context
Creator of Firm, often with input Firm, network partners and
value from firms in a supply customers
chain
Process of Firms embed value in Firms propose value through market
value creation | "goods” or "services”, offerings, customers continue value-
value is 'added’ by creation process through use
enhancing or increasing
attributes
Purpose of Increase wealth for the Increase adaptability, survivability,
value firm and system wellbeing through

service (applied knowledge and
skills) of others

Measurement The amount of nominal The adaptability and the survivability
of value value, price received in of the beneficiary system
exchange
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Resources Primarily the operand re- | Primarily operant resources (i.e.
used sources (i.e. tangible re- | intangible resources such as
sources) knowledge and skills), sometimes

transferred by embedding them in
operand resources-goods

Produce and distribute Propose and co-create value,

Role of firm ; :
value provide service

Role of goods Units of output, operand | Vehicle for operant re- sources,

resources that are enables access to benefits of firm
embedded with value competences
Role of To 'use-up’ or ‘destroy’ Co-create value through the
customers value created by the firm | integration of firm provided

resources with other private and
public resources

Value is defined as a change that people prefer [18]. Traditionally, value was
considered as added in a tangible or intangible product as can be exchanged for
something (commonly money). However, this product-based thinking ends the
manufacturer’s responsibility for value creation upon transfer of ownership with an
exchange [15]. This is known as exchange value or value-in-exchange, where the
customer becomes a destroyer of value created by the firm. In contrast, S-D logic
talks about value-in-use [4], where it is argued that value cannot be added to a
service upfront but has to be co-created by the beneficiary at the time of use [19].
More precisely, in a service interaction, the service provider makes a service offer
through a value proposition using its resources and, the customer (beneficiary),
upon acceptance of the offer, co-creates value with the help of resources
possessed by him or her. The concept of value co-creation rejects the separation
of the traditional value chain and proposes a value system where producer and
customer in a relational system create value through the integration of their

resources [15].

A useful and operational definition for value co-creation is present in the work of
Novani, Kijima and Ng [20][21][22]. According to Kijima [21], value co-creation is

defined as a process with four phases namely co-experience, co-definition, co-
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elevation and co-development. Co-experience is the sharing of internal models of
preferences, capabilities and expectations of each other in a collaborative value
co-creation process between customers and providers. Co-definition results in a
shared common internal model by mutually learning each other’s preferences,
capabilities and expectations. Co-elevation is a zigzag shaped spiral up process
of growing expectation of the customers and abilities of the providers and co-
development pays attention to co-innovation generated by simultaneous
collaboration among various entities. Co-development of service innovation is
usually carried out in the context that customers evaluate and assesses the value,
while providers learn from the responses from the customers. Moreover, co-
experience and co-definition are short-term processes whereas co-elevation and

co-development are long-term processes.

Service-Dominant logic is regarded as the provider of the right perspective,
vocabulary and assumptions for modern service research [23] and the mindset of
S-D logic has been acknowledged as having a staggering potential to continue to

be a catalyst for important research in the field of services [24].
2.1.2. Service Science

According to Vargo et al., the scholarly activity with the most potential for
development of a systems approach to understanding the market and application
for marketing is that associated with IBM’s effort to create a science of service —
Service Science [7]. Service science is extended to incorporate management and
engineering disciplines as Service Science, Management and Engineering [25].
Aiming to create the basis for systematic service innovation, service science
would combine organization and human understanding with business and
technological understanding to (1) explain the origins and growth of service
systems; (2) solve fundamental problems such as how to invest optimally to
improve service productivity and quality; and (3) produce unique service

professionals and service scientists [26] [27].
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Service science is the study of service systems, which are dynamic value co-
creation configurations of resources (people, technology, organizations, and
shared information) [27]. This abstract notion of service system [19] enables
defining actors of service markets based on S-D logic. In other words, a market
could be viewed as a population of interacting service systems of different kinds.
According to Maglio et al., anything ranging from individuals, firms and agencies
to worlds and planets could be a service system [23]. A service system is
characterized by a value proposition, which helps it to agglomerate its resources
in different dimensions and interact with other service systems by exchanging
resources [19]. Hence, a market comprising firms (service providers) and their
customers could be viewed as a platform, on which firm service systems interact

with customer service systems co-creating value.

| = Interaction D = Dispute

: § = Service Interaction -D = Not Disputed

: -5 = Non-service Interaction K = OK resolution for All

: P =Proposal Communicated -K = Not OK resolution for all

-P = Proposal Not Communicated W = Welcome Non-service Interaction

: A = Agreement -W = Not Welcome Non-service Interaction
: -A = Agreement Not Reached C =Criminal (lllegal) Interaction

: R = Realized Value Co-creation -C = Not Criminal Interaction

-R = Value Co-creation Not realized J = Justice Realized
: -J = Justice Not Realized

Figure 2.2: The ISPAR Model of Service System Interactions

The process of interaction between two service systems has been presented as a
model of ten possible outcomes in the ISPAR (Interact-Serve-Propose-Agree-

Realize) model [19]. In the ISPAR model, an interaction can be either a service
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interaction or a non-service interaction. Service interactions are value co-creation
interactions between service providers and customers, where each service
system engages in one or more of three main activities: (1) proposing a value co-
creation interaction to another service system (proposal), (2) agreeing to a
proposal (agreement), (3) realizing the proposal (realization). A non-service
interaction involves little or no value co-creation but may act as a determinant of a
future service interaction. Furthermore a non-service interaction between two
service systems is voluntary and usually welcomed. An example of a welcoming
behavior could be exchanging pleasantries on the street whereas an
unwelcoming behavior could, for example, be committing a crime. Figure 2.2 is an
illustration of the ISPAR model.

According to Maglio, one key challenge in developing a new science of service is
in finding appropriate methods for modeling service systems [7]. The IBM, IfM
report in 2008 suggests that, perhaps more than any other subjects,
advancement in Service Science depends on models and simulations of
alternative service systems designs. When data are not readily available, service
practitioners need simulation tools to support their decision-making processes
[28]. Based on this idea, Kieliszewski et al. discuss a modeling approach for value

constellations to understand complex service system interactions [29].
2.2. Customer Satisfaction, Engagement and Loyalty

The link between customer satisfaction and loyalty is accepted widely as well as
questioned equally [3][30]. As mentioned in Mittal et al., customer satisfaction has
a widespread recognition over couple of decades as the key determinant of
customer retention [30]. According to Oliver, loyalty refers to the extent to which
customers feel committed to suppliers and do not actively seek out replacement
suppliers [2]. Therefore, in the recent past, customer satisfaction management
had become a strategic imperative for most firms [31] and, satisfaction has, for

some, become the ubiquitous mantra for corporate success [32].
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2.2.1. Measures of Customer Satisfaction

Traditional approach of measuring customer satisfaction involves the
confirmation-disconfirmation of expectations [33]. As quoted by Bowden, this
approach conceptualizes satisfaction as post consumption, cognitive process [3].
Those who criticize the role of measures of customer satisfaction in determining
loyalty mainly claim its inability to measure the depth of customers’ responses to
consumption situations [34] as well as its failure to discriminate between true

brand loyalty and inertia repeat purchasing [35].

According to Zeithaml et al., customers assess service performance based on two
standards: what they desire and what they deem acceptable [36]. They define two
levels in the expected service as the desired service level and the adequate
service level. The difference between the two levels is called the “zone of
tolerance”. This zone of tolerance expands and contracts based on external

factors.

Factor or attribute based approaches to measuring customer satisfaction
supplements the confirmation-disconfirmation approach [3]. According to Allege et
al., it is well established in tourism literature that both overall tourist satisfaction
and a tourist’s intention to return are particularly determined by his/her
assessment of the destination’s different attributes [37]. There exist different
classifications of these attributes depending on the ways their performance
contributes to the overall customer satisfaction [37]. According to Vargo et al., the
primary distinction among these antecedents is that (1) some increase
satisfaction when present but do not increase dissatisfaction when absent, (2)
some increase dissatisfaction when absent but do not increase satisfaction when
present, (3) some impact both satisfaction and dissatisfaction and negative
evaluations to the extent that they are present or absent, and (4) some have no
impact on satisfaction and dissatisfaction [38]. This is similar to the classification
of Matzler et al. [39] following the work of Kano [40], where each attribute could
be a “basic”, “excitement” or a “performance” factor. Basic factors lead to extreme

dissatisfaction if they do not meet expectations, yet do not increase satisfaction if
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they are met. Excitement factors increase satisfaction when offered but do not
increase dissatisfaction when not offered. Performance factors work in both
directions, generating satisfaction when work well and generating dissatisfaction
when they do not.

The limitations of purely post consumption, cognitive processes to evaluate
customer satisfaction have directed the research towards “affect”, based on the
consumers’ emotional consumption responses such as customer delight [41].
However, as mentioned by Bowden [3], delight has been criticized for certain
adverse effects such as increasing expectations of customers [5] and leading to

habituation with regard to delighting service delivery [42].
2.2.2. Role of Customer Engagement in Dynamics of Loyalty

According to Brodie et al., within the academic marketing and service literature,
very few articles used the terms “consumer engagement”, “customer
engagement” and/or “brand engagement” prior to 2005 [6]. Recognizing the need
for a systematic scholarly inquiry into the concept of “engagement” and its
conceptual distinctiveness from the other, associated relational concepts, they
explore the theoretical foundations of “customer engagement — (CE)” by drawing
on relationship marketing theory and service-dominant logic. The analysis derives
five fundamental propositions, which are used to develop a general definition of

customer engagement.

Table 2.3: The Five Fundamental Propositions of Customer Engagement

ID Fundamental Proposition

FP1 | CE reflects a psychological state, which occurs by virtue of interactive
customer experiences with a focal agent/object within specific service

relationships

FP2 | CE states occur within a dynamic, iterative process of service

relationships that co-creates value
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FP3

CE plays a central role within a nomological network of service

relationships

FP4

CE is a multidimensional concept subject to a context- and/or
stakeholder-specific expression of relevant cognitive, emotional and

behavioral dimensions

FP5

CE occurs within a specific set of situational conditions generating

differing CE levels.

The five fundamental propositions of customer engagement are mentioned in

Table 2.3. According to the general

fundamental propositions,

CE is a psychological state that occurs by virtue of interactive, co-creative
customer experiences with a focal agent/object (e.g. a brand) in focal service
relationships. It occurs under a specific set of context-dependent conditions
generating differing CE levels; and exists as a dynamic, iterative process
within service relationships that co-create value. CE plays a central role in a
nomological network governing service relationships in which other relational
concepts (e.g. involvement, loyalty) are antecedents and/or consequences in
iterative CE processes. It is a multidimensional concept subject to a context-
and/or stakeholder-specific expression of relevant cognitive, emotional,

and/or behavioral dimensions.

definition attained from those five

Brodie et al. further discuss several customer engagement research implications

pertaining to the five fundamental propositions of CE mentioned in Table 2.3 [6].

Bowden presents a conceptual model of the customer engagement process,

which determines loyalty through affective commitment towards a service provider

iteratively [3]. The model, depicted by Figure 2.3, clearly differentiates the new

and repeat customers. A new customer usually possesses an ill developed

knowledge structure about a service provider compared to a repeat customer who

has a rather developed knowledge structure with previous experience. A new
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customer tends to evaluate different attributes of a service (from a particular
service provider) when evaluating a consumption experience, which determines
his or her satisfaction and intention to return. Hence, calculative commitment is
the extent to which a new customer evaluates the attribute level outcomes of a
service. A positive overall evaluation of attribute level outcomes causes customer
delight, which would help originating an affective commitment in the new
customer. Experience of a new customer with a service provides a feedback,
which enhances the knowledge structure of that customer about the particular
service provider. A repeat customer on the other hand has a well-developed
knowledge structure about the service of a particular service provider. Hence his
or her satisfaction is assumed. The satisfaction of a repeat customer of a service
provider helps developing trust on that service provider. The trust helps
developing an emotional bond between the repeat customer and the service
provider strengthening the affective commitment and involvement with the
particular service provider. The affective commitment strengthens the loyalty of
the repeat customer with the service provider, while giving feedback to improve
his or her knowledge structure about the service of that particular service
provider.

Feedback informs
knowledge set

Negative

NEW / Evaluation
CUSTOMERS
Calculati

Structure
Undeveloped \
Customer
Delight
T

REPEAT )

A"

CUSTOMERS e ;
Knowledge Satisfaction _uuLl_, Affective —)EOYALTY

Structure Assumed Commitment

Developed
A
Involvement

Feedback informs
knowledge set

Figure 2.3: The Customer Engagement Process Model by Bowden
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2.3. Agent-based Modeling and Artificial Markets
2.3.1. The Discipline of Agent-based Modeling

Agent-based modeling consist of a number of interacting autonomous agents who
are represented as computerized independent entities capable of acting locally in
response to stimuli or to communication from other agents [43]. These agents,
when put together, interact with each other according to their local information
and behavioral rules, resulting various complex patterns. In other words, these
agents act as parts of a complex whole, of which the properties can only be
studied by letting the parts to interact with each other. Due to this reason, agent-
based modeling has become a prominent technology in studying complex

adaptive systems [44].

According to Allan Kay, the best way to predict the future is to invent it [44]. In
social science, this is called the generative approach, in which a generativist
looking forward to explain the emergence of macroscopic societal regularities,
such as norms or price equilibrium, would like to know how the decentralized local
interactions of heterogeneous autonomous agents could generate the given
regularity [45]. Generally, the interdependency, emergence and non-linearity
inherent in the underlying processes make it difficult for humans, unassisted by
computer simulations, to effectively reason about the consequences of actions in
a complex system [46]. Agent-based modeling enables to generate that future, i.
e. the would be world [47], in the form of a computer simulation in which a group
of heterogeneous, autonomous, bounded rational agents interact locally in a
explicit space [45]. The creation of silicon surrogates of real- world complex
systems allows us to perform controlled repeatable experiments on the real
McCoy [48].

Even though agent-based modeling has been used extensively in various
domains of complex adaptive systems, there is not much evidence in the
literature about using agent-based approach to study complex service systems.

However, the emerging literature in complex service systems implies that there is
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a need for adopting such computational techniques for the progress of the
discipline [13], [14], [49], [50]. According to [51], one key challenge in developing
a new science of services is in finding appropriate methods for modeling service
systems. Meanwhile, [52] sees that agent-based modeling techniques, first
developed for artificial intelligence, are now being applied in new areas such as
computational organization theory and agent-based computational economics,
indicating an interdisciplinary academic shift with a potential for services.
Furthermore, [53] proposes agent-based modeling as a research methodology for

this emerging field, which lacks research methodologies.
2.3.2. Artificial Market Research

Artificial markets has been a popular and emerging form of agent-based social
simulation, in which agents represent consumers, firms or industries interacting
under simulated market conditions [54]. According to Zenobia et al. [54], there are
several promising applications of artificial markets such as forecasting future
market behavior, exploring market dynamics, conducting massively parallel
market analysis, gaming organizational strategies for volatile new markets, and
profiling products and services which do not currently exist, but which markets are
poised and ready to accept. Furthermore, the recent proliferation of social
networks has boosted the interest of studying the diffusion of innovations through
agent-based modeling. For example, Lee et al. [55] studies pricing and timing
strategies such as time to market and time to discount of a new product using
agent-based simulations of behavioral consumers. Consumer agents of that
model make purchase decisions for a new product referring to the characteristics
of the current product they use and to the recommendations of the peers in their
social network. Moreover, Garifullin et al., discuss artificial market modeling
patterns using Anylogic simulation environment [56]. However, Baptista et al. [57]
argues although a number of agent-based models of consumer behavior have
been proposed in recent years the advantages of this approach are yet to be fully

grasped by the business simulation community. This statement can be related in
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particularly to the emerging domain of service-dominant logic as only a handful of

agent-based models have been developed based on service-dominant logic.
2.3.3. Kauffman’s NKCS Architecture

The NKCS model developed by Kauffman mimics the co-evolution of multiple
species in a biological ecosystem [58]. This can be likened to the process, in
which stakeholders of a complex service system co-evolve outcomes, both
individually as well as systemically, by providing service to each other by means
of their individual competence. Thus, the NKCS model provides an appropriate
and interesting basis for a rational discussion on value co-creation in complex

service systems.

As the name denotes, the NKCS model is based on four main parameters N, K, C
and S. Even though not mentioned, there exist two other parameters namely X
and A. The NKCS model defines S number of species, each represented by a
genotype comprising N number of genes. K defines the degree of inter-
dependence of each gene within a genotype. In other words, each gene in a
given genotype depends on K number of genes of the same genotype. C defines
the degree of interdependence of each gene in a given genotype with genes of
another genotype. In other words, each gene in a genotype depends on C
number of genes of another genotype. Parameter X denotes the number of other
species in the system that a given species interacts with. Therefore, each gene of
a given genotype depends on C number of genes of each of its X interacting

genotypes.

Each species has an individual fithess landscape defined by its genotype as an
N- dimensional hypercube. Each point in this landscape has a coordinate written
as a string of digits with base A, where A is a positive integer. For example, if N =
5 and A = 2, points in this 5-dimensional hypercube could be identified as 00000,
00001, 00010, etc. Each pointd = d4,d,, ..., dy in this N-dimensional hypercube

has an associated fitness value [ as defined by Equation 2.1.

1
f@ = S3X fildy [diy diyy s i) [(diyy iy o0 digy)s s (i By o0 digy )1} (221)
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Here, f; is the fithess contribution of gene d;, at locus i. However, it depends on
the gene d;, as well as the other genes that d; is depending on. With parameter K,

the gene d; depends on K other genes denoted by [d;, d;

ipr

d;]. Moreover, with
parameters C and X, the gene d; depends on C number of genes in each of X
number of other genotypes denoted by [(d;,, di,,, . dig,)s - » (diyy @iy o digy)]-
Position values iy, ..., ix and [(i11,i21, -, ic1), -, (l1x I2x, -, icx)] are determined
randomly. The value of f; is determined by a function, which is defined by
Equation 2.2 [59].

fi:{0, ..., A — 1}A+K+CX) 5 B (2.2)

Here, R is drawn from a uniform distribution in the range (0, 1) to each of its
AKXC N inputs. The different fitness values associated with each point in a given
entity’s landscape entails a rugged terrain for the entity (say, a representative
agent) to traverse, from valleys to peaks, looking for better fitness values.
However, due to the dependency imposed by parameter C, a movement of one
entity may deform the position of another (possibly many) affecting its fitness.
This provokes reaction from the affected entities in return and, as the process
continues, all entities in the system move to positions with better fithess values.

This process is identified as co-evolution of species.

The traversal of agents in their respective landscape could be threefold as there
are three standard strategies namely One-mutant change, Fitter dynamics and

Greedy dynamics [58].

* One-mutant change: the agent chooses a single new location from the
set of one mutant neighbors and if the fitness of the new location is
greater than the current location, the agent moves, otherwise it stays
where it is

* Fitter dynamics: the agent chooses a new location from the set of one-

mutant neighbors, but if the fitness of that location is less than the current
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location, the agent tries another neighbor, continuing until either a fitter
location is found, or the set of neighbors has been exhausted

* Greedy dynamics: the agent moves to the location with maximum fitness
in the set of one-mutant neighbors, unless the fithess of that location is

less than the current location

An agent-based implementation of value co-creation processes based on the
NKCS model and a related discussion is available in Rajapakse et al. [60].
Combining this work with the ISPAR model of service system interactions
depicted by Figure 2.2, Rajapakse et al. in [61] present a method to develop
agent-based models based on the service system abstraction and the ISPAR
model, to study market systems in the light of Service-Dominant logic.
Furthermore, Rajapakse et al. in [61] discuss the evolution of service providers
with respect to the life cycle concept by simulating a market based on service-
dominant logic [62]. Moreover, Rajapakse et al., in [63] [64] discuss an artificial
market model to study the dynamics of customer loyalty from the service-

dominant logic perspective.
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3. The Proposed Agent-based
Model

This chapter of the thesis contains a detailed description of the agent-based
model developed for this research. According to Richiardi et al. [65], agent-based
models need to be explained adhering to a common protocol to enhance the
readability and replicability. This thesis utilizes the common protocol called the
ODD (Overview, Design Concepts and Detail) introduced by Grimm et al., to
describe the proposed agent-based model [66]. Particularly, the updates
proposed to the ODD protocol in 2010 [67] are considered in this chapter.
According to the updated ODD protocol, this discussion is organized into the

structure presented by Figure 3.1 [67].

Purpose

Overview  [Entities, State variables and Scales

Process overview and Scheduling

Basic Principles

Emergence

Adaptation

Objectives

Learning

Design Concepts |prediction

Sensing

Interaction

Stochasticity

Collectives

Observation

Initialization
Details Input data

Submodels

Figure 3.1: Organization of Model Details According to the ODD Protocol
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3.1. Overview of the Model

The model described in this chapter corresponds to a market with many providers
offering a particular service to a population of customers. As depicted in Figure
3.2, there occur service interactions between customers and service providers.

Moreover, customers communicate with each other through recommendations.

- El
"
Service
- - - a )
. ‘ Provicers
» M B Customers
L] "
a ==~ Service Interaction
v =
= a a - Recommendation

Figure 3.2: Model Overview
3.1.1. Purpose

The purpose of this model is to study the dynamic behavior of customer loyalty in

a competitive market environment.

3.1.2. Entities, State Variables and Scales

Value Item
* *
Has
Has Recommendation
Has
- Tk
Transaction
Leads to
ervice Provider !
Servic * THas Customer
Customer
* Relationship [ *
Has Involves |n* Has O
Service i
" Has Affection

—> Experience <_'O
Involves in *

Figure 3.3: Entities and their Relationships as a Class Diagram
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There are eight major entities in the system namely Value Item, Customer,
Service Provider, Customer Relationship, Transaction, Service Experience,
Affection and Recommendation. The class diagram in Figure 3.3 depicts the
relationships among these entities. Apart from these entities, there exists a
context builder to define the market conditions and a controller to act as a
mediator in the actions of customer and service provider entities with their
environment. Out of these entities, Customer, Service provider and Controller
entities, represent the agents in the system while the rest of the entities act as
data structures. Notably, the lists of methods corresponding to each entity are

provided in Appendix C.

Table 3.1: Attributes of the Entity “Value Item”

Attribute Type Example Description
iD String C1 The unique ID number of the value item
dependencyltemlList List<String> C3,C4, P1,P2 |The list of other value items with a dependency relationship
changeable Boolean No Whether the state of the attribute is changeable or not
category String Basic Whether this is a basic, excitement or a performance feature

Value Item: According to the service system abstraction, all service systems are
characterized by a value proposition. A value proposition is represented in this
model as a collection of N value creating attributes. The Value Item entity serves
this purpose by creating instances of value creating attributes. An ID, prefixed by
either “C” or “P” to distinguish between the value items of Customer and Service
Provider entities respectively, uniquely identifies each value item. According to
the NKC architecture, each value item depends on some other value items of the
same entity as well as the opposite entity. Therefore, each value item is given a
list containing the IDs of the items it has a dependency relationship as an
attribute. Table 3.1 contains the attributes of this entity and their descriptions. The
attribute “changeable” denotes whether the state of the value item could be
changed or not. In reality, there are some items in value proposition that have a
constant state. For example, a tourist can be either a local or a foreigner. The
attribute “category” distinguishes whether this value item represents a basic,

excitement or a performance feature according to Kano model [40].
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Customer: This entity represents the “customer agents” of the system. An ID
prefixed by “C” identifies a customer uniquely. Customer entity has several
attributes as listed and described in Table 3.2. There, the “number of states” can
take positive integers including zero and there is a corresponding state for each
value-creating attribute of a given customer’s value proposition, which collectively
forms the “current state” of that customer. The current state is synonymous to the
“current customer profile” of that particular customer. For example, if the number
of value creating attributes in the customer entity’s value proposition is 5 and the
number of states is 2, a given customer’s current state could be 10010.
Differences in current states distinguish customer agents from each other in terms
of their customer profiles. When customer agents learn and adapt to market

conditions, they dynamically change their current states by moving to neighboring

states.
Table 3.2: Attributes of the Entity “Customer”

Attribute Type Example Description
id String C001 The unique ID number of a customer
noOfStates int 4 Total number of states available for an attribute to be at
myValueltems List<Valueltem> | [C1,C2,...,, CN] | The value items that resemble customer entity's value proposition
proValueltems List<Valueltem> | [P1,P2, ..., PN] | The value items that resemble service provider entity's value proposition
mylandscape List<String[]> The possible state value combinations for each attribute and respective utilities
currentState int[] 1010101010 |Current state of each attribute of the value proposition
currentExpectations double[] [.2,.45,.8,...] |Current expectation level on each attribute
needProbability double 0.25 The probability of getting a service need
availableProviders List<Provider> [P1, P3] List of the known providers of the customer agent
myAffectionWithProviders  |List<Affection> [A1, A2] The customer's affection with each provider
myNeighbors List<Customer> | [C004, C245] |List of neighbors of the customer
messageTransmitPercentage |double 0.25 The brobability of capturing a message about a new provider
currentProvider Provider P3 The current/lasttime service provider
currentUseContext int 0 Current use context of the customer
grid Grid<Object> Current grid on which customer agents are projected
myController Controller The reference to the controller agent

There is also an expectation value for each value-creating attribute, which
collectively form “current expectations” of the given customer. Expectation value
for a given value-creating attribute is synonymous to the expected utility from that
attribute during a service [36]. Initially, the expectations of individual value
creating attributes are set randomly within a range of 0 — h (0 <h < 1), where h is

controlled by a parameter - Customers’ adequate margin. However, customer
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expectations usually grow with experiences, especially with delightful experiences
[42]. Therefore, expectations are set to grow by a certain quantity determined by

a parameter (expectation growth rate) at each successful value co-creation.

Customer agents are stimulated by a service need, which arises based on a
“need probability” at each time step and, they select a suitable service provider to
fulfill that need from a known list of “available providers” where the choice often
depends on the “affection with providers”. When there are no known service
providers to fulfill a service need, customers seek for information from their
neighbors (myNeighbors). Ideally, there can be several use contexts for a given
service and “my current use context” determines the use context at a given time.

However the current model is assumed to have only one use context.

Table 3.3: Attributes of the Entity “Provider”

Attribute Type Example Description
id String C001 The unique ID number of a provider
noOfStates int 4 Total number of states available for an attribute to be at
myValueltems List<Valueltem> | [C1,C2,..., CN] [The value items that resemble provider entity's value proposition
proValueltems List<Valueltem> | [P1,P2, ..., PN] | The value items that resemble service customer entity's value proposition
mylandscape List<String[]> The possible state value combinations for each attribute and respective utilities
currentState int[] 1010101010 |Current state of each attribute of the value proposition
currentExpectations double[] [.2,.45,.8,...] |Current expectation level on each attribute
myCheckAttributes int(] [2,5,6] The positions of attributes to be checked when accepting a service request
myCurrentContext int 0 The current context of the provider
transactionNumber int 100 An incremental value based on transactions with customers
tansactionlLog List<double> 125.00 A list to determine the number of transactions at each time step
myAverageAffection double 0.15 The average affection available in the system for this provider
visitedStates List<String> [100011, 1001][The list of previously visited states - (to avoid revisits)
grid Grid<Object> Current grid on which customer agents are projected
myController Controller The reference to the controller agent

Provider: This entity represents the “service provider agents” of the system. It is
assumed that all providers of this entity offer a single service to the customers.
Similar to customer agents, there are unique IDs prefixed by “P” to identify each
service provider in the system. The attributes of the provider entity are listed and
described in Table 3.3. Objectives and definitions of most attributes of the
provider entity, especially the current state and the expectations, are similar to the
customer entity. The check attributes (myCheckAttributes) represents a subset of
value items of customer entity’s value proposition. When a provider agent gets a

service request from a customer agent, the provider agent uses the potential
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utility from this subset to accept or reject the request. For example, when a tourist
seeks for accommodation at a hotel, the hotel usually asks for the credit card as a
security. If the tourist cannot produce a valid credit card, the service request will
be rejected. Once a service provider agrees to service a customer, a transaction

occurs and the provider updates all transactions in a log.

Service Experience: Service experience corresponds to an outcome of a service
interaction between a customer and a service provider. In the model, customer
agents keep track of their service experiences with each service provider. Each
service experience contains the IDs and Current States of both parties involved
as well as the response of the provider, delight from the service and the
contribution of the service experience to the overall trust. Table 3.4 contains a

description of all attributes of this entity.

Table 3.4: Attributes of the Entity “Service Experience”

Attribute Type Example Description
myl|D String C250 ID of the customer agent
provideriD String P3 ID of the provider with whom the service interaction took place
myState int[] [1100110011] [State of the customer agent
providerState String [1010101010] [State of the provider agent
wasAccepted boolean TRUE Whether the service request accpeted or rejected
delight double 0.35 Delight of the service interaction, if any
trustContribution double 0.45 Corresponding trust value from the exponential function

Recommendation: Recommendation corresponds to a peer recommendation
received by a customer about an experience with a particular service provider. A
recommendation contains the ID, current state and current expectations of the
recommending peer as well as the ID of the provider being recommended. Table

3.5 contains a description of the attributes of this entity.

Table 3.5: Attributes of the Entity “Recommendation”

Attribute Type Example Description
RecommenderID String C245 ID of the recommending peer
ProviderID String P2 ID of the provider being recommended
RecommenderCurrentState |int[] [1001001001] |Current state of the recommending peer
RecommenderExpectations |double[] [.5, .44,...,.55] |Current expectations on each attribute of the recommending peer

28



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

Table 3.6: Attributes of the Entity “Affection”

Attribute Type Example Description
providerlD String P1 ID of the provider considered
proCurrentState int(] [1001001001] | Current State of the provider considered
myCurrentState int(] [1110001110] |Current state of this customer agent
experience List<ServiceExp>| [SE1,SE2,..] |Service experiences with this provider so far
recommendations List<Recomm.> [R1,R2,..] |Recommendations received about this provider so far
trust double 0.44 Trust for this provider so far
RecommendationStrength  |double 0.32 Strength of peer recommendations accumulated so far
isinvolved boolean TRUE Whether the customer is involved with the provider or not

Affection: The entity of affection has attributes to keep data about a customer’s
affection towards a particular service provider. Apart from the general details such
as ID and current states, it contains a full history of service experiences and peer
recommendation with regard to a particular provider. It also contains the overall
“trust” and “recommendation strength” with regard to that provider, which are
used to calculate the “affective commitment” of a customer towards a given
provider. Apart from these, the attribute “is involved” determines whether the
customer agent is involved with the respective service provider based on a “trust

threshold”. Table 3.6 contains a description of the attributes of this entity.

Table 3.7: Attributes of the Entity “Transaction”

Attribute Type Example Description
transactionlD String 125.0-100 |Transaction is identified by a unique ID
customerID String C234 ID of the customer involved in the transaction
customerState int[] [1110001110] |State of the customer interacted for the transaction
feedback double 0.5 Feedback on the customer delight

Transaction: Transaction refers to service interactions accepted by the service
providers. In this model, provider agents keep track of all of their transactions with
customers. A transaction contains a unique transaction ID, customer ID,

customer’s state and the customer’s feedback as described in Table 3.7.

Table 3.8: Attributes of the Entity “Customer Relationship”

Attribute Type Example Description
cusID String Cl11 ID of the customer considered
transactionHistory List<transaction [T1,72,.] |History of all transaction with this customer
myUtility double 0.55 Utility to work with the particular customer
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Customer Relationship: As the name denotes, the customer relationship entity
corresponds to the individual relationships between providers and customers. It
contains attributes to keep customer ID, a history of all transactions with that
customer and the provider’'s overall utility with that customer as described in
Table 3.8.

Table 3.9: Attributes of the Entity “Context Builder”

Attribute Type Example Description
customerN int 10 Length of customer entity's value proposition
providerN int 10 Length of provider entity's value proposition
K int 2 No. of attributes of the same entity a given value item depends on
C int 2 No, of attributes of the opposite entity a given value item depends on
noOfStates int 4 No. of states in the system
noOfContexts int 1 No. of use contexts
cusChngblAttPercentage double 0.2 Changeable attribute percentage of the customer's value proposition
proChngblAttPercentage double 0.2 Changeable attribute percentage of the provider's value proposition
noOfCustomers int 1000 No. of customers in the system
noOfProviders int 2 No. of providers in the system
customerValueltemList List<Valueltem> [C1,C2,..] |List of value items in the customer entity's value proposition
providerValueltemList List<Valueltem> | [P1,P2,.] [List of value items in the provider entity's value proposition
context context<Object> context of the model defined as an object in Repast

Context Builder: Context Builder is a default class in Repast Symphony [68] that
builds up the context of the model. Description of this class is necessary since
this model is implemented using Repast Symphony as the agent-development
platform. Attributes defined in context builder correspond to some of the
“‘parameters of the model” described in a subsequent sub subsection. Table 3.9

contains a list of all attributes along with their descriptions.

Controller: A single agent represents the controller entity in the system. The
controller agent’s attributes correspond to most of the “parameters of the model”
described in the next sub subsection. The controller agent acts as a mediator in
some of the actions of customers and service providers and also does the
reporting of the simulation results as MS Excel files. Table 3.10 contains a list of

all attributes along with their descriptions.
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Table 3.10: Attributes of the Entity “Controller”

Attribute Type Example Description
customerN int 10 Length of customer entity's value proposition
providerN int 10 Length of provider entity's value proposition
K int 2 No. of attributes of the same entity a given value item depends on
C int 2 No, of attributes of the opposite entity a given value item depends on
noOfStates int 4 No. of states in the system
noOfUseContexts int 1 No. of use contexts
noOfCustomers int 1000 No. of customers in the system
noOfProviders int 2 No. of providers in the system
myContext context<Object> context of the model defined as an object in Repast
cusAdequateMargin double 0.4 Upper value of the customers' initial expectations
proAdequateMargin double 0.4 Upper value of the providers' initial expectations
cusLandscape List<String[]> State value combinations and respective utilities of each value item
proLandscape List<String[]> State value combinations and respective utilities of each value item
customerValueltemList List<Valueltem> [C1,C2,..] |List of value items in the customer entity's value proposition
providerValueltemList List<Valueltem> | [P1,P2,.] [List of value items in the provider entity's value proposition
avlCustomers List<Customer> [C1,C2..] |[List of all available customers
avlProviders List<Provider> [P1,P2,..] |List of all available providers
conditionsChecked int[] [1,3,7] Positions of the attributes that will be checked by providers at a service request
addCompetition boolean TRUE Whether to add competition during the simulation run
addintervals List<Integer> [100, 500, 800]( When to add competition if above is TRUE
Output file streams Many output file streams in .xIs format have been defined

Model Parameters: Table 3.11 contains the key parameters of the model, most
of which correspond to state variables of previously explained entities. In this
model, a value proposition is a collection of N value creating attributes. Therefore,
the “customerN” and “providerN” correspond to the sizes of the value propositions
of customer and service provider entities respectively. Parameters K and C
correspond to the dependency structure imposed on the value items of Customer
and Provider entities to mimic co-creation of value. As mentioned in sub
subsection “Value Item”, states of some value items of both value propositions
are set as not changeable. The two parameters “proChngblAttPercentage” and
‘cusChngblAttPercentage” denote what percentages of attributes on each entity’s
value proposition are set as changeable. The parameter “Loyalty Biasness” lets
agents a percentage of freedom to make a random decision when selecting a
service provider. As the parameter is set to 0.75 in the default case, there is a
25% chance for an agent to make a random selection without considering the
loyalty. Both parameters “Trust of Conformity” and “Loss of Unconformity” deals

with the trust gained from satisfaction. If the satisfaction is positive, i.e. > 0, the

31



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

quantity of “Trust of Conformity” will be added to the overall trust to represent the
effect of “delight”. Similarly, if the satisfaction is negative, the quantity of “Loss of
Unconformity” will be reduced from the overall trust to represent the effect of
dissatisfaction. Since a loss affects more according to the Prospect Theory [69],
the value of “Loss of Unconformity” is set larger than “Trust of Conformity”.
‘Innovation Frequency” determines how often the service provider agents
consider changing their current state to a better state, i.e. a state that makes both
the provider agent and its customers better off. This is done in conversation with
the top customers of the respective provider agent determined by the total
number of transactions done with that provider. The size of the sample of top
customers is determined by the parameter “Innovation Sample Size”. Parameters
of Lambda and Beta correspond to the determination of “Affective Commitment”

explained in sub subsection 3.2.1 (Basic Principles)

Table 3.11: Model Parameters

Parameter Type Default Val. Description
customerN int 10 Length of customer entity's value proposition
providerN int 10 Length of provider entity's value proposition
K int 2 No. of attributes of the same entity a given value item depends on
C int 2 No, of attributes of the opposite entity a given value item depends on
noOfStates int 4 No. of states in the system
noOfUseContexts int 1 No. of use contexts
noOfCustomers int 1000 No. of customers in the system
noOfProviders int 2 No. of providers in the system
cusAdequateMargin double 0.4 Upper value of the customers' initial expectations
proAdequateMargin double 0.4 Upper value of the providers' initial expectations
addCompetition boolean FALSE Whether to add competition during the simulation run
cusChngblAttPercentage double 0.8 Changeable attribute percentage of the customer's value proposition
proChngblAttPercentage double 0.8 Changeable attribute percentage of the provider's value proposition
Need Probability double 0.25 Probability that a customer gets a servic need at a given time step
Loyalty Biasness double 0.75 The probability that a provider is selected based on loyalty
Trust of Conformity double 0.25 Gain of trust when satisfaction is positive
Loss of Unconformity double 0.4 Loss of trust when satisfaction is negative
Innovation frequency int 10 In what intervals does a service provider conduct an innovation attempt
Innovation Sample Size int 50 Sample size of top customers considered by providers when innovating
Message Transmit Percntage |double 0.25 Probability that a customer captures a message about a new service provider
Lambda (Gain) int 6 Lambda value in determining the positive side of the exponential function
Lambda (Loss) int 10 Lambda value in determining the negative side of the exponential function
Beta long 50,000 Smoothing parameter in the calculation of recommendation strength
Expectation Growth Rate double 0.05 Growth of expectations at each successful value co-creation experience
Trust Threshold double 0.25 Trust threshold to determine if a customer is involved or not

Spatial Units: The customer agents are located on a grid structure, which

determines the neighbors of each customer. Neighbors of a given customer agent
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are important for that agent to receive information about new providers, receive

recommendations and to make comparisons of the service experiences.

Environment: There is only one condition determined by the environment, which
is the need probability. The need probability determines how likely a given agent

gets a service need at a given time step.

Temporal Units: As this is a typical abstract model, the temporal units, i.e. time

steps, are not defined as days, months or years.

3.1.3. Process Overview and Scheduling

Building Model Context: The model starts with the “Context Builder” building the
context of the model based on some of the model parameters. Building the
context involves making the two value propositions of Customer and Provider
entities, building the utility landscapes of the two entities and adding a Controller
to the context with information about the value propositions and the utility
landscapes built. The controller agent then creates the number of Customer and
Provider agents specified in the parameters and adds them to the context. After
adding the agents to the context, the controller sends a message to all customer
agents about each of the available service provider in the system and, the
customer agents grab the message based on the probability specified in the
parameter “message transmit percentage”. Details of the sub processes in this

process are given in 3.3.3.

The Market Process: The market process starts with customers getting a service
need. At each time step, customer agents get the need for service based on the
parameter “Need Probability”. Once a customer agent is aroused with a service

need, the sub process “selecting a provider” depicted in Figure 3.4 begins.

As depicted by Figure 3.4, a customer agent aroused with a service need first
look for any known providers. If there are known providers, the agent chooses
one out of them. In this selection, there is a chance for the customer agent to

choose the provider either randomly or based on the loyalty depending on the
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value of the parameter “Loyalty Biasness”. For example, if Loyalty Biasness =
0.75, there is a 25% chance for picking up the provider randomly out of all known
providers without considering the loyalty. The loyalty-based selection involves
computing the loyalty with each available provider and if the process failed to
identify any provider to whom the customer agent is loyal too a provider is
selected randomly. On the other hand, if there are no known providers available,
the customer agent queries its neighbors for information about new provider and
select one randomly if new providers could be found or give up the service need

otherwise. The sub process of loyalty-based selection is explained in 3.3.3.

Get a Service
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based
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Check fora
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Figure 3.4: Process of Selecting a Provider at a Service Need

Once a provider is selected, the agent moves to the service interaction phase. A
service interaction is a sequential process that involves actions of both the
customer agent and the provider agent. This process is based on the theoretical
foundations of the ISPAR model of service system interactions [19]. Figure 3.4

depicts the process of service interaction.
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At the beginning of the process, the customer agent checks if it is involved with
the selected provider. The involvement considered here is analogous to what has
been defined as enduring involvement by Warrington et al. [70]. There it is
assumed that an involved customer has a strong relationship between the
product and the customer’s centrally held values across all purchase situations.
Based on Bowden [3], we define involvement as determined by the trust towards
a provider. Thus, a customer agent determines whether it is involved or not with
the selected provider based on the parameter “Trust Threshold”. An involved
customer agent hence seeks for better states, which are more likely to let it co-
create better value with the selected provider than its current state. The better

states are sought in the one-mutant neighborhood [58] of the state space.
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Figure 3.5: The Process of Service Interaction Between a Customer and a Provider
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Whether involved or not, customer agent then make a service request to the
selected provider agent. The respective provider agent then evaluates the service
request based on a set of check attributes on the customer agent’s value
proposition. For example, possession of a valid credit card is required to reserve
a hotel room in most cases, which is analogous to a check attribute. If the states
of the check attributes meet the expectations of the provider agent, it accepts the

service request or reject otherwise.

If the provider agrees to serve, the customer agent reaches the use context
where it uses the service while co-creating value. If the perceived value exceeds
or meets the expectations of the customer agent, it becomes a satisfied customer
and makes a recommendation to its neighboring customer agents on the grid.
The service experience, whether satisfactory or not, is updated in the memory.
Furthermore, a rejection of a service request is also saved in the memory for

future reference.

The customer agent further gives a feedback to the provider agent after using the
service. The provider agent also evaluates the total value in the transaction and
updates its memory of the relationship with the particular customer agent in terms
of feedback received from the customer and the delight experienced by it. Further
details of the sub models related to the service interaction process are explained
in 3.3.3

3.2, Design Concepts
3.2.1. Basic Principles

This sub subsection contains the general concepts underlying the design of the

model as recommended in the guidelines of the ODD protocol [65].

Value Co-creation: This model discusses mainly about service interactions
between service system agents. In the case of service interactions, the concept of

“Value Co-creation” is of highest significance. Therefore, the model is designed
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emphasizing the value co-creation of agents in their service interactions using the
NKCS architecture of Kauffman [58].

In this model, a value proposition is conceptualized as a list of N value creating
attributes [15]. Therefore, we define a value proposition as a list of N Value ltems.
The size of N for customer entity and provider entity is determined by the
parameters customerN and providerN respectively. We define a state vector
corresponding to the value proposition for each agent in the system, which
reflects the “current state” of a particular agent with respect to the value
proposition of its entity. State (d) of a given agent corresponding to a particular
value-creating attribute of its value proposition is determined by the parameter D,

where d € D. For example, if D = 4, d € {0,1,2,3}. This representation is illustrated

in Figure 3.6.
Current State of Current State of
Agent 1 Attribute 10
1102203110 [ 220211002 2103311012
Agent 1 Agent 20 Agent 100 ] Agent Level
D=4
N =10
g [ T[T Entity Level
0 )
Value-creating Value Proposition
Attribute - 0

Figure 3.6: lllustration of the Representation of Value Proposition and Current
States

The current state of an agent is a reflection of its profile. When it comes to
providers, the current state of a provider agent reflects its current service level or
the “business profile”. In other words, it shows the agent’s current level of operant

resources used along each attribute of the value proposition to transform its
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operand resources into a service offer. For example, “providing Internet access to
guests” could be one attribute of a hotel’s value proposition in the tourism market,
in which the different ways of providing access such as “setting up Wi-Fi zones

” W

inside hotel premises”, “giving access on request at a charge” and “giving in-room
Wi-Fi access to all residents” could be the states. When it comes to customers,
the current state of a customer agent is a reflection of its “customer profile”. In
other words, it reflects the level of operant resources of the customer along each
attribute of its value proposition combined with its operand resources. For
example, a tourist in the hotel industry could be “adventurous”, which would be an
attribute of his or her value proposition whereas High, Moderate and Low could

be possible states of that attribute.

Each attribute of the provider agent’s value proposition has a value contribution to
the perceived value by the customer. On the other hand, each attribute of the
customer agent's value proposition has a contribution to the overall value
perceived by the provider in the service interaction. Therefore, in a given service
interaction i,i € I, involving two instances, a customer - x (x € X) and a provider
-y (y €Y), the perceived utility of x (= uf) is represented by Equation 3.1. In
this representation, X denotes the entity of customers whereas Y denotes the

entity of service providers.

urf = =m0 11 (3.1)

Here, Ny denotes the number of value creating attributes of the value proposition
of service provider entity and u?? denotes the utility contribution of the attribute n
of service provider entity’s value proposition to the overall utility perceived by x in
the interaction j. A similar equation could be written to determine the perceived

value of the provider agent, y, in the same interaction.
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Typically, the value contribution from one attribute does not entirely depend on
the resource level along that attribute. It depends also on the states of few other
attributes of the same entity as well as the states of some attributes of the
opposite entity. For example, the perceivable value by a tourist from the attribute
“Internet accessibility” at a hotel would depend not only on the type of
accessibility provided (i.e. the state of the attribute itself) but also on the structure
and materials used to build its rooms (internal) as well as “whether the customer
possesses a laptop” and “whether he or she knows how to connect it to the
network” (external). This dependency on the resource levels (i.e. states) of some
attributes of the opposite entity, i.e. the value perceiving entity, is analogous to
the concept of value co-creation, which implies a collaboration in terms of the
contribution of resources. Value co-creation typically talks about the value
realized by the beneficiary of the service - i.e. the customer at the time of use.
However, this model conceptualizes a realization of value in the opposite direction
of the service interaction as well. That is, the provider agent too realizes a value
in the interaction depending on the match between its profile and the customer
agent’s profile. For example, a budget hotel would create better value with

backpackers than with mass tourists.

Depends on K (K =2)
| other attributes its own

DependsonC(C=2)
other attributes of th
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Figure 3.7: The Dependency Structure of Value Items according to the NKCS Model
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This dependency of attributes is represented using Kauffman’s NKCS architecture
[58]. Each value item on a given value proposition is assumed to be depending
on K other value items of the same value proposition as well as C other value
items of the opposite entity’s value proposition. Here, K and C are system
parameters. Figure 3.7 depicts this dependency structure where, for example, the
attribute n of providers’ value proposition depends on K = 2 other attributes of its

own and C = 2 other attributes of the customers’ value proposition.

Equation 3.2 represents this dependency structure in algebraic form. According to
that function, the utility contribution of any attribute n of the provider entity’s (Y)
value proposition u?Y is defined as a function of the state of that attribute (d{l?),
states of K other attributes of its own ((d} ...dg)y ) and states of C attributes of
the customer entity ((d} ..d#)x). In other words, uf'; depends on DU*K+C)
number of state value combinations. Similarly, Equation 2 can be written for the

attributes of the customer entity X as well.

ui'y = f(di'y, (df ... di)y, (] ...dP)x) (3.2)
Equation 3.3 determines the utility R returned by function f for each of the

D@+K+C) gtate value combinations. Here, R is drawn from the uniform distribution
[59].

(f™ :{0..D — 1}}*¢+K 5 R (3.3)

The state value combinations related to the utilities of each attributes of a given
entity’s value proposition determines the utility landscape of the opposite entity.
For example, the possible state value combinations for each attribute of the
provider entity’s value proposition and their respective utility values form the utility

landscape of the customer entity.
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Notably, the value proposition and the utility landscape for a given entity are
common for all agents of that entity. Agents only differ from each other in terms of
their current states, which denote their current resource level along each attribute

of the value proposition.

Determining Loyalty: The determination of loyalty is required when a customer
agent is about to select a provider based on the loyalty towards that provider. This
model assumes loyalty as formed dynamically with customer’s value co-creation

experiences as well as peer recommendations over time.

According to Bowden, Affective Commitment is the key determinant of loyalty [3].
Furthermore, Trust is the key determinant of Affective Commitment. On the other
hand, with the modern day communication technologies, peer recommendations
do a significant impact to the customers’ affection towards a particular provider or
a brand. Peer recommendations can be reasonably put into the category of Non-
service Interactions of service systems defined by Spohrer et al., which act as
catalyst for future service interactions [19]. Therefore, Affective Commitment of
customer x towards provider y (A))is defined as the sum of Trust - T and

Recommendation Strength - 1/bp as depicted by Equation 3.4.

_ 231:1%? Fa=11/Bb
= +
q z

Here, q is the total number of service interactions that have taken place between
the customer x and the service provider y where as z is the total number of

recommendations x has received from its peers about y.

The strength of a peer recommendation, 1/bp, is defined in this model in such a
way that the strength becomes inversely proportional to the distance — b, between
the receiving customer and the recommending peer in terms of their current

states. Since the current state of a customer agent is its customer profile, the
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distance between the profiles of two customers indicates to what extend the two
customers are different. Hence, the likelihood of one customer’s recommendation
to give similar result to the other is higher when the distance between the two
customers is lower. Here, §is a smoothing parameter, which is used to avoid the

quantity Recommendation Strength over affecting the Affective Commitment.

According to Bowden, Trust is determined by Satisfaction and Delight. This model
uses the approach of assessing the individual attributes of the value proposition
against the expectations of customers to determine customer satisfaction and
delight [3][37]. Therefore, satisfaction along a particular attribute on the provider
entity’s value proposition is defined as the difference between the Perceived
Utility — PU and the Expected Utility — EU. However, following the categorization
of satisfaction factors by Matzler et al., this model define each of the attributes of
the provider entity’s value proposition as basic factors, excitement factors and
performance factors [39]. Therefore, the algorithm in Figure 3.8 is used to

determine the satisfaction along each attribute n - S,,.

If (PU > EU) AND n = “Basic”
S,=0

Else
S,=PU-EU

If (PU > EU) AND n = “Excitement”
S,=PU-EU

Else
S,=0

If n = “Performance”

S,=PU-EU

Figure 3.8: Algorithm that Determines Satisfaction on Attributes based on Matzler

et al.’s Categorization

The average of satisfactions along each attribute determines the overall

satisfaction of the customer agent in the interaction i -S;'l., which is given by

42



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

Equation 3.5. There, the customer is satisfied with delight if S;’l. > 0, just satisfied

if Sy . = 0 and dissatisfied if S, < 0.

The model refers to a sigmoid function defined based on the cumulative
distribution function of exponential distribution, to determine the trust value
corresponding to a particular value of satisfaction. Equation 3.6 contains the
definition of the sigmoid function whereas Figure 3.9 depicts the corresponding
graph of the function. The use of a sigmoid function to determine the trust based

on satisfaction is inspired by the Prospect Theory [69].

_(1 - 1/9_5/11‘055) - LOSSUnconformity' §<0

. . (3.6)
(1 - 1/95/16‘1”1) + GalnConformity ’ §=0

o=

Here, A;qin @and 4,4 correspond to the input parameters Lambda (Gain) and
Lambda (Loss) respectively whereas LoSSynconformity and
Gaincongormity COrrespond to the input parameters Loss of Unconformity and
Trust of Conformity respectively. In the graph of Figure 3.9, A;qin= 6, A10ss = 10,
Lossynconformity = 0.25 and Gainconformity = 0.1. Notably, the parameters are set

complying with the prospect theory, as a loss is likely to result a higher impact.
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Trust
Lambda (Gain) = 6
Lambda (Loss) = 10
Trust of Conformity = 0.1
Loss of Unconformity = 0.25 7
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Figure 3.9: The Correspondence between Trust and Satisfaction

Once the Affective commitment is determined according to the Equation 3.4,

Loyalty for a given provider is calculated as the share of affective commitment of

that provider. Equation 3.7, which is based on the “multinomial logit model” [55]

[71], provides this calculation. There, M is the total number of providers the

customer agent x has with a positive affection. Notably, the provider agents with

negative affections are ignored for this equation.

Ax
L% = Z{\{—l (3.7)

Here, the loyalty L represents a share of affection the provider y enjoys in

customer x’s mind. The choice of a provider based on this quantity is probabilistic

where there is a higher chance of getting selected if the loyalty share is higher.
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3.2.2. Emergence

There are two main emerging patterns considered in this thesis as important. One
is the dynamic pattern of the average affection of the providers in the system.
Average affection of a given provider is the average of affections of all customer
agents in the system towards the particular provider at a given time step. The
other emerging pattern is the change of market share over time. The market
share of a provider at a given time is the total number of transactions done by that

particular provider at the particular time step.

3.2.3. Adaptation

Adaptation in this model mainly occurs in the population of customer agents. An
involved customer with a selected provider compares its value in the previous
experience with the same provider against the values received by its neighboring
customers with the same provider before starting a service interaction. If a
neighboring customer who creates better value with the same provider is found,
the customer moves to the one-mutant neighborhood that reduces the distance
between itself and the neighbor. If more than one neighbor with better value is
found the agent moves to the direction of the nearest neighbor. Since the
distance between neighbors determines the similarity of their profiles, moving to
the direction of a nearest neighbor is analogous to changing personal traits to be

alike.

3.2.4. Objective of Adaptation

The main objective of adaptation of the customer agents is improving their ability
to co-create value with the providers they are involved with. Since co-creation
involves the personal traits on the customers’ value proposition, change of state
of one trait is expected to improve the potential to co-create value with a given

provider by a certain amount.
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3.2,5. Learning

Customer agents learn by comparing their experiences with those of their
neighbors in terms of the co-created value, which lead them to adapt. In contrast,
provider agents learn new states at which their customers can co-create value
better in conversation with their top customer. Each provider agent periodically
contact a sample of its top customers to learn better states in their one-mutant
neighborhood, which let the top customers co-create better value. It is assumed
that the top customers would spread the message to others eventually. The time
interval between two innovation attempts and the size of the sample of top
customer is determined by the two input parameters, Innovation Frequency and

Innovation Sample Size.

3.2.6. Sensing of Agents

Customer agents mainly sense a service need arouse internally. It is considered
as a sensing from the environment. Provider agents sense their market share
periodically and take actions to learn new states in the one-mutant neighborhood

in case if a decline is observed.

3.2.7. Predictions

Customer agents mainly predict their future ability to co-create value. In that
sense, they assume that trying to be like their neighbors who co-create better
value with the same provider would enable them to co-create better value.
However, this imitation process is not allowed to happen at once, as it is unlikely
in reality that a customer could acquire all traits of another customer at once.
Therefore, only an incremental learning is permitted. In the case of providers, they
predict the ability of their customers to better co-create value when changing their
current state to one of the neighboring states. Since it is practically impossible to
talk to all customers, the providers check the potential of a decision to move with

a sample of its top customers.
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3.2.8. Interactions

All agent interactions in the model are direct interactions. The customer agents
interact with provider agents to get a service need fulfilled. The customer agents
interact with customer agents to make a recommendation. According to the
ISPAR model of service system interactions, recommendations are assumed to

be non-service interactions.

3.2.9. Stochasticity

Stochasticity is present in the customers’ decision to select a service provider
when they get a service need. The parameter “Loyalty Biasness” controls the
percentage of Stochasticity permitted in the system. For example, if Loyalty
Biasness = 0.75, there is a 0.25 chance for an agent to choose a provider

randomly ignoring the loyalty factor.

3.2.10. Observation Data

Data collected for observation and analysis falls into the category of macro level
and micro level. In the macro level of the analysis, mainly the data related to the
market share, i.e. the number of transactions in each time step, and the average
affection, i.e. the average affection of each service provider in each time step are
collected. For the micro level analysis, data related to the individual agents’
behavior is collected. For example, during the simulation run, who are the
defected agents and who are the retained agent, what was the affection at the
time of switch, who the newly selected provider is and what the affection of the
newly selected provider is at the time of a switch. Data is collected into

spreadsheets using MS Excel as file outputs.

3.3. Details

3.3.1. Initialization

The model parameters are initialized to the values present in Table 3.12. As this

model is a general abstract model, the parameter values are selected randomly.
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However, the model's robustness to varying parameter values is considered as
important. Therefore, an analysis is performed on varying parameter values of the
key parameters. Moreover, a sensitivity of the parameters “Expectation Growth
Rate”, “Competition” and “Need Probability” to the results of the simulation is

analyzed.

Table 3.12: Initial Parameter Values Used in the Simulation

Parameter Default Val.
customerN 10
providerN 10
K 2
C 2
noOfStates 4
noOfUseContexts 1
noOfCustomers 1000
noOfProviders 2
cusAdequateMargin 0.4
proAdequateMargin 0.4
addCompetition FALSE
cusChngblAttPercentage 0.8
proChngblAttPercentage 0.8
Need Probability 0.25
Loyalty Biasness 0.75
Trust of Conformity 0.25
Loss of Unconformity 0.4
Innovation frequency 10
Innovation Sample Size 50
Message Transmit Percntage 0.25
Lambda (Gain) 6
Lambda (Loss) 10
Beta 50,000
Expectation Growth Rate 0.05
Trust Threshold 0.25

3.3.2. Input Data

The model does not use any external input data to represent time varying
processes.

3.3.3. Sub Models

This section of the thesis contains the details of the sub models in the processes

explained in 3.1.3. The descriptions of the sub models are organized under the
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name of the processes mentioned in 3.1.3. This section is mainly important for

any future attempts to replicate the model.

Building the Model Context: Building the model context involves a sequential
process as depicted by Figure 3.10. The first four sub models belong to the tasks
of the Context Builder where as the last two sub models belong to the tasks of the
Controller agent. The context builder is responsible for creating the structure of
the artificial markets such as creating the value propositions, building up the utility
landscapes and constructing the layout of the agent distribution. The controller is
an agent, which acts as a mediator in the communications and interactions

between the agents of the system as well as between the users and the system.

Making value I

Adding dependency

Context Builder’s
processes

Building Landscapes

Building the context

|
v

Add Agents
Controller’s
processes
Transmit Message ‘

Figure 3.10: Sub Models of Building the Model Context

Making the value propositions of the two entities involves creating two lists that
hold instances of the Value Item entity. Each value item corresponds to a position
in the value proposition, which determines whether it is changeable or not.

Furthermore, in the case of provider entity’s value proposition, each value item
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corresponds to “basic”, “excitement” and “performance” features of the service.
Thus, it is necessary to determine the type of the attribute at the time of creating
the respective value item. The following procedure explains the process of

making value propositions.

PROCEDURE (Make Value Propositions)

Read variables customerN, providerN
Make variables List<ValuelItem> cusValueltems, proValueltems

//Making customer’s value item list

Determine no of changeable Positions on value proposition
Add value items to cusValuelItems

//Making provider’s value item list

Determine no of changeable Positions on value proposition
Determine no of Basic, Excitement, Performance attributes

Add value items to proValueltems

END PROCEDURE

The next task after making the value propositions is imposing the dependency
relationships on each value item. The following procedure explains the sub model
of imposing dependency relationships on each value item in the customer entity’s
value proposition based on Kauffman’s NKC architecture. Adding the dependency
to the value items in the provider entity’s value proposition is similar to this
procedure. In this procedure, each value item in the customer entity’s value
proposition is set to be depending on K other attributes of its own as well as C

other attributes in provider entity’s value proposition.

PROCEDURE (Make the dependency relationships - Customer entity)
Read variable List<ValueItem> cusValueltems
Make variable List<String> customerValueItemIds,
providerValueltemIds

Read parameters K, C

Fill customerValueltemIds and providerValueltemIds with IDs
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//Setting up internal complexity - K

For each value item in cusValueltems
Add K number of customerValueltemIds as dependency items

//Setting up external complexity - C
For each value item in cusValueltems

Add C number of providerValueltemIds as dependency items

END PROCEDURE

Building the value propositions with value items and their relationships enables to
create the utility landscapes of the two entities — customer and provider. Due to
the dependency relationships imposed on each attribute of a value proposition,
there can be DX+ number of state value combinations associated with each
value item position (D = the number of states). Moreover there is a randomly
drawn utility value associated with each state value combination of each value
item for each context. Notably, this thesis considers only one use context for all
agents. Therefore, a utility landscape contains the utility values for each state
value combination for each value item position. A state value combination is
represented as a string in which the last digit is reserved for the current use
context. The procedure of making the landscape of the customer entity is
explained below. The procedure of making the landscape of the provider entity is

similar to that of the procedure of the customer entity.
PROCEDURE (Building the utility landscape of the customer)

Read parameters noOfStates, K, C, noOfUseContexts
Make variable List<String[]> customerLandscape

Determine total no of State-Value Combinations

For each state-value combination
Make a state string
For each use context value
Add use context value to the end of state string
Make variable String[customer + 1] landscapeltem
Set landscapeltem[0] to state string
For each position i on value proposition
Determine a utility value u
Set landscapeltem[i] to u
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Add landscapeltem to customerLandscape

END PROCEDURE

Finally, the context builder creates the Controller agent embedding the value
propositions and utility landscapes of customer and provider entities as well as a
grid layout to distribute customer agents. Finally, the context builder adds the

controller agent to the context and returns the context.

When the controller is created, the controller agent adds the required number of
customer agents and the provider agents to the context. Adding an agent requires
making the current state of the agent as a state value combination with a length
equivalent to the length of the respective value proposition. The following
procedure explains the process of adding a customer agent. Adding a provider

agent is also similar.
PROCEDURE (Adding agents to the context)

Read parameter noOfCustomers, noOfUseContexts
Read variable List<Valueltem> proValueltemList, cusValueltemList
Read variable context thisContext
Read variable List<Customer> availableCustomers
Set count To 0
Repeat While count < noOfCustomers
Make Customer C
Add C to current context
Add C to availableCustomers
Set count To (count + 1)

END PROCEDURE

After making the providers, the controller agent distributes messages about
available providers to all customer agents. The customer agents can receive the
messages based on the parameter message TransmitPercentage, which acts as a

determinant whether a given customer receives the message or not.
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Figure 3.11: Sub Models of the Market Process

Sub Models of the Market Process: The market process involves the sub
models of both customer and provider entities. Figure 3.11 depicts the sub

models of the process and their flow.

The process starts with selecting a provider based on a service need. The
following procedure explains the sub model. Notably, when the customer agent
has no known providers available, it calls the TellMeProviders sub model on the
neighboring customers. The neighbors are determined by the neighboring cells of

the current cell of the customer agent on the grid.

PROCEDURE (Selecting a provider)
Read parameters loyaltyBiasness, needProbability
Read variable List<Customer> myNeighbors
Read variable List<Provider>providerList
Make variable selectedProvider
Set selectedProvider To Null

If needProbability > Random (double(0,1))
If no known providers available
Ask neighbors about available providers
If got to know few providers
Set selectedProvider to a random provider
Else
If loyaltyBiasness > Random(double(0,1))
For each provider in the list
Select providers with positive affection
If no providers with positive affection
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Set selecteProvider to a random provider
Else
Calculate loyalty share of each provider
Set selectedProvider probabilistically
Else
Set selectedProvider to a random provider

END PROCEDURE

Learning a better state depends on whether the customer is involved or not. An
involved customer attempts to learn a better state to co-create value after
identifying a provider for the service, by comparing its satisfaction in last
experience with the selected provider against the satisfactions of its neighbors
with the same provider. The learning involves identifying the neighbors who are
more satisfied and moving to the direction of the nearest neighbor with better
satisfaction by one point. In other words, the customer agent reduces the distance
by moving to a one-mutant neighboring state. The sub model of learning of
involved customers is explained in the below procedure. Notably, in order to
calculate the distance between the current states of two customer agents, the
procedure calls the CalculateDistance method of the Customer entity, which

determines the Cartesian distance between the two state vectors.
PROCEDURE (Learning better states)

Make variable myLastExperience
Make variable myExpectedSatisfaction
Make variable nearestCustomer

If customer is involved with the provider
Set myLastExperience to the last experience with selectedProvider
Set myExpectedSatisfaction to the satisfaction of last experience

Set nearestCustomer to the customer with nearest profile who've
had better experience with the selectedProvider

If nearestCustomer is not Null
Move to a one-mutant neighboring state that reduce distance
with nearestCustomer
End PROCEDURE

Service interaction is the core of all sub models. It includes several other sub

models such as calculate utility, determine satisfaction, and service offer. The
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following procedure explains the sub model of service interaction. Notably, the
creation of a service experience involves the update of customer’s trust whereas

a recommendation received updates the recommendation strength.

PROCEDURE (Service interaction with the selected provider)

Make variable myServiceExperience
Set myServiceExperience to experience with the selected provider

If experience is a rejection of service request
If a state change had occurred
Return to previous state
Record the experience as Not Accepted
Update affection accordingly

Else
Record the experience as Accepted
Calculate satisfaction
Update delight in the experience
Add experience to my affection with the provider

If satisfaction is positive
Make recommendations to neighbors about the provider
If a state change had occurred and satisfaction is less _
than expected
Return to the previous state

END PROCEDURE

A service interaction begins with a service offer made by the customer to the
selected provider. Once a service offer is received, the provider uses a set
number of check attributes in the customer agent’s value propositions to
determine whether to accept the offer or not. For example, most hotels require
their customers to bear a valid credit card at the time of booking as a security. In
this model, the number of such check attributes is set to a constant value of three.
Based on the utility of the provider from those three attributes, the provider
decides whether to accept the offer or not. The following procedure explains the

sub model.
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PROCEDURE (Service Offer)

Make variable fitnessToServe
Read variable myCheckAttributes
Calculate fitnessToServe for myCheckAttributes

If fitnessToServe > 0

Set agreeToServe to TRUE

Make new transaction

If customer relationship exist already
Add transaction

Else
Make new customer relationship
Add transaction
Add relationship to my relationships
Else

Set agreeToServe to False

Return agreeToServe
END PROCEDURE

Calculating the utility of a value item involves calculating the utility contribution of
a given value item to the overall utility of a value proposition from a given service
interaction. This sub model takes the value item being considered of the value
proposition of the provider entity and the current state of the provider agent with
whom the customer agent has started the particular service interaction, as inputs.
The details of the sub model are given by the procedure below. Based on the
position of the value item in the value proposition and the dependency
relationships it has, the procedure determines the relevant state value

combination to get the respective utility value from the utility landscape.

PROCEDURE (Calculate utility of a value item)

Read variable thisItem

Read variable providerState

Read variable myCurrentState

Read variable myCurrentUseContext
Make variable stateValueCombination
Make variable utility

Determine stateValueCombination

Set stateValueCombination to stateValueCombination + _
myCurrentUseContext

Set utility from landscape

56



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

Return utility

END PROCEDURE

The utility calculated from a value item is the determinant of the satisfaction from
that item. The sub model of calculation of satisfaction from utility involves
determining the satisfaction based on the classification of provider’s attributes as
basic, excitement and performance. Figure 3.8 depicts the algorithm that explains
how to determine the satisfaction based on this classification. The following

procedure explains the sub model of calculating the satisfaction from utility.

PROCEDURE (Calculating satisfaction from utility)

Read variable thisItem

Read variable utility

Read variable currentExpectation
Make variable difference

Make variable satisfaction

Make variable category

Set difference To (utility - currentExpectation)
Set category To thisItem’s category

If category = "“Basic” And satisfaction < 0
satisfaction = difference

Else
If category = “Excitement” And satisfaction >= 0

satisfaction = difference
Else If category = “Performance”
satisfaction = difference

Return satisfaction

END PROCEDURE

Customer agent’s feedback is the end of an iteration of the market process. Once
received a feedback, the provider agent evaluates its utility with the service
interaction and updates its memory on the relationship with the particular
customer agent. The following procedure explains the sub model of receiving a

customer feedback.
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PROCEDURE (Get Feedback)

Read
Read
Make
Make

variable
variable
variable
variable

customerID
customerDelight
thisRelationship
thisTransaction

Find thisRelationship with customerID

Set thisTransaction to last transaction of relationship
Set delight of thisTransaction to customerDelight
Calcuate my utility of the transaction

Set myUtility of thisTransaction to calculated utility

END PROCEDURE

Apart from the sub models related to the main processes explained in this

section, there are other methods of each entity that support the functionality of the

model. Appendix D contains the extended pseudo codes of the sub models

explained in this section.
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4. Simulation Experiments and
Results

This section contains the details of the basic experiments conducted using the

agent-based model explained in Chapter 3.

4.1. Dynamic Behavior of Customer Loyalty

The first experiment involves the investigation of the dynamic behavior of
customer loyalty under default conditions mentioned in Table 3.12. These default
conditions match to an untapped market with limited number of providers and
lower customer expectation levels. Furthermore, since the need probability is set
to 0.25, this could be considered as a market with less regular needs. The
corresponding graph, which displays the dynamics of loyalty over a period of one

thousand time steps, is available in Figure 4.1.
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Figure 4.1: Dynamic Behavior of Customer Loyalty with Time
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Here, the red and blue lines correspond to the average affection entertained by
the two service provider agents in the system, the Provider 1 (P1) and Provider 2
(P2) respectively. The average affection of a given provider at a given time
involves the average of the affective commitments of all customers who have
used the service of that provider so far. Since the affective commitment is
explained in section 3.2.1 as the determinant of customer loyalty, the variation of
affective commitment over time reasonably depicts the dynamics of customer

loyalty.

The graph in Figure 4.1 has three distinguished phases; an early hype, a
gradually declining phase and a negative loyalty phase. The early hype reflects a
higher level of customer satisfaction at the early stages of the market with lesser
expectations. However, as the expectations grow with initial delightful customer
experiences, loyalty declines gradually as the experiences would not be as
delightful as before with elevated expectation levels. Once the expectations are
grown beyond the levels that the service providers could achieve, loyalty moves

to the negative phase.

4.1.1.Dynamics of Loyalty and Customers’ Switching Behavior
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Figure 4.2: Number of Customers Arrived for Each Provider over Time
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According to the current decision rules of customer agents, customers do not give
up a service need in case if a provider, to whom they are loyal, couldn’t be found.
In other words, when a provider could not be selected based on loyalty,
customers make a random decision to pick up a provider out of all providers
known to them. Therefore, despite the dynamics of loyalty explained previously,
the market shares of each provider remains stable by the end of the simulation as

depicted by the chart in Figure 4.2.

However, analysis of the frequency of individual switching throughout the
simulation run, which is presented by Figure 4.3, reveals a different dimension of
this consistent market share. Figure 4.3 reveals an exponential growth pattern in
the frequency of switching of customer agents between service providers. This
implies a relationship between customer loyalty and their switching behavior. In
other words, when the customers’ loyalty towards providers is lower, they keep on

switching between available providers more frequently.
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Figure 4.3: Frequency of Customer Switching over Time

This exponential growth of the frequency of customers’ switching over time
implies a reasonable pattern in the real life. As a service reaches its maturity,

customers’ expectations become elevated up to a level, at which making them
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delighted is challenging. Hence, none of the service providers become “special” to
the customers leading customers to make purchase decisions randomly than
based on their loyalty. In other words, level of customer expectations has a
significant role in the dynamics of customer loyalty. The following graph in Figure
4.4 depicts the change of the frequency of customers’ switching when the initial
customer expectations were set as high as 70%. According to that, at higher initial
expectation levels, customers display higher frequencies of switching from the

beginning.
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Figure 4.4: Frequency of Customer Switching Over Time at Higher Initial Expectations
4.1.2. Robustness of the Result

The model gives similar results to changing parameter values of N, K, C, No of
States, No of Customers and No of Providers. Furthermore, it gives similar results
for different random seeds. However, with higher values assigned to the above
parameters, the computational complexity increases and the system demands for
higher computing resources. For example, testing the system for more than 2000
customers was obviously stressful to a single personal computer. Moreover, the
output is not complying with this standard pattern when the initial expectations of

customer agents are set at a higher level such as 0.8. This is quite predictable as
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the room for customer satisfaction and delight is limited when the expectations

are at higher levels.
4.2. Sensitivity to Competition

Typically, loyalty is expected to keep customers stuck to a particular provider in
the long run. Therefore, one would expect customers to be immune to new
arrivals of providers to the market, at least during the early stages of the
simulation where the loyalty is at hype. The simulation provides interesting, yet
contradictory, insights about this phenomenon. This section contains the
simulation results of customers’ response to competition when a new competitor

is added during the simulation run.
4.2.1. Early Vs. Late Competition

It is interesting to see the customer agents’ move when there became a new
competitive provider available when their loyalty towards the existing providers is
at growth. Figure 4.4 — (a) depicts the change of average affection with a new
competing provider agent being added at time = 50 whereas Figure 4.4 — (b)

depicts the corresponding change in market share.
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Figure 4.5 — (a): Change of Average Affection with a Competitor Added at Time = 50
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Figure 4.5 — (b): Change of Market Share with Early Competition

Even though it could have been predicted that the customers would not switch
when their loyalty is at hype, Figure 4.4 — (a) indicates that it is still possible for an
early competitor to secure a significant customer loyalty. Furthermore, Figure 4.4
— (b) shows that the new competitor is able to eat into a significant portion of the
market share the initial service providers had been enjoying. This counter intuitive
result could be analyzed with respect to the customer expectations. Since the
initial customer expectations of the customer agents were set at a lower level (<
0.4), there is ample room for the providers to delight their customers. Therefore, a
competitor who arrives earlier to the market still get a chance to offer a delightful

service to the customers and secure a significant market share.

One would have doubts on this results as a decision of a competitor to enter a
new market, in which existing providers perform well, would not be taken
randomly but after a careful assessment of the value propositions of existing
competitors. For example, a new entrant would consider either imitating the best
performing rival or coming up with an innovative value proposition to compete
with the existing rivals. Graph in Figure 4.6 depicts the change of average loyalty

when a new competitor enters a market early, imitating the best performing
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service provider. According to the graph, there is no significant change in result

compared to Figure 4.5 — (a).
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Figure 4.6: Change of Average Affection with a Competitor Imitating the Best Existing
Provider Added at Time = 50
This result is further corroborated with the analysis of the performance of a
competitor who arrives when the average loyalty of existing providers is declining.
Figure 4.5 — (a) depicts the performance of a provider agent added at time = 200,
when the average affections of the two existing providers were declining. This
suggests that the new provider has not got enough room to delight customers to

secure a growth in customer loyalty.
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Figure 4.7 — (a): Change of Average Affection with a Competitor Added at Time = 200
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However, Figure 4.7 — (b) shows that the new competitor has still been able to
secure a market share, even though comparatively smaller, despite a decline in
average affection. Investigation into the individual decisions of customer agents
who either switched to P3 or retained with P3 proves that the initial growth in
market share is due to the customers who still had a positive affection with P3. In
other words, those individuals who still have a positive affection with P3 contribute
to the spread of word of mouth regarding the newly arrived provider. However,
market share in the later part of the simulation is mainly due to the random moves
of customers as none of the providers are able to delight customers due to

elevated expectations among customers.
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Figure 4.7 — (b): Change of Market Share with Late Competition

4.2.2. Impact of Expectation Growth

The parameter Expectation Growth Rate remained constant for all simulations in
the previous subsections at 0.05. This value corresponds to a growth rate of 5%
and was selected arbitrarily. The previous sub section suggested that the lower
customer expectation levels might be enabling competitive providers, who arrive
early into the market, to gain customer loyalty and market share despite the

customers’ loyalty towards the already existing providers being at hype. In
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support to that argument, this section investigates the impact of the expectation
growth rate on the competitive power of newly arriving providers. Figure 4.6 — (a)
depicts the change of average affection with a new provider added at time = 50
and with expectation growth rate set to 0.01. Moreover, Figure 4.6 — (b) depicts

the corresponding change in the market share.
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Figure 4.8 — (a): Change of Average Affection with Low Expectation Growth Rate (=1%) and a
Competitor Added Early (time = 50)
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Figure 4.8 — (b): Change of Market Share with Low Expectation Growth Rate (=1%) and a
Competitor Added Early (time = 50)
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Notably, the average affection of all providers, as depicted by Figure 4.6 — (a),
continues to be positive even after 1000 time steps. Moreover, the competing
provider — P3 — enjoys almost same average affection as the two older providers
P1 and P2, while maintaining almost equal market share as well (figure 4.6 — (b)).
This strengthens the idea that the expectations levels of the customers play a

crucial role in customers’ switching.

4.2.3. Impact of Loyalty Biasness

Average Affection

0.8

P3 - The competitor

—r1 — P2

Figure 4.9 — (a): Change of Average Affection with Higher Loyalty Biasness (=90%) and a
Competitor Added Early (time = 50)

The default parameter value for loyalty biasness allows a 25% chance for a
customer agent to select a service provider randomly bypassing loyalty. However,
the result of the simulation does not change significantly even if the biasness to
loyalty increased to 90%, giving only 10% chance to select a provider randomly.
As depicted by Figure 4.7 — (a), even when the loyalty biasness is set to 90%, an
early competitor can receive significant average affection. Moreover, Figure 4.7 —
(b) shows that the new comer can secure a significant market share despite

customers are more biased towards loyalty.
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5. Discussion

This section of the thesis contains a general discussion about the objective and
significance of the model. Furthermore, it contains a discussion on a potential

application of the model.
5.1. About the Model
5.1.1. What this Model Is?

This model is a typical abstract agent-based model and does not represent any
particular empirical situation. However, it could be easily customized and applied
to real world applications. In fact, according to Axelrod, ABM does not necessarily
aimed to provide an accurate representation of a particular empirical application.
Instead, the goal of ABM is to enrich our understanding of fundamental processes

that may appear in a variety of applications [72].

Being an abstract model, it serves for a set of important purposes other than
prediction. According to Epstein [73], there are about sixteen purposes of
modeling other than prediction namely 1.) Explain 2.) Guide data collection 3.)
llluminate core-dynamics 4.) Suggest dynamical analogies 5.) Discover new
questions 6.) Promote a scientific habit of mind 7.) Bound outcomes to plausible
ranges 8.) llluminate core uncertainties 9.) Offer crisis options in near real time
10.) Demonstrate tradeoffs / suggest efficiencies 11.) Challenge the robustness of
prevailing theory through perturbations 12.) Expose prevailing wisdom as
incompatible with available data 13.) Train practitioners 14.) Discipline the policy
dialog 15.) Educate the general public 16.) Reveal the apparently simple

(complex) to be complex (simple).
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5.1.2. Uses of the Model

Out of the numerous purposes of modeling, uses of this model could be

discussed in relation with five major purposes.

Explain: This model can be considered as a starting point for a range of
consumer research that focus on loyalty and switching behavior from the service-
dominant logic perspective. As the mindset of goods-dominant logic is prevailing
yet, it is necessary to utilize different techniques to help understanding the
concepts of service-dominant logic and transform them into a set of operational
features of a market. In that sense, this abstract model helps understanding the
co-vocabulary of service-dominant logic and service science, and explaining the
functionality of a market through the lens of service-dominant logic. For example,
the agent-based approach helps representing a market as a system of interacting
entities based on the essence of viable systems approach and service system
abstraction. Furthermore, it formalizes customer loyalty as stemming from
customers’ emotional responses to consumption situations by emphasizing the
link between the concept of value co-creation or value-in-use in service
interactions and customers’ emotional responses to consumption situations that
lead to loyalty. In other words, the model focuses on interactions between system
entities rather than the entities it self to explain loyalty as a dynamically changing

property.

llluminate Core Dynamics: Even though the model is abstract, it successfully
illuminates the core dynamics of loyalty in a competitive market. The market
simulated by this model corresponds to a fresh and untapped market, in which
customer expectations are very low. In such markets, an arrival of service
provider(s) is more likely to create fuzz among customers, letting customers to be
delighted, making them affectively committed and involved with the provider(s) as
well as making them actively engaged in positive word-of-mouth. However, due to
increasing customer expectations, delight is not eternal. This affects the level of
value co-creation in service interactions and thereby the perceptions of customers

about providers and their referrals. Moreover, the affective commitment of
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customers towards providers gets perturbed with arrivals of competitors to the
market as they get more choices. Therefore, the affective commitment of
customers towards providers, which determines the loyalty according to Bowden
[3], varies over time. This model successfully captures these core dynamics,

which are explained in Chapter 4.

llluminate Core Uncertainties: The model is also capable to illuminate the core
uncertainties. That is, the dynamics of loyalty is sensitive to few parameters of the
system. For example, there is always a chance for ta given customer to make a
random decision to select a provider irrespective of his or her loyalty towards that
provider. On the other hand, there are uncertainties involved with time to market.
For example, when a market is matured with elevated and established customer
expectations, a new coming provider may find it difficult to position itself in
customers and secure a significant market share without substantial innovation.
Being abstract, the model still supports investigating such uncertainties indicating

its appropriateness to extended studies alike.

Provoke Questions: Another advantage of the model is that it enables asking
questions about the research work being done. As this model could be claimed as
the first of its kind, generating new questions is also a use of the model. For
example, according to goods-dominant logic, money is exchanged for a good (or
its intangible counterpart, service) in a transaction between a provider and a
customer. However, money is an operand resource according to service-
dominant logic and its role in customer-provider interactions is not very prominent,
even though its involvement in the interaction is apparent. On the other hand,
there is a difference between customer retention due to loyalty and customer
retention due to lock-in conditions [74]. Moreover, there could be other restrictive
conditions involved in a market such as costs incurred in switching decisions as
well as barriers present in some markets for new providers to enter or imitate [75].
These types of questions may not be apparent at the first phase of the model
construction. On the other hand, they may not be important unless the model is

being applied to a specific industry. However, the fact that this model gives rise to
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such questions is an advantage as it helps the progress of research following the

path of this research.

Support Data Collection: Finally, this type of abstract model would guide data
collection. For example, the results of the model show that even when the loyalty
level of providers are at peak, an early competitor, who enters the market when
customer expectations are not grown higher, can secure significant level of loyalty
as well as market share. This is an interesting and counter intuitive result
generated from the model, which may worth further investigating into. In this
endeavor, the model plays the role of a guide to determine which data is to be
collected from real world processes in order to support this investigation. On the
other hand, when this model is applied to a specific domain, it requires further
data collection. For example, when applied to a specific domain, all attributes of a
value proposition, their dependencies, states and respective utility values become
specific to that particular domain. This entails the necessity of valid parameter
estimation with respect to the particular domain. In that endeavor too, this model
may be useful to decide which data needs to be collected and how it should be

collected.

With these uses, the proposed model and its approach could also be effectively
used as a tool for service designers following the soft systems approach [76].
There, it is possible to develop value propositions, interrelationships and
corresponding utilities in conversation with potential stakeholders with the ultimate

objective of enabling successful value co-creation for the customers.
5.1.3. What this Model Is Not?

The model presented in this thesis need not to be confused with a facsimile
model [77] aiming at prediction. The main purpose of this model is to enrich the
understanding of the fundamental process of customer loyalty by initiating a
discussion on its dynamic nature from the service-dominant logic perspective.
Therefore, more emphasis is given to formalize an abstract computational model

that can be used as a concrete basis for future facsimile models applied to
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different industries. Therefore, prediction is the ultimate target of initiating this

research path, but not an objective of the research presented in this thesis.

5.2. Potential Application — Tourism Sector using Sri Lanka as the
Test Bed
5.21. Why Tourism Domain?

Intention to revisit a destination’ has been viewed as an important research topic
in both academia and the tourism industry and it has been recognized the
importance of observing tourists’ revisit intention from a time perspective because
the intention often changes over time [78]. Research on destination loyalty shows
that one of the most decisive factors in a further visit to a destination by tourists is
their satisfaction with previous stays there [79][80]. It is well established in
tourism literature that both overall tourist satisfaction and a tourist’s intention to
return are particularly determined by his/her assessment of the destination’s
different attributes [37]. In other words, the evaluation of individual attributes of a
destination affects customer satisfaction. Therefore, a study on the dynamics of
loyalty in tourism is significant and an approach based on the satisfaction coming
from evaluations of individual attributes seems to be acceptable.

On the other hand, service-dominant logic is changing the attitudes and
approaches of the tourism service managers and the academics. According to
Shaw et al., service-dominant logic is particularly relevant to tourism management
since it ‘is based on an understanding of the interwoven fabric of individuals and
organizations’ [81]. Tourism is highly driven by expectations and experiences
[82][83], and as such suppliers and consumers interact more closely together at
all stages of their relationship [81]. In other words, tourists co-create experiences
in interactive processes [84]. In this context, the application of the concepts of
service-dominant logic provides a framework with which to examine supplier-
customer processes involved in co-creating the visitor experience [81]. Moreover,

the quality of the experience offered by a tourist destination is more than the sum

1 Meaning of the word destination depends on the level of aggregation. As far as this thesis is
concerned, it includes service provider organizations such as resort hotels too.
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of its parts; it depends in important ways on how the organizational parts are
interconnected, the way they act and interact and the relations between the
actors involved [85]. This highlights the usefulness of the systems approach as
well as the applicability of NKCS architecture based models to the study of
dynamics in tourism markets.

Apart from the customer satisfaction based measures of customer loyalty,
customer referrals too matter a lot in the tourism sector in bringing up (or down)
the brand images of tourism service providers. For example, traveller oriented
web sites such as TripAdvisor [86] offers platforms for customers exchange their
recommendations and opinions about tourism service providers/destinations all
over the world, putting the quality of the providers/destinations under a
continuous review process. On the other hand, communities like travel bloggers
[87] as well as free and independent travellers [88] too are actively involved in
spreading their experiences at various destinations around the world through web
medias. These active and fast information exchanges are more likely to influence
customers’ perceptions about service providers in tourism markets. Therefore,
destination loyalty in tourism markets needs to be evaluated dynamically through

a study of the interactions between system components.

5.2.2. Sri Lanka as a Tourism Market

Sri Lanka has a long history as a tourism market. Due to its utmost scenic beauty,
cultural heritage from over 2500 years, sandy beaches, rich wildlife and stronger
historical relationships with Asian and European countries, Sri Lanka was a well-
known and popular tourist destination among tourists all over the world. However,
the country’s tourism industry was badly hit by the political issues between the
government of Sri Lanka and the north-based rebels, which led to numerous
terror attacks and several wars. The military defeat of the terrorists in May 2009
was a relief to the tourism industry, which regained hopes of a rapid growth. In
fact, making Sri Lanka a regional tourism hub was a key element of the country’s

development strategy [89].
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The end of war opened up not only hopes but also a vast land and coastal area,
which was not open for tourism in the past couple of decades. However, the
country is still lacking the necessary infrastructure for a booming tourism sector.
Therefore, Sri Lanka’s tourism market after 2009 could be considered as a new
and growing market. Figure 5.1 shows the growth of the market in 2014

compared to 2013 in terms of tourist arrivals in each month.
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Figure 5.1: Comparison of Tourist Arrivals to Sri Lanka in 2013 and 2014
Source: [88]

In order to cater this growing market, the tourism development strategy of Sri
Lanka for the period of 2011-2016 expects to attract USD 3000Mn foreign direct
investment to the country [90]. Investments would largely be required to increase
the number of hotel rooms available in the country as it is predicted that the
country would require 45000 hotel rooms by 2016, which is almost double of the
22735 rooms existed in 2010. However, tourist destinations go through a life cycle
pattern according to Butler, which is shown in Figure 5.2 [91] [92]. Therefore, for
this booming industry to be sustainable and the massive target investments to be

fruitful, it is necessary to avoid possible declines in the future.

One critical factor of avoiding possible declines is ensuring customers’ revisits.

For example, according to the airport survey conducted in 2009 on the departing
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tourists, a large majority of 61% was on their first visit to Sri Lanka [93].
Therefore, it is highly necessary to make attempts to transform these first time
visitors to repeat visitors. On the other hand, Sri Lanka is currently experiencing
growing number of tourists from non-traditional regions such as India and China,
which comprise millions of potential tourists [94]. This changing diversity of
customer profiles requires better understanding on customer-provider interactions
in terms of co-creating positive experiences and the resulting dynamics of loyalty,
for the investments to be paying back through systematic service innovation.
Hence, a service-dominant logic based study would be beneficial for the investors
as well as the tourism research community and government authorities.
Furthermore, the model being presented in this thesis could be an interesting

starting point for such a study using computational methods [95].
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Figure 5.2: Tourism Area Life Cycle of Butler, 1980

5.2.3. Application Guidelines to a Tourism Market

A tourism market comprises numerous hotels, which could be considered as

service providers in a market system. In fact, service providers in a given market
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could be defined at different levels of aggregation. However, since hotels does a
significant impact to the customers’ experience and hence the intention to revisit,

this discussion considers the interaction between hotels and their customers.

A hotel is a place where a tourist can stay for one or more days, engaging in
different activities in the vicinity. These activities are usually associated with the
famous attractions situated around the hotel, cultural events, famous cuisines of
the country or area as well as the geography and wildlife of the area. Therefore, a
hotel's value proposition would include provisions to such activities. For example,
a hotel in the North-Central Province of Sri Lanka would emphasis its location
near the famous Sigiriya Rock, the ancient cities of Anuradhapura and
Polonnaruwa, safari parks and historical tanks, and offer a range of activities to
enjoy those attractions such as air balloon trips, bird watching, elephant safari,
trekking and boat rides. Resources allocated for a particular provision on the
value proposition reflect a particular state. For example, residents of some hotels
are able to see wildlife only through safari rides where as some hotels offer air
balloon trips in addition for the guests to have an aerial view, which is clearly a
different and advanced state. Figure 5.3 contains a part of a hotel's value

proposition and potential states.

Value Attribute States
Location Coastal, Mountainous, Historical
Access Walk only, Vehicle, Walk or Vehicle
Exploration Facilities | Not Provided, Ground-based, Ground plus Aerial
Attractions Historical, Natural, Both
Internet No Internet, WiFi Zones, Free In-room Access
Cusine Local, Local and Traditional, Traditional and International
Spa Massage, Ayurvedic, Specialized

Figure 5.3: Part of a Hotel’s Value Proposition and Potential States

Notably, these value attributes and the states could be further decomposed
depending on the situation. States of all attributes of a given hotel determines the

hotel's current profile.

78



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

Similarly, a tourist visiting a particular hotel too has a value proposition that
comprises multiple attributes. For example, tourists’ profiles may differ based on
their demographics, psychographics, knowledge and skills, country of origin etc.
For example, some tourists such as backpackers do not possess much cash in
hand but have adventurous personalities to try out novel experiences where as
some, such as mass tourists, possess more cash and look for relaxation and
comfort. Thus, whether a tourist is adventurous or not is an attribute of tourists’
value proposition, which could be at two states; Yes or No. Figure 5.4 contains a

part of a tourists’ value proposition and potential states.

Value Attribute States
Adventurous Yes, No
Interests Relaxation, Outdoor activities
Use Internet Yes, No
Possess PC/Mob. Device |Yes, No
Age <25, 26~50, > 50
Possess Credit Card Yes, No
Cash <5008, 500$> & < 2000S, > 2000$

Figure 5.4: Part of a Tourist’s Value Proposition and Potential States

Value Co-creation: This representation helps understanding how tourists co-
create value (or experience) in interactions with hotels. According to the model
being discussed, a service interaction has a value for both parties. In other words,
tourists with different profiles co-create different values with the same hotel
whereas the hotel too co-create different values with those tourists depending on
their profiles. For example, a backpacker and a mass tourist will not co-create the
same value with a star hotel as the profiles of the two types have different states
in attributes. On the other hand, a star hotel would not co-create the same value
with a backpacker and a mass tourist. Figure 5.5 helps further explaining the

process of value co-creation in a hotel-tourist interaction.
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As shown in Figure 5.5, attributes on a value proposition depends on a certain
number of other attributes of its own as well as a certain number of attributes of
the other entity. For example, location of the hotel would be related to the means
of accessing the hotel, the existence of tourist attractions in the vicinity and the
exploration facilities provided. Furthermore, the location is related to the attributes
such as age of the tourist, interests of the tourist and whether the tourist is
adventurous or not. An equivalent computational representation using NKC
architecture would set parameters K = 3 and C = 3. According to this relationship
structure, value contribution of a given attribute depends not only on its own state
but also the states of the other related attributes. For example, a hotel could be
situated on a mountainous location with lots of attractions in the vicinity and
various activities to explore the area but with access only by walk. In such a case,
a young adventurous tourist with a passion to outdoor activities such as hiking
and climbing would co-create maximum value with the attribute “location”.
However, an older tourist may find it difficult to co-create value with the location
attribute of that hotel as the tourist does not possess the required resources (Ex.

Health conditions).

| Hotel | | Tourist |

Value Attribute Value Attribute
C=3
Location 'EEE;EEE:::::::“~ Adventurous
Access . \ “Interests
Exploration Facilities %, |Use Internet
Attractions \\\ Possess PC/Mob, Device
Internet K=3 YAge
Cusine Possess Credit Card
Spa Cash

Figure 5.5: How Value Co-creation Works in Tourism

Application overview: The model presented in this thesis corresponds to a

situation depicted by Figure 5.6. There are multiple hotels (resorts) at a given

80



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based
Simulation
Doctoral Thesis by Chathura Rajapakse

tourism market from which customers can select. The hotels have different
profiles depending on their characteristics. There are also multiplicities of current
and future customers. These hotels and customers correspond to the service
system agents of the model and their current profiles correspond to the current
states of the agents. Customers do service interactions with selected providers,
co-create value and make recommendations to other potential tourists known to
them about their experience at the respective hotel, if it is positive. For example,
the customer X in Figure 5.6, who engage in a service interaction with resort B
recommends resort B to customer Y, who is already a customer of resort A. This
recommendation implants a positive affection in customer Y towards resort B,

giving him/her another option to consider in the next visit.
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Figure 5.6: Service System Interactions in a Tourism Market

The service interaction process: A service interaction in tourism market starts
with getting a service need, i.e. a place to stay during the trip. The potential tourist
then seeks for a suitable hotel among the known places or the places
recommended by others. Once a hotel is selected, the tourist approaches the
hotel for a booking, which is a proposal for service. There the hotel would use

certain check attributes to decide whether to accept the proposal or not based on
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the potential value of the tourist. For example, the hotel would ask for a valid
credit card as a security for the booking. If the hotel accepted the proposal, the
tourist would arrive at the hotel on the decided date to start co-creating value. If
the co-created value were positive, the tourist would recommend the hotel to
other potential tourists known. Even though this process may have slight

variances, it generally corresponds to the process depicted by the figure 2.2.

Challenges: While the application of the model to the context of tourism looks
interesting and straightforward, there exist some practical challenges. One major
challenge is the estimation of parameter values. For example, in the current
simulation, the parameters have not been estimated using any data representing
the real environment. However, application of the model to the domain of tourism
requires valid parameter estimation in order to get significant insights. There,
parameters like “expectation growth rate” would be crucial for accurate results
and the estimation of such parameters would be challenging; hence would need
special attention. On the other hand, application of the model to the specific
domain of tourism gives each attribute of a value proposition a meaning.
Therefore, determining the relationships between attributes denoted by
parameters K and C in this abstract model would have to be specifically
determined by the researcher. Moreover, the utility values associated with
different state value combinations needs to be realistically evaluated involving
real users. Therefore, this application involves substantial fieldwork in terms of
data collection. Alternatively, a “virtual grounding method” [77] could also be used

to estimate parameters.
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6. Conclusion

6.1. Remarks on Research Questions

This thesis reports a research attempt to study the dynamics of customer loyalty
from the service-dominant logic perspective using agent-based simulation in order
to answer the traditional question of why customers defect (switch). The
motivation for the thesis came from the observation of increased interactions
among market actors and rapid expectation growth in modern markets, which are
more likely to transform customer loyalty into a dynamic property emerging from
market interactions. In the study of customer loyalty as a dynamic property, this

thesis mainly focuses on three research questions:

i. How does customer loyalty dynamically change in competitive
business environments?

i.  How such dynamics could be effectively studied?

iii. If such dynamics exist, how are customers’ switching decisions

associated with them?

The thesis proposes to combine the agent-based modeling methodology, which is
well known in the study of complex adaptive systems with the emerging market
perspective of service-dominant logic to study customer loyalty as a dynamic
property. Service-dominant logic, which is proposed as an alternative mindset to
the traditional transaction-oriented mindset, provides the foundation for the study

through conceptualization of market entities and interactions.

The proposed agent-based model in this thesis is a typical abstract market model.
It has only two types of agents; service providers offering a single service and
their customers. However, this abstractness effectively lays the foundation for a

new research direction on customer loyalty based on computational modeling and
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service-dominant logic. It helps to explain market entities through the lens of
service-dominant logic and mimic the processes of value co-creation, which are
central to the service-dominant logic. Furthermore, it helps to understand how
customers’ emotional responses to value co-creation experiences lead to
fluctuations in affective commitment making loyalty to be dynamic. In other words,
the proposed model brings a range of conceptual discussions into an
experimental setup on a computer, enabling further computational

experimentation in the future.

The simulation experiments reveal that the customer loyalty for a given service
provider follows a particular dynamic pattern. According to that, any service
provider who had been in the market from the beginning would go through a
pattern with an early hype followed by a gradual decline due to growing
expectations. The results also reveal that a new competitor can still secure a
significant market share if entered to the market early despite the existing
providers going through their hypes of loyalty, or if the expectation growth rate of

the market is lower.

6.2. Implications of the Research

The research presented in this thesis has implications for both researchers and
practitioners. As far as the practitioners are concerned, it emphasizes the
importance of managing the expectations of their customers. On one hand the
lower expectation levels makes them more vulnerable to competition from new
entrants and on the other hand, higher expectations make customers to make
more random choices than loyalty-based choices. Furthermore, the proposed
model could be suggested as an effective tool for service designers following the
soft systems approach to design robust services aiming at successful value co-
creation. As for the researchers, this research provides a useful starting point for
service-dominant logic based research, not only on customer loyalty but also on

other aspects of consumer behavior.
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6.3. Limitations

The agent-based model developed in this research inevitably has its own
limitations, which would be addressed in future research. Firstly, it mainly focuses
on customer-customer and customer-provider relationships and does not take into
account the provider-provider relationships. However, in a typical market,
providers may use competitive, corporative or mixed strategies to face the
competition and survive. Secondly, loyalty is clearly differentiated from lock-in
situations in the marketing literature. However, switching barriers do exist in many
industries and this model is not capable of explaining such situations effectively.
The model is clearly intended to situations at which switching cost is minimal. For
example, in tourism industry the customers are generally free to make purchase
decisions even though there could still be instances where they are locked in to
some providers based on the limitations of their information search and personal
traits. Thirdly, the model is not a predictive model. Therefore, it needs further
refinements if intended to apply to make predictions on a particular context.
Finally, the impact of advertising on customers’ choice decisions is not considered
in the model. For example, advertising is used in tourism industry to recall positive
experiences of repeat customers to attract them again to the particular destination
[96].

6.4. Future Work

The research presented in this thesis could be extended to several short-term and

long-term future research projects.

6.4.1. Short-term Future Work

As for short-term future work, it would be interesting to incorporate provider-
provider interactions and see if loyalty could be enhanced through intense
competition and/or through mergers. It is possible to suggest that competitive,

corporative or biform games would be effective in the study [97]. Furthermore, the
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advertising effect could also be considered for short-term future developments.
Moreover, the real-world market systems involve value constellations with several
types of market actors getting together to co-create value [29]. The NKCS
architecture used to develop this model enables to extend the model to represent
a value constellation. The parameter S of the NKCS model, which determines the
number of entities in the system, was not used in this model as a control
parameter. Therefore, studying the effect of a value constellation on loyalty would
be another short-term future extension. Experimenting the dynamics of loyalty for
a service with multiple use contexts would also be an interesting analysis. In fact,
this model already has provisions to incorporate multiple use contexts with the
parameter “noOfUseContexts”, even though it is not used for the analysis in this

thesis.
6.4.2. Long-term Future Work

As for long-term future work, the model would be applied to the tourism domain
as explained in section 5.2 using Sri Lanka as the test bed. In fact, the tourism
service system is also a value constellation of multiple entities. For example,
apart from the tourism service providers and tourists, the local residents do
involve in lots of interactions with tourists as well as service providers and, the
overall experience co-created highly depends on those interactions too [98].
Therefore, the application of the model into tourism requires efforts in extending
the model to incorporate the residents into the system in addition to the efforts in
data collection and parameter estimation. Furthermore, it is intended to research
on the use of this model for effective service design in tourism using the soft

systems approach.
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Appendix C — Lists of Methods in
Classes

1. Value Item
. R L
Entity Method Name ;t;:n Input Parameters Discription
setlD void D of the value item Set the .ID of the value |t.eTT1 to identify uniquely on
respective value proposition
GetID String None returns the ID of the value item
. Set the t f th lue item, whether basic,
SetCategory void Category e ‘ e type of the value item, whether basic
excitement or performance
Value Item GetCategory String None Returns the category of the value item
. ID of the dependency Adds a relationship to another value item by
AddDependencyltem |void X S .
item adding its ID to the list
GetDependencyltems | List<String> |None 'Retur'ns the list of all items that the given value
item is related to
R hether the value i is ch |
IsChangeable boolean None eturns whether the value item is changeable or
not
2. Customer
. Return P
Entity Method Name Type Input Parameters Discription
. Controls customer agent's activities at each time
step void None
step
1. Desired Value Item Returns the utility of a particular value item on
GetUtility double 2. Provider's current provider's value proposition based on customer's
state and provider's current state
. L Valuelltem " Returns the satisfaction of the customer based on
GetDelight double 2. Perceived Utility R -
. the algorithm in Figure 3.8
3. Expected Utility
GetNewProvider void New provider object Ad'ds'the new provider as an object into the list of
existing providers
GetMyNeighborhood |List<CustomqNone Returns the list of neighbors of a given customer
Adds the new provider to the list of existing
AddNewProvider void New provider object providers avoiding duplicates. Called inside
GetNewProvider.
TellMeProviders Provider(] |None Us'ed to get lists of known providers from the
neighbors
Customer .
1. Recommendation as
. do an object Used to receive recommendations about providers
ReceiveRecommendatiqvoid R R X
2. Provider being from neighbors
recommended
ReportAffection List<String[J3 None Returns the affection with each profider as a list of

GetExperience

CalculateDistance

JoinProviderSurvey

GetlD
GetMyState

ServiceExperf

double

double

String

Provider's ID

1. Customer's current
state
2. Neighbor's current
state

Provider's state

None

int[]

None

details. Called in Controller's step method

Returns the latest experience with a given provider

Returns the distance between a customer and one
of its neighbors based on their current states

Returns the potential satisfaction with a proposed
new state of a customer

Returns the ID of this customer

Returns the current state of this customer

95



Study on the Dynamics of Customer Loyalty from the Service-Dominant Logic Perspective using Agent-based

Simulation

Doctoral Thesis by Chathura Rajapakse

3. Provider
. Return I
Entity Method Name Type Input Parameters Discription
Y|
. Controls the activities of the provider in each time
step void None
step
1. Customer's current \ .
. Evaluates a customer's service proposal and
ServiceOffer boolean state ) ) :
\ determines whether to accept it or reject
2. Customer's ID
. 1. Customer's ID Used to receive customers' feedbacks about their
GetFeedback void . R ) .
2. Satisfaction level service experiences
1. Value Iltem being
_ GetUtility double concerned . _Returns the ut|||t‘y contribution fr_om a given value
Provider 2. Customer's current item on ustomer's value proposition
state
GetCurrentState int[] None Returns the current state of the provider
GetTotalTransactions |long current tick value Retu‘rns th.e total number of t.ransacnons in the
previous time step for reporting purpose
GetID string None Returns the ID of the provider
SetAffection void A\{erage éffectlon for Used to recelve the current average affection for
this provider the provider from the controller
GetAffection double Retu.rns the current average affection for the
None provider
4. Customer Relationship
. R L
Entity Method Name _:t:;n Input Parameters Discription
b
SetCusID void Customer ID Set the customer ID in the relationship
SetMyUtility void double Set the provider's utility in this relationship
Customer AddNewTransaction  |void Transaction Add a new transaction to the relationship
Relationshi GetCusID String None Return the customer ID of the relationship
P GetMyUtility double None Return the utility of this relationship
. Li . .
GetMyTransactions ist . None Returns the list of all transactions
<Trnsction>
5. Transaction
Entity Method Name Rf:t:r: Input Parameters Discription
Y|
SetFeedback void Feedback Amount of co-created value as a feedback
GetTID String None Return the ID of the transaction
. GetCID String None Return the ID of the customer
Transaction Return the customer state at the time of this
GetCusState int[] None .
transaction
GetFeedback double None Return the feedback of this transaction
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6. Service Experience
. Return L
Entity Method Name Type Input Parameters Discription
Y|
SetID void Provider ID Sets the provider's ID in the experience
setPState void Provider's State Sets the provider's state at the time of service
experience
SetWasAccepted void Accepted or Not Sets the result of the service proposal - whether
accepted or not
Set the delight of the service experience. Trust
SetDelight void Delight contribution is calculated in this method and
updated accordingly
Service SetTrustContribution |void Trust contribution Used to update the trust contribution manually
. when necessary
Experience . -
GetPID String None Returns the provider's ID
GetMyID String None Returns the respective customer's ID
GetPState int(] None Returhs the state of the provider at the time of the
experience
GetMyState int[] None Returhs the customer's state at the time of
experience
GetWasAccepted boolean None Returns whether the service proposal was
accepted or not
GetDelight double None Returns the delight of the experience
GetTrustContribution |double None Returns the trust contribution
7. Affection
Entity Method Name R;t:ren Input Parameters Discription
Y|
SetPID void Provider ID Sets the provider ID
SetProCurrentState void Provider's State Sets provider's current state
SetMyCurrentState void Customer's State Sets the customer's current state
. . . . Add i i . Trust and invol t
AddExperience void Service Experience sa serv‘|ce experience nfls -an involvemen
get determined and updated inside.
AddRecommendation |void Recommendation Addsa re_commenda,tlo_n' Recommendatlon
strength is updated inside accordingly
GetPID String None Returns provider's ID
. GetPState int(] None Returns provider's state
Affection . !
GetMState int[] None Returns the customer's state
GetExperience List< None Returns the list of service experiences
Serv. Exp>
. List< . .
GetRecommendation None Returns the list of recommendations
Recmndtn>
GetTrust double None Returns the trust value with the provider
GetRecommendation double None Returns the recommendation strength
Strength
GetlsInvolved boolean None Returns whether involved or not
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8. Recommendation
. R .
Entity Method Name _‘:t::n Input Parameters Discription
Y|
SetRID void Recommendation ID Sets the recommendation ID
SetPID void Provider ID Sets the provider ID
. . R der' .
. | SetRExpectations void ecommfzn ers Sets the expectations of the recommender
Recommendati expectations
on SetRState void Recommender's state  |Sets the recommender's state
GetRID String None Returns the recommender's ID
GetPID String None Returns the provider's ID
GetRExpectations double(] None Returns the expectations of the recommender
GetRState int[] None Returns the state of the recommender
9. Controller
Return
Entity Method Name Type Input Parameters Discription
Step void None Print data in every step to multiple MS Excel files
AddProviders void None Adding the desired no of providers to the context
AddCustomers void None Adding the desired no of customers to the context
X 1. List of best customers |Ret th light of t t f
GetDelightOfsample | double of be eturns - e average delight of top customers for
2. Provider's new state |a potential future state
TransmitProviderinfo |void None Transmit information about new providers to
all customers
i Individual agent's details | Prints the details regarding a switching of an
ReportAMove void L I .
about a switching individual customer for analysis
Controller
Individual agent's details | _ . . - .
. . - Prints the details regarding a decision to retain of
ReportARetention void about a decision to . N
. an individual customer for analysis
retain
Individual agent's details
ReportAll void about a decision to Prints the above two types in one file
switch or retain
Returns the positions of the attributes that
GetConditionsToCheck |int[] None providers evaluate before accepting a service
proposal by a customer
10. Context Builder
. Return L
Entity Method Name Type Input Parameters Discription
Context Builder [build Context context Return the model context (Type: Context<Object>)
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Appendix D — Extended Pseudo
Codes of Major Processes

1. Make Value Propositions

PROCEDURE (Make Value Propositions)
Read int customerN, providerN, K, C
Read double cusChangeableAttributePercentage,
proChangeableAttributePercentage
Make List<Valueltem> cusValueltems
Make List<Valueltem> proValueltems

//Making customer’s value item list

Make int NoOfCusChangeableAttributes
Set NoOfCusChangeableAttributes To (int) customerN*
cusChangeableAttributePercentage

Determine changeablePositions
Set count to 1
Repeat While Count < customerN
If count is a changeable position
cusValueltems.add(new ValueItem(“C” + (count+l),
TRUE) )
Else
cusValueltems.add(new ValueItem(“"C” + (count+l),
False))
Set count to (count + 1)

//Making provider’s value item list

Make int NoOfProChangeableAttributes
Set NoOfProChangeableAttributes To (int) customerN*
cusChangeableAttributePercentage

Determine changeablePositions
Make int nBasic, nExcitement, nPerformance

Set nBasic To (int) providerN/3 //Types of attributes
Set nExcitement To (int) providerN/3
Set nPerformance To providerN - (nBasic + nExcitement)

Set count To 0
Repeat While Count < nBasic
If count is a changeable position
proValueItems.add(new ValueItem (“P” + (count+l),
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TRUE, “Basic”))
Else
proValueltems.add (new Valueltem(“P” + (count+l),
False, “Basic”))
Set count to (count + 1)

Repeat While count < (nBasic + nExcitement)
If count is a changeable position
proValueltems.add (new Valueltem(“P” + (count+l),
, “Excitement”))
Else
proValueltems.add (new Valueltem(“P” + (count+l),
, “Excitement”))
Set count To (count + 1)

Repeat While count < customer
If count is a changeable position
proValueltems.add (new Valueltem(“P” + (count+l),
TRUE, “Performance”))
Else
proValueltems.add (new Valueltem(“P” + (count+l),
False, “Performance”))
Set count To (count + 1)
END PROCEDURE

2. Make the Dependency Relationships
PROCEDURE (Make the dependency relationships)

Read List<ValueItem> cusValueItems

Set itemCount To O

Repeat While itemCount < customer
Make Valueltem temp

Set temp To cusValueltems (itemCount)

Make List<String> customerItemIds
Make List<String> providerItemIds
Read int K, C

Set count To 0

Repeat While count < customerN
customerItemIds.Add (Get cusValueltems (count)
Set count To (count + 1)

Set count To 0

Repeat While count < providerN
providerItemIds.Add (Get proValuelItems (count)
Set count To (count + 1)

//Setting up internal complexity - K
Set count to 0

TRUE

False

.ID)

.ID)
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Repeat While count < K
Make Random int X Between (0,
customerItemIds.Size-1)
temp.AddDependencyltem (customerItemIds (X))
customerItemIds.Remove (X)
Set count To (count + 1)

//Setting up external complexity - C

Set count To 0

Repeat While count < C
Make Random int Y Between (0,

providerItemIds.Size-1)

temp.AddDependencyltem (providerItemIds (Y))
providerItemIds.Remove (Y)
Set count To (count + 1)

Set itemCount To (itemCount + 1)

END PROCEDURE

3. Building the Utility Landscape of the Customer
PROCEDURE (Building the utility landscape of the customer)

Read int noOfStates, K, C, noOfUseContexts

Make List<String[]> customerLandscape

Make int totalStateValueCombinations

Set totalStateValueCombinations To noOfStates ©~ (1+K+C)

Set count To O
Repeat While count < totalStateValueCombinations
Make String stateString(count)

Set newCount To 0
Repeat While newCount < noOfUseContexts
Make String temp
Set temp To (stateString + newCount)
Make String[] landscapeEntry[l + customer]
Set landscapeEntry[0] To temp

Set finalCount To 1
Repeat While finalCount <= customerN
Set landscapeEntry[finalCount] To Random Double(0,1)
Set finalCount To (finalCount + 1)
customerLandscape.Add (landscapeEntry)
Set count To (count + 1)
END PROCEDURE
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4. Adding Agents to the Context

PROCEDURE

Read
Read
Read
Read
Read

(Adding agents to the context)

int noOfCustomers

List<ValueItem> proValueItemList, cusValueItemList
int noOfUseContexts

context thisContext

List<Customer> availableCustomers

Set count To 0
Repeat While count < noOfCustomers

Read int noOfStates
Read int customer
Make int[] state
Make int stateValues
Make int useContext

Set stateValues To noOfStates
Set useContext To Random(int (0,

noOsteConEexts - 1))

Set itemCount To O
Repeat While itemCount < customer

Set state[itemCount] To Random(int (O,

stateValues - I))

Set itemCount To (itemCount + 1)

Make Customer C(“C” + (count + 1),
cusValueltemList, proValueIltemList,

state, useContext)

thisContext.Add( C )

availableCustomers.Add( C )

Set count To (count + 1)
END PROCEDURE

5. Selecting a Provider

PROCEDURE

(Selecting a provider)

Read double loyaltyBiasness, needProbability
Read List<Customer> myNeighbors

Read List<Provider>providerList

Make Provider selectedProvider

Set selectedProvider To Null

If needProbability > Random (double (0,1))
If providerList Empty
Set count To 0

Repeat While count < myNeighbors.Size

myNeighbors (count) .TellMeProviders
Set count To (count + 1)

If providerList Not Empty

Set selectedProvider to Random(providerList)

Else
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If loyaltyBiasness > Random (double(0,1))
Make List<String[]> positiveAffections
Read List<Affection> myAffectionWithProviders
Make double totalAffection
Set count To 0
Repeat While count < myAffectionWithProviders.Size
Make double myAffection
SetmyAffection to (myAffectionWithProviders
(count) .Trust + myAffectionWithProviders (count)
.RecommendationStrength)
If myAffection > 0.0
Make String[2] temp
Set temp[0] To _
myAffectionWithProviders (count) .pID
Set temp[l] To myAffection
positiveAffections.Add (myAffection)
Set totalAffection to (totalAffection
+ myAffection)
Set count To (count + 1)
If positiveAffection Not Empty
Make double decider
Set decider To Random (Double(0,1))
Make double cumulativelLoyalty

Set count To 0
Repeat While count < positiveAffection.Size
cumulativeLoyalty = cumulativeloyalty +
positiveAffection (count) [1]/totalAffection
If cumulativelLoyalty > Random(double (0,1))
Set selectedProvider To providerList (
positiveAffection (count) [0])
Set count To (count + 1)
Else
Set selectedProvider to Random(providerList)
Else
Set selectedProvider to Random(providerList)

END PROCEDURE

6. Learning Better States

PROCEDURE (Learning better states)
Read Boolean isInvolved
Read Provider selectedProvider
Read List<Affection> myAffectionWithProviders
Read List<Customer> myNeighbors

Make double myExpectedSatisfaction
Make ServiceExperience myExperience

Set count To O
Repeat While count < myAffectionWithProviders.Size
If myAffectionWithProviders (count) .pID =
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selectedProvider.pID
Set isInvolved To myAffectionWithProviders (count) .
GetIsInvolved
Exit
Set count To (count + 1)

If isInvolved = TRUE
Set count To O
Repeat While count < myAffectionWithProviders.Size
If myAffectionWithProviders (count) .pID =
selectedProvider.pID
myExperience = LastOf (myAffectionWithProviders (count).
GetExperience)
Exit
Set count To (count + 1)
Set myExpectedSatisfaction To myExperience.GetDelight

Make Customer nearest

Make double nearestDistance

Make List<ServiceExperience> betterExperience
Make int[] oldState

Read int[] myCurrentState

Set nearestDistance To 500
Set count To O
Repeat While count < myNeighbors.Size
Make ServiceExperience SE
Set SE To myNeighbors (count) .GetExperience (_
selectedProvider.pID)
If Not (SE = NULL) AND
SE.GetDelight > myExpectedSatisfaction
betterExperience.Add (SE)
Set count To (count + 1)

Set count To O
Repeat While count < betterExperience.Size
Make double distance
Make int[] neighborState
Set neighborState To betterExperience (count) .GetMyState
Set distance To CalculateDistance (myCurrentState,
neighborState)
If distance < nearestDistance
nearestDistance = distance
Set countl To O
Repeat While countl < myNeighbors.Size
If myNeighbors (countl) .ID =_
betterExperience (count) .ID
Set nearest To myNeighbors (countl)
Exit
Set countl To (countl + 1)
Set count To (count + 1)

If Not (nearest = NULL)
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Make Boolean moved
Make List<int[]> oneMutantNeighbors
Read List<ValueItem> myValueltems

Read int noOfStates
Set oldState To myCurrentState

Set count To O

Repeat While count < myCurrentState.Length
If myValuelItems (count) .IsChangeable = TRUE

If myCurrentState[count]

+ 1 < noOfStates

Make int[myCurrentState.Length] elements
Set countl To O

Repeat While countl < myCurrentState.Length
If count = countl

elements[countl]

Else

elements[countl]
Set countl To

myCurrentState[count] + 1

myCurrentState[countl]

(countl + 1)

oneMutantNeighbors.Add (elements)

If myCurrentState[count]

- 1>=0

Make int[myCurrentState.Length] elements
Set countl To O

Repeat While countl < myCurrentState.Length
If count = countl

elements[countl]

Else

elements[countl]

Set countl To

myCurrentState[count]

myCurrentState[countl]

(countl + 1)

oneMutantNeighbors.Add (elements)

Set count To

Shuffle (oneMutantNeighbors)

Set count To O

(count + 1)

Repeat While count < oneMutantNeighbors.Size
Make double distance

Set distance To CalculateDistance (oneMutantNeighbors (

count), nearest.GetMyState)

If distance < nearestDistance
myCurrentState = oneMutantNeighbors (count)

Exit
Set count To
End PROCEDURE

(count + 1)

1
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7. Service Interaction with the Selected Provider

PROCEDURE (Service interaction with the selected provider)
Read Provider myCurrentProvider
Read selectedProvider
Read List<Affection> myAffectionWithProviders
Read int[] myCurrentState
Read String myID
Read double expectationGrowthRate
Make String providerState
Make Affection myAffection
Make boolean providerResponse

Set myCurrentProvider To selectedProvider

Set count To 0
Repeat While count < myAffectionWithProviders.Size
If myAffectionWithProviders (count) .pID
= selectedProvider.ID
myAffection = myAffectionWithProviders (count)
Exit
Set count To (count + 1)

Set count To 0
Repeat While count < selectedProvider.GetCurrentState.Length
providerState = providerState + selectedProvider.

getCurrentState[count]
Set count To (count + 1)

Make ServiceExperience experience (selectedProvider.ID,
providerState, myID, myCurrentState)

Set providerResponse To selectedProvider.ServiceOffer(
myCurrentState, myID)
If providerResponse = TRUE
experience.SetWasAccepted (TRUE)
Make double satisfaction
Set satisfaction To 0.0
Read providerValueltems
Read double[] myCurrentExpectations

Set count To O
Repeat While count < providerValueltems.Size
Make Valueltem V
Set V To providerValuelItems (count)
Make double utility
Set utility To GetUtility(V, selectedProvider.
GetCurrentState)
Set satisfaction To satisfaction_
+ GetDelight (V, utility, myCurrentExpectations[count])
If GetDelight(V, utility, myCurrentExpectations
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[count]) > 0
myCurrentExpectations[count] = myCurrentExpectations
[count] * (1 + expectationGrowthRate)
Set count To (count + 1)

Set satisfaction To satisfaction/providerValueltems.Size

experience.SetDelight (satisfaction)
myAffection.AddExperience (experience)

selectedProvider.GetFeedback (myID, satisfaction)

If satisfaction > 0
Make Recommendation R(myID, selectedProvider.ID)
R.SetRExpectations (myCurrentExpectations)
R.SetRState (myCurrentState)

Set count To O
Repeat While count < myNeighbors.Size
myNeighbors (count) .ReceiveRecommendation (R,
selectedProvider)
Set count To (count + 1)

Read double myExpectedSatisfaction
If moved = TRUE AND myExpectedSatisfaction
> satisfaction
Set myCurrentState To oldState
Else
If moved = TRUE
Set myCurrentState To oldState
experience.SetWasAccepted (FALSE)
experience.SetTrustContribution (0.00001)
myAffection.AddExperience (experience)
END PROCEDURE

8. Service Offer

PROCEDURE (Service Offer)

Read List<Valueltem> customerValueltems
Read String customerID

Read int[] customerState

Read double[] myCurrentExpectations
Make Boolean agreeToServe

Make double fitnessToServe

Make double tick

Set tick To currentTickValue

Read int[] myCheckAttributes

Set count To O
Repeat While count < myCheckAttributes.Size
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Make double attributeUtility

Make ValueItem thisItem

Set thisItem To customerValueItems_
(myCheckAttributes[count])

Set attributeUtility To GetUtility(thisItem, customerState)

Set fitnessToServe To (fitnessToServe + (attributeUtility

- myCurrentExpectations|[count]))
Set count To (count + 1)

If fitnessToServe > 0

El

Re

Read int transactionNumber
Read List<double> transactionLog
Make String transactionID

Set agreeToServe To TRUE

Set transactionNumber To (transactionNumber + 1)

Set transactionID To (tick + “-“ + transactionNumber)

Make Transaction thisTransaction(transactionID,
customerID, customerState)

Read List<CustomerRelationship> myRelationships

Make CustomerRelationship thisRelationship

Make Boolean found
Set count To O
Repeat While count < myRelationships.Size
If myRelationships (count) .customerID = customerID
Set found To TRUE
Set thisRelationship To myRelationships (count)
Exit
Set count To (count + 1)
If found = TRUE
thisRelationship.AddTransaction (thisTransaction)
Else
Set thisRelationship (customerID)
thisRelationship.AddTransaction (thisTransaction)
myRelationships.Add (thisRelationship)
se
Set agreeToServe To FALSE

turn agreeToServe

END PROCEDURE

9.

Calculate Utility of a Value Item

PROCEDURE (Calculate utility of a value item)
Read ValuelItem thisItem
Read int[] providerState
Read int[] myCurrentState
Read int myCurrentUseContext
Read List<String[]> customerLandscape
Make double utility
Set utility To 0.0
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Make String stateValueCombination
Make int positionl, position2

Set positionl To (SubstringFromRight (thisItem.ID,1)-1)
Set stateValueCombination To providerState[positionl]

Set count To 0
Repeat While count < thisItem.Dependencyltems.Size
Set position2 To (SubstringFromRight
(thisItem.DependencyItems (count),1l) - 1)
If thisItem.Dependencyltems (count) StartsWith “C”
Set stateValueCombination To stateValueCombination + _
myCurrentState[position2]
Else
Set stateValueCombination To stateValueCombination + _
providerState[position?]
Set count To (count + 1)

Set stateValueCombination To (stateValueCombination +
myCurrentUseContext)

Set count To O
Repeat While count < customerLandscape.Size

If customerLandscape (count) [0] = stateValueCombination
Set utility To customerLandscape (count) [positionl]
Exit

Set count To (count + 1)

Return utility
END PROCEDURE

10. Calculating Satisfaction from Utility

PROCEDURE (Calculating satisfaction from utility)

Read ValuelItem thisItem

Read double utility

Read double currentExpectation
Make double difference

Make double satisfaction

Make String category

Set difference To (utility - currentExpectation)
Set category To thisItem.GetCategory

If category = "“Basic” And satisfaction < 0
satisfaction = difference

Else
If category = “Excitement” And satisfaction >= 0

satisfaction = difference
Else If category = “Performance”
satisfaction = difference
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Return satisfaction
END PROCEDURE

11. Get Feedback

PROCEDURE (Get Feedback)
Read String customerID
Read double customerDelight
Read List<CustomerRelationship> myRelationships
Make CustomerRelationship thisRelationship
Set thisRelationship To NULL

Set count To O
Repeat While count < myRelationships.Size

If myRelationships (count) .customerID = customerID
Set thisRelationship To myRelationships (count)
Exit

Set count To (count + 1)

If Not(thisRelationship = NULL)
Make int size
Set size To thisRelationship.GetTransactions.Size
Make Transaction lastTransaction
Set lastTransaction To thisRelationship.
GetTransactions (size - 1)
lastTransaction.SetDelight (customerDelight)

Make double myDelight
Read List<Valueltem> customerValueltems
Read double[] myExpectations

Set count To O
Repeat While count < customerValueltems.Size

Set myDelight To (myDelight +

(GetUtility (customerValuelItems (count),
lastTransaction.GetCustomerState) -
myExpectations[count]))

Set count To (count + 1)

Set myDelight To myDelight/customerValueltems.Size

Make double totalDelight
Set totalDelight To (customerDelight + myDelight) /2
thisRelationship.SetMyUtility (totalDelight)

END PROCEDURE
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