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Abstract

This paper summarizes a conceptual design of a supporting system for finding effective
strategies for promoting the introduction of mobile payment systems. For finding the
strategies, a method for finding important rules from results of association analysis is
proposed. The effectiveness of the method is validated by conducting an experiment
and the usefulness of the system is demonstrated by showing an example of using
scenario. The paper consists of six chapters.

In Chapter 1, the scope and the goal of this study are described. Mobile payment
services are convenient payment methods for shopping behaviors in digitalized society.
Though governments have been promoting the usages of mobile payment services,
there are gaps in usage rates among different countries despite the efforts. Effective
strategies are required for improving the introduction rates in shopping facilities, espe-
cially in small-sized shops which are used frequently in people’s daily lives. Thus, shop
owners’ mental factors for introducing mobile payment systems should be considered
by marketing planners when conducting the promotions. However, it is difficult to
make effective promotion strategies because the planners do not know about mental
gaps between shop owners who introduce the systems and those who do not. To
solve the problem, a supporting system is designed for helping marketing planners
find effective strategies. For finding such strategies, a method is proposed for finding
important rules from results of association analysis.

In Chapter 2, literature review and theoretical background are shown. By showing the
literature review, previous studies on investigating mental factors for using mobile
payment systems were compared with this study. As theoretical background of this
study, the unified theory of acceptance and use of technology (UTAUT) and associ-
ation analysis are described. In the experiment of this study, data of shop owners’
attitudes towards mobile payment systems and their introduction of the systems were
collected by conducting questionnaire surveys. Question items of the questionnaire
were designed by referring to other questionnaires made by previous works using
UTAUT. After collecting the data, association analysis was used for investigating the
relationship between shop owners’ attitudes and the decision of introducing mobile
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payment systems.

In Chapter 3, a method for finding important rules from results of association analysis
is described. In order to find the rules, the concept of ‘key rule’ is defined. Based on
the definition, algorithms for extracting key rules and obtaining hints for converting
rules (false rules) with consequent itemsets as ‘FALSE’ into rules (true rules) with
consequent itemsets as ‘TRUE’ are designed. Evaluation criteria are designed for
evaluating key rules. The criteria are cost, expectation and coverage. By calculating
the evaluation values according to the criteria, important rules are found. Such rules
represent important hints for converting consequent itemsets by changing antecedent
itemsets.

In Chapter 4, an experiment for showing the effectiveness of the proposed method
is shown. Data about shop owners’ attitudes towards mobile payment systems and
the decisions of system introduction were used. For preparing the data, questionnaire
surveys were conducted in four areas: Japan, China, Thailand and Taiwan. By using the
proposed method, key rules were found and evaluated. Then, important rules with the
highest evaluation values that represent the effects of antecedent itemsets on different
consequent itemsets were discussed. As a result, the proposed method is proved to be
effective for identifying important information from the results of association analysis.

In Chapter 5, a conceptual design of a supporting system for finding effective promo-
tion strategies for mobile payment systems is described. Target users of the system are
marketing planners who want to encourage shop owners to introduce mobile payment
systems. There are three mechanisms: (1) conducting association analysis, (2) finding
key rules, and (3) finding the key rules with the selected itemset. In the system, the
proposed method for finding important rules from results of association analysis is
applied. For showing the usefulness of the supporting system, an example of using sce-
nario was demonstrated by using the data collected from Japan. By using the system,
important rules with the selected itemsets were obtained and promotion strategy is
discussed. The strategy indicates that if shop owners think that introducing mobile
payment systems can improve their work performance by saving the time of managing
cash, it is effective to conduct promotions for changing their attitudes towards the
required equipment for introducing the systems.

In Chapter 6, conclusion and future works are shown. The study summarized in this
paper contributes to providing a solution for discovering effective promotion strategies
by applying a method for finding important rules from results of association analysis
from the perspective of shop owners’ mental factors on their decisions of introducing
mobile payment systems.
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| Introduction

This chapter provides an introduction to the research described in this paper. First,
background of the study is briefly shown. Second, the main goal and sub-goals of
this study are shown. Then, the contributions of this study are described from both
theoretical and practical perspectives. Finally, the structure of this paper is shown.

1.1 Background of the study

The introduction rates of mobile payment systems are still low in a few countries
despite the efforts of the governments [1]. There are many reasons which cause low
rates of usages, e.g. quality of service (QoS) of mobile networks, user-friendliness of
mobile payment applications, etc. Undoubtedly, the availability of mobile payment
services in shopping facilities directly affects customers’ usages of cashless payment.
In order to improve the usage rate of cashless payment without consuming many
resources, it is necessary to effectivily promote the introduction of mobile payment
systems in shopping facilities. Therefore, effective strategies for encouraging shop
owners to introduce the systems are required.

In order to conduct effective promotions for introducing mobile payment systems, it
is necessary to make plans focusing on shop owners’ mental factors for introducing
the systems. However, it is difficult for promotion planners to decide on promotion
strategies, because they lack information about the relationship between shop owners’
mental factors and their introduction of the systems.

To solve the problem, a supporting system for finding effective strategies for promoting
mobile payment systems is designed. In order to find effective strategies, a method for
finding important rules from results of association analysis is proposed. By observing
such rules, hints about converting the consequent itemsets of the rules can be found.



Chapter 1. Introduction

1.2

Purposes of the study

This study aims to provide a solution for helping marketing planners find and decide
effective strategies for promoting mobile payment systems. The following objectives
are decided for achieving the goal of this study.

(1

)
3)
4

®)
(6)

)

1.3

Define the concept that represent the difference between rules with different
consequent itemsets.

Design an algorithm for extracting the rules based on the concept.
Design evaluation criteria for evaluating the extracted rules.

Propose a method for finding important rules by using the algorithm and evalua-
tion criteria.

Conduct an experiment for validating the effectiveness of the method.

Design a supporting system for finding effective promotion strategies by applying
the proposed method.

Show an example for demonstrating the usefulness of the system.

Research contributions

The study summarized in this paper contributes to providing a solution for discov-
ering helpful information by using association analysis from the perspective of shop
owners’ mental factors on their decisions of introducing mobile payment systems. The
theoretical and practical contributions of this paper are shown as follows.

Theoretical contribution In this study, a method is proposed for finding important

rules from results of association analysis. First, the concept ‘key rule’ is defined.
Key rules are pairs of rules with different consequent itemsets that are found by
intersecting the set of variables of the rules. Such rules represent the difference of
antecedent itemset when the consequent itemsets are different. Then, evaluation
criteria, cost, expectation and coverage, are used for evaluating the key rules by
calculating evaluation values. By comparing the values, important rules can be
found from the key rules. According the important rules, hints about converting
consequent itemsets of the rules can be observed. The effectiveness of the
method is proved by conducting an experiment.

Practical contribution A supporting system for finding effective strategies for promot-

ing mobile payment systems is designed. In the system, the proposed method
for finding important rules from results of association analysis is applied. By
using the system, information that helps the planners make effective promotion
strategies can be obtained. The usefulness of the system is demonstrated by



1.4. Structure of thesis

showing an example of using scenario.

1.4 Structure of thesis

This paper is organized as four main parts which are divided into six chapters. The
first part covers the introduction and backgrounds through literature review (Chapter
1-2). The second part describes a method for finding important rules from results of
association analysis (Chapter 3). The third part shows an experiment for validating
the effectiveness of the proposed method (Chapter 4). The fourth part presents a
conceptual design of a supporting system for finding effective strategies for promoting
the introduction of mobile payment systems (Chapter 5). Finally, conclusions and
future works (Chapter 6) are shown.

Brief descriptions of each chapter are presented below.

Chapter 1: Introduction

In Chapter 1, the scope and the goal of this study are described.

Chapter 2: Backgrounds

In Chapter 2, literature review and theoretical background are shown.

Chapter 3: A method for finding important rules

In Chapter 3, a method for finding important rules from results of association analysis
is shown.

Chapter 4: Experiment

In Chapter 4, an experiment for showing the effectiveness of the proposed method is
described and results of the experiment are discussed.

Chapter 5: A supporting system for finding effective promotion strategies

In Chapter 5, a conceptual design of a supporting system for finding effective strategies
for promoting the introduction of mobile payment systems is described.

Chapter 6: Conclusions and future works

In Chapter 6, conclusions of this work and applications of the proposal are shown.






¥4 Backgrounds

2.1 Introduction

This chapter describes the backgrounds of the study summarized in this paper. In this
chapter, the definition of mobile payment and current situation of promoting mobile
payment services are shown as the background of this study. Then, previous works are
described for showing the perspective of this study and the contrast of the approach
that is used in this study compared with other works. Finally, the unified theory of
acceptance and use of technology (UTAUT) and association analysis are explained as
the theoretical background of this study.

2.2 Background of the study

2.2.1 Mobile payment

From the point of view of technology, mobile payment is commonly considered as a
technology used to conduct a transaction. It has been defined [2] as “... the process of
two parties exchanging financial values using a mobile device in return for goods or
services.” The definition implies that two major types of stakeholders, customers and
merchants, are involved. Mobile payment is a complex system and other stakeholders
are also involved for supporting or managing the exchange, such as financial institu-
tions and mobile network operators [3]. Therefore, an inclusive way of thinking would
consider mobile payment as a transaction enabling mobile data service resulting from
the interactions of the mobile service supply chain stakeholders [4]. As focusing on the
introduction of mobile payment systems by the small retailers, this study considers
mobile payment from the perspective of a shop owner - customer interaction: a mobile
phone based technology that enables payment in the purchase process.

There are many benefits if a shop owner introduce mobile payment systems, e.g. avoid-
ing forfeit money, reducing physical contacts and easily managing transaction records.
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Due to the benefits, the governments in many countries have been promoting the us-
age of mobile payment systems [1]. According to a report [1], the introduction rates are
still low in many countries despite the efforts of the governments. There are many rea-
sons which cause low rates of usages, e.g. quality of service (QoS) of mobile networks,
user-friendliness of mobile payment applications, etc. Undoubtedly, the availability
of mobile payment services in shopping facilities directly affects customers’ usages
of cashless payment. In order to improve the usage rate of cashless payment without
consuming many resources, it is necessary to efficiently promote the introduction of
mobile payment systems in shopping facilities.

2.2.2 Promotions of mobile payment services

There are many benefits of using mobile payment services, e.g. the convenience of
money settlement, checking transfer records and etc. However, there are also concerns
about using the services, e.g. leakage of personal information, unstable internet
connection, and etc. Promotions for encouraging people to use mobile payment
services are conducted by showing the benefits of using them. Such promotions have
effects on people’s mentalities towards the services. Moreover, the mentalities affect
the decisions of using the services or not. For example, Owner A owns a shop in which
mobile payment systems are not introduced and Owner B owns a shop in which mobile
payment systems are introduced. In Owner A’s mind, he/she thinks that (1) his/her
friends recommends to use the systems, (2) money settlement is fast by using the
systems, and (3) it takes time to learn to use the systems. In Owner B’s mind, he/she
thinks that (1) his/her friends recommends to use the systems, (2) no need for cash by
using the systems, and (3) it is easy to learn to use the systems. In such a case, (3) of
Owner A becomes the reason for him/her deciding not to introduce the systems. By
focusing on such information about mentalities of shop owners, effective promotion
plans can be expected.

In order to conduct effective promotions against shopping facilities, it is necessary to
make plans focusing on shop owners’ mental factors for introducing mobile payment
systems. Therefore, insights about mental factors of shop owners to decide system
introduction are required.

2.2.3 Digital tools for supporting marketing decisions

There are many digital tools used for supporting people making decisions on marketing.
Alexouda [5] developed a supporting system for helping marketing managers decide
optimal plans of product line design through analyzing different scenarios by using
evolutionary algorithms. By using the system, the decision making process can be
facilitated and the quality of the decision can be improved. Kukar et. al [6] proposed a
system for providing decision support to farmers for simulated scenarios related to
agricultural marketing. By using the system with users’ own data, insights of the data
can be provided as system outputs.



2.3. Previous works

As we can see, digitalized decision supporting tools have been useful in helping people
make marketing decisions. Thus, this study also focuses on designing a system for
supporting marketing planners promote the introduction of mobile payment systems
by analyzing data and obtaining insights.

2.3 Previous works

2.3.1 Investigating consumers’ mentalities for using mobile payment sys-
tems

In order to promote the usage of mobile payment systems, the relationship between

consumers’ mental factors and their intentions or behaviors of using the systems has

been investigated.

Zhou [7] conducted an analysis for finding the factors which affect consumer’s contin-
uous usage of mobile payment systems by using structural equation modeling (SEM)
[8]. The analysis found that consumers continue to use the systems if they think the
services are provided with quality.

Humbani and Wiese [9] investigated on the factors which affect consumers’ adoption
of mobile payment systems by conducting regression analysis. The results show that
consumers’ mental images on convenience and compatibility have positive effects on
the adoption of the systems. Perceived factors such as risk, cost and insecurity were
found to be inhibitors for adopting the systems.

Liébana-Cabanillas et al. [10] analyzed the relationship between consumer’s back-
ground (gender, age and experience level) and their attitudes of using mobile payment
systems on the social network. From the analysis, the external influences of social
image and subjective rules were found to be the most important factors.

Karimi and Liu [11] focused on the effect of consumer’s ‘mood’ on the decision of
using mobile payment systems. Their results suggest that consumers are willing to use
mobile payment systems as new services when they have positive mood got from their
satisfaction by shopping activities.

Park et al. [12] investigated factors determining consumers’ adoption of mobile pay-
ment services. A questionnaire survey was conducted in the U.S. by using question
items based on Unified Theory of Acceptance and Use of Technology (UTAUT) [13],
and then they conducted SEM to find the relations between consumers’ mental factors
and their intentions of adopting mobile payment services. They found that the ben-
efits of convenience, economy and enjoyment positively affect consumers’ attitudes
towards mobile payment services; social influence positively affects the awareness of
the benefits and technology anxiety negatively affects the awareness of the benefits.

Al-Saedi et al. [14] proposed a model for investigating the adoption of mobile payment
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services by identifying frequent factors for adopting the services. A questionnaire
survey was conducted in Oman by using question items based on their extended-
UTAUT model and then they conducted SEM to find the relations among the constructs.
Then, the identified relations were used for comparing with the results of 25 previous
studies. They summarized that the most frequent factors were determined as perceived
risk, perceived trust, perceived cost, and self-efficacy. The most influential factor was
found to be performance expectancy.

These previous studies discussed important mental factors affecting the decision of
using mobile payment systems from the perspective of consumers’ mentalities.

2.3.2 Investigating the mentalities of shop owners or retailers for introduc-
ing mobile payment systems

There are other works that focused on analyzing the mentalities of retailers or shop

owners for the decision of introducing mobile payment systems.

Petrova and Wang [15] analyzed the data collected by interviewing New Zealand retail-
ers for investigating the factors which have positive and negative effects on adopting
mobile payment systems. They conducted content analysis on the collected conver-
sations by using a descriptive coding method. As a result, they found that retailer’s
intention of adopting the systems is (1) positively affected by perceived customer
expectations for convenient payment and perceived efficiency of the systems and (2)
negatively affected by the conflict with existing point-of-sale payment systems and
uncertainty about its advantages due to lack of information.

In order to investigate the effect of shop owners’ mental models for introducing mobile
payment systems, Song et al. [16] conducted a questionnaire survey in Japan with
question items designed based on their proposed model which was extended from
UTAUT [13]. Then the collected data were analyzed by using SEM [8] and the rela-
tionships between the constructs were found. The results show that social influences
have both the positive and negative effects on shop owners’ intentions of introducing
mobile payment systems.

To support service providers promote mobile payment systems, Khan and Ali [17]
categorized and ranked the factors for retailers to introduce the systems. Their data was
collected from retails stores in China and SEM was applied to identify the significant
factors for retailers to adopt mobile payment systems. Then the identified significant
factors for system introduction were used as input to the neural network for ranking
the factors by importance. External pressure from retailers’ customers and relative
advantages of mobile payment systems were the most important factors for retailers
to adopt the systems.

Similar with these studies, the study summarized in this paper also discusses the effect
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of shop owners’ mentalities on the decision of introducing mobile payment systems.

2.3.3 Comparing the approaches with previous works

As we can see, many previous works adopted the methods that they collected data
by conducting questionnaire surveys and then analyzed the data by SEM. Compared
with them, this study also used questionnaire survey designed based on UTAUT model
for collecting data about shop owners’ attitudes towards mobile payment systems.
Different from their works, this study analyzed the data by using association analysis
for obtaining rules representing the association between shop owners’ attitudes and
different decisions of system introduction. Then, a method for finding important
rules from the results of the analysis is proposed. By applying the proposed method, a
practical solution for finding effective promotion strategies is designed.

2.4 Theoretical backgrounds

2.4.1 Unified Theory of Acceptance and Use of Technology

UTAUT [13] is a model for describing users’ intentions and behaviors of using systems.
In the questionnaire survey described in the section 4.2.1, the following constructs
of UTAUT were adopted for designing question items: Performance Expectancy (PE),
Effort Expectancy (EE), Social Influence (SI) and Facilitating Conditions (FC) PE stands
for the degree to which a person believes that using the systems can help them to
improve his/her work performances. EE stands for the degree to which a person thinks
that using the system is easy. SI stands for the degree to which a person believes that
the dominant others think he/she should use the systems. In the original UTAUT
model, positive effect of SI on the attitudes of accepting the systems is considered.
However, in the context of shop owners’ introduction of mobile payment systems,
their attitudes are affected by others’ negative opinions, e.g. the risks of insecurity
of personal information and instability of system operation. Such facts were also
discussed by Song et al. [16]. Thus, both positive and negative effects of SI were
considered by using Positive Social Influence (PSI) and Negative Social Influence
(NSI) instead of SI. PSI stands for the similar degree to the original SI. NSI stands for
the degree to which a person thinks that the system is not reliable according to the
information obtained from others. FC stands for the degree to which a person believes
that there are some support frameworks to use the systems.

Many previous works [18][19][20] designed questionnaire based on the descriptions of
these constructs. By reviewing the question items designed in those previous works,
question items for asking shop owners’ attitudes on mobile payment systems and the
decision of introducing the systems were designed. Then, in the experiment of this
study, data were collected by conducting questionnaire surveys and datasets were
prepared.
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2.4.2 Association analysis

Association analysis is a method of investigating relations between variables in a
dataset. By conducting the analysis, rules indicating the relations are obtained. A rule
consists of an antecedent itemset and a consequent itemset. Support, confidence and
lift [21] are used as measurements for examining the rules obtained from association
analysis. Support indicates the frequency of the items appeared in a dataset. Confident
indicates the number of times that the rule is found to be true. Lift indicates the ratio
of the confidence of the rule and the expected confidence of the rule. We assume
that M stands for a dataset, X stands for an antecedent itemset of a rule, and Y stands
for a consequent itemset of the rule. Support is calculated by supp(X) = o(X)/o(M).
Confidence is calculated by conf(X = Y) = supp(X = Y)/supp(X). Lift is calculated
by lift(X = Y) = conf(X = Y)/supp(Y).

When conducting the analysis, the measurements are used as thresholds for obtaining
association rules. However, the number of rules obtained from a dataset is too large
to observe, e.g. datasets prepared by conducting questionnaire surveys, datasets of
people’s shopping records. In the experiment of this study, association analysis was
conducted for identifying the relationship between the mental factors of shop owners
and their decisions of introducing mobile payment systems by using the measurements.
More than 220,000 rules were obtained from a prepared dataset and it is difficult to
observe and find important rules. Thus, it is necessary to have a method for finding
important rules from results of association analysis.

2.4.3 Previous works applied association analysis

There are many studies that applied association analysis. Jiao and Zhang [22] proposed
a domain independent inference system for supporting product portfolio identifica-
tion by applying association rules mining technique to map from customer needs
to functional requirements. By mining and evaluating rules obtained from results of
clustering, requirement information that are represented by the rules can be provided.
Altuntas and Selim [23] proposed weighted association rule-based data mining algo-
rithms for supporting decision making on facility layout plans from the perspectives of
demand, part handling factor and efficiency of material handling equipment. Shi et al.
[24] applied association rule mining and rough sets for helping designers and enter-
prisers decide features of product design according to customers’ demands by finding
the relationship between product features and adjectives that represent ‘KANSEI".

2.5 Conclusion

In this chapter, the background of the study, previous works and theoretical back-
grounds are shown. As background of the study, the definition of mobile payment and
the current situation of promoting mobile payment services are described. Then, many
previous works are shown and they are compared with the study summarized in this
paper. Compared with the previous works, this study provides a practical solution for
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finding effective strategies for promoting mobile payment systems. In this study, the
constructs of UTAUT were adopted for designing question items in the questionnaire
used for collecting data. Besides, association analysis is used as the technique for
obtaining rules representing the relationship between shop owners’ mentalities and
their decisions of introducing or not introducing mobile payment systems. Because
of the large number of rules, a method for finding important rules from results of
association analysis is proposed. The proposed method is applied in the supporting
system for promoting mobile payment systems.
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$1A method for finding important
rules

3.1 Introduction

In order to find causal relations between variables in a large dataset, e.g. datasets
prepared by conducting questionnaire surveys, datasets of people’s shopping records,
association analysis is widely used. By conducting the analysis, association rules that
describe the associations between antecedent itemsets and consequent itemsets are
obtained. Among the obtained rules, rules that have different consequent itemsets can
be obtained when consequent items are decided. By comparing rules with different
consequent itemsets, important information about the effects of antecedent itemsets
on different consequent itemsets can be found. However, it is difficult to identify the
rules that represent such information because the number of rules is too large, even
though support, confidence and lift are used as thresholds for obtaining results. Thus,
it is necessary to have a solution for identifying important rules among obtained rules.

In this chapter, a proposed method for finding important rules from the results of
association analysis is described. First, the definition of ‘key rule’ is shown. Second,
the procedure of the method is described according to the definition. Then, the way of
obtaining hints about converting a false rule into a true rule is also described.

3.2 A method for finding ‘key rule’

3.2.1 Definition of ‘key rule’

In this study, a target consequent item is labelled as ‘true’ and a non-target consequent
item is labelled as ‘false’. A rule that has a consequent item as true is called a ‘true rule’
and a rule that has a consequent item as false is called a ‘false rule’. An antecedent
item consists of a pair of a variable and an attribute of the variable. By comparing
antecedent items between a true rule and a false rule, if there is a common variable
in the antecedent itemsets of both rules, then hints for effectively converting from a

13
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false rule to a true rule are shown. Such rules are called ‘key rule’, which is defined as a
pair of true rule and false rule that has common variables between their antecedent
itemsets.

3.2.2 Mathematical definitions
The mathematical definitions used for describing the method are shown below.

* K: aset of key rules.

o T: a set of true rules.

F: a set of false rules.

e R,;arulea, R, e TUTF.

e e.: an antecedent item i of rule a, €, = (p%,q’,), €’, € R,,.
e pi:avariable of item i of rule a, p{ € TUF.

* gi: an attribute of item i of rule a.

e T,: asetof variables of rule a, T, € T.

e F,: asetof variables of rule a, F, € F.

According to the definition of ‘key rule’, key rules are found by: if 3p} = pi, (R, Rs) € K.

3.2.3 Procedure of the method
Figure 3.1 shows an image of the proposed method.

The procedure of the method is shown below. We assume that there are a true rule Ry
and a falserule Re. Ry = {(x1, ¢), (X2, C), (x3,¢), TRUE}, and Ry = {(xy, ¢), (X2, a), (x4, a), FALSE}.

(1) Generate an empty set. In this step, K is generated for keeping key rules.
(2) Find variables of a true rule. In this step, T, is found. T; = {x;,X2,X3}.
(3) Find variables of a false rule. In this step, F, is found. Fo» = {x1,X2,X4}.

(4) Compare the variables. In this step, T, is compared with F,. The variables of T;
is compared with the variables of Ts.

(5) Keep a pair of rules. In this step, if 3p, € T; N Fy, then (R, Ry) is stored in K.
T1 NFe by {{x1,%2}, so (Ry, Ry) is found as key rules.

The pseudocode of the procedure is shown as Algorithm 1.

14



3.2. A method for finding ‘key rule’

Ri={el, e%, .+, €%, TRUE}

el e2, ..., eft, FALSE}

e; = (pl,aj

N —

K: a set of key rules

Compare T: a set of true rules
T, with F, F: a set of false rules
@ Rsarulea, R, € TUF

el an antecedent item i of rule a, e/, = (p!, d’), e, € R,
pz: a variable of item i of rule a

T,: a set of variables of rule a, T, € T

F,: a set of variables of rule a, F, € F
ql: an attribute of item i of rule a

Figure 3.1 — An image of the proposed method for finding key rules

The description of Algorithm 1 is shown below.

line 1: An empty set is created for keeping key rules.
line 2-3: An antecedent item of a true rule is chosen.
line 4-5: An antecedent item of a false rule is chosen.

line 6-7: If the chosen items are the same, the pair of true rule and false rule is put
into the created set.

Algorithm 1 A method for finding key rules.

1: Create K = &
2: foreachR; € T do
3 foreache” = (p,,,q,,) € T; do
4 foreachR; € F do
5: foreache? = (p,,q,) € F;do
6: ifp,, =p,, € T:NF,; then
7 K+ (Rl, Rj)
8 else
9: Goto line 4
10: end if
11: end for
12: end for
13: end for
14: end for

15
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line 8-9: If there are no same items, next false rule is chosen.

3.2.4 obtaining hints for converting a false rule

After finding key rules from the results of association analysis, hints about converting a
false rule into a true rule can be obtained. We assume that there are a true rule R; and
a false rule R, which are found as key rules. The way of obtaining hints for converting
Ry to R; is shown by Algorithm 2.

Algorithm 2 Obtaining hints for converting a false rule to a true rule.

1: if Ry C Ry, p} # ph then
22 (p3,93) = (P53, 43)
3: else
4: if Ry Z Ry, pI' # pY then
5 R (pfap)
6: else
7: ifpt = p3 A gy # q3 then
8: 9z — dy
9: end if
10: end if
11: end if

The description of Algorithm 2 is shown.

line 1-2: When a true rule is included in a false rule, if a variable of the false rule cannot
be found in the true rule, then the attribute of the variable of the false rule needs
to be changed into something else.

line 3-5: When a true rule is not included in a false rule, if a variable of the true rule
cannot be found in the false rule, then the pair of the variable and the attribute
needs to be added to the false rule.

line 6-8: If different attributes of the same variable is found, then the attribute of the
variable of the false rule is changed into the one of the true rule.

We assume that there is a pair of true rule R; and false rule Rythat are found to be key
rules. In this example, the case that R; C Ry is considered. Ry = {(x1, ¢), (x2, c), TRUE},
and R, = {(x1, ¢), (X2, C), (x3,a), FALSE}. In this case, line 1-2 is conducted for obtain-
ing the hints for converting Ry. Thus, (x3, a) needs to be changed to (x3, —a).

In this example, the case thatR; ¢ R is considered. R; = {(xi, ¢), (x2, ¢), (x3, c), TRUE},
and Ry = {(x1,¢), (x2,a), (x4, a), FALSE}. In this case, line 3-8 is conducted for obtain-
ing the hints for converting R,. Thus, (x3, c) needs to be added to Ry and (x2, a) needs
to be changed to (xo, c).
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3.2.5 Evaluating the key rules

Three criteria are adopted for evaluating key rules, which are cost, expectation and
coverage. Cost stands for the potential cost of converting a false rule into a true rule,
which is calculated by 1/, where N represents the number of antecedent items that
need to be converted. Expectation stands for the expected level of confidence if a
false rule is converted into a true rule, which is calculated as the confidence of a true
rule. Coverage stands for the percentage of matched targets among all targets, which
is calculated by supp(X = FALSE)/supp(FALSE), where X represents an antecedent
itemset of a rule. According to the criteria, evaluation values (EV) of each key rule are
calculated by:

EV = a x Cost 4 8 x Expectation + v x Coverage 3.1)

The perspectives of reviewing the rules are adopted by adjusting the weights (a+3+~ =
1.00).

3.3 Conclusion

In this chapter, a proposed method for finding important rules from the results of
association analysis is summarized. First, the concept of ‘key rule’ is defined by intro-
ducing the concepts of ‘true rule’ and ‘false rule’. Second, the procedure of the method
is described according to the definition by showing the mathematical definitions and
the conceptual image. Third, the way of obtaining hints about converting a false rule
into a true rule is also described and examples are given. Then, criteria for calculating
evaluation values of key rules are shown.

In the next chapter, an experiment for showing the effectiveness of the proposed
method is described. In the experiment, first, association analysis was conducted
by using the data collected by conducting questionnaire surveys. After conducting
association analysis, a large amount of rules were obtained. Thus, the effectiveness of
the proposed method was tested for finding key rules from the obtained rules of the
analysis.
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Experiment

4.1 Introduction

In this chapter, an experiment for showing the effectiveness of the proposed method
for finding important rules is described. In order to validate the effectiveness of the pro-
posed method, an experiment was conducted by the following steps. First, the authors’
team conducted survey of shop owners’ attitudes towards mobile payment systems
and their decisions of introducing the systems in four areas: Japan, China, Thailand,
and Taiwan. Second, the collected data were preprocessed by generating itemsets
for conducting association analysis. Third, association analyses were conducted by
using the prepared datasets for obtaining rules that have different consequent itemsets.
Then, the proposed method was applied for finding key rules from the obtained rules.

4.2 An experiment for showing the effectiveness of the pro-

posed method

4.2.1 Questionnaire surveys on shop owners’ attitudes and their decisions
A questionnaire survey was conducted for collecting data about shop owners’ attitudes
on mobile payment systems and the decision of introducing the systems. Table 4.1
shows the question items of the questionnaire. There are twenty-four question items
in the questionnaire survey. Question items No. 1 to No. 21 belong to categories that
correspond to constructs of the UTAUT. Question items No. 22 and No. 23 belong to
the category of cost. For these question items, a five-point Likert scale [25] is adopted
(from 1-Strongly disagree to 5-Strongly agree). Question item No. 24 asks shop owners’
decisions about introducing mobile payment systems in their shops. The answer to
this question is yes or no.

The shop owners in four areas (Japan, China, Thailand and Taiwan) participated the
survey. Private business of retailers and food shops which are managed by less than
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Chapter 4. Experiment

ten people were chosen as target shops of the survey. Table 4.2 shows the number of
available data from each area by different methods. After data cleansing, the number
of data without missing values are 838. The numbers of data collected from Japan,
China, Thailand and Taiwan are 269, 117, 273 and 179 respectively. Table 4.3 shows the
demographic information of the samples.

20



4.2. An experiment for showing the effectiveness of the proposed method

;doys Aur ur paonponul swalsAs JusawAed arqown Aue a1oy) o1y $Z | uononpoxnui Jo uolsia(g
;doys Aw ur peonponur A Aed spiqow £ q NONPOIIUI JO UOIST

‘d1reuuonsanb ay) Jo swiay uonsang) pue sarrodare) — ' A[qeL

‘y31y st swaisAs yuswAed afrqowr 3unerado Jo 1502 YL (20D) | €2
. (0D) 1s0D

431y s1 swalsAs juawAed a[rqowt 3uronponur Jo 3s0d ayJ, (10D) | <<

‘swafqoid Auewr aaey 03 A[oYI[ 916 suIdsAs JuawiAed o[IqON (ZISN) | 12 (ISN) @duanyjur

"ASII ST swalsAs JuawiAed ajiqour 01 uonewrojur [euosiad Surpiroid (1ISN) | 02 [e100s aAne3aN
‘SwIaIsAs yuawiAed 19310 JIIM UONBUIQUIOD UI Pasn 3 Ued swalsAs yuawiAed a[IqOIN (SD:) 61
‘swaysAs JuawAed sjrqouwr Sursn yim swafqoid aaey | uaym awr d[oy ued oym auoawos aAey | (D) | 81

(Dd) uonipuod

‘sua1sAs yuawiAed afrqour 3ursn Aq s901419s uipiaoid 11e1s 01 douepingd uayer1aAey [ (¢0d) | LI Sumenmoeq
"suIasAs JuawAed s[iqow 9onponur 03 a3pamouy Aressadau ayi asey | (g0d) | 91 o

‘suIa)sAs yuawiAed afiqowr aonponur 01 juswrdmba Aressadau oyl aaey [ (1Dg) | SI
‘way) asn s1oiaduwod Au J1 swalsAs jusuided afiqowr asn M I (FISd) | ¥1

‘suIa)sAs yuawiAed a[iqowr 3UISn PaledIOAPE SBY Ssaulsng AW Jo Ajrunwiuod Ay, (€1Sd) | €1 (ISd) @ouanyjul

"SwalSAs JuawiAed a[Iqowt UTONPOINUI UT I9pea] B aq 01 1ueM [ (ZISd) | 2T [e120S 2ANISOJ
"swaysAs JuawAed s[rqour asn pnoys [ 1Yl pUaWItIodal 101aeyaq Auwr aouanpjur oym afdoad (11Sd) | 1T

‘auI 10] Asea SI swdlsAs juaurded afrqow ayerado 01 uturea] (gdd) | 0T (gq) Aoueyoadxa

‘swaysAs JuawAed s[rqouwr 3ursn Je [NJ[D[S 9W029q 03 AW 10§ Asea S13] (1HH) 6 11059

“AOUSTOJS 9JIAISS dIUBYUS ULD SWAISAs JuswiAed afrqouwr Suronponuy (89d) 8
‘Aep AI9A9 SJUSWIA[ISS A[Tep OP 01 9[qNOI} 9] dW SaARS SWAISAs Juawided afrqowr 3uronponuj (L9d) .
"ysed 10 surod 3urredaid jo wajqoid ay) aABS UBD SUIdISAS yuatiAed afiqowr 3uronponuy (99d) 9

‘sed Sup[e) 10 9UWII} 3SO[ 01 Paau LUOP | ‘SwdlsAs Juawided afrqow 3ursn YPIM (SAd) S (3d) Aoueioadxa

'Sk} AW 90Npal ued surdlsAs yuawiAed afiqowr uronponuy (Fad) ¥ dduBWLIONMA]
‘ysed 3urdueyo Jo awn 9y} ABS UD SuIdlsAs JuawiAed afiqowt uronponuy (¢4d) €
‘Apomb qol ayy ystuy 01 djoy [[im swaisAs juawded a[Iqow Jo UONINPOIIUL 3} YUIY3 | (2dd) C
"JUSTUSAUO0D 2IOW YIoM el [[im doys a3 Ul sualsAs juauded s[iqow Jo uonanponul oy} yuryp I (14d) 1
uondinsa | oN | £103018D)

21



Chapter 4. Experiment

Table 4.2 — The number of collected data from each area.

The number of collected data after cleansing

Area Visit Online Mail Facsimile
Japan 202 14 51 2
China 0 117 0 0
Thailand 273 0 0 0
Taiwan 5 174 0 0

Table 4.3 — The number of collected data from each area.

Japan China Thailand Taiwan Total
(n=269) (n=117) (n=273) (n=179)
Count (%) Count % Count % Count %
Gender
Male 165 (61.34) | 40 (34.19) | 119 (43.59) | 76 (42.46) | 400
Female 104 (38.66) | 77 (65.81) | 154 (56.41) | 103 (57.54) | 438
Generation
Post-war cohort
(75-94 years old) 13 (4.83) |0 (0.00) | O (0.00) 1 (0.56) 14
Baby boomers
(56-74 years old) 109 (40.52) | 4 (3.42) 8 (2.93) 22 (12.29) | 143
Generation X
(44-55 years old) 79 (29.37) | 43 (36.75) | 28 (10.26) | 62 (34.64) | 212
Generation Y
(26-43 years old) 65 (24.16) | 65 (55.56) | 217 (79.49) | 87 (48.60) | 434
Age below 26 3 (1.12) 5 (4.27) 20 (7.33) 7 (3.91) 35
Mobile payment systems introduction
Introduced 130 (48.33) | 106 (90.60) | 215 (78.75) | 127 (70.95) | 578
Did not introduce | 139 (51.67) | 11 (9.40) 58 (21.25) | 52 (29.05) | 260

4.2.2 Preprocessing data

The collected data were pre-processed by generating itemsets for conducting associ-
ation analysis. Participants’ answers to question items No. 1 to No. 23 were labelled
for reducing response bias [26]. If an answer is ‘1-Strongly disagree’ or ‘2-Disagree),
the answer is labelled as ‘disagree’. If an answer is ‘3-Neither disagree nor agree’, the
answer is labelled as ‘neutral’. If an answer is ‘4-Agree’ or ‘5-Strongly agree’, the answer
is labelled as ‘agree’. For the answer to question item No. 24, ‘yes’ is labelled as ‘TRUE’
and ‘no’ is labelled as ‘FALSE’. According to the correspondence, itemsets of each
sample were generated. Five datasets that are the datasets of all areas, Japan, China,
Thailand and Taiwan were prepared.

4.2.3 Conducting association analysis

Association analyses were conducted by using the prepared datasets. Two target
consequent items were set for conducting the analyses: (1) the item which indicates
the decision of introducing mobile payment systems and (2) the item indicates the
decision of not introducing the systems. Minimum support, minimum confidence and
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minimum lift were decided as parameters for conducting the analyses. Table 4.4 shows
the patterns of minimum support and minimum confidence. In the table, n stands for
the number of appearance of a consequent item in a dataset. A pattern of minimum
support was combined with each minimum confidence. Thus, association analyses
were conducted with twenty-five patterns of conditions for each prepared dataset. For
each rule obtained from the analysis, lift was examined to be greater than or equal to
1.00.

Table 4.4 — Conditions of the experiment.

Condition ID | Minimum support | Minimum Confidence

S1C1 0.75
S1C2 0.80
S1C3 0.50 x n 0.85
S1C4 0.90
S1C5 0.95
S2C1 0.75
S2C2 0.80
S2C3 0.60 x n 0.85
S2C4 0.90
S2C5 0.95
S3C1 0.75
S3C2 0.80
S3C3 0.70 x n 0.85
S3C4 0.90
S3C5 0.95
S54C1 0.75
S54C2 0.80
S54C3 0.80 x n 0.85
S54C4 0.90
S4C5 0.95
S5C1 0.75
S5C2 0.80
S5C3 0.90 x n 0.85
S5C4 0.90
S5C5 0.95

Linear time Closed itemset Miner (LCM) version 5.3, which is proposed by Uno et
al. [27], was used as the tool for conducting association analysis. They developed
the algorithms [28] [29] based on backtracking algorithms [30]. By using the tool for
conducting the analysis, closed frequent itemsets were found from the datasets.

4.2.4 Applying the proposed method

When applying the method, true rules and false rules were compared by T, N F, (T,
represents a set of variables of a true rule a and F, represents a set of variables of a
false rule a). In order to validate the effectiveness of the method in strict conditions,
the following sub-cases were chosen for extracting key rules: T, O F,, T, = F, and
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T, C F,. Three criteria, cost, expectation and coverage, were used for calculating
evaluation values (EVs) of the key rules, which are described in the section 3.2.5. In
the experiment, four patterns of the weights were considered. Table 4.5 shows the way
of arranging the weights. As shown in the table, for calculating the EV from a neutral
perspective (EV1), the weights were distributed equally; for calculating the EVs from
the perspective of each criterion (EV2, EV3 and EV4), the weights were distributed for
emphasizing each criterion respectively.

Table 4.5 — The combinations of weights from different perspectives for calculating
EVs.

Perspective o | B | v
(EV1) Overall | 1/3 | 1/3 | 1/3
(EV2) Cost-focused /1 0.80 | 0.10 | 0.10

(EV3) Expectation-focused | 0.10 | 0.80 | 0.10
(EV4) Coverage-focused | 0.10 | 0.10 | 0.80

4.3 Results and discussion

By conducting association analysis and applying the proposed method, true rules, false
rules and key rules were obtained. Table 4.6, 4.7, 4.8, 4.9 and 4.10 show the number of
rules obtained by each condition with the data of all areas.

Table 4.6 - The number of rules obtained by minimum support 0.5 x n with the dataset
of all area.

Condition No. of No. of No. of
ID truerules falserules keyrules
S1C1 222532 1 108419
S1C2 222190 0 0
S1C3 164305 0 0
S1C4 0 0 0
S1C5 0 0 0

Table 4.7 - The number of rules obtained by minimum support 0.6 x n with the dataset
of all area.

Condition No. of No. of No. of
ID truerules falserules keyrules
S2C1 21366 1 6639
S2C2 21293 0 0
S2C3 18159 0 0
S2C4 0 0 0
S2C5 0 0 0

By using the dataset of all areas, key rules were found with the following conditions:
minimum support as 0.5 x n (§1) and minimum confidence as 0.75 (C1); minimum
support as 0.6 x n (S2) and minimum confidence as 0.75 (C1).
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Table 4.8 - The number of rules obtained by minimum support 0.7 x n with the dataset
of all area.

Condition No. of No. of No. of
ID truerules falserules keyrules
S3C1 902 0 0
S3C2 842 0 0
S3C3 500 0 0
S3C4 0 0 0
S3C5 0 0 0

Table 4.9 - The number of rules obtained by minimum support 0.8 x n with the dataset
of all area.

Condition No. of No. of No. of
1D truerules falserules key rules
S4C1 113 0 0
S4C2 88 0 0
S4C3 23 0 0
S4C4 0 0 0
S4C5 0 0 0

Table 4.11, 4.12, 4.13, 4.14 and 4.15 show the number of rules obtained by each condi-
tion respectively with the dataset of Japan.

By using the dataset of Japan, key rules were found by the following conditions: mini-
mum support as 0.5 x n (§1) and minimum confidence as 0.75 (C1), 0.80 (C2) and 0.85
(C3); minimum support 0.6 x n (S2) and minimum confidence as 0.75 (C1), 0.80 (C2)
and 0.85 (C3); minimum support 0.7 x n (S3) and minimum confidence as 0.75 (C1)
and 0.80 (C2).

Table 4.16, 4.17, 4.18, 4.19 and 4.20 show the number of rules obtained by each condi-
tion respectively with the dataset of China.

By using the dataset of China, key rules were found by the following conditions: mini-
mum support 0.5 x n (S1) and minimum confidence as 0.75 (C1), 0.80 (C2) and 0.85
(C3); minimum support 0.6 x n (S2) and minimum confidence as 0.75 (C1), 0.80 (C2)

Table 4.10 — The number of rules obtained by minimum support 0.9 x n with the dataset
of all area.

Condition No. of No. of No. of
1D truerules falserules keyrules
S5C1 19 0 0
S5C2 9 0 0
S5C3 2 0 0
S5C4 0 0 0
S5C5 0 0 0
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Chapter 4. Experiment

Table 4.11 - The number of rules obtained by minimum support 0.5 x n with the dataset
of Japan.

Condition No. of No. of No. of
ID truerules falserules keyrules
S1C1 11 43 47
S1C2 10 29 27
S1C3 3 12 5
S1C4 0 2 0
S1C5 0 0 0

Table 4.12 - The number of rules obtained by minimum support 0.6 x n with the dataset
of Japan.

Condition No. of No. of No. of
ID truerules falserules keyrules
S2C1 5 10 9
S2C2 4 4 6
S2C3 1 2 1
S2C4 0 0 0
S2C5 0 0 0

and 0.85 (C3); minimum support 0.7 x n (S§3) and minimum confidence as 0.75 (C1).

Table 4.21, 4.22, 4.23, 4.24 and 4.25 show the number of rules obtained by each condi-
tion respectively with the dataset of Thailand.

Table 4.26, 4.27, 4.28, 4.29 and 4.30 show the number of rules obtained by each condi-
tion respectively with the dataset of Taiwan.

When using the dataset of Thailand and the dataset of Taiwan, key rules cannot be
found from the two datasets. It happened because the number of false rules is 0 in
all conditions. No false rules were found because participants’ backgrounds were
not controlled when collecting data by questionnaire surveys. The proposed method
requires true rules and false rules for finding the common variables. In the actual
applications, the datasets need to be checked that both true rules and false rules can

Table 4.13 - The number of rules obtained by minimum support 0.7 x n with the dataset
of Japan.

Condition No. of No. of No. of
ID truerules falserules keyrules
S3C1 1 6 2
S3C2 1 2 2
S3C3 0 2 0
S3C4 0 0 0
S3C5 0 0 0
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4.3. Results and discussion

Table 4.14 — The number of rules obtained by minimum support 0.8 x n with the dataset
of Japan.

Condition No. of No. of No. of
ID truerules falserules keyrules
S4C1 1 1 0
S4C2 1 0 0
S4C3 0 0 0
S4C4 0 0 0
S4C5 0 0 0

Table 4.15 - The number of rules obtained by minimum support 0.9 x n with the dataset
of Japan.

Condition No. of No. of No. of
1D truerules falserules keyrules
S5C1 0 0 0
S5C2 0 0 0
S5C3 0 0 0
S5C4 0 0 0
S5C5 0 0 0

be obtained for applying the proposed method.

From the experiment, key rules with the highest EVs were obtained from the datasets
of all areas, Japan and China. Table 4.31 shows the key rules with the EVs. The same
key rules were obtained from the datasets of all areas and Japan. By observing the key
rules extracted from the datasets of all areas and Japan, we can see different attributes
corresponding to the variable FC1 by comparing the pair of true rule and false rule.
The rules imply that it is effective to change the consequents from false into true by
changing the attributes of FC1 from ‘disagree’ to ‘agree’. Moreover, higher EVs were
calculated in the case of Japan, which means that the key rules are more effective in the
dataset of Japan than in the dataset of all areas. By observing the key rules extracted
from the dataset of China, we can see different attributes corresponding to the variable
PE1 by comparing the pair of true rule and false rule. The rules imply that it is effective
to change the consequents from false into true by changing the attributes of PE1 from

Table 4.16 — The number of rules obtained by minimum support 0.5 x n with the dataset
of China.

Condition | No. of No. of No. of
ID truerules falserules keyrules
S1C1 31102 13 13559
S1C2 31102 12 13554
S1C3 31102 2 2113
S1C4 31102 0 0
S1C5 29082 0 0
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Table 4.17 - The number of rules obtained by minimum support 0.6 x n with the dataset
of China.

Condition No. of No. of No. of
ID truerules falserules keyrules
S2C1 27219 3 1916
S2C2 27219 2 1911
S2C3 27219 2 1911
S2C4 27219 0 0
S2C5 25341 0 0

Table 4.18 - The number of rules obtained by minimum support 0.7 x n with the dataset
of China.

Condition No. of No. of No. of
ID truerules falserules keyrules
S3Cl1 9160 1 5
S3C2 9160 0 0
S3C3 9160 0 0
S3C4 9160 0 0
S3C5 8070 0 0

‘neutral’ to ‘agree’.

As shown in Table 4.31, all key rules show the highest EVs in all combinations of weights
for calculating the EVs from different perspectives. It happened because the weights
were not optimized according to the value ranges of cost, expectation and coverage.
Therefore, a mechanism for optimizing the weights is required for finding important
rules.

4.4 Conclusion

In this chapter, in order to verify the effectiveness of the proposed method that is
described in Section 3, an experiment is summarized. In the experiment, a scenario
of promoting mobile payment systems was adopted and data about shop owners’
attitudes towards the systems and the decisions of system introduction were used.
For preparing the data, questionnaire surveys were conducted in four areas: Japan,

Table 4.19 - The number of rules obtained by minimum support 0.8 x n with the dataset
of China.

Condition No. of No. of No. of
ID truerules falserules keyrules
S4C1 1048 0 0
S4C2 1048 0 0
S4C3 1048 0 0
S4C4 1048 0 0
S4C5 776 0 0
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4.4. Conclusion

Table 4.20 — The number of rules obtained by minimum support 0.9 x n with the dataset
of China.

Condition No. of No. of No. of
ID truerules falserules keyrules
S5C1 55 0 0
S5C2 55 0 0
S5C3 55 0 0
S5C4 55 0 0
S5C5 9 0 0

Table 4.21 — The number of rules obtained by minimum support 0.5 x n with the dataset
of Thailand.

Condition No. of No. of No. of
ID truerules falserules key rules
S1C1 58 0 0
S1C2 29 0 0
S1C3 0 0 0
S1C4 0 0 0
S1C5 0 0 0

China, Thailand and Taiwan. By using the proposed method, key rules were found and
evaluated. Then, important rules with the highest evaluation values that represent
the effects of antecedent itemsets on different consequent itemsets were discussed.
As aresult, the proposed method is proved to be effective for identifying important
information from the results of association analysis.

In the next chapter, a supporting system for helping marketing planners to promote
mobile payment systems is shown. The method for finding important rules is applied
in the system for providing hints about promotion strategies.

Table 4.22 — The number of rules obtained by minimum support 0.6 x n with the dataset
of Thailand.

Condition No. of No. of No. of
1D truerules falserules keyrules
S2C1 55 0 0
S2C2 29 0 0
S2C3 0 0 0
S2C4 0 0 0
S2C5 0 0 0
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Table 4.23 — The number of rules obtained by minimum support 0.7 x n with the dataset
of Thailand.

Condition No. of No. of No. of
ID truerules falserules keyrules
S3C1 25 0 0
S3C2 23 0 0
S3C3 0 0 0
S3C4 0 0 0
S3C5 0 0 0

Table 4.24 — The number of rules obtained by minimum support 0.8 x n with the dataset
of Thailand.

Condition No. of No. of No. of
ID truerules falserules keyrules
S4Cl1 25 0 0
S4C2 23 0 0
S4C3 0 0 0
S4C4 0 0 0
S4C5 0 0 0

Table 4.25 - The number of rules obtained by minimum support 0.9 x n with the dataset
of Thailand.

Condition No. of No. of No. of
ID truerules falserules keyrules
S5C1 25 0 0
S5C2 23 0 0
S5C3 0 0 0
S5C4 0 0 0
S5C5 0 0 0

Table 4.26 — The number of rules obtained by minimum support 0.5 x n with the dataset
of Taiwan.

Condition No. of No. of No. of
ID truerules falserules keyrules
S1C1 1411 0 0
S1C2 1389 0 0
S1C3 1307 0 0
S1C4 930 0 0
S1C5 83 0 0
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4.4. Conclusion

Table 4.27 — The number of rules obtained by minimum support 0.6 x n with the dataset
of Taiwan.

Condition No. of No. of No. of
ID truerules falserules keyrules
S2C1 311 0 0
S2C2 300 0 0
S2C3 266 0 0
S2C4 137 0 0
S2C5 0 0 0

Table 4.28 — The number of rules obtained by minimum support 0.7 x n with the dataset
of Taiwan.

Condition No. of No. of No. of
ID truerules falserules key rules
S3C1 84 0 0
S3C2 78 0 0
S3C3 54 0 0
S3C4 15 0 0
S3C5 0 0 0

Table 4.29 — The number of rules obtained by minimum support 0.8 x n with the dataset
of Taiwan.

Condition No. of No. of No. of
ID truerules falserules key rules
S4C1 21 0 0
S4C2 17 0 0
54C3 6 0 0
S54C4 0 0 0
S4C5 0 0 0

Table 4.30 — The number of rules obtained by minimum support 0.9 x n with the dataset
of Taiwan.

Condition No. of No. of No. of
1D truerules falserules keyrules
S1C1 8 0 0
S1C2 5 0 0
S1C3 1 0 0
S1C4 0 0 0
S1C5 0 0 0
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Table 4.31 — Key rules with the highest EVs.

Data samples | Rule type | Antecedentitemset | EVI EV2 EV3 EV4
True (FC1, agree)

All areas False (FCI, disagree) 0.78 093 0.83 0.57
True (FC1, agree)

Japan False (FCI, disagree) 0.83 095 0.84 0.71
True (PE1, agree)
. (PE1, neutral),

China False (PE2, agree), 0.85 0.95 0.95 0.64
(FC5, agree)




A A supporting system for finding
effective promotion strategies

5.1 Introduction
In this chapter, a supporting system for finding effective strategies for encouraging
shop owners to introduce mobile payment systems is described.

Despite the governments are promoting the usage of mobile payment services [1],
there are gaps in the usage rates of the services among different countries. In order
to improve the usage rates, it is necessary to encourage shopping facilities to provide
mobile payment services. Owners of shopping facilities decide to introduce mobile
payment systems or not according to their attitudes towards the systems. Differences
in the owners’ mentalities lead to different decisions about system introduction. If
marketing planners want to promote the introduction of mobile payment systems in
shopping facilities, it is necessary to understand the differences. However, it is difficult
to have enough information about shop owners’ mentalities.

In this study, a supporting system for helping marketing planners find and decide
strategies for promoting mobile payment systems is designed. First, the mechanisms
of the system are described. In order to provide information for deciding the strategies,
a mechanism for finding important information from results of association analysis
is applied. Second, the structure and the flow of the system is shown. Then, the
usefulness of the system is demonstrated by showing an example. In the example,
data collected by questionnaire surveys about shop owners’ attitudes towards mobile
payment systems and the decisions of system introduction were used. According to
the results, effective promotion strategies are discussed.
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Chapter 5. A supporting system for finding effective promotion strategies

5.2 The design of the system

5.2.1 System mechanisms

There are three main mechanisms in the system: (1) Association analysis, (2) Rule
extraction and (3) Rule selection. In the mechanism of association analysis, by con-
ducting association analysis using the prepared datasets, true rules and false rules
are obtained. When conducting association analysis, minimum support, minimum
confidence and minimum lift are used as thresholds for obtaining rules. Table 5.1
shows the patterns of minimum support and minimum confidence. In the table, n
stands for the number of appearances of a consequent item. Each minimum support
is combined with each minimum confidence as a condition for conducting association
analysis. As we can see, the combination of S5 and C5 stands for the strictest condition
and the combination of S1 and C1 stands for the loosest condition. Minimum lift is set
as 1.00. The analysis is conducted with all conditions for preparing sets of rules.

Table 5.1 — Patterns of parameters for conducting association analysis.

Minimum support \ Minimum confidence

(S1) 0.5xn (C1) 0.75
(82) 0.6xn (C2) 0.80
(83) 0.7xn (C3) 0.85
(54) 0.8xn (C4) 0.90
(S85) 0.9xn (C5) 0.95

The mechanism of rule extraction extracts important rules which shows hints for
conducting promotions. Such information can be represented by a pair of true rule
and false rule. The pair of rules is called a ‘key rule’ In this case, a true rule stands for a
rule with the consequent itemset that represents shop owners’ decision of introducing
mobile payment systems; a false rule stands for a rule with the consequent itemset that
represents shop owners’ decision of not introducing the systems. In this mechanism,
key rules are found from the results of association analysis by applying the method
that is described in the section 3.

Each key rule is evaluated by three evaluation criteria: cost, expectation and coverage.
Cost stands for the potential cost of converting a false rule into a true rule, which is
calculated by 1/N, where N represents the number of antecedent items that need to
be converted. Expectation stands for the expected level of confidence if a false rule is
converted into a true rule, which is calculated as the confidence of a true rule. Coverage
stands for the percentage of matched targets among all targets, which is calculated by
supp(X = FALSE)/supp(FALSE), where X represents an antecedent itemset of a rule.
According to the criteria, evaluation values (EV) of each key rule were calculated:

EV = o x Cost + § x Expectation 4 v x Coverage (5.1)
The summation of the weights («, 8 and ) is 1.00. The default setting of each weight is
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5.2. The design of the system

1/3.

The mechanism of rule selection enables a user to find hints for deciding promotion
strategies for shop owners who have a persistent attitude. In this mechanism, the user
needs to select an itemset which represents a persistent attitude. Each item consists of
a pair of question item and an attitude of the question item. For obtaining key rules
which have the itemset selected by the user, antecedent items of key rules are checked.
If the itemset exists in the antecedent items of key rules, then the key rules will be
obtained and presented to the user.

5.2.2 System structure

The system consists of four modules and a database: (A) association analysis module,
(B) rule extraction module, (C) rule selection module, (D) user interface module and
(E) database of prepared data of itemsets. In the database, data about shop owners’
attitudes towards MP systems and their decisions about system introduction are pre-
pared. The questionnaire used for collecting the data is described in the section 4.2.1.
The way of preprocessing the data is described in the section 4.2.2.

Figure 5.1 shows the structure of the system. The flow of the system is described as
follows:

(1) A user selects a set of item(s) which represents the persistent attitudes of target
shop owners. I stands for an itemset that consists of the items selected by the
user.

(2) Module D sends a request of conducting analysis to Module A and sends the
itemset / to Module C.

(3) Module A sends a request to Database E and obtains data of itemsets. Then,
association analysis is conducted by using the data.

(4) Module B obtains the results of the analysis from Module A. In the results, there
are true rules and false rules. Then, key rules are extracted and EVs are calculated.

(5) Module C obtains the key rules from Module B. Then, the key rules which have
the itemset / in the antecedent itemsets are found.

(6) Module C sends the located key rules to Module D.

(7) Module D presents the key rules to the user by referring to the descriptions of
question items.
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Figure 5.1 — An image of the structure of the supporting system

5.3 An example scenario of using the system

5.3.1 Overview of the scenario

In order to demonstrate the usefulness of the system, an example is shown. In the
scenario, we assume that a marketing team wants to promote the introduction of
mobile payment systems in Japan. The data collected from Japan is used by the team
in the scenario. The number of available samples is 269 as shown in the section 4.2.1.
The team wants to find out the promotion strategies targeting shop owners who think
that using mobile payment systems can help them to improve their work performances.
Planner A in the team focuses on the shop owners who agree that introducing mobile
payment systems can save the time of changing cash (PE3). Planner B in the team
focuses on the shop owners who agree that using mobile payment systems can save
time for taking cash (PE5).

5.3.2 Procedure of using the system
According to the flow of the system, the procedure of using the system is described.

(1) Planner A selects an itemset {(PE3, agree)} and Planner B selects an itemset {(PE5,
agree)}.

(2) Module D sends the two itemsets to Module C respectively and sends the request
to Module A.

(3) Module A conducts association analysis by using the prepared data and true rules
and false rules are obtained.

(4) Module B extracts key rules from the obtained rules and calculates the EVs.
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5.3. An example scenario of using the system

Currently, in order to test the effectiveness of the mechanism, the following cases
were chosen for extracting key rules: T, O F,, T, = F, and T, C F,. Here, T,
represents a set of variable of a true rule a and F, represents a set of variable of a
false rule a. When calculating EVs of the key rules, the default weights were used.

(5) Module obtains the key rules from Module B and finds the key rules with the
itemset {(PE3, agree)} and the itemset {(PE5, agree)} that have the highest EV
respectively.

(6) Module C sends the located key rules which have the selected itemsets to Module
D.

(7) The located key rules with the selected itemsets were presented respectively to
each planner.

5.3.3 Results and discussion
Table 5.2 — Key rules with the highest EVs.

Rule Antecedent

Fixed item type itemset Cost Expectation Coverage | EV
True (PE3, agree),
(PE3, agree) (FC1, agree) 1.00 0.86 0.45 0.77
(PE3, agree),
False (FC1, disagree)
True (PE5, agree),
(PE5, agree) (FC1, agree) 1.00 0.83 0.42 0.75
False (PE5, agree),

(FC1, disagree)

As shown by the example scenario, key rules with the highest EVs which have the fixed
antecedent items were obtained from the data. Table 5.2 shows the obtained key rules.
The meaning of each key rule is described by referring to the descriptions of question
items. The true rule of the key rule which has the selected itemset {(PE3, agree)} means
that if shop owners think that introducing mobile payment systems can save the time
of changing cash and they have the necessary equipment to introduce mobile payment
systems, they will introduce the systems. The false rule means that if shop owners
think that introducing mobile payment systems can save the time of changing cash
and don’t think that they have the necessary equipment to introduce mobile payment
systems, they will not introduce the systems. By comparing the true rule and false
rule, the difference implies that it is effective to conduct promotions for changing shop
owners’ attitudes towards the required equipment for introducing mobile payment
systems when the target shop owners think that introducing the systems can save the
time of changing cash.

The true rule of the key rule which has the selected itemset {(PE5, agree)} means that
if shop owners think that using mobile payment systems can save time for taking
cash and they have the necessary equipment to introduce mobile payment systems,
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they will introduce the systems. The false rule means that if shop owners think that
using mobile payment systems can save time for taking cash and don’t think that they
have the necessary equipment to introduce mobile payment systems, they will not
introduce the systems. By comparing the true rule and false rule, the difference implies
itis effective to conduct promotions for changing shop owners’ attitudes towards the
required equipment for introducing mobile payment systems when the target shop
owners think that using the systems can save time for taking cash.

From the two key rules, a similar promotion strategy is obtained. The strategy indicates
that if shop owners think that introducing mobile payment systems can improve their
work performance by saving the time of managing cash, it is effective to conduct pro-
motions for changing their attitudes towards the required equipment for introducing
the systems. For example, the marketing team can conduct guidance meetings or
distribute pamphlets to show that it requires only a smartphone and QR codes to start
mobile payment services in their shops.

By using the system, important information for deciding promotion strategies were
found according to target shop owners who have a persistent attitude chosen by mar-
keting planners. Such information shows the difference in the shop owners’ attitudes
who make different decisions about introducing mobile payment systems. Therefore,
the usefulness of the supporting system is shown.

5.4 Conclusion

In this chapter, the design of a supporting system for finding effective strategies for
promoting mobile payment systems is summarized. The system helps marketing plan-
ners find the differences in shop owners’ attitudes who make different decisions. First,
the design of the system is shown by describing the mechanisms and the structure
of the system. Then, an example scenario of using the system is shown for demon-
strating the usefulness of the system. As a result, information about the differences
in shop owners’ attitudes who make different decisions was found. According to the
differences, effective promotion strategies for promoting mobile payment systems in
Japan are discussed.
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6.1 Conclusions

In this paper, a conceptual design of a system for supporting marketing planners
promote shop owners’ introduction of mobile payment systems is summarized. For
marketing planners, it is difficult to conduct promotions effectively because they do
not have enough information about the difference in mentality between shop owners
who introduce mobile payment systems and those who do not. To solve the problem,
a supporting system for helping the planners make effective promotion strategies is
designed. The system has three mechanisms: (1) conducting association analysis, (2)
finding important rules and (3) selecting the rules with selected itemset.

In order to realize the mechanisms, a method for finding important rules from the
results of association analysis is proposed. By finding key rules that represents hints
about converting false rules into true rules and evaluating the rules, important rules
can be found. Three criteria were considered: cost, expectation and coverage.

For showing the effectiveness of the proposed method, an experiment was conducted
by using the data about shop owners’ attitudes towards mobile payment systems
and their decisions of system introduction. The data were collected by conducting
questionnaire surveys in Japan, China, Thailand and Taiwan. Five datasets were
prepared in the experiment: the datasets of all area, Japan, China, Thailand and
Taiwan. After conducting association analysis for obtaining true rules and false rules,
the proposed method was applied. On one hand, from the datasets of all areas, Japan
and China, key rules were found. On the other hand, from the datasets of Thailand and
Taiwan, key rules were not found. The method is proved to be effective when there
are enough numbers of true rules and false rules that are obtained from association
analysis. By calculating evaluation values of key rules, the key rules with the highest
evaluation values were found. Then, important hints about converting false rules into
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true rules are discussed.

For showing the usefulness of the supporting system, a using scenario is shown as an
example. The example demonstrates that marketing planners use the system for de-
ciding promotion strategies of encouraging shop owners to introduce mobile payment
systems. By using the system with the dataset of Japan, important rules were obtained
and promotion strategies are discussed. The strategy indicates that if shop owners
think that introducing mobile payment systems can improve their work performance
by saving the time of managing cash, it is effective to conduct promotions for changing
their attitudes towards the required equipment for introducing the systems. Because
the effective strategy was found, the usefulness of the supporting system is shown.

6.2 Future works

6.2.1 Applications of the method

Principal component analysis (PCA) [31] and structural equation modeling (SEM)
[8] are methods for analyzing a dataset for obtaining effective composite variables
on different consequents from the dataset. However, it is difficult to find specific
hints about effective actions for changing consequents. By using association analysis
combined with the proposed method, important rules that represent the difference
between rules with different consequents are found. Thus, specific hints about ef-
fective actions for converting false rules into true rules can be observed. In the case
of marketing application, such hints can help marketing planners decide effective
promotion strategies.

6.2.2 Application of the system

The conceptual design of the system provides a solution for discovering helpful infor-
mation by using the proposed method from the perspective of shop owners’ mental
factors on their decisions of introducing mobile payment systems. The application
of the system can be extended by modifying the question items in the questionnaire
and the design of databases. In this study, the question items were designed for in-
vestigating shop owners’ attitudes towards mobile payment systems according to the
questionnaires of previous studies which adopted UTAUT. Thus, the collected data
were used for finding out helpful information for promoting the introduction of mobile
payment systems. We assume that a solution for supporting the promotion of health
management systems is required. In such case, if we modify the question items to be
asking about people’s attitudes towards health management systems, the data can be
collected and used as the input of the system. Certainly, the design of the database
also needs to be adjusted according to the features of the collected data.
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