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Abstract 

User acceptance models should contribute both to the understanding of factors 

influencing user adoption and also to the improvement of system design and 

development. The first contribution has been well-established by a wealth of literature. 

However, the use of acceptance theories to guide system design and development has 

yet to be explored substantially. This thesis investigates improving system design 

through user acceptance models. The research process is to synthesize a generic user 

acceptance model, utilise this model as the theoretical grounding to develop a User 

Acceptance Model Driven Design Process (UAMDDP), and then demonstrate and 

evaluate the UAMDDP in a selected context.   

In order to propose the UAMDDP, a generic user acceptance model is required for 

understanding user acceptance factors. Numerous theoretical models have been 

proposed after decades of research on user acceptance. The diversity of these models 

has resulted in a long list of constructs that were claimed to have influence on user 

acceptance. Some constructs overlap, and different titles have been used to represent 

identical meaning. Moreover, contradictory results have been reported across different 

studies. Hence synthesis is necessary. We perform a meta-analysis to identify factors 

that have significant influence on usage intention. We further conduct a MEASEM 

(MEta-Analysis and Structural Equation Modelling) study to form a generic user 

acceptance model. This model not only establishes the relationships between 

determinants and the usage intention, but also reveals the relationships between those 

determinants themselves. 



XIV 

Prior research strongly supports system features as antecedents to acceptance factors. 

Implementing system features that positively impact user perception towards 

acceptance can therefore facilitate the adoption of the system. This knowledge 

confirms the link between user acceptance models and system design, and provides the 

theoretical foundation for our proposition of the UAMDDP.  The UAMDDP consists 

of three sub-processes: Assess, Compare and Improve. In the first sub-process, system 

features that can positively influence user acceptance factors are assessed and 

identified; in the second sub-process, by comparing these features with those available 

in an existing design approach, flaws of the existing design approach are discovered; 

and finally, in sub-process three, a design framework targeted at improving the existing 

approach can be developed.  The UAMDDP represents a conceptual process that starts 

with a user acceptance model and leads to an application design framework that 

provides enhancement to the existing design approach. It fills the gap between user 

acceptance theories and system design and development practices, and extends the 

ability of user acceptance models. 

The feasibility and effectiveness of the UAMDDP are demonstrated and evaluated in 

the speech-enabled m-commerce application domain. We follow the process to 

determine the flaws of the existing design approach (that is, the W3C speech interface 

framework) and hence propose our design framework for voice-enabling m-commerce, 

which incorporates natural language input and personalization features. A set of 

evaluation metrics that can be used to predict user acceptance are applied to compare 

our framework with the existing one. The comparison demonstrates that the 

application resulting from our design framework has superior performance compared 

to the W3C speech interface framework.    
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Chapter 1 
 
Introduction 
 
1.1. The Need for User Acceptance Model Driven Design 

 
User acceptance models should not only analyse factors influencing user acceptance, 

but also provide guidance on how to design a specific application/system. Researchers 

are interested not only in explaining why a system is acceptable or unacceptable to a 

set of users, but also in understanding how to improve user acceptance through the 

design of the system (Davis 1993).  

The user acceptance literature provides predictions of usage by linking behaviours to 

attitudes and beliefs that are consistent in time, target, and context with the behaviour 

of interest (system usage) (Fishbein and Ajzen 1975; Davis 1989; Mathieson 1991; 

Ajzen 1991; Venkatesh and Davis 1996; Venkatesh et al. 2003). However, the use of 

acceptance models to guide system design and development has not been explored 

substantially. Researchers (Taylor and Todd 1995; Venkatesh and Davis 1996; 

Venkatesh et al. 2003) point out that despite their predictive capability; user acceptance 

models provide very little support to guide system/application design and 

implementation. Venkatesh and Davis (1996) admit the limitation of TAM 



 
 

2 

(Technology Acceptance Model) by indicating that TAM does not provide direct 

instruction on how to develop systems except suggesting that system characteristics 

have impact on user acceptance factors. Similarly, Mathieson (1991) explains that 

TAM provides only very general information on users’ opinions about the system but 

does not yield specific information that can better guide system development. Other 

user acceptance models, such as TRA (Theory of Reasoned Action) (Fishbein and 

Ajzen 1975), TPB (Theory of Planned Behaviour) (Ajzen 1991), IDT (Innovation 

Diffusion Theory) (Mahler and Rogers 1999), MM (Motivation Model) (Davis et al. 

1992), MPCU (Model of PC Utilization) (Thompson et al. 1991), and SCT (Social 

Cognitive Theory) (Bandura 1986), all mainly focus on establishing the relationships 

between determinants and user acceptance, and pay little attention to support system 

design (Venkatesh et al. 2003). System designers and developers might have received 

feedback about the factors influencing user acceptance in a general sense, but they 

might not have received actionable messages regarding important aspects of the system 

itself (for example, concerning the choice of functional and interface characteristics of 

a new system/application).  

In general, there is a lack of explicit research on how to apply user acceptance theories 

to guide system/application design and development (Davis 1993; Venkatesh et al. 

2003). Meanwhile, new technologies/services such as speech-enabled mobile 

commerce (m-commerce) have low acceptance rates due to user resistance of adoption. 

Even though the World Wide Web Consortium (W3C) tried to introduce a speech 

interface framework for designing speech-enabled m-commerce applications, the 

market reality shows that, in general, speech-enabled m-commerce has not lived up to 

the initial expectation (Ngai and Gunasekaran 2007; Kurschl et al. 2007). The low 
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success rate of IT (Information Technology) and IS (Information Systems) 

deployment, and e-businesses/m-commerce implementation, emphasizes the demand 

for a better understanding of key drivers of technology acceptance (Venkatesh et al. 

2000; Legris et al. 2003; Saeed et al. 2003). This improved understanding is necessary, 

not only to predict market potential, but to also guide the design, development and 

advertising of new technologies (Lederer et al. 2000; Frambach and Schillewaert 

2002). 

In this thesis, we deal with the problem of how to employ a user acceptance model to 

drive the design and development of systems/applications. Our aim is to develop a 

conceptual User Acceptance Model Driven Design Process (UAMDDP) that can 

bridge the gap between user acceptance research and system design and development 

practices. We also seek to demonstrate the feasibility and evaluate the effectiveness of 

the UAMDDP in the selected context of speech-enabled m-commerce. 

1.2. Research Hypothesis and Questions 

 
The research hypothesis is: 

 
Utilisation of a User Acceptance Model Driven Design Process (UAMDDP) can 

enhance application performance in terms of increasing user perception of application 

acceptability.  

 
Three research questions can be derived from this general research hypothesis: 

Question One: How can a generic user acceptance model be synthesised from the 

existing literature to provide the theoretical grounding for a UAMDDP? 
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Research on user acceptance (summarised in Chapter 2) has resulted in a wealth of 

literature. Many existing studies use a specific model such as TAM in their research 

context. However, the limitations of adopting a specific acceptance model to 

understand user acceptance have been well-recognised (Hunter and Schmidt 1990; 

Lipsey and Wilson 2001). The diversity of models has resulted in a long list of 

constructs that were claimed to influence user acceptance of technology. Some 

constructs overlapped. Different titles have been used to represent similar meanings, 

causing confusion. In addition, contradictory results have been reported with some 

studies finding significant influence for one factor while other studies had little to no 

support for the same construct. Researchers (Legris et al. 2003; Saeed et al. 2003; 

Venkatesh et al. 2003) have called for an integrative study on user acceptance, and 

many researchers (Hedges and Olkin 1985; Hunter and Schdmit 1990; Lipsey and 

Wilson 2001) advocate meta-analysis as a rigid quantitative methodology for study 

synthesis. Our first research question revolves around how to synthesize a generic user 

acceptance model from the existing literature via meta-analysis. 

Question Two: How can a conceptual User-Acceptance-Model Driven Process 

(UAMDDP) model be developed? 

 
In order to develop an application design process that is driven by a user acceptance 

model, it is crucial to establish the relationship between system features and user 

acceptance factors/models. Understanding this relationship could provide guidance on 

how to improve user acceptance by judicious choice of system design features (Davis 

1993). By including features that can positively impact user acceptance factors in the 

system design, we could enhance the chance of gaining acceptance from users with 
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regards to system usage. Therefore, it is an essential task for us to unveil the causality 

from features to factors, and ultimately to usage intention. Our second research 

question concerns the development of a conceptual UAMDDP model representing the 

transformation process that starts with a user acceptance model and ends with a design 

framework that has the potential to increase user acceptance. 

Question Three: How can the feasibility and effectiveness of the UAMDDP be 

demonstrated and evaluated in the context of speech-enabled m-commerce? 

The current market reality shows that speech-enabled m-commerce has not met the 

original expectations of researchers and practitioners. The current solutions for speech-

enabled m-commerce, such as the W3C speech interface framework, have not 

considered user acceptance theories in their development process. Given that current 

speech-enabled m-commerce has a low adoption rate from users, we believe that 

choosing it as the context to demonstrate and evaluate the proposed UAMDDP is 

appropriate. Hence our last research question is concerned with evaluating the 

feasibility and effectiveness of the UAMDDP. The evaluation is achieved by 

comparing the m-commerce application resulting from our design framework with the 

application resulting from the W3C framework in terms of user perception of 

application acceptability.   

1.3. Contribution of this Thesis 

This thesis addresses the issue of developing a UAMDDP, and utilising it in the 

context of speech-enabled m-commerce applications. The contributions of this thesis 

are threefold.  
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First, this thesis adds to the body of work surrounding user acceptance by synthesizing 

the existing literature into a generic user acceptance model. We perform a meta-

analysis to understand the factors influencing user acceptance of technology-oriented 

application/services. The statistical integration and synthesis of findings across studies 

make the meta-analysis more reliable than a single model or theory. We further 

propose three causal models and compare them via MEASEM (MEta-Analysis and 

Structural Equation Modelling) to yield a generic acceptance model, which provides 

the theoretical grounding for the UAMDDP.  

Second, this thesis contributes to system design theory and practice by developing a 

UAMDDP (User Acceptance Model Driven Design Process). The UAMDDP 

represents a conceptual transformation process that starts with a user acceptance model 

and ends with a design framework. It establishes the relationship between 

system/application features and user perception of application acceptability. It provides 

an approach to improving existing design approaches by including system/application 

features that positively impact user acceptance factors, and consequently could 

increase the potential usage of the system/application.  

Finally, the feasibility and effectiveness of the UAMDDP is demonstrated and 

evaluated by applying it in the context of speech-enabled m-commerce. A design 

framework with a hybrid dialogue strategy for voice-enabling m-commerce 

applications is the result of this demonstration. The framework combines features of 

natural language input and personalization. On one hand, to facilitate a user-initiative 

strategy at the beginning of a dialogue, a Case-Based Reasoning (CBR) system has 

been introduced for stochastic language modelling. This contributes to the practice of 
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speech-enabled m-commerce application development by providing a method to 

facilitate rapid deployment of an application where no domain-specific language model 

is available. On the other hand, the framework incorporates dynamic user profiling and 

personalization techniques into a decision tree induction algorithm to construct 

personalized dialogues for information clarification. To our knowledge, the framework 

is the first of its kind to utilise machine learning algorithms for dialogue 

personalization. 

1.4. Research Design 

This project incorporates interdisciplinary, exploratory and applied research. As it 

involves application design and development as an important part of theory 

demonstration, we concentrate our focus on design science research methodologies. 

Peffers et al. (2006) reviewed the prior literature in systems development methods for 

design science research in IS and other disciplines like engineering design. They 

synthesised seven influential design science research models, including those from 

Walls et al. (1992), Nunamaker et al. (1991) and Hevner et al. (2004), and proposed 

the DSRP (Design Science Research Process) as a comprehensive and nominal process 

for conducting research in system developments. The DSRP consists of six activities in 

a nominal sequence: problem identification and motivation, objectives of a better 

artefact, design and development of the artefact, demonstration, evaluation and 

communication. The demonstration focuses on selecting a suitable context for 

illustrating the application of the proposed artefact, while the evaluation concentrates 

on proving the feasibility and effectiveness of the artefact for the selected context. We 
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consider the DSRP an integrated model and adopt it as the research method for our 

thesis. 

Our research design seeks to apply the DSRP methodology to achieve our research 

objective. Figure 1-1 illustrates the research design of this thesis identifying each 

research phase and its respective chapters. It comprises three major phases 

corresponding to the DSRP model. The first phase is related to problem identification 

and the research objective; the second phase to the design and development of the 

UAMDDP. The third phase focuses on the demonstration and evaluation of the 

UAMDDP in the speech-enabled m-commerce context.  

The first phase of this research identifies the problem of insufficient explicit research 

concerning user acceptance models/theories to guide the design and development of 

systems/applications. Hence we propose our research objective of developing a 

UAMDDP model for enhancing user perception of application acceptability. We also 

acknowledge the low adoption rate of speech-enabled m-business and seek to apply the 

UAMDDP for this context to facilitate its user acceptance.  

The second phase focuses on the development of the UAMDDP, which includes 

synthesizing prior studies in order to propose a generic user acceptance model. Beliefs 

and perceptions about a system/application are the well-established determinants of 

consumers’ intentions toward using the system/application. Although numerous 

models have been proposed for understanding factors influencing user acceptance, we 

recognise that adopting a specific acceptance model could be ex parte. We believe that 

choosing one model would limit the scope and applicability of UAMDDP, and basing 

UAMDDP on just one model would also increase the likelihood of relevant constructs 
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being omitted.  Therefore we employ meta-analysis as the methodology to help 

develop a more comprehensive user acceptance model. Using this acceptance model, 

we then explore the application design process driven by acceptance theory.  

The third phase concentrates on applying the UAMDDP to explore a design 

framework for speech-enabled m-commerce. By utilising the UAMDDP model to 

investigate the flaws of the existing W3C speech interface design framework, we 

envisage the potential design improvement of including extra application features of 

natural language input and personalization. Through a literature review of available 

technologies, we propose our hybrid dialogue strategy for voice-enabling m-commerce 

applications. We implement an m-commerce application in the Product Searching and 

Locating (PLS) domain to demonstrate the feasibility of the UAMDDP.  The 

evaluation of the UAMDDP model for its effectiveness is also included in the third 

phase. The evaluation is achieved by comparing the performance of the implemented 

application driven by the user acceptance model with that of the W3C speech interface 

design framework in terms of user perception of application acceptability. We also 

explain the metrics for predicting application acceptability and apply them for 

comparison. The objective is to demonstrate that utilising the UAMDDP model for 

designing speech-enabled m-commerce applications could introduce acceptance 

improvement to the existing design approach in which acceptance theory has not been 

considered.  

Each chapter covers part of the research phases developed for this thesis. Chapter 1 

relates to the problem identification and research objective; Chapters 2, 3 and 4 cover 

the synthesis of the existing literature into a generic user acceptance model and the 
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development of the artefact, the UAMDDP; Chapter 5 is dedicated to the 

demonstration and evaluation of the UAMDDP in the speech-enabled m-commerce 

context. The next section describes the chapters in detail. 

 
Fig. 1-1 Structure of Research Design 
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1.5. Outline of the Thesis 

The previous section acquainted the reader with the main goals of this thesis and the 

research design. In this section we outline the remainder of the thesis. 

The aim of Chapters 2 and 3 is to synthesize the existing literature into a generic user 

acceptance model for guiding system/application design. Chapter 2 reviews user 

acceptance theories and the meta-analysis methodology. Chapter 3 presents the details 

of applying meta-analysis to create a generic user acceptance model. We first clarify 

the different constructs/factors and then detail the selection procedure used in our 

meta-analysis. For comparative purposes, we use two methods, the Hunter-Schmidt 

method (Hunter and Schmidt 1990) and the Hedges-Olkin method (Hedges and Olkin 

1985), to conduct our meta-analysis. Both results suggest strong associations between 

user acceptance and five determinants: perceived usefulness, perceived ease of use, 

social influence, confidence beliefs and affective attitude. The moderator analysis 

suggests that stage of adoption and role of subject are more effective moderators than 

type of technology and environment of study. Next, we conduct a MEASEM (Meta-

Analysis and Structural Equation Modelling) study to establish the relationships among 

the five determinants in the acceptance model.  

Chapter 4 is dedicated to the development of the UAMDDP. We detail the process to 

enhance existing design solutions by considering user acceptance models as the driver 

for system/application design and development. Prior researcher has widely supported 

system features as antecedents to acceptance factors. If system design can include 

system features that positively impact user perception of system acceptability, the 
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system/application should have a better chance of being adopted by users. Based on the 

link between user acceptance models and system design, we propose a UAMDDP that 

consists of three sub-processes: Assess, Compare and Improve. Following these sub-

processes, system features that can positively influence user acceptance factors are 

assessed and identified; by comparing these features with those available in an existing 

design approach, flaws of the existing design approach are discovered; and finally, a 

design framework aimed at improve the existing design approach can be developed. 

The UAMDDP represents a conceptual process that starts with a user acceptance 

model and leads to an application design framework that provides enhancement to the 

existing design approach. At the end of this chapter, we also discuss the theoretical 

grounding of utilising a set of evaluation metrics to compare the design framework 

resulting from the UAMDDP with the existing design approach. 

A case analysis is presented in Chapter 5 to demonstrate and evaluate the UAMDDP in 

the context of speech-enabled m-commerce. We first follow the UAMDDP to identify 

the features of speech-enabled m-commerce and to identify the flaws (the lack of 

components for natural language input and personalization) of the existing design 

framework for speech interface (that is, the W3C speech interface framework). The 

result of the UAMDDP is a design framework with a hybrid dialogue strategy that 

incorporates natural language input and personalization features. To enable natural 

language input, we propose a Case-Based Reasoning (CBR) system for natural 

language modelling. (The implementation details of the CBR system are described in 

Appendix E.)  We introduce a mechanism for incorporating a personalization feature 

into the decision-tree induction algorithm to generate application-directed dialogues. 

(The implementation details of the dialogue personalization system are presented in 
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Appendix F.) At the end of Chapter 5, we evaluate the effectiveness of the UAMDDP. 

As specified in our research hypothesis, we aim to demonstrate that applying the 

UAMDDP model to the development of speech-enabled m-commerce can enhance the 

performance of the application in terms of increasing user perception of application 

acceptability. A set of metrics that can be used to predict user acceptance is introduced, 

and the results of the measurements between applications developed from our 

proposed design framework and the W3C framework are compared and presented. We 

discuss the results and conclude the evaluation. 

Finally, in Chapter 6, we revisit the findings of this thesis and summarise our 

contributions. Through discussing the limitations and potential expansion of our study, 

we provide some suggestions on the direction of future research.  
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Chapter 2 
 
User Acceptance Theories and Meta-
Analysis 
 
The research objective of this thesis is to develop a User Acceptance Model Driven 

Design Process (UAMDDP). The first step of our research is therefore to acquire a 

user acceptance model for the process. User acceptance models/theories abound in the 

literature. Hence we face two choices: select an existing model, or synthesize a generic 

model from the existing literature. The objective of this chapter is to review existing 

user acceptance models and theories to determine the path we should take. In addition, 

if synthesis is required, we also need to determine the methodology that should be 

adopted to conduct this synthesis. 

The chapter is set out as follows. In Section 2.1 we present the results of our review of 

user acceptance models and theories. Model are analysed and compared to reveal the 

differences among them. Due to the diversity of these models, and the overlap, 

confusion and contradiction associated with acceptance factors identified in these 

models, we, along with other researchers, acknowledge the need for theory integration 

in this area. In Section 2.2, we review integrative studies previously conducted in the 
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area of IT and IS. With the limitations of these studies identified, we propose a meta-

analytical study for model synthesis. In Sections 2.3 and 2.4, we detail the meta-

analysis methodology and the MEASEM (MEta-Analytical Structural Equation 

Modelling) (Viswesvaran and Ones 1995) approach for model comparison. Meta-

analysis synthesizes findings across studies based on the same general question, and 

has the potential to correct the distorting effects of individual studies to reveal the true 

relationships below the surface. Compared to a specific model, the systematic coding 

procedures of meta-analysis have more statistical power through their ability to retrieve 

detail information from each report and cover large numbers of studies. The 

background knowledge gained from meta-analysis and MEASEM then provides the 

mathematical foundation for the development of the generic user acceptance model 

described in Chapter 3. 

2.1. Literature Review of User Acceptance Models 

2.1.1. Basic User Acceptance Models 

The relatively low success rate of IT/IS deployment and e-commerce/m-commerce 

implementation emphasizes the need for a better understanding of the key drivers of 

technology acceptance (Venkatesh et al. 2000; Legris et al. 2003; Saeed et al. 2003). 

This understanding is necessary, not only to predict market potential, but also to guide 

the design, development and advertisement of new technologies (Lederer et al. 2000; 

Frambach and Schillewaert 2002). Unveiling the underlying motivations behind user 

acceptance of technology is crucial to the success of any business involved in IT 

implementation, whether a developer, vendor or purchaser. The adoption process has 
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been defined as a sequence of stages a potential adopter of an innovation passes 

through before acceptance of a new product, service or idea (Frambach and 

Schillewaert 2002). 

Over the past three decades, Innovation Diffusion Theory (IDT) and Intention-Based 

Models (IBM) have dominated research into understanding users’ adoption behaviour 

(Bhattacherjee 2000). IDT introduced the concept of critical mass, (defined as the 

minimal number of adopters of an innovation for the further rate of adoption to be self-

sustaining) (Rogers 1983). IDT proposes that the utility of an innovation depends on 

the size of the user community (Lin and Lu 2000; Mahler and Rogers 1999). During 

the initial stage of diffusion of an innovation, the rate of adoption proceeds slowly. 

After the cumulative number of adopters reaches a critical mass, the rate of adoption 

increases rapidly as the remaining potential adopters perceive that the innovation 

should have usefulness because sufficient other individuals have already adopted it. 

Though IDT acknowledges that acceptance could be influenced by the intrinsic nature 

of an individual, it does not provide a clear demonstration of how the intrinsic attitude 

can be formed and how it fits into the adoption process (Karahanna et al. 1999). 

Intention-based models (IBM) concentrate on users’ intentions and beliefs to explain 

the adoption decision. The proposition of three IBM models - the Theory of Reasoned 

Action (TRA) in 1975 (Fishbein and Ajzen 1975), the Technology Acceptance Model 

(TAM) in 1989 (Davis 1989) and the Theory of Planned Behaviour (TPB) in 1991 

(Ajzen 1991) - opened a new chapter for user acceptance study. Intention-based 

models have received substantial empirical support in the IS/IT area, as well as in the 

e-commerce domain. Many studies have been conducted to extend these models and 
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render them suitable for exploring the effects of determinants in different 

environments. 

 

TRA 

TRA (Fishbein and Ajzen 1975) assumes that a person’s performance of a specified 

behaviour is determined by his/her behavioural intention (BI), which is a measure of 

the strength of one’s intention to perform a specified behaviour. ‘BI’ is jointly 

determined by the person’s attitude (A) and subjective norm (SN). ‘A’ refers to an 

individual’s position or negative feelings (evaluative effect) about performing the 

target behaviour while ‘SN’ is defined as the person’s perception that most people who 

are important to him/her think he/she should or should not perform the behaviour. 

Furthermore, ‘A’ is determined by his/her salient belief about consequences of 

performing the behaviour multiplied by the evaluation of those consequences. ‘SN’ is 

determined by a multiplicative function of his/her normative beliefs; that is, perceived 

expectations of specific referent individuals or groups, and his/her motivation to 

comply with these expectations. 

 

TAM 

Davis (1989) adapted the TRA model to propose the TAM model to explain computer 

technology acceptance, and replaced the attitudinal determinants of the TRA with two 

distinct constructs: the perceived usefulness (U) and the perceived ease of use (EOU). 

The key purpose of TAM was to provide a basis for tracing the impact of external 

factors on internal beliefs, attitudes and intentions (Davis et al. 1989). ‘U’ represents 

the prospective user’s subjective probability that using a specific application will 
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increase his/her performance. ‘EOU’ refers to the degree to which the prospective user 

expects the target application to be free of effort. TAM does not include subjective 

norm as a determinant of behavioural intention and is a relatively simple model.  

 

TPB 

TPB posits that individual behaviour is determined primarily by behavioural intention, 

which, in turn, is determined by multiple beliefs concerning the intended behaviour 

(Ajzen, 1991). TPB assumed three independent determinants of behavioural intention: 

attitude, subjective norm, and perceived behavioural control. The constructs of attitude 

and subjective norm are identical to those introduced in TRA. Perceived behavioural 

control attempts to capture an individual’s confidence beliefs that resources and 

facilities are possessed to support the intended behaviour.   

2.1.2. User Acceptance Model Comparison 

Since the inception of TRA, TAM and TPB, many efforts (see, for example, Davis et 

al. 1989; Mathieson 1991; Taylor and Todd 1995; Gentry and Calantone 2002) have 

been made to compare them. Meanwhile, extensions and modifications of TRA, TAM 

and TPB have also been developed to deal with particular situations (Bhattacherjee 

2000; Venkatesh 2000; Venkatesh et al. 2000; Mcknight et al. 2002). TAM was 

originally designed to specifically explain user acceptance of computer-based 

technologies and incorporated findings from the IS literature. Therefore, although it is 

less general than TRA and TPB, it is more suitable for modelling IT/IS adoption. 

Journal citations to the first two journal articles to introduce TAM (Davis 1989, Davis 
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et al. 1989) also confirm its popularity in this research area (Gentry and Calantone 

2002).  

In the social sciences, the theory of reasoned action has been recognized as the starting 

point of research on the determinants and effects of behavioural intentions. TRA 

identifies five constructs: beliefs, subjective norm, attitude, behavioural intention, and 

actual behaviour. Within the theory, behavioural intention has been posited as the best 

predictor for actual behaviour. In turn, the intention is jointly caused by an individual’s 

attitude and subjective norms. Finally, attitude is a function of the individual’s beliefs 

about the behaviour.  

Rooted in TRA, TAM proposes that the primary determinants of IT/IS adoption are an 

individual’s perceptions about usefulness and ease of use. Davis (1989) found that 

usefulness has a stronger relationship with usage intention compared to ease of use, 

and ease of use may be an antecedent to usefulness, rather than a parallel, direct 

determinant of usage. TAM is believed to be the most robust and parsimonious model 

to have had a profound impact on the research of user acceptance of IT/IS (Gentry and 

Calantone 2002). It is capable of explaining user behaviour across a broad range of IT 

technologies and user populations.  

The theory of planned behaviour (TPB) was developed by Ajzen (1991) to compensate 

for TRA’s main drawback: a lack of consideration of specific settings and 

environmental factors. In TPB, in addition to attitudes and subjective norms, perceived 

behavioural control (such as the skills, resources and opportunities possessed by the 

individual) was thought to have significant influence on behavioural intention. Some 
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researchers believe that TPB is the model best able to explain variance between 

intention and actual behaviour (Bhattacherjee 2000).  

Although TAM has received extensive empirical support since its emergence (Agarwal 

and Prasad 2000; Lu et al. 2003), researchers note that the generality of TAM fails to 

supply more meaningful information on individual difference factors with regards to a 

specific technology. It is difficult to increase the predictive capacity of TAM unless it 

is integrated into a broader model that includes organizational and social factors 

(Agarwal and Prasad 2000; Davis 1993; Legris et al. 2003; Lu et al. 2003). Davis 

(1993) suggests that perceived usefulness and perceived ease of use might not be the 

only beliefs that should be included in TAM. He indicates that intrinsic motivation, 

subjective norm, and other variables such as management support, should also be 

examined in future research.  

TAM has the desirable characteristics of predictive power and parsimony (Agarwal 

and Prasad 2000). However, because perceived usefulness and ease of use cannot fully 

account for the variance in usage intention, additional variables related to social factors 

and environmental conditions, such as the subjective norm in TRA and perceived 

behavioural control in TPB, should be added to TAM. Similarly, Venkatesh (1999) 

also states that there is a need to shift from the overemphasis of system-related 

perceptions and design characteristics to a focus on external environmental variables. 

Around the same period, Venkatesh and Davis (2000) developed and tested a 

theoretical extension of the Technology Acceptance Model (TAM2) to explain usage 

intention in relation to social influence and cognitive instrumental processes. TAM2 

incorporates additional constructs (such as subjective norm, voluntariness, and 
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experience) and shows that subjective norm has a significant direct effect on usage 

intentions over and above perceived usefulness and perceived ease of use. In Pavlou’s 

(2003) research to predict consumer acceptance of e-commerce, confidence beliefs 

(trust and perceived risk), which is similar to perceived behavioural control, has been 

considered to be an additional driver of e-commerce acceptance, and this was 

integrated into TAM. 

There are some other user acceptance models. The Motivation Model (MM) (Davis et 

al. 1992) identifies intrinsic motivation and extrinsic motivation as the determinants of 

user acceptance. The Model of PC Utilization (MPCU) is proposed by Thompson et al. 

(1991) to predict PC utilisation. Meanwhile, the Social Cognitive Theory (SCT) 

(Bandura 1986) also has been adopted to predict individual acceptance and use of 

information technology.  

Venkatesh et al. (2003) investigated eight existing adoption models for information 

technology to propose a unified model. This model theorizes that four constructs 

(performance expectancy, effort expectancy, social influence, and facilitating 

conditions) have direct significant relationships with user acceptance. The constructs in 

the unified model were equated with the terms used in previous research, as follows: 

• performance expectancy has a meaning similar to perceived usefulness; 

• effort expectancy is a synonym of perceived ease of use; 

• social influence has the same meaning as subjective norm; and 

• facilitating conditions represent an individual’s confidence beliefs of the 

supportive environmental infrastructure, which is similar to perceived 

behavioural control.  
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We summarize the research findings of the aforementioned theories and models in 

Table 2-1. User acceptance research indicates that user acceptance models should not 

only help with understanding the factors influencing user acceptance, but also provide 

guidance on how to design a specific application/system. Davis (1993) points out that 

his TAM study was interested, not only in explaining why a system is acceptable or 

unacceptable to particular users, but also in understanding how to increase technology 

adoption via the improvement of system design. TAM provides sound predictions of 

usage by establishing the relationship between behaviours and attitudes/beliefs that are 

consistent in time, target, and context with the behaviour of interest (system usage) 

(Davis 1989; Venkatesh and Davis 1996; Venkatesh et al. 2003). However, there is no 

substantial research that sets out how to use acceptance models to guide system 

development. Researchers (Taylor and Todd 1995; Venkatesh and Davis 1996; 

Venkatesh et al. 2003) indicate that the TAM provides very limited guidance about 

how to influence usage through design and implementation. Venkatesh and Davis 

(1996) admit the limitation of TAM by stating that TAM does not help understand and 

explain acceptance in ways that guide development beyond suggesting that system 

characteristics impact ease of use and usefulness. 

Similarly, Mathieson (1991) points out that TAM provides only very general 

information on users’ opinions about the system but does not yield specific information 

that can better guide system development. System designers and developers might 

have received feedback about the factors influencing user acceptance in a general 

sense, but there is no actionable instruction for them to follow in terms of designing 

systems driven by user acceptance models.  
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Our thesis study seeks to utilise a user acceptance model to drive the design and 

development of an application/system. Many existing studies chose a specific model 

such as TAM to apply to their application in their area of research. However, the 

limitations of adopting a specific acceptance model to understand the user acceptance, 

such as small sample size and relevant constructs being omitted from scope, have been 

well-recognised (Hunter and Schmidt 1990; Lipsey and Wilson 2001). Our literature 

review of user acceptance theories also indicates the need for synthesis. As mentioned 

above, there are numerous models existing in the literature, such as TAM, TRA, TPB, 

IDT, MM, MPCU, and SCT. Recent research in understanding the adoption of e-

commerce has resulted in another theoretical model: the Trust Model (Mcknight et al. 

2002; Gefen et al. 2003), in which trust has been identified as a main determinant of 

user acceptance.  

The diversity of numerous theoretical models has resulted in a long list of constructs 

(evidenced in Table 2.1) that were claimed to significantly influence user acceptance of 

technology. Some constructs overlap and different titles have been used to represent 

similar meanings (for example, performance expectancy/perceived usefulness; effort 

expectancy/perceived ease of use). In addition, contradictory results were reported 

across studies with one study (Davis 1989) finding that perceived usefulness had 

significant influence while another study (Shih 2003) had no support for the same 

construct. This situation makes it difficult to select one particular model as the basis 

from which to develop a user acceptance model driven design process. 
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Table 2-1 Evolution of models for user acceptance analysis 

Studies Factors/Constructs Findings 

Fishbein and 
Ajzen (1975) 

Beliefs 
Attitudes 
Subjective Norms 
Behavioural Intention 
Behaviour 

Behavioural intention is the best 
predictor of behaviour. The intention is 
jointly determined by attitudes and 
subjective norms while attitudes are 
though to be a function of the 
individual’s beliefs towards the 
behaviour.  

Davis (1989) Perceived usefulness 
Perceived ease of use 
System usage 

Usefulness has a stronger relationship 
with usage intention compared to ease 
of use, and ease of use may be an 
antecedent to usefulness, rather than a 
parallel, direct determinant of usage. 

Davis et al. 
(1989) 

Perceived usefulness 
Perceived ease of use 
Attitudes 
Behavioural Intention 
Actual System Use 

Perceived usefulness strongly 
influences intention. Perceived ease of 
use has a relatively small but significant 
impact on intention. Attitudes only 
partially mediate the effects of these 
beliefs on intentions. 

Ajzen (1991) Attitude 
Subjective Norm 
Perceived Behavioural Control 
Behavioural Intention 
Behaviour 

Attitude, subjective norm, and perceived 
behavioural control are confirmed to be 
three independent determinants of 
intention. An additional link from 
behavioural control to actual behaviour 
has been included.  

Mathieson (1991) Usefulness  
Ease of use 
Attitude 
Subjective Norms 
Behavioural Control 
Intention to Use 

TAM is easier to apply while TPB 
provides more specific information to 
guide development of technology.  

Davis (1993) System design features 
Perceived usefulness 
Perceived ease of use 
Attitude 
Actual system use 

Perceived usefulness and perceived 
ease of use might not be the only beliefs 
that have direct effects on usage 
intention. Intrinsic motivation, subjective 
norm, and other variables such as 
management support should also be 
examined in future research. 
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Table 2-1 (Continue) 

Studies Factors/Constructs Findings 

Agarwal and 
Prasad (1999) 

Individual differences 
Perceived usefulness 
Perceived ease of use 
Attitude 
Behavioural Intention 

Usefulness and ease of use exhibit 
roughly equivalent influence on 
behavioural intention. Additional 
variables related to social factors similar 
to subjective norm, and facilitating 
conditions similar to perceived 
behavioural control might be added to 
TAM. 
 

Venkatesh and 
Davis (2000) 

Perceived usefulness 
Perceived ease of use 
Subjective norm 
Voluntariness 
Experience 
Image 
Job relevance 
Output quality 
Demonstrability 
Intention to use 
Usage behaviour 

TAM2 is developed and tested to explain 
perceived usefulness and usage 
intention in terms of social influence and 
cognitive instrumental processes. 
Additional constructs such as subjective 
norm and experience have been 
identified as direct factors that 
significantly influence user acceptance. 

Pavlou (2003) Perceived usefulness 
Perceived ease of use 
Trust 
Perceived risk 
Behavioural intention 
Actual behaviour 

Trust and perceived risk are shown to be 
direct antecedents of intention. Trust 
also acts as an indirect antecedent 
through perceived risk, perceived 
usefulness, and perceived ease of use. 

Venkatesh et al. 
(2003) 

Performance expectancy 
Effort expectancy 
Social influence 
Facilitating conditions 
Behavioural intention 
Use behaviour 
 

Performance expectancy, effort 
expectancy, social influence, and 
facilitating conditions, have direct 
significant relationships with user 
acceptance. 

 

2.2. Related Work on Model Synthesis 

Since the inception of TRA, TAM and TPB, the majority of studies have focused on 

conducting replication tests of one of these three models. Although many extensions of 

the three models have been developed in the literature, integrative research is lacking. 
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Thus, after thirty years’ research on this topic, it is time to establish a review and 

synthesis.  

Many researchers have called for an integrative study on user acceptance (Legris et al. 

2003; Saeed et al. 2003; Venkatesh et al. 2003) and have pioneered synthesis study on 

this topic. Venkatesh et al. (2003) called for a review and synthesis to gain a unified 

view and integrated model of user acceptance. Their narrative review compared 

different models and theories in terms of technology studied, participants, timing of 

measurement, nature of measurement, and voluntary/mandatory settings. A unified 

model was proposed based on the review. They also conducted a primary study to 

examine the relationships between determinants identified in the unified model and 

user acceptance.   

Other integrative studies (Legris et al. 2003; Saeed et al. 2003) are also mainly 

qualitative. Legris et al. (2003) attempted to carry out a meta-analysis to integrate the 

relationships between components used in TAM across different studies. Unfortunately, 

among the twenty-two studies included in their analysis, only three could provide 

information on correlation coefficients. Due to such a limited number of correlations, 

no quantitative data were presented in their study. Consequently, their analysis mainly 

remains at a level of narrative review and vote counting.  

Another meta-analysis study (Saeed et al. 2003) suffered from the same problem. The 

study intended to integrate findings across studies of online consumer behaviour. A 

meta-analysis was conducted to aggregate the correlation coefficients reported by 

individual studies. Of the 42 studies they identified, only 17 studies reported 

correlation coefficients, and only eight relationships they examined were reported 
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more than once. Consequently, only a weighted average of the correlations was 

computed. No observed variances or sampling error correction were reported in Saeed 

et al.’s (2003) study.  

Mahmood et al. (2000) performed a meta-analysis to examine the variables that affect 

end-user satisfaction of information technology.  They found that the most significant 

variables were user involvement, perceived usefulness, user experience, organizational 

support and user attitude. Forty-five studies were included in their meta-analysis. 

However, the method they adopted was the p value accumulation, which relies on the 

significant level rather than the real effect size of the correlation. Although they 

transformed the p value from each study to the standard normal deviate score Z, they 

did not assess the variation in effect size. This approach was criticized by Hunter and 

Schmidt (1990).  

The abovementioned research for integrating user acceptance studies either relies on 

methods of narrative review and p value accumulation, or conducts meta-analyses that 

lack sufficient quantitative data. More importantly, none of these studies performs 

sampling error correction and moderator analysis. Consequently, these integrative 

studies fall more into the realm of qualitative, rather than quantitative, research. 

Glass (1976) criticises qualitative methods for study integration. He suggests that 

proper integration of research requires the same statistical methods as those applied in 

primary studies and consequently advocates the application of meta-analysis. While 

the above studies attempt to incorporate statistical methods, without sampling error 

correction or moderator analysis, no integration or synthesis can be regarded a 

complete meta-analysis. Despite these integrative studies on user acceptance, the need 
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still remains for research synthesis. This gap in the literature, along with the wealth of 

quantitative literature relevant to user acceptance analysis of IT/IS, e-commerce and 

m-commerce, motivates us to conduct a meta-analysis for integrating and synthesizing 

findings across studies. 

Glass (1976) introduced meta-analysis as a more systematic methodology for study 

integration. Meta-analysis synthesizes the findings across studies based on the same 

general topic, and has the ability to overcome the distorting effects of single studies for 

discovering the real relationships between determinants and dependent variables. The 

rigorous coding procedures of meta-analysis provide the statistical power to detail 

information of each report and cover large numbers of studies (Hunter and Schmidt 

1990; Lipsey and Wilson 2001). In addition, as a substantial number of empirical study 

results have accumulated in the literature after thirty years of research on this topic, 

conducting meta-analysis for understanding user acceptance becomes both necessary 

and feasible. Our meta-analysis consists of three steps.  

• Comprehensively review independent and dependent variables relating to user 

acceptance, and also propose potential moderators of the relationships between 

those independent variables and dependent variables.  

• Retrieve sufficient quantitative research findings (through intensive search of 

existing studies in the area), interpret findings and code corresponding data 

using a coding scheme.  

• Conduct a meta-analysis to measure the extent to which the relationships 

between determinants and user acceptance are supported, and also perform 
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moderator-analysis to analyse the impact of moderators on the effects of 

determinants.  

In addition to the meta-analysis, we further compare three proposed causal models 

through MEASEM to develop an integrative user acceptance model. We detail the 

theoretical background of meta-analysis and MEASEM in Sections 2.3 and 2.4, 

respectively. 

2.3. Theoretical Background of Meta-Analysis 

2.3.1. History of Meta-Analysis 

Prior to the inception of meta-analysis, three methods were widely used for integrating 

findings across studies: narrative review, vote counting and accumulation of p values.  

Narrative review is literary and qualitative, in which the reviewer takes the results of 

each study at face value and attempts to integrate and reconcile the findings. It might 

be suitable for some circumstances, but is not appropriate for integrating of 

quantitative studies concerning correlation coefficients. Critiques of applying narrative 

review to correlation-related studies indicate that four problems damage its reliability 

and validity (Hunter and Schmidt 1990):  

• Studies are selected based on the reviewer’s own impressionistic view of 

quality. 

• Interpretation of study findings rely on the subjective judgements, preferences, 

and biases of the reviewer.  
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• There is often failure to examine characteristics of the studies as potential 

explanations for inconsistent results across studies. 

• There is often failure to investigate the impact of moderators on the 

relationships. 

Reviewers who adopt the vote counting method make decisions based on a major 

voting procedure. Three baskets are created to represent types of relationships between 

the independent and dependent variable: significantly positive, no significant 

relationship, and significantly negative. Each study is examined and put into one of the 

baskets. Finally the basket with the largest number of studies declares the best estimate 

of the direction of the true relationship between two variables. The vote counting 

method ignores important quantitative parameters of studies such as sample size, and 

consequently treats each study as if it has an equal effect size. This method is flawed 

statistically and logically, and has the potential of increasing the probability of a false 

conclusion as the number of inclusive studies increases.  

Rosenthal (1978) advocated the method of accumulation of p values across studies. 

The basic idea is to accumulate significant test results across studies to produce a 

compound p value for the set of studies as a whole. The major drawback of this 

method is that the p value tells nothing about the magnitude of the effect. The flaw of 

only accumulating p values across studies was acknowledged by Rosenthal himself 

(Rosenthal and Rubin 1982), and he subsequently introduced approaches that combine 

analysis of effect sizes with p values. 
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Besides Glass’ (1976) abovementioned (in Section 2.2) criticism of traditional 

methods, other researchers have expressed similar opinions. Viewing science as the 

accumulation and refinement of information and knowledge, Hedges and Olkin (1985), 

Hunter and Schmidt (1990) and Wolf (1986) claim that single experiments or studies 

in the behavioural science rarely provide definitive answers to research questions. 

Instead, in order to discover the underlying tendencies and principles, they recommend 

the accumulation and refinement of a large body of primary studies. Meta-analysis 

consists of the statistical procedures to collect empirical findings from independent 

studies for the purpose of integrating and synthesizing. Its objective is to establish 

guidelines for reliable and valid quantitative synthesis of studies examining similar 

research questions, which potentially could address the problems surrounding the 

traditional review-based methods of integrating findings across studies. 

2.3.2. Meta-Analysis Methodology 

Correlation coefficients have been widely used in social and behavioural research as an 

index of the relationship between two continuous variables that are normally 

distributed. In user acceptance research, practitioners have extensively used the 

correlation coefficient as a measurement of effect magnitude of a determinant on user 

acceptance. Assuming that a primary study contains n pairs of measurements (u1, v1), 

…, (un,vn) on determinant U and user acceptance V, the sample product-moment 

correlation is: 

           r = ∑ ∑∑
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where u and v  are the means of u1,…,un and v1,…, vn, respectively. 
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The correlation coefficient is an index of effect magnitude that does not depend on the 

arbitrary scaling of the measuring variables. It is invariant if different measures of the 

same construct are linearly equitable. This characteristic makes it particularly suitable 

for the integration and synthesis of individual studies. Studies on user acceptance 

analysis frequently utilise correlation coefficients to measure the effect magnitude 

between determinants and usage intention. Consequently meta-analysis is suitable for 

synthesizing findings across user acceptance studies.  

Lipsey and Wilson (2001) specify the characteristics of meta-analysis as follows:  

• Meta-analysis is a structural research technique that imposes a useful discipline 

on the process of summarising research findings; 

•  Meta-analysis represents key study findings in a more differentiated and 

sophisticated manner compared to conventional reviews that rely on qualitative 

summaries; 

• Meta-analysis is capable of finding effects or relationships that are obscured in 

other approaches to integrating research; 

• The systematic coding procedures of meta-analysis have almost unlimited 

capability for detailing information from each study and covering large 

numbers of studies. 

Meta-analysis is only applicable for certain circumstances. First, there must be 

sufficient independent studies in the examined topic. Second, meta-analysis is more 

suitable for synthesizing empirical research studies. Finally, the findings of those 

inclusive studies should be meaningfully comparable; that is, they should generally be 
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dealing with similar constructs and relationships (Hunter and Schmidt 1990; Lipsey 

and Wilson 2001).  

Like many other analytical methodologies, meta-analysis has its critics. The criticism 

can be summarised as follows. 

• The Quality Problem: meta-analysis is unreliable because results from high-

quality studies are included along with results from low-quality studies. 

• The Bias Problem: results of meta-analyses are biased upward as available 

publications for meta-analysis are biased in favour of statistically significant 

findings rather than less-significant results. 

• The Apple and Orange Problem: the diversity of studies using different 

measuring scales, definitions of variables and involved subjects makes 

comparisons inappropriate. 

• The Replication Problem: multiple results from the same experimental study 

are often used for meta-analysis, which violates the assumption of integrating 

independent studies. 

Hunter and Schmidt (1990, 2004) and Wolf (1986) argue that the bias problem is not 

unique to meta-analysis and can well be applied to other methods of study integration. 

In addition, they present data demonstrating that the problem is much less severe or, in 

fact, may not exist at all. Reviewers of publications mainly focus on the 

methodological quality of submissions, not the final outcomes (Hunter and Schmidt 

1990). Regarding the apple and orange problem, they point out that the numerical 

values studied in meta-analysis are not studies, but study results. No matter how 
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different the studies might be, there is no logical problem in comparing correlation 

coefficients between the same two variables derived from those studies. Furthermore, 

they argue that the aforementioned problems can be controlled by careful design of the 

meta-analysis. A systematic selection and coding procedure for meta-analysis can 

improve its quality and hence reduce these concerns. The apple and orange problem 

can be handled empirically by coding the characteristics for each study and statistically 

examining the moderating influence of these differences. One solution to the bias 

problem would be to include some studies from refereed conference proceedings, 

dissertations or working papers. The replication problem can be prevented by selecting 

only one result from the same study that reports multiple results.  

After three decades of practice, meta-analysis is now a widely-accepted research 

method for qualitative and quantitative research. The original criticisms of meta-

analysis are either wrong or have been successfully addressed through methodological 

refinement (Hunter and Schmidt 2004).  

2.3.3. Comparison of Hunter-Schmidt and Hedges-Olkin Methods  

Glass (1976) was the first to introduce meta-analysis into social and behavioural 

research. His method, now crowned as the Glassian meta-analysis method, 

compensates for the drawback of the p value accumulation by emphasizing effect size 

rather than significance levels. However, the other two characteristics of his method 

(taking the variance of effect sizes at face value and de-emphasizing the role of theory 

in determining potential moderators) have attracted significant criticisms.  
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Hunter and Schmidt (1990) argue that the Glassian method is incomplete in important 

respects. They claim their method is an extension of the Glassian meta-analysis 

method. The Hunter-Schmidt method seeks to correct unsystematic artefacts (sampling 

error) and systematic artefacts, such as measurement error and range restriction. 

Among all these artefacts, the sampling error is the most significant component that 

needs to be corrected. For accumulating correlations across studies, the method 

consists of the following three procedures: 

• Compute the mean correlation weighted by sample size. 

• Calculate the variance of the set of correlations. Meanwhile, compute the 

sampling error variation and subtract it from the observed variance. 

Consequently, the confidence interval of the mean correlation becomes 

available.  

• Perform moderator analysis.  

Two approaches can be applied to determine whether moderators exist between the 

correlated relationships: a heuristic introduced by Schmidt and Hunter (1977) and a 

significance test for variation across studies (Schmidt and Hunter 1990). The heuristic 

states that it is unnecessary to conduct moderator analysis if the sampling error 

explains more than 60% of the observed variance; otherwise, moderators might exist to 

contribute the unexplained variance. The significance test involves computing a chi-

square statistic to determine whether the variation across studies is negligible. 
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The following formulas detail the computation in the Hunter-Schmidt method: 

(i) mean correlation 

∑∑
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where k is the number of studies included in the meta-analysis, ri is the correlation 

in study i and Ni is the sample size of study i. 

(ii) observed variance 
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(iii) sampling error variation 

)1/()1( 22 −−= Nreσ                                                             (2.4) 

where kTN /= , ∑= iNT and k is the number of studies included in the meta-

analysis. 

(iv) 95% confidence interval for the mean correlation 
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where 96.1=αξ and kNrr −−= /)1( 2α) . 

(v) significant test for the variation across studies  
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The statistic has a chi-square distribution with k degrees of freedom. 

 



 
 

37 

In addition to the Hunter-Schmidt method, another approach for meta-analyses that 

moves beyond the Glassian method to estimate the sampling error variation is 

homogeneity test-based meta-analysis. This method was introduced independently by 

Hedges and Olkin (1985) and Rosenthal and Rubin (1982). The homogeneity-test 

approach adopts Fisher’s Z transformation of the correlation. Its purposes are to make 

the standard error depend solely on sample size (but not the size of the correlation) and 

to eliminate the bias caused by the correlation coefficient tending to underestimate the 

true population correlation. In addition, a chi-square test of homogeneity is advocated 

to detect the existence of moderators. Compared to Rosenthal and Rubin’s approach, 

the Hedges-Olkin method is more widely used and accepted in the literature. Hence we 

detail the computation in the Hedges-Olkin method in comparison to the Hunter-

Schmidt approach. 

(i) Estimation of the mean correlation 

• Transform each r by a Fisher’s Z transformation to yield Z1, .., Zk., where k is 

the number of studies included in the meta-analysis. 
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• Calculate the weighted average of all Zi . 
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• Transform z+ to obtain the mean correlation. 
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• Compute the 95% confidence interval for the mean correlation. 
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             where ()1−Z represents the reverse Fisher’s Z transformation, 96.12/ =αC  and 

∑= iNT . 

(ii) Homogeneity Test 

Compute the statistic Q to determine whether the set of sample correlations is 

more varied than would be expected. 
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where Q conforms to the chi-square distribution with k-1 degrees of freedom. 

The Hedges-Olkin method is different from the Hunter-Schmidt method mainly in its 

use of Fisher’s Z transformation. Hunter and Schmidt (1990) argue that the Fisher’s Z 

transformation does not eliminate the bias. Instead, it replaces a small underestimation 

bias by a small overestimation, which is always greater in absolute magnitude than the 

bias in the untransformed correlation. They suggest that Fisher’s Z transformation is 

consequently unnecessary. We have noted the slight difference between these two 

methods and have therefore used both of them (for comparative purposes) to conduct 

our meta-analysis. 
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2.4. Meta Analysis and Structural Equation Modelling (MEASEM) 

2.4.1. Structural Equation Modelling (SEM) 

Conducting a meta-analysis can reveal the relationships between determinants and 

their dependent variables, but it does not provide a full picture of the relationships 

between the determinants themselves. Structural equation methods provide estimates 

of the strength of all the hypothesized relationships between variables in a theoretical 

model (Mahmood et al. 2000). A structural equation model provides information about 

hypothesized influence, both directly from one variable to another and via other 

variables that moderate the relationship between them (Igbaria et al. 1997; Kelloway 

1998; Mahmood et al. 2000).  

Generally, SEM is used for theory testing (Kelloway 1998). Here a theory can be 

thought of as an explanation of why variables are or are not correlated. Given a theory 

that specifies the relationships between variables in a path diagram, the basic principle 

for SEM is that if the theory is correct, then direct and proximal relationships should be 

stronger than more distant relationships (Kelloway 1998). SEM typically can be used 

for confirmatory factor analysis, path analysis and model fit assessment.  

The research process of SEM can be conceptualised as a linear model consisting of 

four stages: model specification, identification, estimation and fit test, and refinement. 

As SEM is suitable for confirming rather than developing a theory, the first stage for 

SEM is to specify a model that is usually drawn from previous research or theories. 

Such a model is usually presented as a path diagram, and the path diagram is 

transformed into a set of structural equations (Jöreskog and Sörbom 2003).  
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The basic objective for SEM is to estimate unknown parameters in the equations (for 

example, factor loadings or path coefficients) based on observed 

covariance/correlations. Therefore, the model could be under-identified, just-identified 

or over-identified. The ideal circumstance for SEM is to have an over-identified model. 

Over-identification can be achieved by setting some parameters to be fixed to a 

predetermined value. Typically, paths that have not been included in the path diagram 

would be set to zero. These settings would be done in the identification stage 

(Kelloway 1998).  

At the estimate and fit test stage, the parameters are estimated through an iterative 

process. A criterion is predetermined for stopping the iteration. The three common 

criteria are maximum likelihood (ML), generalized least squares (GLS) and ordinary 

least squares (OLS).  

Many indicators have been proposed in the literature for assessing model fit. Kelloway 

(1998) classifies these fit indices into two categories: absolute fit and comparative fit. 

Table 2-2 lists commonly-used fit indices. The last stage is model refinement. Two 

actions can be taken to modify the model. One is to delete non-significant paths from 

the model, and the other is to add paths according to the empirical results. 
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Table 2-2 Absolute and comparative fit indices 

Fit Indices Explanation 

 

Absolute Fit 

Indices 

Root Mean Squared Residual (RMR) Generally values less than 0.05 are 
interpreted as indicating a good fit to 
the data. 

Root Mean Squared Error of 
Approximation (RMSEA) 

Values below 0.10 indicate a good fit 
to the data, values below 0.05 a very 
good fit, and values below 0.01 
indicate an outstanding fit 

Goodness-of-fit index (GFI) GFI ranges from 0 to 1, with values 
exceeding 0.9 indicating a good fit to 
the data. 

Adjusted Goodness-of-fit index (AGFI) AGFI also ranges from 0 to 1, with 
values above 0.9 indicating a good fit 
to the data. 

 

Comparative 
Fit Indices 

Normed Fit Index (NFI) NFI ranges from 0 to 1, with values 
exceeding 0.9 indicating a good fit to 
the data. 

NonNormed Fit Index (NNFI) NNFI may be outside the 0 to 1 
range, and it is common to apply the 
0.9 rule as indicating a good fit to the 
data. 

Comparative Fit Index (CFI) CFI ranges between 0 and 1, with 
values exceeding 0.9 indicating a 
good fit to the data. 

Relative Fit Index (RFI) RFI also ranges between 0 and 1, 
with values above 0.9 indicating a 
well-fitting mode. 

 
 

A model reflects the relationships between variables identified in theory. In any model, 

there are two types of variables: endogenous and exogenous variables. Endogenous 

variables are those that we seek to explain or predict while exogenous variables are 

those that provide the explanation or prediction. Therefore, a model is a set of 

theoretical hypotheses that link the exogenous variables to the endogenous variables 
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and the endogenous variables to one another. There are many software packages 

designed for structural equation modelling. The widely-spread utilization of SEM is 

mainly attributable to the availability of those software packages. There is little 

difference between the packages in terms of functionalities. We choose LIREL 

(Jöreskog and Sörbom 2003) based on its popularity and availability. The full LISREL 

SEM model comprises eight matrices, as shown in Figure 2-1.  

� �

� �

Matrix
PH

Matrix
PS

Matrix
GA

Matrix
LX

Matrix
LY

Matrix
TD

Matrix
TE

Matrix
BE

 

1. X represents the exogenous variables, LX is the factor-loading matrix for X, PH is factor 
covariance/correlations for X, and TD is the unique factors for each variable, e.g. residuals.  

2. Y represents the endogenous variables. LY is the factor-loading matrix for Y, PS is the factor 
covariance/correlations for Y, and TE is the residuals matrix.  

3. GA is the matrix relating X and Y, while BE is the matrix relating Y to Y variables. 

Fig.2-1. The full LISREL SEM model  

 

Not all matrices in the LISREL model are used in an individual study. By choosing a 

subset of these matrices, researchers can customise the LISREL model to their specific 

applications. For example, in our work, we seek to compare three causal models that 
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only have observed variables. Consequently, we only focus on the structural model 

(matrices BE, GA, and PS) and ignore other matrices for factor analysis. To transform 

from a path diagram to matrices in the LISREL model, the following rules (Kelloway 

1998) should apply:  

• a free element in a LISREL matrix is the same as a path connecting the 

variables represented by the column and the row; 

• a fixed element in a LISREL matrix is the same as a hypothesis of no path 

between the variables represented by the column and the row; 

• an element in a matrix can be referred to by (r,c), where r is the row and c is the 

column; and 

• in path diagrams, the direction of a relationship is represented by the arrow. In 

LISREL matrices, columns always cause (predict) rows. 

2.4.2. MEASEM Methodology 

Typically the covariance/correlation matrix used in a SEM analysis is obtained through 

empirical studies. The correlation matrix for a model can also be established through 

meta-analysis (Viswesvaran and Ones 1995). The approach of combining meta-

analysis and SEM path analysis has been adopted by many researchers (Brown and 

Peterson 1993; Hom et al. 1992; Premack and Hunter 1988). Viswesvaran and Ones 

(1995) summarised previous research and presented the MEASEM (MEta-Analysis 

and Structural Equation Modelling) methodology in detail. The MEASEM analysis 

estimates the true score correlations between constructs of interest through the 

application of meta-analysis, and then applies structural equation modelling to the 
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matrix of estimated correlations. The typical procedures to conduct MEASEM analysis 

for causal models are shown in Table 2-3. 

Table 2-3 MEASEM analysis procedures 

Four steps for causal model testing 

1. Identify important constructs and relationships 

2. Obtain all studies reporting at least one correlation of the relationships identified in step 1  

3. Conduct meta-analysis to estimate the true score of correlations between the constructs 

4. Use the obtained correlation matrix for path analysis or model evaluation (through model fit 
indices).  

 

The major advantage of MEASEM is to enable researchers to test a theory or model 

involving several constructs that cannot all be measured in a single study. Not all 

relationships specified in the tested model need to be included in each primary study. 

Consequently it has the potential to integrate results across studies to estimate an 

overall score for the correlation of a relationship. Viswesvaran and Ones (1995) 

suggest that the MEASEM methodology could facilitate theory testing by capturing the 

richness and complexity of real world phenomena.  

2.5. Summary 

In this chapter we have conducted a literature review on user acceptance theories. Ten 

acceptance models have been examined, and these models represent the evolution of 

user acceptance analysis research. We have realized the diversity of these theoretical 

models, in which a long list of constructs were claimed to significantly impact user 

acceptance of technology. The overlap and confusion of those constructs’ definitions 
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were identified, with different titles representing similar meanings. In addition, 

contradictory results have been reported across studies regarding the impact on user 

acceptance for the same construct. This heterogeneous situation makes it difficult to 

choose a particular model as the theoretical grounding for the user acceptance model 

driven design process. Hence, we agree with many researchers that there is a need to 

synthesize the current user acceptance studies to yield a generic acceptance model. 

The limitations of previous work on model integration inspire us to adopt a more 

statistically-rigorous methodology to perform the model synthesis. Meta-analysis is 

designed to integrate the findings across studies based on the same general topic, and 

has the statistical power to correct the distorting effects of single studies to reveal the 

true relationships between variables. Compared to choosing a single model, applying 

meta-analysis to derive a generic model is more systematic and convincing. Given that 

numerous empirical study results have accumulated in the literature after thirty years of 

research on this topic, it is feasible and appropriate to conduct meta-analysis to 

understand user acceptance. This further justifies our adoption of meta-analysis as the 

methodology for developing a generic user acceptance model. 

In this chapter we also detail the history and mathematical background of meta-

analysis and MEASEM. This knowledge is required for the next chapter where we 

conduct the study synthesis, moderator analysis and the meta-analytical structural 

equation modelling. In Chapter 3, we follow the methods and procedures described in 

Sections 2.3 and 2.4 to perform the meta-analysis and the MEASEM study, and 

consequently form the generic user acceptance model.   
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Chapter 3 
 
Generic User Acceptance Model 
 
From the review of user acceptance models presented in Chapter 2, we have 

acknowledged the diversity of theoretical models for user acceptance, which has 

resulted in a long list of constructs with overlap, confusion and contradiction. This 

situation makes it difficult to apply one particular model to develop a user acceptance 

model driven design process. Many researchers (Legris et al. 2003; Saeed et al. 2003; 

Venkatesh et al. 2003) have called for synthesis or integrative study on these 

acceptance models. We agree that it is a necessity to synthesize a generic user 

acceptance model that can be more applicable to the User Acceptance Model Driven 

Design Process (UAMDDP). 

There are few pioneering studies for integrating user acceptance models. Unfortunately 

they either relied on narrative review or p value accumulation. Meta-analysis has been 

introduced for three decades for quantitative synthesis, and has been proven to be a 

rigorous process with strong statistical credibility. Previous meta-analyses of 

integrating acceptance studies have the limitation of lacking sufficient quantitative data. 

More importantly, none of these meta-analytical studies performs sampling error 
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correction and moderator analysis. Without such analyses, no integration or synthesis 

can be regarded as a complete meta-analysis. Therefore, we intend to synthesize a 

generic user acceptance model following a complete meta-analytical procedure. 

In this chapter, we detail the procedure of our meta-analysis and MEASEM, and 

discuss the study results. The meta-analysis in our thesis collects sufficient quantitative 

data and performs complete procedures introduced by the Hunter-Schmidt and 

Hedges-Olkin methods, which are the dominant methods in the meta-analytical 

research for more than two decades. In addition, we go a step further to follow the 

MEASEM methodology to reveal the relationships among determinants. The resulted 

generic user acceptance model has identified five determinants: perceived usefulness, 

perceived ease of use, social influence, confidence belief, and affective attitude. It not 

only helps to understand factors influencing user acceptance towards new 

technologies/services, but also facilitates the understanding of intra-influence among 

factors themselves. The identification of acceptance factors provides important signals 

to user acceptance model driven system design. The relationships between acceptance 

factors themselves might be used to explain why the magnitude of the correlation 

coefficient of one determinant is greater than the other. This knowledge is important 

both to user acceptance research and to the system design and development practice.  

3.1. Factors Influencing User Acceptance 

User acceptance models seek to establish the relationships between determinants 

(factors) and user acceptance (usage intention or actual usage). As summarised in 

Table 2-1, a diverse set of theories and models have been introduced in the literature to 
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explain the user acceptance process. We conduct a comprehensive review to clarify the 

meaning of user acceptance and its well-known determinants. Potential moderators of 

their relationships are also identified. Thus, we propose a hypothetical model for 

understanding factors that influence user acceptance.     

3.1.1. Determinants of User Acceptance 

Researchers have used different variables to represent the factors that influence user 

acceptance of technology. For example, both usage intention and actual use are widely 

employed in the literature (Davis 1989; Pavlou 2003; Venkatesh et al. 2003). Devaraj 

et al. (2002) introduce a new construct called “channel preference” to represent 

customers’ intention in using e-commerce. The items measuring “channel preference” 

include (i) planning to use; (ii) recommending usage to others; (iii) preferring to use; 

and (iv) intending to increase usage. Compared these measurement items with those 

used for usage intention, we can see the semantic affinity between these two constructs. 

In our thesis, we focus on the usage intention construct, as the purpose of our research 

is to examine determinants that can be used to predict user acceptance of new 

technologies/services. Prior research (Agarwal and Prasad 2000; Davis 1989; Fishbein 

and Ajzen 1975) strongly suggests that actual use is determined by usage intention.    

The diversity of theoretical models has resulted in a long list of constructs that are 

claimed to influence user acceptance of technology. There is some overlap among the 

constructs, and different nomenclature for constructs has been used to represent similar 

meaning, which has caused confusion. Therefore, the first step of our acceptance study 

is to conduct a comprehensive review of the independent variables that have 
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determinative influence on user acceptance. Through intensive review and synthesis, 

we identify five determinants of user acceptance: perceived usefulness, perceived ease 

of use, social influence, confidence belief, and affective attitude. We explain these 

determinants and propose five hypotheses (H1-H5) for testing. 

Perceived Usefulness 

Perceived usefulness is defined as “the degree to which a person believes that using a 

particular technology would enhance his or her job performance” (Davis 1989). The 

relationship between perceived usefulness and usage intention has been well-

established in the literature. There are other constructs that have identical meaning, 

including relative advantage, extrinsic motivation, and job fit of perceived 

consequences. Relative advantage refers to “the extent to which a potential adopter 

views the technology as offering an advantage over previous ways of performing the 

same task” (Agarwal and Prasad 2000). This construct is very similar to the notion of 

perceived usefulness, as was stated by Moore and Benbasat (1991). Extrinsic 

motivation refers to the extent to which a person believes performing the behaviour 

can help to achieve a specific goal (Davis et al. 1992). The similarity between the 

perceived usefulness construct and the extrinsic motivation construct has been 

acknowledged, and, as well, perceived usefulness has been considered an outcome 

expectancy and a measure of extrinsic motivation (Davis et al. 1992; Venkatesh 1999; 

Venkatesh et al. 2003). The job fit construct refers to the outcome of an individual’s 

evaluation of the consequences of his or her behaviour in terms of potential rewards 

(Thompson et al. 1991). It is consistent with the extrinsic motivation construct as used 

in (Davis et al. 1992) and the perceived usefulness construct that is deployed in the 
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Technology Acceptance Model (Thompson et al. 1991; Venkatesh et al. 2003). Based 

on the above review, we propose the first hypothesis (H1):   

H1: Perceived Usefulness will have a significant influence on user acceptance.  

Perceived Ease of Use 

Perceived ease of use refers to “the extent to which a person believes that using the 

technology will be free of effort” (Davis 1989). An application or service perceived to 

be less difficult to use can attract more users to adopt it. Complexity was introduced by 

Rogers and Shoemaker (1971) to measure “the degree to which an innovation is 

perceived as relatively difficult to understand and use.” The complexity construct is 

just the opposite of the perceived ease of use construct (Agarwal and Prasad 1998, 

Thompson et al. 1991). Consequently, a negative association would be expected 

between complexity and usage intention while perceived ease of use would seem to 

positively influence user acceptance. Hence, the second hypothesis (H2) is: 

H2: Perceived Ease of Use will have a significant influence on user acceptance. 

Social Influence 

There is a long history of support for social influence as a determinant to predict 

behavioural intention, beginning with Fishbein and Ajzen’s (1975) introduction of 

subjective norms in their theory of reasoned action. Subjective norms refer to the 

perceived social pressure to perform or to not perform the behaviour (Ajzen 1991). 

Subjective norms are jointly affected by peer influence and superiors’ influence 

(Venkatesh et al. 2000). Although many studies adopt subjective norm to keep 

consistency with TRA, Venkatesh and colleagues (Venkatesh and Davis 2000; 

Venkatesh et al. 2003) suggest that there are other constructs, such as image and 
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voluntariness, should be integrated with subjective norm to represent a broad view on 

social factors. They use “social influence” to describe this category of factors, and 

Venkatesh et al. (2003) define social influence as “the degree to which an individual 

perceives that important others believe he or she should use the new technology”. 

They believe it has similar meaning to subjective norms in TPB and TRA, image in the 

diffusion theory (Rogers 1983), and social factors in Thompson’s model (1991). 

Identical items are designed in the models to measure social influence and subjective 

norms. Lou et al. (2000) introduce “perceived critical mass” as a determinant of usage 

intention. Instead of measuring the real critical mass of a technology, they observed 

group members’ influence on an individual in line with the existence of social norms. 

The similarity of the social influence construct and the “perceived critical mass” 

construct has been further confirmed by checking the items used to measure the 

“perceived critical mass”.  Consequently, we propose the third hypothesis (H3) as 

below: 

H3: Social Influence will have a significant influence on user acceptance.  

Confidence Belief  

Perceived behavioural control in TPB is the key addition to TRA, which reflects 

situational enablers or constraints to behaviour. Particularly, it represents an 

individual’s perception of the availability of knowledge, resources, and opportunities 

required to perform the specific behaviour (Venkatesh 2000). Prior research has shown 

self-efficacy and facilitating conditions are the antecedents of the construct (Venkatesh 

et al. 2003). More recent research in e-commerce acceptance reveals that trust and 

perceived risk are the most important components of perceived behavioural control 
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(Pavlou 2003). Venkatesh et al. (2003) use facilitating conditions to represent this 

category of factors, which they define as “the degree to which an individual believes 

that an organizational and technical infrastructure exists to support use of the new 

technology”. It seems likely that it is the degree of trust and perceived control that has 

a direct influence on usage intention (Farhoomand and Lovelock 2001; Gefen et al. 

2003), although facilitating conditions can significantly enhance an individual’s 

perception of trust and control (Taylor and Todd 1995).   

In our thesis, as we cannot find an existing construct that can exactly represent its 

meaning, we define confidence belief as the extent to which a person believes that a 

technology is trustworthy and using the technology will be free of risk. Several 

constructs have been adopted in the literature to reflect similar meaning of confidence 

belief, such as perceived behavioural control, compatibility, trust and assurance. 

Hence, the fourth hypothesis (H4) is: 

H4: Confidence Belief will have a significant influence on user acceptance. 

Affective Attitude 

Attitude refers to “the degree to which a person has a favourable or unfavourable 

evaluation or appraisal of the behaviour in question” (Ajzen 1991). Researchers 

(Thompson et al. 1991; Triandis 1980) argue that attitude is not a precise term when 

conducting research on the relationship between attitudes and behaviour. Instead, they 

recommend a separation of the affective and cognitive components of attitudes. The 

affective attitude, which they term affect, is defined as “the perception of joy, elation, 

or pleasure, or depression, disgust, displeasure, or hate associated with a particular 

act”. The cognitive dimension of attitudes refers to an individual’s specific beliefs 
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related to the object, and consists of the evaluation, judgement, reception, or perception 

of the object of thought based on value (Yang and Yoo 2004). Semantic pairs to 

measure the two components of an attitude construct have been introduced by Crites et 

al. (1994), in which word pairs like excited/bored, happy/annoyed, joy/sorrow and 

like/dislike are used to measure the affective dimension, while word pairs such as 

useful/useless, safe/unsafe, beneficial/harmful and valuable/worthless represent the 

cognitive aspect. It can be seen that the influence of cognition has been measured by 

other constructs like perceived usefulness or confidence belief. Therefore, affective 

attitude is a more accurate construct to study the relationship between attitudes and 

usage intention. Venksatesh et al. (2003) claim that the affective attitude construct has 

an identical meaning with the intrinsic motivation construct in the Motivation Model, 

which has been defined as “the degree of the perceived pleasure and inherent 

satisfaction derived from a specific activity” (Venkatesh 1999). Another construct 

called perceived enjoyment (Anandarajan et al. 2002; Yi and Hwang 2003) has also 

been used to represent intrinsic motivation and affective attitude. Previous studies 

(Davis et al. 1992; Webster 1992) indicate that an individual who believes pleasure and 

enjoyment can be derived from using a new technology is likely to use it more 

extensively. Therefore, we propose the fifth hypothesis (H5) as below:  

H5: Affective Attitude will have a significant influence on user acceptance. 

3.1.2. Moderators 

Type of technology and stage of adoption have been recognized as two potential 

moderators in prior research (Damanpour 1991). In addition, we examine the 

environment of study and the type of subject. The type of subject refers to whether the 
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role of the subject is an individual or a member of an organization when he/she 

participates in the specific activity. The environment of study can be generally 

classified into two categories: academic and commercial. In the academic environment 

studies are conducted among students, teachers, etc., while customers, practitioners or 

professionals are the main concern in the commercial environment. Similar to the 

determinants, we propose four hypothesises (H6-H9) about moderators for testing. 

Type of Technology 

Prior research (Damanpour 1991, Downs and Mohr 1976) suggests that distinguishing 

the type of technology is necessary for understanding user acceptance. The theoretical 

models, such as TAM, TPB, and TRA, have been examined and tested by numerous 

studies in IT and IS. Since its appearance, the Internet has evolved to become an 

enabled technology for businesses to achieve competitive advantages. The recent 

failure of many dotcoms emphasizes the demand for analysis of online customers’ 

behaviour. Many researchers question whether existing models derived from IT/IS 

could continue to be used in the Internet arena, because the model creators might not 

have even imagined such technologies when they developed their theories (Gentry and 

Calantone 2002). Our study tries to examine whether the type of technology (IT/IS 

technology versus Web technology) is an effective moderator to the relationships 

between the five independent variables and user acceptance. Therefore, the sixth 

hypothesis (H6) is:     

H6: The influence of the five determinants on user acceptance will be moderated by 

Type of Technology.  
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Stage of Adoption 

Technology acceptance should be considered a process rather than an immediate 

decision. Damanpour (1991) adopts a two-stage conceptualisation suggested by Rogers 

(1983): initiation and implementation. The initiation stage is defined as “consisting of 

all activities pertaining to problem perception, information gathering, attitude 

formation and evaluation, and resource attainment leading to the decision to adopt”. 

The implementation stage consists of activities pertaining to initial utilization and 

continued use of the technology as user experience increases. Venkatesh et al. (2000) 

argue that it is important to examine the phenomenon over duration of time rather than 

just a cross-sectional snapshot when studying acceptance of a technology. 

Furthermore, Venkatesh and Davis (2000) believe that there is evidence indicating that 

the direct effect of social influence on intentions may subside after technology 

implementation, and the effect of perceived ease of use on usage intention may 

decrease over time as well. The effect of the adoption stage on usage intention across 

the five independent variables is tested in our study. We propose the seventh 

hypothesis (H7) as below:  

H7: The influence of the five determinants on user acceptance will be moderated by 

Stage of Adoption. 

Environment of Study 

Research findings in social psychology suggest environmental characteristics can 

moderate the relationships between user acceptance and its determinants (Agarwal and 

Prasad 1998). Sociological studies also indicate that actions are not only determined by 

endogenous factors, but also by exogenous causes, such as the environment or situation 
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(Suh and Han 2002). Historically many studies in the literature have been conducted in 

academic institutes to test the theoretical models by recruiting students as sample 

subjects. The controversy of using student subjects causes much concern. Some 

researchers claim that a student sample may cause a generalization problem. Lin and 

Lu (2000), however, argue that the problem may be much less severe than some have 

believed, or even may not exist in many situations. Surveys show students are one of 

the main streams of users of IT, IS, and the Internet technologies. Moreover, students 

may eventually be the most active users of new technologies and therefore influential 

consumers of e-commerce in the future. In our study, comparison between academic 

and commercial environments has been performed to identify the effect of this 

moderator. Hence, the eighth hypothesis (H8) we proposed is:  

H8: The influence of the five determinants on user acceptance will be moderated by 

Environment of Study. 

Type of Subject        

Damanpour (1991) indicates that a person acts as either an individual or a member of 

an organization while he/she participates in the adoption of technology. This 

perception can affect his or her willingness to become involved in the activity 

(Venkateah 1999). The effect can be generally understood as organizational members’ 

usage of technology normally is task-oriented and compulsory while individuals’ 

adoption is voluntarily made based on their own interest. Therefore, we propose our 

ninth hypothesis (H9) as below:  

H9: The influence of the five determinants on user acceptance will be moderated by 

Type of Subject. 
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We have explained the five determinants of user acceptance and the potential 

moderators of their relationships. The hypotheses have also been proposed. We 

summarise the proposed hypothetical model for testing in Figure 3-1. 

 

 
 

 

 

 

 

 

 

 

 

Fig. 3-1 The hypothetical model for understanding determinants of user acceptance 

3.2. Meta-Analysis for Model Testing 

3.2.1. Selection of Primary Studies and Coding 

Our selection process was initiated through an intensive search of studies written or 

published since 1989, which were related to user acceptance of technology in the areas 

of information technology, management information systems, human-computer 
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interaction, management science, business and marketing, Internet research, behaviour 

and psychology, and e-commerce and m-commerce.  

Studies were included in our meta-analysis if they met five criteria: (i) reporting of the 

sample size; (ii) including usage intention as a dependent variable to represent user 

acceptance; (iii) reporting of either Pearson correlation coefficients or statistics that 

could be used to calculate correlations; (iv) measuring one or more of the determinants 

analysed in our study; and (v) the technology being studied falls into the scope of IT, 

IS or Web applications.  

In addition to the above five criteria, we also made the following considerations: (i) if 

the primary research included voluntary and mandatory settings, we selected the study 

conducted in a voluntary situation as it would be difficult to force users to accept a 

technology in a competitive market; (ii) to lessen the severity of the “bias problem”  

(Hunter and Schmidt 1990), papers from refereed conference proceedings were 

included in our meta-analysis; (iii) in line with the assumption that the selected 

samples should be independent in meta-analysis, we only included one report if several 

results have been reported based on the same or partially overlapping data; and (iv) 

studies with sample sizes of more than 600 were excluded in line with Hunter and 

Schmidt’s (1990) warning that a very large sample size may distort the result of meta-

analysis.  

Applying these criteria and considerations yielded a total of 35 primary studies from 

25 reports, including 23 journal articles and 2 proceedings papers. A list of the sources 

used is shown in Table 3-1. The complete references for these studies are listed in 

Appendix A. 
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Table 3-1 Source of primary studies 

Category Name of The Source Number of 
Studies 

Conference 
Proceedings 

IEEE 2 

Journals 

IEEE Transaction on Engineering Management 1 

MIS Quarterly 4 

Int.J. Human-Computer Studies 3 

Information Systems Research 2 

Management Science 2 

Decision Support Systems 2 

International Journal of Information Management 2 

Interacting with Computers 2 

Information and Management 1 

International Journal of Electronic Commerce 1 

Information Resources Management Journal 1 

Journal of Business Research 1 

European Journal of Information Systems 1 

Summary  25 

 
 

We started our coding procedure by carefully examining the settings of each primary 

study and then retrieving its results. Most studies provide information about the 

correlations between determinants and user acceptance. Only a few of the studies 

require us to compute correlations based on their reported statistics. We present the 

coding results in Table 3-2. 

3.2.2. Meta-Analysis Using the Hunter-Schmidt Method 

3.2.2.1. Meta-Analytical Procedures 

For each determinant, we conducted the meta-analysis using the following procedures 

introduced by Hunter and Schmidt (1990). First, we computed the mean correlation 
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across studies weighted by sample size. Then we calculated a 95% confidence interval 

for the correlation mean. If the confidence interval includes zero, the result suggests 

that the correlation may not be different from zero in the population. Otherwise a 

statistically significant association between the determinant and user acceptance is 

confirmed.  

Table 3-2 Correlation coefficients and moderators of selected studies 

 
1. The independent variables are: Perceived Usefulness (IV1), Perceived Ease of Use (IV2), Social Influence 

(IV3), Confidence Belief (IV4), and Affective Attitude (IV5). 
2. The moderators are: (1) Study Environment, A=Academic, C=Commercial; (2) Type of Subject, 

INDL=Individual, ORG=Organizational Members; (3) Type of Technology, IT/IS= Information Technology or 
Information Systems, WEB=Web applications in E-commerce; (4) Stage of Adoption, IN=Initiation Stage, 
IM=Implementation Stage. 

Study 
No. 

Study 
Environ-

ment 

Type of 
Subject 

Type of 
Technology 

Stage of 
Adoption 

Sample 
Size 

Correlations with Usage Intention 

IV1 IV2 IV3 IV4 IV5 

1  C INDL IT/IS IN 52 0.663 0.668  0.734 0.855 
2(1) A  INDL WEB IN 24 0.46 0.27    
2(2) C INDL WEB IN 60 0.65 0.49    

3 C ORG IT/IS IN 118 0.5473 0.4197    
4 A INDL WEB IN 139 0.72 0.68    

5(1) A INDL WEB IN 103 0.63 0.38  0.53  
5(2) C INDL WEB IM 155 0.47 0.57  0.67  
6(1) A INDL WEB IN 61 0.72 0.4    
6(2) A INDL WEB IM 61 0.31 0.29    

7 A INDL IT/IS IN 192 0.749 0.561 0.509   
8 C ORG IT/IS IM 324 0.42 0.41   0.44 
9 A INDL WEB IM 212 0.21 0.15   0.33 

10(1) A INDL IT/IS IN 40 0.71 0.25    
10(2) A INDL IT/IS IN 40 0.59 0.47    

11 C ORG WEB IM 212 0.38 0.28 0.31 0.11 0.32 
12(1) C ORG WEB IM 116 0.347 0.295    
12(2) C ORG WEB IM 68 0.445 0.346    
12(3) A INDL IT/IS IM 64 0.138 0.069    
12(4) A INDL IT/IS IM 67 0.342 0.148    
12(5) A INDL IT/IS IM 54 0.251 0.314    

13 C INDL IT/IS IM 76 0.65 0.5  0.6 0.62 
14 A INDL IT/IS IM 211 0.311 0.364   0.255 

15(1) C ORG IT/IS IM 77 0.5 0.25 0.09   
15(2) C ORG IT/IS IM 77 0.46 0.2 0.18   

16 C ORG IT/IS IM 143 0.24 0.33 0.48  0.19 
17 C ORG WEB IM 212 0.26 0.22  0.12 0.39 

18(1) A INDL WEB IN 214 0.714 0.553    
18(2) A INDL WEB IN 181 0.59 0.53    

19 A INDL WEB IN 69 0.668 0.555   0.668 
20 A INDL WEB IN 540  0.48 0.51 0.42 0.8 
21 C INDL WEB IN 64 0.55    0.73 
22 C INDL WEB IN 134 0.739 0.681  0.575  
23 A INDL WEB IN 280 0.62 0.47  0.39 0.62 
24 C ORG IT/IS IM 358 0.42 0.44    
25 C ORG IT/IS IM 106 0.33    0.22 
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The next step of the meta-analytical procedures was to determine whether or not 

moderators should be introduced. We first calculated the observed variance. Then the 

observed variance was corrected by subtracting the variance caused by sampling error 

(Hunter and Schmidt 1990, 2004). The corrected variance represents the best estimate 

of the real variance in the population. Due to the sporadic nature of needed information 

like reliability in the selected studies, no correction had been made for range restriction 

and measurement error. This limitation is not unique to this study as most of the meta-

analyses in the literature were unable to correct for these artefacts (Damanpour 1991; 

Dennis et al. 2001; Stajkovic and Luthans 1997). To determine whether a moderator 

should be introduced, a significant test for variance across studies (Hunter and Schmidt 

1990) was performed. The test is compatible with the Q homogeneity statistic adopted 

by many researchers (Dennis et al. 2001; Stajkovic and Luthans 1997), which was 

derived from the Hedges and Olkin method (1985).  In addition, a heuristic method 

(Schmidt and Hunter 1977) was also employed to confirm the homogeneity of the 

studies. This method states that if the variance caused by sampling error can explain 

more than 60% of the observed variance, the introduction of moderators is 

unnecessary.   

Finally, approximate t-tests, which have been adopted by previous meta-analyses 

(Damanpour 1991; Wagner and Gooding 1987), were conducted to test the difference 

between subgroups categorized by moderators. Mean correlation and observed 

variance statistics calculated in meta-analysis were used to perform the t-

approximation tests. 
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3.2.2.2. Meta-Analysis Results 

Table 3-3 presents the results of meta-analyses for user acceptance and its five 

determinants. The 95% confidence interval results indicate that all mean correlations 

weighted by sample sizes significantly deviate from zero. The values of these mean 

correlations also suggest relatively strong positive correlations between each of the five 

independent variables and the dependent variable. However, the significant χχχχ²k-1 

statistics sharply imply that moderators should be introduced to explain all the 

correlated relationships between usage intention and its five determinants.   

Table 3-3 Results of meta-analysis for determinants (Hunter-Schmidt method) 

 
 

Determinant 

Number 
of 

Studies 
(K) 

Total 
Sample 
(N) 

Mean 
Correlation 

(r) 

95 Percent 
Confidence 
Interval 

 
Observed 
Variance 

Sampling 
Error 

Variance 

 
Percentage 
Explained 

Homogeneity  
Test 
(χχχχ²
k-1
) 

Perceived 
Usefulness 34 4364 0.481 (0.458, 0.504) 0.0298 0.0046 15% 220.44 

Perceived 
Ease of Use 33 4734 0.416 (0.392, 0.44) 0.0199 0.0048 24% 137.88 

Social 
Influence 6 1241 0.426 (0.38, 0.472) 0.0175 0.0032 18% 32.45 

Confidence 
Belief 9 1764 0.399 (0.36, 0.438) 0.0344 0.0036 10% 85.85 

Affective 
Attitude 13 2501 0.503 (0.474, 0.532) 0.0468 0.0029 6% 209.60 

 

The meta-analytical results of correlations confirm the hypothesized relationships (H1-

H5) between the five independent variables and the dependent variable in the 

theoretical framework. Perceived usefulness has a strong positive association with 

usage intention of technology (a mean correlation r = 0.481 with a 95% confidence 

interval of 0.458-0.504). This is consistent with Davis’ (1989) belief that people tend 

to use or not use an application based on their perception that it will help with 

improvement of performance. Davis (1989) also believes that usage intention is 
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influenced by perceived ease of use. This is confirmed by the meta-analysis (a mean 

correlation r = 0.416 with a 95% confidence interval of 0.392-0.44).  

As is evident from the literature review, the impact of social influence has been 

controversial (Venkatesh et al. 2003), and it has been excluded in TAM (Davis 1989). 

Our meta-analytical results show that it does have a significant influence on usage 

intention (a mean correlation r = 0.426 with a 95% confidence interval of 0.38-0.472). 

The strong association identified here clarifies the equivocal results reported in the 

literature. Similar controversy exists on the relationship between affective attitude and 

usage intention. Venkatesh et al. (2003) claim that attitude is not a direct determinant 

of user acceptance, while TRA (Fishbein and Ajzen 1975) includes attitude as a main 

construct. Our research suggests affective attitude has a strong positive association 

with usage intention (a mean correlation r = 0.503 with a 95% confidence interval of 

0.474-0.532). Research (Gefen et al. 2003) suggests that trust and perceived control on 

a new technology become a main concern when an individual confronts the choice 

between acceptance and rejection of Web applications. This is further proven in this 

study by the significant association between confidence belief and usage intention (a 

mean correlation r = 0.399 with a confidence interval of 0.36-0.438). 

3.2.2.3. Moderator Analysis Results 

Table 3-4 shows the results of moderator analysis for the correlated relationships 

mentioned above. As all the explained percentages and homogeneity tests sharply 

implied moderators should be introduced, moderator analyses have been conducted for 

all five independent variables. Hunter and Schmidt (1990) suggested there are two 
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indicators to evaluate the impact of moderators: (i) the average correlation varies from 

subset to subset; and (ii) the corrected variance is lower on average in the subsets than 

for the data as a whole. Generally the moderator analysis reduced the corrected 

variance. We follow these two indicators to conduct our moderator analysis. 

In many subgroups, the variance caused by sampling error can explain more than 60% 

of the observed variance, suggesting the variance across studies within the subgroup is 

mainly contributed by sampling error. The statistic of homogeneity test had been used 

to double confirm whether the studies are heterogeneous. When the explained variance 

was still less than 60%, combined moderator analysis was conducted to determine 

whether the inter-study variance could be further reduced.  

In order to examine the effect of moderators on the relationship between perceived 

ease of use and usage intention, the primary studies were divided into two subgroups 

based on the environment of study. The results show that the explained variances in 

both of the two subgroups were still less than 60% (25% for academic and 23% for 

commercial). Then the subgroup of studies conducted in academic environments was 

further categorized into two subgroups according to the stage of adoption. The 

explained variance in the subgroup of studies conducted at the initiation stage is 82% 

and the χχχχ²k-1 is 13.37. Comparing 13.37 with 18.31, the 95% point of the Chi-Square 

distribution with 10 degrees of freedom, we see that the correlations are homogeneous 

at the α=0.05 significant level. The method was then applied to other subgroups 

continuously. We examined the effect of moderators on the relationships between the 

five independent variables and the dependent variable respectively. 
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Table 3-4 Results of moderator analysis (Hunter-Schmidt Method) 
 
 

Moderators 

Number 
of 

Studies 
(k) 

Total 
Sample 
(N) 

Mean 
Correlation 

(r) 

95 Percent 
Confidence 
Interval 

 
Observed 
Variance 

Sampling  
Error 

Variance 

 
Percentage 
Explained 

Homogeneity 
Test 
(χχχχ²

k-1
) 

IV1 
SOA 

        

  IN 17 1847 0.659 (0.633, 0.685) 0.0047 0.0030 64% 27.07 

  IM 17 2517 0.351 (0.317, 0.385) 0.0082 0.0052 63% 26.68 

TOS         

    ORG 11 1811 0.387 (0.348, 0.426) 0.0069 0.0044 64% 17.21 

    INDL 23 2553 0.548 (0.521, 0.575) 0.0353 0.0044 12% 184.22 
       IN 16 1729 0.666 (0.64, 0.692) 0.0041 0.0029 71% 23.15 
       IM 7 824 0.300 (0.238, 0.362) 0.0099 0.0070 71% 9.85 

TOT         

   IT/IS 17 2211 0.437 (0.403, 0.471) 0.0225 0.0050 22% 75.85 

   WEB 17 2153 0.527 (0.496, 0.558) 0.0333 0.0041 12% 137.23 

EOS         

    A 17 2012 0.531 (0.500, 0.562) 0.0406 0.0043 11% 158.65 

    C 17 2352 0.438 (0.405, 0.471) 0.0166 0.0047 28% 59.80 

IV2 
SOA  

        

   IN 16 2247 0.511 (0.48, 0.542) 0.0084 0.0039 46% 34.64 

   IM 17 2487 0.330 (0.295, 0.365) 0.0146 0.0054 40% 45.79 

TOS         

   ORG 11 1781 0.350 (0.309, 0.391) 0.0078 0.0048 62% 18.03 

   INDL 22 2953 0.456 (0.427, 0.485) 0.0230 0.0047 20% 118.19 
TOT         

    IT/IS 16 2105 0.379 (0.342, 0.416) 0.0146 0.0056 38% 42.05 

   WEB 17 2629 0.445 (0.414, 0.476) 0.0222 0.0042 19% 90.83 

EOS         

    A 17 2413 0.418 (0.385, 0.451) 0.0192 0.0048 25% 67.86 

   IN 11 1744 0.487 (0.451, 0.523) 0.0045 0.0037 82% 13.37 

   IM 6 669 0.236 (0.164, 0.308) 0.012 0.008 67% 8.78 

   C 16 2321 0.414 (0.38, 0.448) 0.0207 0.0047 23% 70.00 

   ORG 11 1781 0.350 (0.309, 0.391) 0.0078 0.0048 62% 18.03 

   INDL 5 540 0.626 (0.575, 0.677) 0.0046 0.0034 74% 6.77 

IV3 
SOA 

        

   IN 2 732 0.510 (0.456, 0.564) 0.0000 0.0015 100% 0.00 

   IM 4 509 0.305 (0.226, 0.384) 0.0180 0.0065 36% 11.12 
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Table 3-4 Results of Moderator Analysis (Cont’d) 
TOS         

   ORG 4 509 0.305 (0.226, 0.384) 0.0180 0.0065 36% 11.12 

    INDL 2 732 0.510 (0.456, 0.564) 0.0000 0.0015 100% 0.00 

TOT         

   IT/IS 5 501 0.361 (0.285, 0.437) 0.0213 0.0054 25% 19.77 

   WEB 1 540 0.51 (0.448, 0.572) 0 0.0010 100% 0 

EOS         

    A 2 732 0.510 (0.456, 0.564) 0.0000 0.0015 100% 0.00 

   C 4 509 0.305 (0.226, 0.384) 0.0180 0.0065 36% 11.12 

IV4 
SOA 

        

    IN 5 1109 0.456 (0.409, 0.503) 0.0076 0.0028 37% 13.39 

    IM 4 655 0.303 (0.233, 0.373) 0.0650 0.0050 8% 51.59 
TOS         

   ORG 2 424 0.115 (0.021, 0.209) 0.0000 0.0046 100% 0.01 

    INDL 7 1340 0.489 (0.448, 0.53) 0.0117 0.003 26% 26.97 

    A 4 1057 0.442 (0.393, 0.491) 0.0040 0.00245 62% 6.47 
    C 3 283 0.663 (0.598, 0.728) 0.0020 0.0033 100% 1.82 

TOT         

   IT/IS 3 340 0.315 (0.219, 0.411) 0.0712 0.0072 10% 29.84 

   WEB 6 1424 0.419 (0.376, 0.462) 0.0235 0.0029 12% 49.28 
EOS         

    A 3 923 0.423 (0.37, 0.476) 0.0016 0.0022 100% 2.21 

    C 6 841 0.373 (0.315, 0.431) 0.0690 0.0053 8% 78.31 

IV5 
SOA 

        

   IN 6 1217 0.668 (0.637, 0.699) 0.0299 0.0015 5% 118.44 

   IM 7 1284 0.346 (0.298, 0.394) 0.0125 0.0042 34% 20.70 
TOS         

  ORG 5 997 0.345 (0.29, 0.40) 0.0086 0.0039 45% 11.05 

  INDL 8 1504 0.608 (0.576, 0.64) 0.044 0.0022 5% 168.36 
   A 5 1312 0.591 (0.556, 0.626) 0.0476 0.002 4% 147.6 
   C 3 192 0.72 (0.652, 0.788) 0.0089 0.0036 40% 7.4 

TOT         

   IT/IS 7 1124 0.361 (0.31, 0.412) 0.0256 0.0047 18% 38.14 

   WEB 6 1377 0.618 (0.585, 0.651) 0.0345 0.0017 5% 124.28 
EOS         

   A 5 1312 0.591 (0.556, 0.626) 0.0476 0.0016 3% 147.62 

   C 8 1189 0.405 (0.357, 0.453) 0.0278 0.0047 17% 47.27 

1. The determinants are: Perceived Usefulness (IV1), Perceived Ease of Use (IV2), Social Influence (IV3), 
Confidence Belief (IV4), and Affective Attitude (IV5). 

2. The moderators are: (1) Environment of Study (EOS), A=Academic, C=Commercial; (2) Type of Subject (TOS), 
INDL=Individual, ORG=Organizational Members; (3) Type of Technology (TOT), IT/IS= Information Technology or 
Information Systems, WEB=Web applications in E-commerce; (4) Stage of Adoption (SOA), IN=Initiation Stage, 
IM=Implementation Stage. 
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Table 3-5 shows the results of the approximate t-tests on the deference of the mean 

correlations across sets of studies distinguished by moderators. The results suggest that 

stage of adoption and type of subject are more effective moderators than environment 

of study and type of technology, which support the hypotheses of H7 and H9 while 

rejecting H6 and H8. The findings provide an opportunity to have a better 

understanding on each of the four moderators. However, like other meta-analytical 

research, the moderator analysis suffered from the second-order sampling problem — 

the number of primary studies was below a reasonable threshold for subgroups 

comparison (Hunter and Schmidt 1990). This problem occurred when we analysed the 

influence of moderators on the relationships between user acceptance and the two 

determinants: social influence and confidence belief.   

Table 3-5. Results of t-approximation tests 

 
 
Determinants 

Stage of  

Adoption 

 Type of             

Subject 

 Type of 

Technology 

 Environment 

of Study 

Initiation 
vs. 

Implementation 

Organizational member 
vs. 

Individual 

IT / IS 
vs. 

Web Applications 

Academic 
vs. 

Commercial 
Perceived 
Usefulness 11.18 **  3.46 **  1.57  1.60 

Perceived 
Ease of Use 4.87 **  2.53 *  1.40  0.08 

Social 
Influence 3.06 *  3.06 *  2.28  3.06 * 

Confidence 
Belief 1.15   9.15 **  0.63  0.46 

Affective 
Attitude 3.91 **  3.10 *  2.65 *  1.63 

*  p < 0.05                                     **  p < 0.01 

 

3.2.3. Meta-Analysis Using the Hedges-Olkin Method 

3.2.3.1. Meta-Analytical Procedures  

For comparison, we further conducted a meta-analysis following the procedures 

introduced by Hedges and Olkin (1985). First, we computed the estimate of the 
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population correlation and its confidence interval. As Pearson correlation is 

theoretically an underestimate of the population correlation, we transformed each 

Pearson correlation ri  with Fisher’s Z-transformation to yield a set of Zi, and then an 

average Z+ weighted by sample size was calculated. Next, we constructed a 95 percent 

confidence interval for Z+. Finally, the obtained Z+ and its confidence interval were 

respectively back-transformed into an estimated correlation and a 95 percent 

confidence interval for the correlation. If the confidence interval does not include zero, 

it is suggested that the correlation significantly deviates from zero, and the associated 

relationship between the two variables is confirmed. 

Following the recommendation from Hedges and Olkin (1985, p229), the second step 

of the meta-analysis was to compute an estimate of the true correlation coefficient 

(rho) by correcting measurement error. We divided each observed correlation from the 

primary studies by the square root of the product of the corresponding reliabilities of 

the two variables, and then repeated the meta-analysis procedures described in the first 

step to obtain a value for rho. However, due to the sporadic nature of reliabilities 

reported in the primary studies, we adopted Bamberger et al.’s (1999) method to 

handle the presence of missing reliabilities. For studies where reliabilities were not 

provided, a sample-size-weighted mean reliability from the remaining studies was 

utilized to represent an estimate of the reliability.  

Finally, we conducted a test of homogeneity based on Fisher’s Z-transformation. A 

weighted average correlation can represent an unbiased estimate of the population 

correlation only if single correlation magnitudes are consistent across all selected 

studies (Hedges and Olkin 1985). A Q-statistic (Hedges and Olkin 1985, p235), which 
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essentially is the weighted sum of squares of the Zi about the weighted mean Z+, was 

used to determine homogeneity. If heterogeneity was found, moderators should be 

introduced to explain the difference across studies. The moderator analysis was 

performed based on the four aforementioned moderators. We first tested for the 

homogeneity of correlations within the two categories of a moderator group. When 

heterogeneity still occurred within a subgroup, a combined moderator analysis was 

performed to determine whether the inter-study variance could be further reduced to 

achieve homogeneity. We continued the process of subdividing and testing for other 

moderator groups.       

3.2.3.2. Meta-Analysis Results 

Table 3-6 presents the results of the meta-analyses for user acceptance and its five 

determinants. The results of 95% confidence intervals indicate that all mean 

correlations significantly deviate from zero. The values of these mean correlations also 

suggest relatively strong positive associations between user acceptance and each of the 

five determinants. The results of estimated rhos are consistent with the mean 

correlations. However, the significant Q-statistics sharply imply that moderators 

should be introduced to explain all the correlated relationships.   

The meta-analytical results of correlations confirm the hypotheses in the research 

model that the five determinants have significant direct impact on user acceptance of 

technology. Perceived usefulness has a strong positive association with user 

acceptance (a mean correlation r = 0.50 with a confidence interval of 0.48-0.52). The 

correlation between perceived ease of use and user acceptance is also confirmed (a 
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mean correlation r = 0.43 with a confidence interval of 0.40-0.45). These are consistent 

with the findings of Davis’ (1989) and Venkatesh et al. (2003). 

The impact of social influence and affective attitude on user acceptance has been 

supported, given that the relationship between social influence and user acceptance has 

a mean correlation of 0.43 with a confidence interval of 0.39-0.48, and that between 

affective attitude and user acceptance yields a mean correlation of 0.54 with a 

confidence interval of 0.51-0.57. The strong associations identified here clarify the 

equivocal results reported in the literature.  

The significant correlation between confidence belief and user acceptance (a mean 

correlation r = 0.42 with a confidence interval of 0.38-0.45) has also been supported. 

This is consistent with the findings from Mcknight et al. (2002) and Gefen et al. (2003). 

It is suggested that trust and perceived control play an important role for the 

acceptance of e-commerce or m-commerce businesses. 

Table 3-6 Results of meta-analysis for determinants (Hedges-Olkin method) 

 
 

Determinants 

Number 
of 

Studies 
(K) 

Total 
Sample 
(N) 

Mean 
Correlation 

(r) 

95 Percent 
Confidence 
Interval 

Estimated 
Correlation 

(rho) 

Homogeneity 
Test 
(Q) 

Perceived 
Usefulness 34 4364 .50 (.48, .52) .59 244.42 

Perceived Ease 
of Use 33 4734 .43 (.40, .45) .50 141.01 

Social Influence 6 1241 .43 (.39, .48) .58 28.04 

Confidence Belief 9 1764 .42 (.38, .45) .51 90.27 

Affective Attitude 13 2501 .54 (.51, .57) .67 273.81 

 

3.2.3.3. Moderator Analysis Results 

Table 3-7 shows the results of the moderator analysis for the above-mentioned 

relationships. As all homogeneity tests strongly implied that moderators should be 
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introduced, moderator analyses have been conducted for all five determinants. 

Following Hedges and Olkin’s (1985) suggestions, there are two indicators that can be 

used to examine the effect of moderators: (i) the mean correlation varies from 

subgroup to subgroup; and (ii) the Q-statistics are significantly lower in the subgroups 

than for the data as a whole.  

From Table 3-7 we can see that all mean correlations in the subsets significantly 

deviated from zero, which means the effect of moderators only changes the magnitude 

of correlation, not the direction. In many subgroups, homogeneity has been achieved. 

When heterogeneity still occurred in a subgroup, combined moderator analysis was 

conducted to determine whether the inter-study variance could be further reduced. For 

example, in order to examine the effect of the environment of study on the relationship 

between perceived ease of use and user acceptance, the primary studies were divided 

into two subgroups (Academic versus Commercial). The Q-statistics show that 

heterogeneity is still significant for the two subgroups (60.89 for academic, compared 

with 26.30, the critical value of the chi-square distribution with 16 degrees of freedom 

at 0.95 level; and 80.12 for commercial, compared with 25.00, the critical value of the 

chi-square distribution with 15 degrees of freedom at the 0.95 level). The subgroup of 

studies conducted in Academic environments was further categorized into two subsets 

according to the stage of adoption. The Q-statistic in the subgroup of studies conducted 

at the initiation stage is 11.67. Compared with 18.31, the 95% point of the Chi-Square 

distribution with 10 degrees of freedom, we see the correlations are homogeneous at 

the α=0.05 significant level. The method was then applied to other subgroups.  
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Table 3-7 Results of moderator analysis (Hedges-Olkin method) 

 
 

Moderators 

Number of 
Studies 
(K) 

Total 
Sample 
(N) 

Mean 
Correlation 

(r) 

95 Percent 
Confidence 
Interval 

Homogeneity 
Test 
(Q) 

PERCEIVED USEFULNESS  

ST A G E  O F  A D O P T I O N  
     

    IN 17 1847 .66 (.64, .69) 25.92 * 

    IM 17 2517 .35 (.32, .39) 25.82 * 

T YP E  O F  SU B J E C T       

    ORG 11 1811 .39 (.35, .43) 16.97 * 

    INDL 23 2553 .57 (.55, .60) 167.52 
       IN 16 1729 .67 (.64, .70) 21.66 * 
       IM 7 824 .30 (.24, .37) 10.14 * 

PERCEIVED EASE OF USE 

EN V I R O N M E N T  O F  ST U D Y  
     

A 17 2413 .43 (.39, .46) 60.89 

   IN 11 1744 .49 (.45, .53) 11.67 * 

   IM 6 669 .24 (.17, .31) 8.68 * 

C 16 2321 .43 (.39, .46) 80.12 
   ORG 11 1781 .35 (.31, .39) 17.66 * 
   INDL 5 540 .63 (.58, .68) 6.05 * 

SOCIAL INFLUENCE 

STAGE OF ADOPTION 
     

IN 2 732 .51 (.45, .56) 0.00 * 

IM 4 509 .31 (.23, .39) 11.08 

CONFIDENCE BELIEF 

TYPE OF SUBJECT 
     

ORG 2 424 .12 (.02, .21) 0.01 * 

INDL 7 1340 .50 (.46, .54) 31.67 

    A 3 923 .42 (.37, .47) 2.37 * 
    C 4 417 .64 (.57, .69) 1.82 * 

AFFECTIVE ATTITUDE 

TYPE OF SUBJECT 
     

ORG 5 997 .35 (.29, .40) 10.61 

INDL 8 1504 .65 (.62, .68) 164.87 
   A 5 1312 .63 (.60, .66) 150.08 
   C 3 192 .74 (.66, .80) 8.86 

1. The moderators are: (1) Environment of Study, A=Academic, C=Commercial; (2) Role of Subject, 
INDL=Individual, ORG=Organizational Members; (3) Type of Technology, IT/IS= Information Technology 
or Information Systems, WEB=Web applications in E-commerce; (4) Stage of Adoption, IN=Initiation 
Stage, IM=Implementation Stage. 

2. * indicates that Q-Statistic is NOT significant at α=0.05 level.  
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Table 3-7 only presents the results where homogeneity was achieved or heterogeneity 

existed, but the number of studies in the subgroup was too small to conduct any further 

analysis. We examined the effect of moderators on the relationships between the five 

determinants and user acceptance, respectively. The results of the moderator analysis 

suggest that stage of adoption and type of subject are more effective moderators than 

environment of study and type of technology. The findings provide a direction for 

future empirical research of moderators, especially the impact of type of subject on 

adoption processes. However, like other meta-analytical research (Bamberger et al. 

1999), the moderator analysis can only be partially completed because the number of 

primary studies within a subset is too small to continue further subgroup comparisons. 

3.2.4. Meta-analysis Result Discussion 

Comparing the results of the analyses that were carried out with the two different 

methods, we find that the results of meta-analysis and moderator analysis are 

consistent and lead to the same conclusions. To summarize, the results of our study 

indicate that all five constructs: perceived usefulness, perceived ease of use, social 

influence, confidence belief and affective attitude, play a significant role as direct 

determinants of user acceptance of technology. This finding is not surprising as most 

correlations in the primary studies are pointing to the same direction. The moderator-

analytical results of our study also lead to the conclusion that the stage of adoption and 

the type of subject are more effective moderators than the environment of study and 

the type of technology.  
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The conclusions suggest that it is important to acknowledge social factors and 

psychological influences rather than just focus on technical merits when introducing 

new technologies to users. For example, Lesjak and Cohen (2001) suggest that global 

trends, such as the Internet, e-commerce, and networked cooperation among firms, 

would have a significant impact on a company’s attitude towards IT usage. This 

confirms the impact of social influence on technology adoption process. Although the 

technical characteristics of a technology are one of the important factors influencing 

user acceptance, they are not the only concern of end-users. Failing to recognize other 

factors, such as social influence, secure mechanisms, and proper training and 

advertising, is a substantial reason for the relatively low success rate of innovation 

implementation. It is when all of the factors are considered that a better picture of user 

acceptance of technology can be established (Mahmood et al. 2000). We suggest that 

paying attention to the five factors identified in our model from the early stage of 

analysis and design of speech-enabled m-businesses can bring substantial benefits for 

managers and business owners, including short-term diffusion of service adoption and 

long-term customer retention.      

This study finds that type of technology (IT/IS versus Web applications) is not an 

effective moderator. No evidence has been found to support a significant influence by 

the type of technology on the relationships between determinants and usage intention. 

The finding is contradictory with the past belief that differences between types of 

technologies should be emphasized more than any other moderator. However, this 

result is consistent with Damanpour’s (1991) finding that types of innovation are not 

highly effective moderators of the determinant-innovation relations. We explain the 

result by the similarity of IT/IS and Internet technologies. People generally consider e-
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commerce an application of IT/IS technology. The evolution of the Internet has been 

strongly associated with the development of computer technology and information 

systems. Saeed et al. (2003) conducted their study to understand online customer 

behaviour from an IT/IS perspective. The results of Gentry and Calantone’s (2002) 

research also prove that existing models developed in IT/IS can apply directly to Web 

technologies in e-commerce. This further justifies our decision to develop an integrated 

model synthesized from IT/IS and e-commerce research to predict user acceptance of 

m-commerce.  

Stage of adoption has been recognized as a contingency variable for user acceptance of 

technology (Damanpour 1991; Venkatesh et al. 2000). Venkatesh et al. (2000) suggest 

that different phases of adoption have significant impact on users’ intentions while 

Damanpour’s (1991) findings indicate stage of adoption is not an effective moderator. 

The results of our study support Venkatesh et al’s (2000) opinion while contradicting 

Damanpour’s (1991). Venkatesh and Davis (2000) argue that the direct effect of 

independent variables on usage intention may vary over time with increased system 

experience. The results of our study further suggest that generally the direct effect of 

determinants on usage intention decreases over time. A possible explanation is that an 

individual may strongly rely on his or her perception of technology and the opinions of 

others as a basis for their behavioural intention at the initiation stage (Venkatesh and 

Davis 2000). After implementation, when more knowledge and beliefs about the 

technology have been obtained from usage experience, such influences may subside 

naturally.      
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Limitations 

Although our study provides a comprehensive review on the meanings of determinants 

and their relationships with user acceptance, some limitations should be noticed.  

• The correction of errors for meta-analysis only focuses on the sampling error 

and measurement error; it does not include any other artefacts. This limitation 

is not particular to our research, as many prior meta-analytical studies could not 

address the problem as well due to a lack of necessary information that was not 

provided by the primary studies. In our study, we follow Bamberger et al.’s 

(1999) approach to correct measuring errors when the reliability of the 

construct is sporadically available. For studies in which reliability is not 

reported, a sample-size-weighted mean reliability from the remaining studies is 

used as a reliability estimate.   

•  Prior research (Venkatesh et al. 2000, 2003) implies that demographics 

(gender, age, experience, etc) are effective moderators of the relationships 

between determinants and user acceptance of technology. Unfortunately, in our 

study, the selected primary studies do not support the gathering of gender, age 

or experience data, which prevents us from performing moderator analysis on 

these demographics to evaluate their effect on the studied relationships.  

• The moderator analysis in the present study also suffers a second-order 

sampling problem stemming from the fact that the real sample size in search 

for moderators is the number of studies (Bamberger 2000). As the numbers of 

studies for some relationships, such as social influence and usage intention, or 

confidence belief and usage intention, are relatively small, the effect of 

moderators cannot be fully explored.  
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Implications for Future Research 

The results of our study provide a number of implications for future research.  

• The strong positive correlations between the five determinants and usage 

intention suggest that future research should explore some unknown 

independent variables rather than the existing well-recognized factors. 

Moreover, empirical studies may consider studying antecedents of these 

constructs, such as training, to further understand the possible channels to 

increase users’ perception of usefulness, ease of use, critical mass, security, and 

control. Such findings can help designers and developers to effectively promote 

the adoption of technology before or after implementation.  

• Our study explores the effect of types of subject (acting as an individual or an 

organizational member) as a moderator, which prior research paid little to no 

attention to. The results of the present study show that the influence of 

independent variables on usage intention is stronger when a user acts as an 

individual compared with acting as an organizational member. We suggest 

future empirical studies should further explore the role of subject as a 

contingency variable to understand the behavioural difference of technology 

adoption between individuals and organizational members. 

• The confirmation that stage of adoption is an effective moderator of the studied 

relationships emphasizes the calling (Mahmood et al. 2000) for longitudinal 

studies to understand user behaviour over a period of time. Measuring user 

reactions towards a new application from a temporal dimension provides 

designers and developers an opportunity to respond to the changing attitude of 

users in a timely manner. Although some longitudinal studies (Venkatesh and 
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Davis 2000; Venkstesh et al. 2000) have been conducted in the IT/IS area, 

there remains controversy on how to distinguish different phases of the 

adoption process. Future research might seek to establish consensus on 

measuring points of longitudinal studies. Furthermore, research is also required 

to explore the lasting influence of determinants on user acceptance and the 

effect of other moderators on the studied relationships across different phases 

of adoption. 

3.3. Structural Equation Modelling through MEASEM 

3.3.1. Methodology 

In our study, we adapt the heuristic framework introduced by Viswesvaran and Ones 

(1995) to combine qualitative review and quantitative analysis for theory testing. Our 

approach consists of six steps that can be categorized into three main procedures, as 

shown in Figure 3-2. 

The main characteristics of our approach are the integration of qualitative review and 

quantitative analysis, and the combination of meta-analysis and structural equation 

modelling. The inclusion of quantitative analysis can compensate for the chief flaw of 

the pure qualitative review: the dependence on the subjective judgements, preferences, 

and biases of the reviewers (Hunter and Schmidt 1990; Lipsey and Wilson 2001). The 

major advantage of combining meta-analysis and structural equation modelling in 

theory testing is that “not all relationships specified by a theory need to be included in 

each primary study” (Viswesvaran and Ones 1995). Thus it can synthesize the results 



 
 
of prior studies to provide more statistical power than an individual study to support a 

given hypothesis. 

Procedure 1   Narrative Review 

 
 
 
 
 

Procedure 2    Meta-Analytical Procedure 

 
 
 

Procedure 3    Structural Equations Modelling 
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to represent different relationships between those constructs. We describe these three 

models in Section 3.3.2. 

3.3.1.2. Meta-Analytical Procedures 

The selection process of the primary studies for this meta-analysis was similar to the 

one that was described in Section 3.2.1. We use the same research areas to search for 

studies and the same criteria to consider study inclusion. Each study included in our 

study must cover at least one of the relationships in the three causal models. 

Similarly, we made the following extra considerations for study selection: 

• To lessen the severity of “bias problem” in the meta-analytical procedure, an 

effort was made to search as many studies as possible from papers other than 

published journal articles because journal articles tend to show higher 

magnitudes of effects than other sources. This resulted in the inclusion of 

papers from conference proceedings;  

• In accordance with the assumption in meta-analysis that the selected samples 

should be independent, only one report was selected for our study if more than 

one set of results were reported based on the same or partially overlapping 

data; 

• Studies with large sample sizes (more than 1000) were excluded in line with 

Hunter and Schmidt’s (1990) warning that a very large sample size may distort 

the result of meta-analysis.  
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Applying these criteria and considerations, our search identified 53 studies from 39 

research reports. A list of the sources is shown in Table 3-8. The detailed references for 

these primary studies are listed in Appendix B. 

Table 3-8 Sources of the included studies 

Category Name of The Source Number of Studies 

Conference 
Proceedings 

IEEE 2 

Journals 

IEEE Transaction on Engineering Management 1 

MIS Quarterly 4 

Int.J. Human-Computer Studies 5 

Information Systems Research 3 

Management Science 2 

Decision Support Systems 2 

International Journal of Information Management 2 

Interacting with Computers 2 

Information and Management 5 

International Journal of Electronic Commerce 1 

Information Resources Management Journal 1 

Journal of Business Research 1 

European Journal of Information Systems 1 

Computer in Human Behavior 2 

Journal of Management Information Systems 1 

Journal of Global Information Technology 
Management  

2 

Electronic Commerce Research and Applications 1 

Automation in Construction 1 

Total  39 

 
 
 
For each relationship between any two constructs identified in the first procedure, a 

meta-analysis following the procedures described by Hunter and Schmidt (1990) were 

performed. First, the mean correlation across studies weighted by sample size was 

computed. Then a 95% confidence interval for the correlation mean was calculated. 

The next step in the meta-analytical procedures was to disclose the existence of 
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moderators. The observed variance was calculated first. Then the observed variance 

was corrected by subtracting the variance caused by sampling error. The corrected 

variance represents the best estimate of the real variance in the population. Due to the 

sporadic nature of needed information like reliability in the selected studies, no 

correction had been made for range restriction and measurement error. A significant 

test for variance across studies was also performed. 

3.3.1.3. Structural Equation Modelling  

After obtaining the correlation matrix generated by the meta-analytical procedure, we 

used LISREL 8.54’s (Jöreskog and Sörbom 2003) maximum likelihood method 

(Kelloway 1998) to assess the three causal models. In Section 2.1.2.1, we mentioned 

that eight matrices are used in LISREL modelling: LX, LY, BE, GA, PH, PS, TD and 

TE. To run LISREL, a command file needs to be created to specify the data, the model 

and the output. Appendix C lists the common commands that are used in our study for 

specifying the data, model and output, respectively. 

Because of the controversy over fit statistics (Hom et al. 1992), we combined indices 

of both absolute fit and comparative fit, as was suggested by Kelloway (1998). In 

particular, absolute fit indices such as RMR (root mean squared residual), RMSEA 

(root mean squared error of approximation), GFI (goodness-of-fit), and AGFI 

(adjusted goodness-of-fit) were chosen for comparison. We also applied comparative 

fit indices such as NFI (normed fit index), NNFI (nonnormed fit index), CFI 

(comparative fit index), and RFI (relative fit index) to estimate the models. Compared 

with absolute fit indices, comparative fit indices more closely estimate true model fit 

and display less sampling variability (Hom et al. 1992). 
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Although the combination of meta-analysis and structural equation modelling methods 

has been well-established in the literature (Hom et al. 1992; Viswesvaran and Ones 

1995), there remain some problems that researchers have to address. One of them is 

that the sample size used to estimate the true score correlations varies across the meta-

analyses. This causes concerns with regards to the determination of the effective 

sample size for structural equation modelling analysis. In our study, we followed the 

suggestion from Bamberger et al. (1999) to conservatively choose the smallest sample 

size. If this smallest-sample approach yields significant differences, strong evidence 

for distinction between the contrasted models can be confirmed. 

3.3.2. Three Causal Models 

We included six constructs in our study: perceived usefulness (PU), perceived ease of 

use (PEOU), affective attitude (AT), social influence (SI), confidence beliefs (CB), and 

user acceptance (UA). The inclusion of six components for model testing yielded 15 

relationships that need to be examined: (i) PEOU-PU; (ii) AT-PU; (iii) SI-PU; (iv) CB-

PU; (v) PU-UA; (vi) AT-PEOU; (vii) SI-PEOU; (viii) CB-PEOU; (ix) PEOU-UA; (x) 

SI-AT; (xi) CB-AT; (xii) AT-UA; (xiii) CB-SI; (xiv) SI-UA; (xv) CB-UA.     

Although all six constructs received significant support in the literature, the 

relationships among them remain controversial. The debate concentrates on the role of 

affective attitude and the relationships of SI-PU and CB-PU.  

Role of Attitude 

TRA assumes that all other factors that influence behaviour do so indirectly, by 

influencing attitude, social norms, or their relative weights (Davis 1989). As TAM was 
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adapted from TRA, originally TAM (Davis 1986) included attitude as a moderator 

residing between individuals’ perception (perceived usefulness and perceived ease of 

use) and behavioural intention. This model has been cited by numerous studies 

(Agarwal and Prasad 1999; Davis 1993; Gentry and Calantone 2002; Legres et al. 

2003; Lu et al. 2003). Further research from Davis and colleagues (Davis et al. 1989), 

however, found that the influence of attitude on IT/IS acceptance disappeared. Their 

study results reveal a weak direct link between perceived usefulness and attitude while 

a strong direct link between perceived usefulness and intention. This led them to omit 

attitude towards using a technology in their final model (Davis et al. 1989, pp.995-

996). In TAM2 (Venkatesh and Davis 2000), again, attitude was excluded from the 

model. Venkatesh (2000) believed that the omission of attitude helps better understand 

the effect of perceived usefulness and perceived ease of use on intention.  

On the contrary, TPB, the successor of TRA, continues to consider attitude as a 

determinant of intention. Research (Agarwal and Prasad 1999; Bhattacherjee 2000; 

Kelloway 1998; Venkatesh et al. 2000) that tests modifications or extensions of TRA 

and TPB also supports attitude as a direct and strong predictor of behavioural intention. 

Among them, some believe that subjective norm and perceived behavioural control 

have significant relationships with intention but not attitude (Bhattacherjee 2000, 

Venkatesh et al. 2000), while others claim that social influence similar to subjective 

norm, and confidence beliefs similar to trust or perceived control, might have direct 

links with attitude as well as behavioural intention. 
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Relationships of SI-PU and CB-PU 

There is controversy regarding the relationship between social influence and perceived 

usefulness. Some studies ignore this relationship in their research models 

(Bhattacherjee 2000), while others strongly support the significant effects of social 

influence on perceived usefulness (Venkatesh and Davis 2000). In TAM2, Venkatesh 

and Davis (2000) indicate that subjective norm can influence intention indirectly 

through perceived usefulness. This is because when an individual perceives that 

important referents think he or she should accept the technology, he or she then 

incorporates the referents’ beliefs into his or her own belief structure. Our practical 

experiences in commercial environments also support that an employee might come to 

believe that a system is useful if a supervisor or co-worker suggests that this is true.  

The same dispute exists for the relationship between confidence beliefs and perceived 

usefulness. In Bhattacherjee’s (2000) modified theory of planned behaviour, there is no 

link between confidence beliefs (facilitating conditions and behavioural control) and 

perceived usefulness. In contrast, Igbaria et al. (1997) believe that external factors 

(organizational and technological support) have significant direct influence on 

perceived usefulness. Recent research (Zweig and Webster 2003) on e-commerce 

acceptance also implies that an individual’s perception of privacy and fairness (similar 

to confidence beliefs) is not only strongly associated with attitudes and intentions, but 

also significantly impacts perceived usefulness. Greater perception of trust and control 

would result in greater perception of usefulness, more willingness to accept, and 

greater intention to use the technology.  
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We hypothesized three causal models for the different understandings of the above two 

controversial topics (Figure 3-3). The 53 primary studies retrieved from the relevant 

literature were meta-analysed to estimate the true scores of the 15 correlations between 

each two variables in the models. The obtained correlation matrix was used as input to 

assess the fitness of the three competing models.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3-3 Three causal models 
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3.3.3. Study Results 

3.3.3.1. Meta-Analytical Results 

Table 3-9 presents the meta-analytical results for each of the 15 correlations among 

perceived usefulness, perceived ease of use, social influence, confidence beliefs, 

affective attitude and user acceptance. The 95% confidence interval results indicate 

that all mean correlations weighted by sample sizes significantly deviate from zero. 

Hunter and Schmidt (1990) argue that the frequency-weighted average is better than 

the simple average except in a situation where one of the primary studies is conducted 

with a very large sample (while all other studies have much smaller sample size). In 

our study, as we had excluded any study with a very large sample size, a weighted 

average in which each correlation is weighted by the sample size thus represents the 

best estimate of the population correlation. 

The relatively large and significant χχχχ²k-1 
statistics and the relatively low percentages of 

the variances explained by the sampling error strongly imply that other parameters 

moderate almost all of the correlations. These indicators, however, merely reveal the 

existence of moderators, not their identity. In previous sections, we have examined the 

effects of four moderators: stage of adoption, role of subject, type of technology and 

environment of study, and found that stage of adoption and role of subject are more 

effective moderators than type of technology and environment of study. In Venkatesh 

and colleagues’ (2003) study, they investigated other moderators related to individual 

differences, such as gender, age, experience and voluntariness. We suggest that these 

moderators should be further tested in future research.  
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Table 3-9 Results of 15 meta-analytical procedures 
 

Relationships 
 

Number 
of 

Studies 
(K) 

Total 
Sample 
(N) 

Mean 
Correlation 

(r) 

95 Percent 
Confidence 
Interval 

 
Observed 
Variance 

Sampling 
Error 

Variance 

 
Percentage 
Explained 

Homogeneity 
Test 
(χχχχ²
k-1
) 

PEOU – PU 48 7389 0.51 (0.49, 0.53) 0.0382 0.0035 9% 520.17 

AT – PU 21 3678 0.51 (0.49, 0.53) 0.0306 0.0031 10% 207.64 

SI – PU 15 2136 0.31 (0.27, 0.35) 0.0177 0.0057 32% 46.42 

CB – PU 14 2571 0.55 (0.52, 0.58) 0.0383 0.0026 7% 205.30 

PU – UA 49 7545 0.48 (0.46, 0.50) 0.0377 0.0038 10% 483.35 

AT – PEOU 19 3384 0.47 (0.44, 0.50) 0.0263 0.0034 13% 147.09 

SI – PEOU 13 2238 0.25 (0.21, 0.29) 0.0119 0.0051 43% 30.47 

CB – PEOU 13 2947 0.49 (0.46, 0.52) 0.0487 0.0026 5% 246.43 

PEOU – UA 46 6983 0.41 (0.39, 0.43) 0.0225 0.0045 20% 228.32 

SI – AT 9 1592 0.41 (0.37, 0.45) 0.0328 0.0039 12% 75.59 

CB – AT 9 1616 0.40 (0.36, 0.44) 0.0283 0.0039 14% 65.41 

AT – UA 21 4175 0.53 (0.51, 0.55) 0.0328 0.0026 8% 265.22 

CB – SI 6 1196 0.35 (0.30, 0.40) 0.0288 0.0039 14% 44.44 

SI – UA 15 2633 0.41 (0.38, 0.44) 0.0329 0.0039 12% 125.60 

CB – UA 12 2165 0.40 (0.36, 0.44) 0.0289 0.0039 13% 88.73 

* N is the total aggregate sample from all studies reporting a given correlation. K is the total number of 
studies reporting the correlation.  

3.3.3.2 Results of Model Tests 

We conducted structural equation modelling analyses to determine which of the three 

causal models described above best fits the meta-analytically derived correlation 

matrix. To test the model fit in LISREL, we first have to derive the LISREL matrices 

from the model through structural equation modelling. In line with the matrices, we 

then create command files to compute the model fit indices. A detailed description of 

these procedures is presented in Appendix C.  

The results of the model test are presented in Table 3-10. We adopted the common fit 

benchmarks suggested by Kelloway (1998) to interpret the comparison. The results 
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indicate that only Model 3 passes all the good fit thresholds. It also shows that Model 3 

fits the data significantly better than the other two models.  

Table 3-10. Results of the fitness tests for the three causal models 

Fit indices Model 1 Model 2 Model 3 

Absolute Fit 
Indices 

Root Mean Squared Residual (RMR) 0.1 0.12 0.014 

Root Mean Squared Error of Approximation 
(RMSEA) 

0.28 0.23 0.098 

Goodness-of-fit index (GFI) 0.93 0.92 1 

Adjusted Goodness-of-fit index (AGFI) 0.49 0.66 0.93 

Comparative 
Fit Indices 

Normed Fit Index (NFI) 0.91 0.90 1 

NonNormed Fit Index (NNFI) 0.54 0.70 0.95 

Comparative Fit Index (CFI) 0.91 0.90 1 

Relative Fit Index (RFI) 0.53 0.70 0.95 

1. For RMR, generally values less than 0.05 are interpreted as indicating a good fit to the data; 
2. For RMSEA, values below 0.10 indicate a good fit to the data, values below 0.05 a very good fit, 

and values below 0.01 indicate an outstanding fit; 
3. The GFI ranges from 0 to 1, with values exceeding 0.9 indicating a good fit to the data; 
4. The AGFI also ranges from 0 to 1, with values above 0.9 indicating a good fit to the data; 
5. The NFI ranges from 0 to 1, with values exceeding 0.9 indicating a good fit to the data; 
6. The NNFI may be outside the 0 to 1range, and it is common to apply the 0.9 rule as indicating a 

good fit to the data; 
7. The CFI ranges between 0 and 1, with values exceeding 0.9 indicating a good fit to the data; 
8. The RFI also ranges between 0 and 1, with values above 0.9 indicating a well-fitting model.  

 

The best model (Model 3) confirms the well-established relationships among perceived 

usefulness, perceived ease of use, attitude, and user acceptance, which have been tested 

in TAM and its modifications and extensions. The effect of usefulness on user 

acceptance, both directly, and indirectly through attitude, is supported again. Ease of 

use is an antecedent to usefulness, and its effect on user acceptance is moderated by 

attitude. In addition, Model 3 suggests: 
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• Attitude plays an important role in partially moderating the effects of social 

influence and confidence beliefs on behavioural intention; and 

• Both social influence and confidence beliefs have a significant relationship 

with perceived usefulness.  

These findings support the idea from TPB, TRA and the first version of TAM, that 

attitude is a strong predictor of usage intention. The indicated relationship between 

social influence and perceived usefulness is consistent with Venkatesh and Davis’ 

(2000) TAM2. And the significant effect of confidence beliefs on perceived usefulness 

is also in line with the recent findings in e-commerce adoption research that perceived 

trust and control could enhance the perception of usefulness.               

3.3.4. MEASEM Result Discussion 

Overall, our study suggests three major conclusions. 

• The five variables: perceived usefulness, perceived ease of use, social 

influence, confidence beliefs and affective attitude, are further confirmed to be 

determinants of user acceptance.  

• There is support for the mediating role of attitude between other determinants 

and behavioural intention.  

• Both social influence and confidence beliefs have significant impact on 

perceived usefulness.  

Davis and colleagues (1989) find the influence of attitude on acceptance disappears 

when perceived usefulness is adopted to predict user behaviour, which lead them to 

omit attitude in their final model of TAM (Davis et al. 1989, pp.995-996). The social 
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psychology literature explicitly indicates that attitude has both affective and cognitive 

components (Crites et al. 1994). The affective attitude refers to how much an 

individual likes the object while the cognitive attitude is defined as an individual’s 

specific beliefs related to the object. Yang and Yoo (2004) argue that Davis et al.’s 

(1989) finding that attitude offers little value in predicting acceptance could be 

explained by the fact that the potentially significant influence of the cognitive 

component is offset by the insignificant influence of affective attitude. They believe an 

individual can establish non-evaluative beliefs about the usefulness and ease of use 

through the introduction, training and actual use of the technology. Based on such non-

evaluative beliefs, the person then further forms his/her evaluative beliefs (i.e., the 

cognitive attitude) about the technology, which in turn develop into his/her affective 

attitude. Thus, attitude does act as a mediator between other determinants and 

behavioural intention.   

Consistent with TRA and TPB, the best model (Model 3) identified in our study 

suggests that social influence is a strong predictor of behavioural intention. 

Furthermore, social influence also impacts user acceptance indirectly through 

perceived usefulness. Venkatesh and Davis (2000) explain this via the concept of 

internalisation, which refers to the process by which, when an individual believes that 

other people important to him/her suggest a behaviour, he/she then combines others’ 

beliefs with his/her own beliefs. Thus one might have a better perception of usefulness 

when others who are important to him/her think he/she should accept the technology.  

Venkatesh (2000) suggests that control is related to perceived ease of use while our 

study supports that confidence beliefs have a significant effect on perceived usefulness. 
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Such diverse understandings could be explained by the different definitions of 

perceived control and confidence beliefs. In Venkatesh’s (2000) research, he focused 

on the dimension of self-control, such as self-efficacy, technology facilitating 

conditions, and resource facilitating conditions. On the contrary, our study defines 

confidence beliefs as perception of trust and control to the environment, such as 

technical mechanisms (security techniques) and organizational facilitating conditions 

(regulations and privacy policies) in e-commerce. We argue that technological 

infrastructures like security mechanisms and organizational regulations might not be 

able to enhance the perception of ease of use, as inclusion of such facilities may 

require more skills and experience to learn. Such confidence beliefs on self-behaviour 

and the environment, however, could enhance the perception of usefulness. If it is safer 

and more confident for a user to perform the behaviour of interest, he/she will believe 

that better outcomes can be expected.  

3.4. Summary 

We have applied meta-analysis and structural equation modelling methodologies to 

derive a generic user acceptance model through synthesis. This model is depicted in 

Figure 3-4. 

The methodology we adopted to derive the model is based on meta-analysis. Our meta-

analytical approach provides the potential to fully explore the statistical power of 

quantitative analysis, compared with the related work in this area described in Chapter 

2. We follow the rigorous procedure of meta-analysis in study selection, data collection 
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and quantitative synthesis. The statistical integration and synthesis of findings across 

studies makes the generic user acceptance model comprehensive and reliable.  

 

 

Fig. 3-4 Generic user acceptance model 
 

 
The generic model proves the determinative influence of perceived usefulness, 

perceived ease of use, social influence, confidence beliefs and affective attitude on user 

acceptance. These five determinants were integrated based on a thorough review of a 

long list of constructs that were claimed to have significant impact on user acceptance. 

We clarify the meaning and definition of these determinants by eliminating overlaps 

and confusions, and consequently form an integrative picture of constructs over the 

diversity of numerous acceptance models and theories. 

Beside the five determinants, we also identified two effective moderators in the model: 

type of subject and stage of adoption. The meta-analytical method utilised for model 



 
 

94 

derivation in our study provides us the opportunity to discover and confirm the 

existence of moderators. Prior research has investigated the influence of stage of 

adoption but pay nearly no attention to the impact of types of subjects.  The impact of 

independent determinants on usage intention is stronger if a user performs the 

behaviour of interest as an individual compared with acting as an organizational 

member. This finding contributes to the knowledge of user acceptance theories, and 

provides implication and direction for future empirical research in exploring the role of 

subject as a contingency variable. 

Lastly, the generic model not only establishes the relationships between determinants 

and the dependent variable (i.e. user acceptance), but also reveals the relationships 

between those determinants themselves. This enables it to be a more comprehensive 

picture for understanding user acceptance factors and how they actually influence the 

usage intention. The inclusion of linkages between acceptance factors themselves in a 

user acceptance model provides potential explanation on why the correlation 

coefficient of one determinant to the usage intention is greater than the others. This 

knowledge is important to the community of user acceptance analysis, and strengthens 

the ability of user acceptance model in guiding system design and development.  
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Chapter 4 
 
User Acceptance Model Driven Design 
Process 

 
Researchers of user acceptance theories expect acceptance models to contribute both to 

the understanding of factors influencing user adoption of technologies/services and 

also to the actual system design and development. The first contribution is well-

recognized and has been the focus of user acceptance research for the past two 

decades. The second contribution has not been so well established due to the lack of a 

conceptual process to link user acceptance models to system design and development.  

In this chapter, we seek to develop a conceptual User Acceptance Model Driven 

Design Process (UAMDDP). The process starts with a user acceptance model and 

results in an application design framework for improving user perception of 

application acceptability. The generic user acceptance model drawn from the synthesis 

in Chapter 3 is used as the input to the UAMDDP.  

In Section 4.1, we review the user acceptance literature to establish the causal 

relationship between system features and acceptance factors. This forms the theoretical 

grounding of acceptance model driven design. By acknowledging this relationship, we 
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can determine that the objective of our system design is to include features that 

positively impact user acceptance factors. Hence identification of system features that 

can contribute to user acceptance is the first essential step of the UAMDDP. In Section 

4.2, a 3F (Factor, Feature and Flaw) model is proposed to further demonstrate how to 

identify the flaws of an existing application design framework by analysing its system 

features. Through comparing system features of an existing design framework with 

those features that contribute to user acceptance, we can identify potential 

improvements for the existing framework. Combining the theoretical foundations of 

these two sections, we next propose the UAMDDP in Section 4.3, which includes three 

sub-processes: Assess, Compare and Improve. In Section 4.4, we propose metrics 

suitable for evaluating the effectiveness of the UAMDDP.  

The UAMDDP contributes to the user acceptance model research by demonstrating 

how acceptance models can be used to guide system analysis and design. It fills the 

gap between user acceptance models and system design and development. We have 

detailed the step-by-step procedure of the UAMDDP, thus rendering the steps into 

actionable instructions that practitioners could use to enhance application design and 

thus increase its likelihood of acceptance.  

4.1. Theoretical Background of UAMDDP 

User acceptance models should be used to analyse factors influencing user acceptance, 

as well as to guide the design and development of a specific application/system. Davis 

(1993) indicates that the initial objective of TAM is not just only to identify and verify 

perceived usefulness and perceived ease of use as determinants of usage intention, but 
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also to provide understanding on how to improve user acceptance through the design 

of the system. While the first part of the objective has been widely substantiated by 

enormous replications and extensions of TAM, the second part is more or less 

underachieved (Taylor and Todd 1995; Venkatesh and Davis 1996; Venkatesh et al. 

2003). The technology acceptance literature (that is, TAM-related models) provides 

sound predictions of usage by establishing the relationships between acceptance factors 

and usage intention. However, these models or theories provide very limited actionable 

instructions on how to influence user acceptance via design and implementation. Other 

well-known user acceptance theories, such as IDT (Rogers 1983), SCT (Bandura 

1986), or user satisfactory theories (see Wixom and Todd (2005)), all concentrate on 

the provision of detail information on users’ opinions about the application/system, but 

do not yield specific information that can better guide system development. System 

designers and developers might have received information regarding the understanding 

of users’ major concerns of adoption in a general sense, but they might not have 

received actionable information in terms of how to design a system (for example, how 

to select system features for implementation to facilitate user perception of application 

acceptability).  

4.1.1. Studies of System Features as Antecedents to Acceptance Factors 

In order to explore a system/application design process that is driven by a user 

acceptance model, it is crucial to establish the relationship between system features and 

acceptance factors in the user acceptance model. Understanding this relationship could 

provide guidance on how to improve user acceptance by judicious choice of system 

design features (Davis 1993). By including features that can positively impact user 



 
 

98 

acceptance factors in the system design, we could enhance the likelihood of gaining 

acceptance from users. It is an essential task for us, therefore, to unveil the causality 

from features to factors, and ultimately to usage intention or actual use. 

According to the Theory of Reasoned Action (TRA) developed by Fishbein and Ajzen 

(1975), external stimuli influences a person’s salient beliefs about the outcomes 

associated with performing a behaviour, which in turn influences his or her attitudes 

towards performing the behaviour. Attitude, in turn, influences intention to perform the 

behaviour and, ultimately, influences the behaviour itself. This expectancy-value 

theory from psychology provides a rationale for the flow of causality from external 

variables through perceptions to attitude and finally usage. Since system features are 

external stimuli, they should have an indirect effect on intention toward using and 

actual usage behaviour through their direct impact on acceptance factors. Venkatesh et 

al. (2003) emphasize the necessity of extending the technology acceptance literature by 

explicitly considering system and information characteristics and the way in which 

they might impact the perceptions and beliefs in TAM, and might consequently 

indirectly influence system usage. In response to such conclusions, research on TAM 

sought to examine external variables, which are antecedents to or that moderate the 

influence of ease of use and usefulness within TAM, such as system features or 

individual characteristics (Venkatesh 2000; Ventatesh et al. 2000). A handful of TAM 

studies have looked explicitly at the role of system features as antecedents to perceived 

ease of use and perceived usefulness.  

Based on the above-mentioned theoretical ground, Davis (1993) proposed a model to 

depict system features as antecedents to acceptance factors. In the model, a prospective 



 
 
user’s overall intention towards using a given system is hypothesized to be a major 

determinant of whether or not she or he actually uses the system. The intention, in turn, 

is determined by the combination of two beliefs: perceived ease of use and perceived 

usefulness. System features, as external variables, directly impact perceived ease of use 

and perceived usefulness. The model proves the significant direct influence of systems 

characteristics on acceptance factors such as perceived usefulness and perceived ease 

of use. Since then, subsequent research has validated the role of system characteristics 

in predicting user beliefs and technology acceptance in different contexts (Igbaria et al. 

1995; Venkatesh and Davis 1996; Lucas and Spitler 1999; Hong et al. 2001/2002; Ahn 

et al. 2004; Pituch and Lee 2006; Wixom and Todd 2005). By combining and adapting 

our generic user acceptance model synthesized in Chapter 3 and that of Davis’ (1993), 

we derive a model (see Figure 4-1) to represent the relationship between system 

features and acceptance factors.  
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In Igbaria et al.’s (1995) study, they applied TAM and extended it by investigating the 

impact of the external stimuli (that is, system, individual and organisational 

characteristics) on the user acceptance of microcomputer technology. They identified 

system quality as a system characteristic relevant to user perception and beliefs about 

the technology, and suggested that system quality may function as “a source of 

information relevant to feelings of self-efficacy, judgements of mastery, and self-

determination, and hence as determinants of perceived ease of use and perceived 

usefulness”. Their study examined five different dimensions of system quality: 

functionality, equipment performance, interaction, environment, and the quality of the 

user interface. The result indicates that systems with higher perceived quality are likely 

to be used more frequently than those of lower quality, and suggests that system 

designers and developers should have a clear understanding of users’ expectations and 

needs and select system features carefully for implementation. 

Venkatesh and Davis (1996) explicitly examined system characteristics as an 

antecedent to perceived ease of use. Their study result validates that system features do 

become significant in determining ease of use perceptions after direct experience.  

Hill, King and Cohen (1996) investigated the relationship between the specific 

characteristics of the Electronic Decision Aids (EDA) and its usefulness in consumer 

choice processes. Their study indicates that the level of autonomy incorporated into the 

EDA and the amount of educational assistance provided by the EDA do affect 

consumers’ perceived utility. They suggest that inclusion of features such as 

educational information and user control in EDA design and development can enhance 

users’ perception of usefulness, and ultimately lead to actual use. 
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Hong et al. (2001/2002) criticized previous studies’ approach of adopting a single 

overall construct, such as system quality, to represent system characteristics. They 

argued that this simplistic abstraction of system features does not highlight the effects 

of individual system characteristics on perceptions and beliefs. Instead, they advocated 

the need to identify specific system features and examine their individual effects on 

different acceptance factors. Based on this recommendation, they investigated how 

dimensions of system features (information relevance, clarity of terminology, and 

screen design) influence user acceptance factors in the context of a digital library 

system. They defined the meaning of each system characteristic and interpreted the 

meaning under the specific context. Their research result shows that the three system 

features had different effects on users’ beliefs about the digital library. Relevance has a 

significant impact on both perceived ease of use and perceived usefulness while 

terminology and screen design only have significant effects on perceived ease of use. 

This advocates the need to specify the individual system characteristics and identify 

their potential impacts on acceptance factors individually.  

Ahn et al. (2004) explored online and offline features of Internet shopping malls and 

their relationships with the acceptance behaviours of customers. In line with Hong et 

al.’s (2001/2002) recommendation of examining the impact of individual features 

independently, they examined different dimensions of online features and offline 

features. The online features included system quality, information quality and service 

quality while offline features consisted of product quality and delivery quality. They 

identified the positive effects of online and offline features on acceptance factors and 

validated their indirect influence on intention to use. 
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Pituch and Lee (2006) examined three system characteristics, functionality, 

interactivity and response time, as antecedents to acceptance factors in the context of e-

learning systems. They validated the significance of the system characteristics in 

influencing both the e-learning use outcomes and the use beliefs. Their study suggests 

that an e-learning system that has more favourable features can not only enhance the 

perceptions of acceptance factors such as ease of use and usefulness, but also lead to 

greater intention to use the system for supplementary learning and distance education 

purposes.  

Wixom and Todd (2005) investigated two primary research streams — the user 

satisfaction literature and the technology acceptance literature — to propose an 

integrated model that fills the gap between system characteristics (a core strength of 

the user satisfaction literature) and the prediction of usage (a core strength of the 

technology acceptance literature). The study establishes the flow of causality from 

system and information characteristics to the system and information quality, and then 

to object-based beliefs and perception, then to the behavioural beliefs and perception, 

and ultimately to the system usage. On one hand, this research again confirms the 

causal linkage between system features and acceptance factors (which was described 

as behavioural beliefs and perception in their study). On the other hand, it suggests that 

the user acceptance literature and the parallel user satisfaction stream are not 

competing theories for understanding system/application usage. On the contrary, they 

stand as complementary approaches in a causal chain from system design 

characteristics/strategies, to beliefs and expectations about outcomes that eventually 

determine usage. Wixom and Todd’s (2005) study conveys an exciting and beneficial 

message for system designer and developers. Designers and developers now have a 
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formal method with which to assess and evaluate systems based on system and 

information characteristics, and on which they could rely to predict potential user 

acceptance through the causal chain. 

We summarise these studies pertaining to the exploration of system features as 

antecedents of acceptance factors in Table 4-1.  

Table 4-1 Studies of system features as antecedents of acceptance factors 

Studies System Features Findings 

Davis (1993) 

 

Electronic Mail and Text 
Editor 

System Design 
Features 

System features have an indirect effect on attitude toward 
using and actual usage behaviour through their direct effect 
on perceived usefulness and perceived ease of use. 
Practitioners should identify and evaluate strategies and 
choose features that contribute positive impact on perception 
and beliefs for enhancing user acceptance. 

Igbaria, Guimaraes and 
Davis (1995) 
 
Microcomputer 
technology 

System Quality The influence of system quality on perceived ease of use and 
perceived usefulness is confirmed. It suggests that system 
designers and developers with control over system quality 
should start with a clear understanding of user requirements 
and needs. More careful selection of microcomputer systems 
with regard to system capability, system maintenance and 
repair, and ease of use will generate more positive user 
perceptions and eventually increase microcomputer usage. 
 

Venkatesh and Davis 
(1996) 

 

Six Systems ( 

PC-based Graphics 
System, WordPerfect, 
Lotus, Pine for Electronic 
Mail and Gopher for 
information access) 

 

Objective Usability 

(Objective System 
Characteristics) 

System is a significant variable affecting intention. The 
interaction between direct experience and system has an 
effect on ease of use, confirming the need for users to directly 
interact with a system to form system-specific ease of use 
perceptions. 

Hill, King and Cohen 
(1996) 

 

Electronic Decision Aids 

(EDA) 

The level of autonomy 

Education assistance 

Selection of an appropriate format for the EDA (i.e. 
autonomous versus dominant) depends on the nature of the 
product being considered. Inclusion of educational information 
enhances the perceived utility of the EDA. Features like 
educational information and user control should be seriously 
considered when designing and developing EDAs.  

Hong et al. (2001/2002) 

 

 

Digital Library 

Relevance 

Terminology 

Screen Design 

While relevance has a significant effect on both ease of use 
and usefulness, the other two system characteristics, 
terminology and screen design, only have significant effects 
on perceived ease of use. The findings of this study suggest 
that different features of a system can have different effects 
on perceived ease of use and perceived usefulness. 
Therefore, the effect of specific system characteristics need to 
be examined individually. 
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Table 4-1 (Cont�d) 

Studies System Features Findings 

Ahn, Ryu and Han 
(2004) 

 

 

Internet Shopping Mall 

Online Features 

(System Quality 

 Information Quality 

 Service Quality) 

 

Offline Features 

(Product Quality 

 Delivery Quality) 

 

 

System quality, information quality and service quality have 
significant influences on perceived usefulness and perceived 
ease of use, while product quality and delivery quality only 
have significant effects on usefulness. The role of online and 
offline quality is important because they are under full control 
of the company and influence the beliefs and behavioural 
intention that encourage system use.  

Pituch and Lee (2006) 

 

 

E-learning 

Functionality 

Interactivity 

Response Time 

The importance of system characteristics in influencing both 
the e-learning use outcomes and the use beliefs is confirmed. 
It is important to pay attention to system features when e-
learning systems are developed. A system with more 
favourable characteristics will lead to greater usage from 
users.  

Wixom and Todd (2005) 
 
Data warehousing 
software 

System Quality 
(Reliability, Flexibility 
 Integration, 
Accessibility 
 Timeliness) 
 
Information Quality 
(Completeness 
 Accuracy 
 Format 
 Currency) 

The findings support the link between object-based beliefs 
(system and information quality) and behaviour-based beliefs 
(perceived usefulness and perceived ease of use). It provides 
evidence for decision makers to focus on specific system 
characteristics for implementation.  

 

4.1.2. Implications for User Acceptance Model Driven Design 

The research and studies on the exploration of system features as antecedents to 

acceptance factors provide the theoretical foundation for our development of the user 

acceptance model driven design process. As the relationship between system features 

and acceptance factors has been widely supported and well-established, we can 

confirm the link between user acceptance models and system design. This validates the 

necessity of identifying different system/application features for examination. 
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Choosing the features that can positively impact users’ perception and beliefs for 

implementation can facilitate the acceptance of the system/application.  

There are also some significant implications from these studies. First, the effect of 

different system characteristics on user acceptance factors should be examined 

individually. This heralds the need to look at system characteristics in the specific 

context carefully. While general perceptions about system characteristics, such as 

system quality, information quality, and system cost, can be utilised to predict users’ 

perception and beliefs, it is important to investigate and identify the unique features 

pertaining to the specific system/application.  

Second, a core objective for acceptance model research is to provide practical and 

actionable guidance for design and implementation. Such guidance has not been 

substantiated in the past and has received only limited attention (Davis et al. 1989). 

The studies listed in Table 4-1 pave the way for us to substantiate the guidance 

available from the user acceptance models. The inclusion of features that have a 

positive impact on users’ beliefs and perception can enhance the chance of gaining 

acceptance from users. Consequently, the process for improving design and 

development can be built based on the following assumption: if we can carefully 

examine the features of an existing design approach and choose extra features, which 

can contribute positively to users’ perceptions and beliefs, to be built on the top of the 

existing design approach, we have the potential to improve the performance of the 

existing approach and consequently increase the likelihood of the system/application 

being accepted by users.  
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Finally, the literature also provides the fundamentals for deriving assessment metrics 

from user acceptance models. System designers and developers usually apply objective 

measurements (such as system quality, information quality and system costs) to 

evaluate system performance. However, user acceptance models typically only depict 

the causal relationships between users’ perceptions (such as perceived usefulness, 

perceived ease of use and social influence) and usage intention, which can only be 

measured subjectively. Practitioners have a strong desire to link system performance 

measurements with system acceptance. As Wixom and Todd (2005) point out, it is 

important to build the bridge from design and implementation decisions to system 

characteristics to the prediction of usage so that system designers and developers can 

use objective measurements to predict subjective measurements. Given that the 

relationship between system features and user perception has been strongly 

established, it is possible for us to evaluate two design frameworks (the original and 

the improved one) based on a set of objective metrics, which are correlated to the 

outcomes of usage intention. Wixom and Todd (2005) recommend deriving the set of 

objective metrics by interpreting the meaning of system performance features (such as 

system quality, information quality and system costs) in the context of the specific 

system/application.  

Wixom and Todd’s (2005) study is particularly relevant to this study because it 

provides us with the theoretical grounding to develop our user acceptance model 

driven design process. On one hand, it provides a practical suggestion to improve 

existing design approaches/frameworks. By looking at system characteristics that can 

positively influence object-based beliefs and in turn affect behaviour-based perception, 

and by comparing them with the characteristics possessed by an existing design 
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framework, we can unveil the flaws of the existing approach. Thus changes or 

improvements can be made accordingly. This becomes the rationale of our user 

acceptance model driven design process. On the other hand, Wixom and Todd’s (2005) 

study provides a concrete way to assess and evaluate different solutions. As object-

based characteristics, such as system and information quality, can generally be 

measured objectively, we have a systematic way to derive evaluation metrics that can 

be applied to compare an existing design framework with its enhanced version. 

Therefore, we can utilise such an assessment model to evaluate the effectiveness of our 

proposed user acceptance model driven design process, and determine whether or not 

the process can enhance the performance of the application compared to the existing 

design framework in the selected context, and consequently increase its chances of 

being accepted by users. 

4.2. The 3F Triangular Model 

In Chapter 3, we identified five determinants of user acceptance intention: perceived 

usefulness, perceived ease of use, social influence, confidence beliefs and affective 

attitude. Their significant effects on usage intention have been verified through meta-

analysis. As analysed in Section 4.1, it is necessary to extend the model to include 

system features as antecedents of acceptance factors in order to provide guidance for 

design and implementation. Object-based beliefs, which can be measured objectively, 

should also be included in order to assess the influence of system features on 

behaviour-based perceptions (that is, the five determinants of usage intention), as 

advised by Wixom and Todd (2005). Thus, we extend our proposed user acceptance 

model and depict it in Figure 4-2. 
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the context of the research domain. Instead of looking at system features that apply to 

all systems/applications, it would be more appropriate to examine unique system 

features pertaining to the relevant system/application.   

The second component is called Assessment Metrics. These are the object-based 

beliefs that can be measured objectively, such as system quality and information 

quality. These assessment metrics represent key performance indicators on the system 

side that can be used to predict the ratings of user acceptance.  

The EUAM provides us with the basis for the user acceptance model driven design 

approach and the assessment process for application comparison.  It bridges the gap 

between a traditional acceptance model and guidance for system design and 

implementation. The traditional acceptance models (such as TRA or TAM) focused on 

explaining the relationship between usage intention and behavioural beliefs and 

perception and did not establish the link between system characteristics and its users’ 

beliefs and perceptions.  Consequently, system designers and developers could not 

clearly see the flow of causality between their design and implementation and the final 

level of use. The EUAM compensates for this shortcoming and validates the 

significant influence from system features to acceptance factors. 

The model has a practical value at any stage of a system’s implementation or usage 

process. Nowadays, system design and deployment are less likely to be performed 

from scratch; rather, they evolve over time from prior applications (Wixom and Todd 

2005). For example, mobile commerce applications are usually described as a journey 

rather than a destination with companies adding new features to applications, initiating 

extra business requirements, and creating architectural changes over time. Similarly for 
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speech applications, companies constantly improve the performance by applying new 

recognition technologies, by applying an enhanced approach to an existing design 

framework, or by transferring an application to a new context such as from fixed line 

communications to mobile environments. To improve the performance of an 

application for which a design approach does exist in an earlier form, it is nonetheless 

important to investigate the design and implementation issues raised by the existing 

approach and foresee its limitations and shortcomings from a user acceptance’s 

perspective. It is also important to trace the performance and ultimate impacts on usage 

intention of the enhanced design framework after it is applied to design and develop 

the same application.  

Based on the EUAM, we sought to develop a design approach targeted at improving 

existing design approaches so that the chance of gaining user acceptance could be 

enhanced. In Section 4.1, we presented the theoretical ground that validates the 

significant influence of system features on usage intention. We use this theory to depict 

the overall relationship between a system and its users in terms of an acceptance 

process, so that system design/implementation can be improved incrementally and 

consequently increase the chance of acceptance. The result — a Factor, Feature and 

Flaw (3F) triangular model — is shown in Figure 4-3. The 3F triangular model 

represents our understanding of the potential approach to improving an existing system 

driven by a UAM. It depicts the relationships between three entities: the user, the 

improved system and the existing system. The 3F in the model refers to Factors, 

Features and Flaws.  
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To understand users’ adoption process of a system, factors influencing user acceptance 

should first be identified. Factors are the behavioural beliefs and perceptions that 

determine a user’s usage intention and ultimately result in actual use. As system 

features (characteristics) can significantly influence users’ behavioural beliefs and 

perception, they are the antecedents to the user acceptance factors. Identification of 

system features that can positively impact acceptance factors provides the foundation 

for system design. An improved system that has more of these features should have a 

better chance of gaining users’ acceptance. If we examine the features of the existing 

system and compare them with the set of features we identified that can positively 

impact user acceptance factors, we might be able to identify the flaws of the existing 

system. If we detect any missing important features, we can include these new features 

in our system design to enhance the performance of the existing system. By 

overcoming the flaws of the existing system, we can develop a new system that can 

enhance the beliefs and perceptions of users, which in turn should lead to a greater 

acceptance rate from users.  

Features 
Flaws 

User 

Improved 
System 

Existing 
System 

UAM 

Fig. 4-3 The 3F Triangular Model 

Factors 
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The triangular model is a step further to the theory of identifying system features as 

antecedent of acceptance factors, which is described in Section 4.1. Davis (1993) 

indicated that information system designers, developers, selectors and managers are in 

charge of the selection of functional and interface characteristics of a new system. He 

suggested that they should have a better understanding of the relationship between 

system features and acceptance factors and consequently choose those features that 

contribute more to the user acceptance for implementation. As the objective of our 

research is to utilise our user acceptance model to improve design of existing design 

approaches, it is a requirement to examine the system features of an existing system 

design approach and compare its features with those that have been identified in the 

EUAM to determine if there is any capacity for improvement. For example, we might 

be able to make improvement by adding a missing feature that is presented in the 

EUAM but has not been considered in the existing design approach. This is the step 

that we called ‘checking the flaws’ of the existing design approach. Conducting a 

comparison between the features in the EUAM and those of the existing design 

approach can help to foresee any potential flaws of the existing design approach, which 

provides us with an opportunity to reach a better design aimed at achieving a greater 

acceptance rate.  

4.3. User Acceptance Model Driven Design Process 

Even though nobody really doubts the importance of user involvement in the system 

development life cycle and the possible contribution of user acceptance theories to 

system design, it is not so common for system developers and practitioners to perform 

an acceptance analysis to guide their system design and implementation activities. 
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System design methodologies, such as user-centred design and usage-centred design, 

seek to make users central to the design process, especially for Human-Computer 

Interaction (HCI) and Web-Based Interface (WBI) projects. User-centred design 

(Norman and Draper 1986) relies on three activities: user studies to understand user 

needs, rapid paper prototyping to obtain user feedback, and usability testing with users 

to identify problems in working prototypes or systems. While this methodology has 

been proven to be useful to some extent, Constantine and Lockwood (1999) and 

Parush (2001) point out that the user studies in user-centred design can easily confuse 

user wants with user needs, and that rapid prototyping and usability testing are 

relatively inefficient means of finding problems. The more recent usage-centred design 

attempts to avoid the problems of user-centred design, and proposes a systematic 

process using abstract models to design the smallest, simplest system that fully and 

directly supports all the tasks users need to accomplish.  Its main objective is to 

improve system usability. We argue that usability is only one factor that can influence 

user acceptance, and consequently usage-centred design is different from user-

acceptance-centred design. Hence we believe there is still a need to investigate the 

system design process that is driven by user acceptance models. 

User involvement in information system development is essential to the success of any 

development project, but more importantly, such involvement should be meaningful, 

which necessitates that user requirements and quality perceptions should be accurately 

understood. Although traditional system development methodologies recognise the 

importance of the user, they provide no formalized methods to translate user 

perception of application acceptability into system design features, and in turn into 

system design specifications. In addition, these methodologies are not rigorous in 
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maintaining a focus on user acceptance throughout the entire development cycle 

(Parush 2001).  

At the beginning of this thesis (see Section 1.1), we have identified the gap between 

user acceptance theories and system design practice, which motivates us to explore the 

possible bridging between them. What is missing may be a conceptual transformation 

process to link the user acceptance model and the system design and development. The 

studies described in Section 4.1.1 have established the relationship between system 

features (characteristics) and user acceptance factors. However, so far no study has 

explicitly concentrated on the exploration of a conceptual end-to-end system design 

process driven by acceptance analysis.  

The aim of this section is to develop a conceptual process that is consistent with the 

theoretical background we have presented in Section 4.1. The process should provide 

practical guidance on how to improve system design approaches/frameworks through 

our generic user acceptance model. As illustrated in our 3F triangular model, the first 

step of the process is to identify the system features that can make contribution to the 

usage intention and final use of the system. Once we understand the users’ 

requirements in system features, searching for available technologies, and designing 

and implementing the system by utilising these technologies to meet the system 

requirements become a normal system design procedure.  

We present our proposed User Acceptance Model Driven Design Process (UAMDDP) 

in Figure 4-4. We explain this process in detail through out the remainder of this 

section. 
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The UAMDDP consists of three sub-processes representing a conceptual procedure.  

• Assess Sub-process 

The Assess sub-process takes the acceptance factors identified in the Generic 

User Acceptance Model and the system features identified for the 

application/system as the input. By assessing the impact of these features on 

the factors, the result of the sub-process is a set of system features (Set A) 

likely to have a positive influence on system usage. 

• Compare Sub-process 

The result of the Assess sub-process serves as an input to the Compare sub-

process. It also takes the features of an existing design approach (Set B) as 

another input. This input is obtained through examining a selected existing 

design approach for investigation. As the result of the Assess sub-process is 

also a set of system features (Set A), by comparing these two sets of features, 

we can determine whether there is any system feature that has not been 

considered in the existing design approach. Hence we can foresee the flaws of 

the existing approach, which become the output of the Compare sub-process.  

• Improve Sub-process 

The final Sub-process aims to improve the existing approach. With the missing 

system features that we want to include in the new system design framework 

identified, the objective of this sub-process is to search for available 

technologies to develop a framework that incorporates those missing system 

features on top of the existing design approach. This includes a review task to 

identify the relevant technologies, and a design task to form a framework that 
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can utilise and integrate the technologies to achieve the objective of the sub-

process. 

The ultimate outcome of the UAMDDP is a better design framework for the proposed 

application. Given that the design framework has more system features to contribute to 

user acceptance than the existing design approach; we believe that a system/application 

as a result of the framework implementation should have a better chance of being 

accepted by users. 

4.3.1. Assessing and Comparing System Features 

As factors influencing user acceptance have been identified already in the user 

acceptance model, identification of system features that can positively influence 

acceptance factors becomes the starting point and an essential step of the UAMDDP 

process. As suggested by Hong et al. (2001/2002), it is difficult and inadequate to 

utilise a fixed set of characteristics to describe different types of systems. Instead, 

system features are specific to the application domain and should be identified 

individually, and their impact on user acceptance factors also should be analysed 

independently. In Hong et al.s’ (2001/2002) studies, they identify information 

relevance, clarity of terminology, and screen design as the system features for the 

digital library system in their research, and suggest that, of these, only information 

relevance had a significant effect on acceptance factors. System characteristics were 

selected for examination because “they have frequently been mentioned in the library 

science literature of their pertinence to the digital library context and the level of 

control afforded to the digital library designers” (Hong et al. 2001/2002, p.105). 
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Unfortunately, this selection method is ad hoc and cannot provide a general approach 

that identifies system characteristics for other systems.  

In Pituch and Lee’s (2006) study of the influence of system characteristics on e-

learning use, they reviewed literature of e-learning systems, and selected three 

characteristics that are considered to be critical for the development of e-learning 

systems: functionality, interactivity and response time. Here functionality refers to the 

perceived ability of an e-learning system to provide flexible access to instructional and 

assessment media.  

Similarly, in Ahn et al.’s (2004) study of the impact of the online and offline features 

on the user acceptance of Internet shopping malls, they also used previous research to 

identify relevant online and offline features. For example, by examining the IS-

oriented view of the Internet shopping mall, they identified system quality, information 

quality and service quality as the online features. System quality is judged by regarding 

Web sites as an information processing system and assessing engineering-oriented 

performance characteristics such as operational efficiency and appearance. These 

characteristics can be measured by system availability, reliability, responsiveness and 

flexibility. Information quality describes the quality of report that the system produces 

and the quality of the report’s presentation. It consists of accuracy, currency, 

completeness, timeliness and ‘understandability’. Service quality is the ability to 

accept and resolve, in a timely manner, consumer complaints. It also involves assisting 

consumers in using a product effectively, suggesting complementary products or 

services, and joint problem-solving. Service quality can be measured by tangibility, 

reliability, responsiveness, assurance, and empathy.  
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Even though the system features selected for investigation in the above studies were 

identified in a holistic manner, some generalisations can be made about the feature 

identification process used in the different studies.  

• First, no common feature set is applicable to all systems. Different systems 

will have different characteristics for measurement.  

• Second, in order to identify system characteristics, a review of the literature is 

required to determine the system features that have been widely accepted and 

frequently mentioned in the research domain.  

• Finally, it is more appropriate to select system features that can be controlled 

by system designers/developers for investigation. Features that are out of the 

control of designers/developers should be excluded from study.  

In our research on the UAMDPP, we are aiming to develop a general method for 

identifying system features for investigation. Hunstad et al. (2003) introduced a 

systematic method of identifying security-relevant system characteristics for 

distributed information systems. Their study provides guidance on identifying different 

system features for a given application. We adapt their method and propose the 

procedure of identifying system features that can positively impact user acceptance, as 

follows: 

• arrange a brainstorming session to generate a large set of system 

characteristics (features) for investigation; 

• perform a narrative review to identify the state of the art within the domain 

and narrow the scope of examination; 
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• perform a structured analysis to obtain a suitable structure of the features for 

further analysis; and 

• conduct an analytical study to reveal the impact of system features on user 

acceptance factors. 

The brainstorming session seeks to identify system features generally from a broad 

view. This can be conducted by inviting colleagues or domain experts in the 

application/system area to participate in the session. By consulting and discussing the 

context of the application/system with experts, we can gather professional opinions 

regarding the characteristics or features of the system/application.  

The purpose of the narrative review is to survey the system characteristics frequently 

mentioned in the literature and identify the most current thinking. As suggested by 

Hong et al. (2001/2002), by applying some criteria to the features, such as their 

frequency of appearance in the literature, their pertinence to the study context, and the 

level of control afforded to designers, we can initiate a selection procedure to narrow 

down the investigative scope, and choose only those most relevant for examination.  

The structured analysis serves to organise and further analyse system features in a 

more logical manner. The structure of the system features is not always flat. Ahn et al. 

(2004) organised the features of Internet shopping malls applications into a 

hierarchical structure. They divided the features into two groups: online and offline. 

Online features consisted of system quality, information quality and service quality 

while offline features included product quality and delivery service. They further 

introduced a new hierarchy to identify availability, reliability, responsiveness and 
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flexibility as system quality features. Analysing system features into an organised 

structure provides a comprehensible overview and a clearer path for assessing the 

impact of system features on user acceptance factors. 

Once a set of system features is available for examination, an analytical study is 

required to assess the impact of these features on the acceptance factors, as depicted in 

our 3F triangular model. The objective is to filter out features that can positively 

influence user beliefs and perception, and consequently facilitate user acceptance. As 

pointed out by Davis (1993), such a group of system features becomes the 

fundamentals for system design consideration. As the ultimate aim of the UAMDDP is 

to enhance system/application design for greater acceptance, we should analyse the 

current state of the art in terms of the existing design framework. By comparing the 

available system features in the existing design framework with those features that 

have been identified to positively influence user acceptance, we can identify the 

direction of system/application design improvement. 

4.3.2. Improving System Design 

With the desirable design features identified, the process moves into the third stage, the 

Improve Sub-process. The key task now is to search for available technologies or 

invent new technologies to accommodate the desirable features into the design 

framework.  We summarise the procedures of the Improve Sub-process as follows: 

• review research relating to relevant technologies; 

• develop a design framework; and 

• evaluate the framework. 
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“A framework is a partially complete software system that is intended to be 

instantiated. It defines the architecture for a family of subsystems and provides the 

basic building blocks to create them. It also defines the places where adaptations for 

specific functionality should be made” (Buschmann et al. 1996). In particular, a 

framework specifies the components of the system, the patterns indicating the layout of 

the components and the interactions between these components. An appropriate 

framework can prevent the design and development of a system or application from 

being built in an ad hoc fashion. In order to reach a better system design framework, 

we have to understand both the system features (the user requirements) and the 

relevant technologies in the context. The following discussion presents a number of 

methodologies that provide guidance on system/application design.  

Yoon (1997) conducted a survey of system design methodologies to investigate four 

groups of approaches: functional, process-based, object-oriented, and net-based. Of 

these, the functional approach has the most in common with the definition of a 

framework. Even though the functional approach has existed for more than four 

decades, it is regarded as one of the most successful design methodologies and still has 

influence on contemporary system design. We therefore consider the functional 

approach as the system design methodology best suited to developing design 

frameworks.  

A typical functional approach, such as Structured Analysis and Design Technique 

(SADT), treats a system as a combination of interacting components with relationships 

among them; that is, system = <components, relationships>. Although the system is 

seen as a collection of interacting components along with their relationships, the 
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activities or functions of each component are of supreme importance. Usually SADT 

employs boxes and arrows in its diagramming schema, where a box represents an 

activity of the system (either a function, a process, or a real world entity) whereas an 

arrow represents an interface or interconnection between two boxes, a relationship 

between two entities, input, or output. It is particularly suitable for depicting a design 

framework in which sub-systems or components are described and relationships 

among them detailed. 

Once an enhanced design framework is proposed, it will need to be evaluated in light 

of the existing design approach. In the next section, we will discuss the theoretical 

grounding of utilising a set of objective metrics for the evaluation and comparison. 

4.4. System Evaluation Metrics 

Earlier in this chapter, using Figure 4-2, we explained that users’ behavioural beliefs 

(acceptance factors) can be predicted by objective assessment metrics, as was also 

shown in Wixom and Todd’s (2005) integrated model. We believe these assessment 

metrics are particularly important for evaluating systems during the design and 

development stage, and are also very useful during the early deployment stage.  Usage-

centred design methodologies (Constantine and Lockwood 1999) posit that subjective 

evaluation of a system by a small group of potential users at its early deployment stage 

might be inappropriate, as questionnaires related to users’ behavioural beliefs are 

confusing to these potential users, given that these users might not have clear idea 

about the application. Instead, objective evaluations of a system by a set of assessment 

metrics that can be used to predict users’ behavioural beliefs might be more practical 
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for improving system design and development. It is only when the system is put in the 

field and widely used by actual users that subjective evaluation can be conducted more 

accurately to provide substantial meanings. We support Constantine and Lockwood’s 

(1999) opinion and believe a set of objective metrics should be utilised to evaluate a 

system at the preliminary test stage.  

4.4.1. Evolution of System Evaluation Theory 

Evaluation of system success within IS has been an issue of focus for those within the 

discipline since its inception. Researchers have endeavoured to measure information 

systems both subjectively and objectively. Traditionally general organisational 

measures of system success are determined by “on time and on budget” with the 

functionalities matching requirement specifications. For instance, some suggest that 

the success of IS deployment could be assessed by setting thresholds for budget 

overrun and schedule overrun. If an IS deployment is cancelled or deferred due to non-

delivery of expected benefits, it can be considered a failure. Mahaney and Lederer 

(1999) argue that such evaluation is ad hoc and no common standards exist to set those 

thresholds. Other evaluation measures also have been proposed, such as an IS project’s 

ability to evolve and grow with the organisation, integrate well with the business 

environment, and provide a match between the initial requirements and the final 

solution. However, these have not received common recognition among researchers 

and practitioners (Behrens et al. 2005). 

DeLone and McLean’s (1992) model pioneered a movement to a more user-centred 

approach for evaluating overall IS success. In their model, they investigated six 
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constructs: system quality, information quality, use, user satisfaction, individual impact 

and organisational impact. They suggest that system quality and information quality 

(singularly or jointly) influence both use and user satisfaction. Additionally, the 

amount of use can impact the degree of user satisfaction. Use and user satisfaction are 

direct antecedents of individual impact, and in turn, this impact on individual 

performance should eventually have some organizational impact.  

Since then, many studies (Seddon et al. 1999; Delone and McLean 2003; Iivari 2005) 

have been conducted to refine and expand the DeLone and McLean’s theory. These 

studies form the literature of user satisfaction and become a parallel stream of research 

to technology acceptance in terms of system success evaluation. The user satisfaction 

literature contributes to the shift from project-based measures (time and budget) of IS 

success to more user-centred approaches. It explicitly examines system and 

information design attributes, making it a potentially useful diagnostic for system 

design and development. However, user satisfaction is not a direct predictor of system 

actual usage and research suggests that a more accurate measure of success may lie 

within the realms of actual system usage (Venkatesh et al. 2003; Wixom and Todd 

2005). 

In line with the logic that a system must be accepted to increase its usage, Davis et al. 

(1989) proposed TAM using user acceptance factors to predict system usage. If a 

system gains high user acceptance, this will influence positively on system usage. 

System usage is a dominant factor to system success especially when the system is not 

mandatory (DeLone and McLean 2003; Iivari 2005). Despite its predictive ability, the 

technology acceptance literature provides limited guidance on how to improve system 
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success through design and development (Wixom and Todd 2005). Therefore, Davis 

(1993) extended TAM to investigate system features and suggests objective 

assessment metrics of system attributes for measuring user acceptance beliefs.  

From the above analysis, we can see that there is strong link between the user 

satisfaction literature and the technology acceptance literature, even though they have 

developed relatively independently. In order to reach a better approach for evaluating 

IS systems, it necessary to combine and integrate the two parallel research streams 

(Hartwick and Barki 1994, Seddon 1997). Wixom and Todd (2005) responded to this 

call and conducted a theoretical integration of user satisfaction and technology 

acceptance. In their integrated model, information quality and system quality become 

measurable object-based beliefs to predict information satisfaction and system 

satisfaction. Object-based attitudes can influence behavioural beliefs (user acceptance 

factors), and, in turn, behavioural beliefs have significant impact on system usage. 

Wixom and Todd’s (2005) integrated model provides the foundation for 

comprehensive system evaluation. By considering system quality and information 

quality in a specific context, we can evaluate a system/application and consequently 

predict its acceptance. By investigating the meaning of system quality and information 

quality in the application/system context, a set of specific assessment metrics can be 

derived to conduct the actual evaluation. 

4.4.2. Assessment Metrics 

In Wixom and Todd’s (2005) model, through decomposition and integration of factors 

identified in the user satisfaction literature, they proposed two sets of assessment 
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metrics to measure system quality and information quality, respectively. Table 4-2 

represents these metrics and their meanings. 

Table 4-2 Assessment metrics from Wixom and Todd’s model (2005) 

Object-based 
Belief 

Assessment 
Metric 

Definition of Metric 

 

Information 
Quality 

Completeness The degree to which the system provides all necessary 
information 

Accuracy The user’s perception that the information is correct 

Format The user’s perception of how well the information is presented 

Currency The user’s perception of the degree to which the information 
is up to date 

 

 

System Quality 

Reliability The dependability of system operation 

Flexibility The way the system adapts to changing demands of the user 

Integration The way the system allows data to be integrated from various 
sources 

Accessibility The ease with which information can be accessed or 
extracted from the system 

Timeliness The degree to which the system offers timely responses to 
requests for information or action 

 

As pointed out by Wixom and Todd (2005), although these metrics have general 

applicability, the relative importance of each might be contingent on the specific 

system and setting. If not, new metrics should be introduced for measuring information 

and system quality depending on the specific application/system. 

Many studies support Wixom and Todd’s (2005) theory. For example, in Ahn et al.’s 

(2004) study on Internet shopping malls, they proposed three sets of assessment 

metrics for Internet shopping mall applications: System Quality, Information Quality 
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and Service Quality. System Quality is measured by availability, reliability, 

responsiveness, and system flexibility. Information Quality is evaluated by accuracy, 

currency, completeness, timeliness and ‘understandability’. Tangibility, reliability, 

responsiveness, assurance and empathy are used to measure Service Quality.  

Based on Wixom and Todd’s (2005) model, we believe that Information Quality and 

System Quality are measurable object-based beliefs for predicting user acceptance. 

Thus, we propose the following procedure for evaluating the outcome of the 

UAMDDP (User Acceptance Model Driven Design Process): 

• In the context of the application, in line with Table 4-2, choose metrics 

specific to Information Quality (that is, completeness, accuracy, format, and 

currency) and System Quality (that is, reliability, flexibility, integration, 

accessibility, and timeliness). 

• Conduct a literature review of the application context to analyse the relative 

importance of each metric to the specific system or application, or introduce 

new metrics that are unique to the system/application for information quality 

or system quality. 

• Finalise the set of assessment metrics for evaluation and utilise it for 

individual evaluation of one solution or comparison of two solutions. 

4.5. Summary 

In this chapter, we have detailed the process to enhance existing design solutions by 

considering user acceptance models as the source for system/application design and 

development. The UAMDDP (Figure 4-4) represents a conceptual transformation 
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process, which starts with a user acceptance model and leads to an application design 

framework that enhances existing design approaches. The UAMDDP provides a 

conceptual process model for conducting user acceptance model driven design. The 

user acceptance model for the UAMDDP is generic and is synthesized from meta-

analysis. In developing the acceptance model driven process, we did not consider any 

specific application domain and abstracted the process in a generic manner. Hence the 

UAMDDP is a conceptual process that is applicable to different domains. The 

UAMDDP fills the gap between the generic user acceptance model and system design 

and development. It contributes to the user acceptance knowledge base by extending 

the usefulness of user acceptance models, and provides actionable instruction for 

practitioners to enhance system/application design driven by acceptance theories. 

Three sub-processes have been identified in the UAMDDP model: Assess, Compare 

and Improve. Using these sub-processes, system features that can positively influence 

user acceptance factors are identified, flaws of the existing design approach are 

discovered, and the design framework to improve the existing design approach is 

proposed. UAMDDP helps to identify and clarify system requirements that are user-

acceptance-centric. The final outcome of the UAMDDP model is a better design 

framework for the relevant application. As the improved design framework has more 

system features to contribute to user acceptance than the existing design approach, the 

application that results from the framework implementation is more likely to be 

adopted by users. 

In addition to proposing the UAMDDP, we have also investigated the acceptance 

evaluation metrics that can be applied to different design frameworks. These metrics 
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enable the improved design framework resulting from the UAMDDP to be compared 

to the existing design approach in terms of user perception of application acceptability. 

We identify Information Quality and System Quality as the measurable object-based 

beliefs for predicting user acceptance. This provides an actionable and pragmatic 

approach for evaluating the effectiveness of the UAMDDP. The acceptance evaluation 

metrics become a complimentary element of the UAMDDP and consequently 

contribute to the model’s usability and completeness. 

Following the research method (that is, the Design Science Research Process, see 

Section 1.4) adopted for this thesis, we need to evaluate the artefact (that is, the 

UAMDDP) in terms of its feasibility and effectiveness, which requires us to choose a 

suitable context for its demonstration and evaluation. In the next chapter (Chapter 5), 

we select speech-enabled m-commerce as the context, and apply the UAMDDP to 

develop an enhanced design framework for voice-enabled m-commerce applications. 

An application that enables users to locate and search for car information is 

implemented for demonstration (see implementation details in Appendix E and F). 

This helps to demonstrate the feasibility of our user acceptance driven design 

approach. We derive a set of system evaluation metrics that are specific to the speech-

enabled m-commerce applications based the theoretical groundings introduced in 

Section 4.4. The metrics represent measurable object-based beliefs that can be used to 

predict user acceptance. By applying these metrics to compare the outcome of our 

design framework with the outcome from the W3C speech interface framework, we 

can evaluate UAMDDP’s effectiveness. 
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Chapter 5 
 
Case Analysis of the UAMDDP 
 
 

In line with the Research Design described in Figure 1-1 in Chapter 1, the next step 

after the development of the UAMDDP is to demonstrate and evaluate the UAMDDP 

in a selected context. In the past few years, researchers, practitioners, and application 

designers and developers have paid substantial attention to m-commerce, and adopting 

speech interface as a complementary channel to support m-commerce has been an 

active topic. However, the market reality shows that speech-enabled m-commerce has 

not lived up to the initial expectation due to the low user acceptance rate. This inspires 

us to seek for improvement of speech-enabled m-commerce design through the 

UAMDDP process. We believe that there is a strong need to enhance the speech-

enabled m-commerce design and development by considering the user acceptance 

model theory.       

In this chapter, we apply the user acceptance model driven system design approach to 

the speech-enabled m-commerce context to prove its feasibility and effectiveness. 

First, we provide an overview about the speech-enabled m-commerce applications. 

Second, we introduce the current dominant design framework for speech-enabled m-
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commerce: the W3C speech interface design framework. Third, we demonstrate the 

utilisation of the UAMDDP for improving the design of speech-enabled m-commerce 

applications. Fourth, a group of evaluation metrics that can be used to predict user 

acceptance are identified. Finally, two versions of the Mobile Car City System 

(MCCS) application, one resulted from the W3C speech interface framework and the 

other from our improved design framework, have been compared and evaluated by the 

set of metrics. The comparison results show that in general our design framework 

outperforms the W3C framework in terms of these evaluation metrics. 

The UAMDDP consists of three sub-processes: Assess, Compare, and Improve. The 

Assess sub-process identifies system features of the specific application and then 

assesses their impacts on user acceptance factors to filter out features that can 

positively influence user acceptance. The Compare sub-process chooses a widely 

accepted existing design approach for the application and then compares its system 

features with those resulted from the Assess sub-process to figure out flaws of the 

existing design approach. Finally, the Improve sub-process reviews the available 

technologies for overcoming the flaws and then proposes a new design framework to 

improve the performance of the application. The proposed framework is instantiated 

by an implementation to demonstrate the feasibility of the UAMDDP, and the 

implementation is evaluated by a set of metrics in comparison to the existing design 

approach to verify the effectiveness of the UAMDDP.  

We follow the procedure described above to apply the UAMDDP to the speech-

enabled m-commerce context. For the Assess sub-process, the system features of 

speech-enabled m-commerce are identified. In our generic acceptance model, five user 
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acceptance factors have been confirmed: Perceived Usefulness, Perceived Ease of Use, 

Social Influence, Confidence Belief, and Affective Attitude. The impacts of those 

system features on these factors are assessed. Therefore, we can predict which system 

feature has positive impact on the user acceptance. For the Compare sub-process, we 

analyse system features of this W3C framework and compare them with those feature 

of speech-enabled m-commerce resulted from the Assess sub-process. This comparison 

tells us that naturalness and personalization have not been fully implemented in the 

W3C framework. If we can include these two features in the newly designed 

framework, we will be able to increase user acceptance opportunities of speech-

enabled m-commerce applications. For the Improve sub-process, by reviewing 

available technologies for natural language and personalization, we develop a design 

framework for voice-enabling m-commerce applications that incorporates naturalness 

and personalization features.  

Our research in this chapter demonstrates the application of the UAMDDP in an 

appropriate context. It demonstrates the feasibility and effectiveness of the UAMDDP. 

As a result of this part of research, an enhanced design framework for voice-enabling 

m-commerce applications has been developed. The design framework employs a 

hybrid dialogue strategy, and includes a Case-Based Reasoning (CBR) system and a 

dialogue personalization system. The CBR system is used to generate a domain-

specific language model for capturing natural language input, and the dialogue 

personalisation system embeds personalization into a decision-tree induction algorithm 

for information clarification. This framework could provide support to the practice of 

voice-enabling m-commerce applications. 
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5.1. Speech-enabled M-commerce 

Pervasive computing envisages a billion people interacting with a million e-businesses 

with a trillion devices interconnected (Sharma and Kunins 2002). The promise of 

pervasive computing is to allow users to have access to any information at anytime and 

anywhere. The achievement of such a vision inevitably requires the migration of the 

current stationary-access model of e-business services to a new mobility access model. 

The development of wireless technologies and the convergence of the computing and 

communications industries provide fertile soil for the growth of mobile commerce. M-

commerce is defined as any transaction with a monetary value that is conducted over 

wireless telecommunications networks (Clarke III 2001). Currently the instruments 

supporting m-commerce at the client side are Internet-enabled mobile devices, such as 

WAP-enabled smart phones and PDAs. The rough estimate of the number of such 

devices in 2003 ranged from 134 to 330 million all over the world (Tsalgatidou and 

Pitoura 2001). It is still a small percentage compared to the astonishing surge in the 

number of mobile subscribers worldwide, which is approximately 4.9 billion in 2005 

according to Nokia’s report. Therefore, voice-based solutions for mobile businesses 

still attract significant attention from researchers and practitioners who seek to make 

the vision of mobile commerce a reality.  

The benefits of speech-enabled m-commerce can be interpreted from both consumer 

and business sides. Telephones, including wireless and wired, are still the most 

pervasive devices and are within reach of most consumers. There is no special 

hardware or software required on the client side and yet one can enjoy the advantages 

of the convenience and ubiquity. On the business side, the market driving force is 
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obvious. The monetary transaction value performed by U.S. consumers over the 

telephone in 1999 was ten times more than that of global Web purchases (Sharma and 

Kunins 2002). Companies have to answer a tremendous amount of calls, and 

consumers expect to receive their services 24 hours a day and 7 days a week, but it is 

cost-prohibitive to recruit and train lots of live agents that are available all the time. 

For large businesses, if even only a tiny percentage of their incoming business calls 

could be automated with speech-enabled services, this could result in hundreds of 

thousands or even millions of dollars in cost savings each year. 

The scenario of a typical speech-enabled mobile commerce application can be 

described as follows. The end-to-end configuration for a speech-enabled application 

includes a Web application server, a voice server and a voice gateway. The gateway 

acts as an intermediary to connect the telephony network and the Internet. The voice 

server consists of speech recognition and text-to-speech engines and voice browsers. 

Each application has a corresponding service number. When a cell phone user initiates 

a service request by dialling the service number, the call is forwarded to the gateway 

through the telephony network. The gateway translates the voice data into the 

appropriate packet information and routes the call to an available voice browser in the 

voice server using a call distribution scheme. The voice browser then is responsible for 

receiving speech from and rendering voice-enabled web pages to the user. 

Consequently, the development of a speech-enabled m-commerce application will 

involve not only speech interface design but also voice-enabled web page construction.      

In recent years, mobile commerce has attracted much interest among researchers, 

practitioners, application developers and service providers (Anckar and D’Incau 2002; 
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Varshney 2003; Varshney and Vetter 2001; Taniar, Ng and Rahayu 2003), and 

utilisation of speech as a complementary channel to support m-commerce has become 

an interesting topic (Sharma and Kunins 2002).  M-commerce promises a substantial 

business potential as an enabler of new products and services as well as a new channel 

for selling existing products and services, while speech is the most natural and 

convenient way for communication. The current market reality, however, suggests that 

m-commerce or speech-enabled m-commerce has not lived up to the expectation and is 

moving relatively slowly (Anil et al. 2003; Kleijnen et al. 2004). User resistance of 

acceptance has been identified as a major barrier to its proliferation. 

International standard organizations such as W3C try to propose generic solutions for 

designing speech-enabled m-commerce applications. For instances, the W3C speech 

interface framework is an example of adopting industrial standards, such as 

VoiceXML, to govern the design and development of m-commerce applications 

through voice channels. However, researchers are not optimistic about the proliferation 

of speech-enabled m-commerce (Ngai and Gunasekaran 2007; Kurschl et al. 2007). 

For example, Ngai and Gunasekaran (2007) conducted an extensive review of the 

literature on m-commerce with the aim of bringing to the fore of the state-of-the-art in 

m-commerce research and applications. Among 149 m-commerce research journal 

articles that they examined, only 4.1% were related to the wireless user infrastructure, 

and only one article concerns about the interface design. Similarly, in the 2005 

International Conference on Mobile Business, among 91 full research papers 

presented, only two were related to the speech interface for m-commerce.  
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The relatively low adoption rate of speech interface for m-commerce inspires us to 

explore the application of the UAMDDP in the context of speech-enabled m-

commerce as our case analysis. This can not only help to evaluate the feasibility and 

effectiveness of our proposed UAMDDP, but potentially could also provide a design 

framework for speech-enabled m-commerce that might lead to better acceptance. As 

the current design approaches for speech-enabled m-commerce, such as the W3C 

speech interface framework, have not considered user acceptance theories in its 

development process, and have not resulted in a high acceptance rate of speech-

enabled m-commerce applications, there is space for design improvement in terms of 

greater user acceptance. We believe that utilising speech-enabled m-commerce as the 

selected context to demonstrate and evaluate the proposed UAMDDP is appropriate 

and worthy of study.  

In Varshney and colleagues’ studies (Varshney et al. 2000; Varshney and Vetter 2001) 

of m-commerce, a set of eleven important classes of m-commerce applications has 

been identified, including product locating and shopping, mobile financial 

applications, mobile advertising, mobile inventory management, proactive service 

management, wireless reengineering, mobile auction or reverse auction, mobile 

entertainment, mobile office, mobile distance education and wireless data centre. To 

summarise, these classes of m-commerce application can generally be categorised into 

three groups: information-enquiry, transaction-oriented, and location-based services. 

We envisage the impossibility of exploring all types of m-commerce applications, and 

seek to limit our research to focus on particular classes of m-commerce applications 

that have better market potential, as not all classes of m-commerce applications are 

equally popular from consumers’ perspectives. Ngai and Gunasekaran’s (2007) 
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research further justifies our decision. In their study, they found that many types of 

applications predicted by Varshney and Vetter (2001) might not have appeared in 

reality, such as mobile auctions, reverse auctions, and mobile distance education.  

Researchers (Yang and Wang 2007; Miller and Sterling 2007) indicate that consumers 

perceive m-commerce as a promising addition and extension to the existing electronic 

business, and those m-commerce applications that are extended from traditional 

business-to-consumer e-commerce paradigm could be easier to be adopted, such as 

mobile shopping and mobile information services. Miller and Sterling (2007) suggest 

that “search” is the prevailing metaphor for interacting over the mobile Web, and 

locating and searching for nearby products/services constructs the foundation for m-

commerce, which has generated $4 billion in 2006 and will approach $8 billion in 

2010. Varshney and Vetter (2001) define this type of applications as “using a mobile 

device to find if an item (or items) with certain specifications is (or are) available in a 

specific area”. In line with Varshney and Vetter’s (2001) suggestion, we call this class 

of applications Product Locating and Searching (PLS) services. Here the meaning of 

product includes goods and services. As we decide to focus on m-commerce 

applications that have greater market potential, our aim is to utilise the UAMDDP to 

improve the design framework for voice-enabling PLS-oriented m-commerce 

applications. 

5.2. W3C Speech Interface Design Framework 

The W3C (www.w3.org/TR/voice-intro) has taken a very active role in defining a 

speech interface design framework to facilitate the standardisation of developing 
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speech-enabled applications. In its framework, the W3C defines a group of 

components for a speech interface, including automatic speech recognition (ASR), 

DTMF tone recogniser, language understanding component, context interpreter for 

context awareness (adaptability), dialogue manager, media planner, recorded audio 

player, language generator and TTS synthesizer. In addition, the W3C also 

recommends some XML vocabularies for these components. For instance, the ASR 

component uses a grammar to govern the recognition of user utterances. Speech 

Grammar Mark-up Language has been recommended for grammar specification while 

VoiceXML is recommended for the dialogue manager component. At the time of this 

thesis writing, N-Gram Stochastic Grammar Mark-up Language for natural language 

modelling, Natural Language Semantic Mark-up Language and Speech Synthesis 

Mark-up Language are still in their infancy and under development. Nearly no voice 

browser implementing the W3C framework on the market can fully support those 

natural language features.  

The W3C speech framework has been widely adopted as a reference design approach 

for voice-enabled m-commerce applications. For example, IBM’s WebsphereVoice 

Server SDK (http://www.elink.ibmlink.com) is based on the framework and adopts 

VoiceXML as the standard for dialogue management. The platform provides support 

for bringing VoiceXML to Web application development activities — in essence, 

providing a spoken equivalent to visual browsing. As an implementation of the W3C 

speech interface design framework, it can be utilised to develop speech-enabled m-

commerce applications.  
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The IBM WebsphereVoice Server SDK includes the following components: 

• A speech browser that interprets VoiceXML mark-up. This VoiceXML 

browser also includes a DTMF (Dual-Tone Multi-Frequency) simulator to 

generate simulated telephone key-press input. 

• The IBM speech recognition engine. 

• The IBM text-to-speech (speech synthesis) engine that converts textual content 

to audio. 

• Telephony acoustic models to approximate the speech recognition behaviour 

of applications deployed in a telephony environment. 

• An audio setup program to configure the microphone and speakers.  

 

 
 

NB: Components in blue colour means they have not been specified in the 
framework but under consideration 
 
                   Fig. 5-1 W3C speech interface design framework  

  JSGF  VoiceXML 
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The procedures to develop a speech application using the SDK can be described as 

follows: 

• Write VoiceXML applications using a selected text editor or a graphical 

development environment. VoiceXML pages can be static or may be 

generated dynamically from ASPs, JSPs, Java Servlets, or other server-side 

techniques. 

• Configure and manage a Web server. 

• Publish the VoiceXML application, including VoiceXML pages, grammars, 

any pre-recorded audio files, and any server-side logic, to the Web server. 

• Use a desktop workstation and the WebSphere Voice Server SDK to test the 

VoiceXML application running on the Web server.  

In our research, we seek to utilise the UAMDDP process to improve the W3C speech 

interface design framework. We justify our selection of the W3C framework for 

improvement based on its popularity and the influence of W3C in web-based 

application design and development. Our resulted design framework from the 

UAMDDP process is compared to the W3C framework. The way for us to conduct the 

comparison is to implement two versions of a typical speech-enabled m-commerce 

application, which we called the MCCS (Mobile Car City System) that allows a 

mobile-phone user to search for car model information. One version is based on our 

enhanced design framework, and the other is developed by using the IBM 

WebsphereVoice Server SDK, which represents the W3C framework. A set of 

evaluation metrics that can be used for acceptance prediction are proposed for the 

comparison. The evaluation will help to test our research hypothesis, i.e., “Utilisation 
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of a User Acceptance Model Driven Design Process (UAMDDP) can enhance 

application performance in terms of increasing user perception of application 

acceptability”, as was specified in Chapter 1. 

5.3. Applying UAMDDP to Speech-enabled M-commerce 

5.3.1. Feature Assessment Sub-process  

Beliefs and perception about a technology-oriented service are the determinants of 

consumers’ intention toward using the service (Kleijnen et al. 2004). In the context of 

speech-enabled m-business services, these beliefs and perceptions are, in turn, 

determined by consumers’ perceived value of the mobile channel and speech interface 

(Anckar and D’Incau 2002; Clarke 2001; Pederson et al. 2002). We analyse the 

features of speech-enabled m-commerce applications by identifying its mobile features 

and speech features. 

Mobile Features 

Value propositions specify the interdependence between the attributes of a service and 

the fulfilment of needs from the consumer perspective (Clarke 2001). Many 

researchers (Anckar and D’Incau 2002; Balasubramanian et al. 2002; Clarke 2001; 

Tsalgatidou and Pitoura 2001) acknowledge the mobile features created by m-

commerce. Balasubramanian et al. (2002) analyse the added value of m-commerce 

from time and space aspects. They classify m-services into eight categories based on 

the following three criteria: (i) the extent to which the service is location sensitive; (ii) 

the extent to which the service is time critical; and (iii) the extent to which the service 

is controlled by the user. The conclusion is that mobile technology can help a number 
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of business activities gain flexibility, both temporally and spatially. Anckar and 

D’Incau (2002) split the added value of the mobile channel into wireless value and 

mobile value. The wireless value includes convenience and cost-savings. The mobile 

value can be created in five identified settings: time-critical needs and arrangements, 

spontaneous decisions and needs, entertainment needs, efficiency ambitions and 

mobility-related needs. Tsalgatidou and Pitoura (2001) suggest that m-commerce can 

offer consumers six additional benefits in comparison to e-commerce: location-

awareness, multi-engagement, ‘adaptivity’, ubiquity, personalization and broadcasting.  

Anckar and D’Incau (2002) point out that personalization is one of the foundations of 

wired e-commerce, and hence claim that it is not a benefit that can only be created by 

mobile services. Clarke (2001) argue that personalization in mobile settings differs 

from wired e-commerce in three respects. First, mobile devices are typically used by a 

sole user, which makes them particularly ideal for individually-based target services. 

Second, by providing knowledge of the location of a user, the service can be 

customised more specifically to meet the time-critical and location-sensitive 

requirements. Finally, personalized content is paramount for mobile devices. Knowing 

the capacity of a mobile interface, content can be tailored to fit in a mobile screen in 

line with its size, resolution and ‘surfability’.  We support Clarke’s (2001) opinion, as 

we believe mobile devices provide greater opportunity and a higher demand for 

personalization compared to stationary computers.  

Entertainment has been considered as an extra value of m-commerce by Anckar and 

D’Incau (2002). We argue that entertainment as a mobile feature is subject to the 
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application, such as mobile games or mobile cartoons. In general, not all m-commerce 

applications have the feature of entertainment. Hence we exclude it from our analysis. 

To summarise, we describe the extra value created by m-commerce through four 

unique features. 

• Ubiquity: the ability to retrieve information and conduct transactions from 

virtually any location on a real-time basis. 

• Convenience: the specific comfort created by the agility and accessibility of 

mobile devices, and the spontaneous engaging of multiple activities. 

• Adaptability: the ability to receive relevant information pertaining to the 

specific context such as the current geographic position and environment.  

• Personalization: the ability to personalise services and customise the user 

experience. 

 

Speech Features  

We have analysed the five mobile values/features of mobile commerce. The technical 

limitations of visual and text-based interfaces provided by current mobile devices, 

however, degrade these value propositions. Research indicates that every extra input 

that a user needs to make during navigation with a mobile device reduces the 

possibility of a transaction by 50% (Clarke 2001). Speech interfaces, to a great extent, 

can compensate for some of the limitations pertaining to current visual interfaces. 

The continuing users’ interest in conducting business via voice can be explained by the 

many innate advantages associated with the speech channel. Learning to speak and to 

listen are skills that the majority of humans master well with little effort. Furthermore, 
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due to the fact that spoken language is the original form of communication that was 

established long before other modes such as writing and reading, people generally 

perceive it as being both natural and ubiquitous across the entire human population. 

The familiarity and convenience of speech could give it superiority over other 

communication modalities. With a speech interface, the effort needed to learn to 

interact with complex systems could be reduced. 

Other benefits of using speech include the usefulness of speech under the 

circumstances of “hands-busy”, “eyes-busy”, and/or information overload. In addition, 

speech input and output allows the user to be freer in terms of the spatial and temporal 

dimensions. With the use of a wireless link and a speech interface, information can be 

collected and received without having to be in close proximity to a stationary computer. 

Speech interfaces also provide specific benefits to special groups such as users with 

disabilities.  

According to the independent research (Terry 2003) commissioned by Speech 

Technology Magazine, consumers generally are willing to accept speech technology, 

and perceive businesses with a speech interface providing more advanced technology 

and better customer service than those without a voice presentation (Terry 2003). 

Users show a supportive attitude and strong intention toward using speech interfaces, 

even though they know that voice recognition and synthesis technologies are far from 

perfect (Holzman 2001). The motivation behind such positive response from 

consumers again is the perceived value of speech channels. 
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Speech value, or s-value, signifies the added value arising from the provision of speech 

interface to m-services in comparison to the existing visual interfaces. Speech 

interfaces not only extend the benefits of m-business by compensating for some of the 

key limitations of restricted visual interfaces, but also create extra value that is unique 

to voice presentation. Specifically, speech-enabled m-commerce differs from 

conventional m-business with visual interfaces on the following unique features: 

• Naturalness: the ability to communicate with the application naturally. 

• Efficiency: the capability to complete tasks more easily and in a timely manner, 

including specific comfort created by the agility and accessibility of mobile 

devices, and the spontaneous engaging of multiple activities. 

• Parallelism: the ability to perform multi-task scenarios and spontaneously 

engage multiple activities. 

• Trustworthiness: the inherited trust between users and voice channels that is 

established through the long history of phone services. 

5.3.2. Feature Comparison Sub-process 

5.3.2.1. Impact of Features on Acceptance Factors 

We first examine the impact of mobile and speech features on the user acceptance 

factors. This helps us to identify system features that should be included in design 

framework so that the resulting applications from the framework can have a better 

chance of getting acceptance from users.   
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Ubiquity 

With the help of mobile devices, users are likely to benefit from time and location 

sensitive services such as wireless finance and mobile advertising. The effectiveness 

and efficiency of conducting business activities in a timely and space-independent 

manner can obviously enhance consumers’ perception of usefulness of the service. The 

direct influence of technological characteristics of a service has been evaluated and 

confirmed in Davis’s study (1993). Furthermore, the ubiquitous nature of mobile 

technology represents a kind of fashion. The freedom of conducting transactions 

anywhere and at any time may be perceived as an advantage within a society. As 

mobile users are usually in social situations, using m-services is an aspect of social 

image (Lu et al. 2003).  The relationship between social image and social influence has 

been supported by the popularity of i-mode phones in Japan and other cultures, and the 

high penetration rate of mobile phones among the executive class in China.  

 

Convenience 

The convenient use and accessibility of m-commerce allows consumers’ business 

activities to be performed regardless of time and place. In addition, consumers can 

spontaneously engage in multiple activities. For example, rather than passively waiting 

in a queue, users can now check stock prices or browse sports news simultaneously. 

Such convenience can naturally increase consumers’ perception of ease of use. 

Moreover, a special comfort may be recognized, and could be further transformed into 

an improved quality of life (Clarke 2001). The improvement of life quality can 

positively influence a consumer’s affective attitude toward m-services. 
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Adaptability 

With the help of the global positioning system and sensor networks, location-

awareness becomes a reality. Knowing where the user is located creates a great 

opportunity for location-based services such as geographically targeted advertising, 

vehicle tracking and logistics management. Traditionally, information quality has been 

measured by accuracy, relevance and timeliness. The supply of accurate and relevant 

information is a key enhancer to users’ perceived usefulness, as the issue of 

information overloading has become a serious concern.  

 

Personalization 

A mobile device is typically used by a sole user and can be transported with the user 

anywhere and at any time. This characteristic of mobile devices makes them ideal for 

context-specific services personalized to each individual. Knowing who the customer 

is provides a business with great opportunity to customise its services. This becomes 

even more important due to the limitations of the user interfaces of mobile devices. 

Compact and attractive forms and optimised interaction paths can help a consumer 

reach the desired services in the shortest time. Personalization can significantly 

improve the effectiveness of m-commerce strategy (Clarke 2001), and consequently 

enhance consumers’ perception of the usefulness of m-services (Ho and Kwok 2003). 

Traditionally it is believed that personalization might cause consumers’ concern on 

privacy and therefore negatively impact confidence beliefs. Studies, e.g. (Ho and 

Kwok 2003), however, imply that consumers are willing to allow service providers to 

retain their user profiles if they realise the benefits of personalized services.  
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Naturalness 

Voice is portrayed as the most natural way to interact with a system. Even without 

generating true natural speech, the nature of voice input/output during the interaction 

is often sufficient for users to react enthusiastically to the computer system. Despite 

experiencing some frustration due to the inaccuracy of speech recognition, most 

users have greater concerns regarding ease of use of the interface rather than for any 

other interaction issues (Terry 2003). The value of naturalness provides a direct 

perception of ease of use. Speech interfaces bring substantial advantages for 

consumers who lack proficiency with computers, but are familiar with mobile phones. 

This market is likely to be large, since there are many more mobile phone users than 

PC users throughout the world. When people realize that performing information 

browsing and transactions is just as easy as making phone calls, the affective attitude 

to use and consequently the intention to adopt m-services will increase. 

 

Efficiency 

As most people speak faster than any other common communication method, such as 

typing or writing, speech interfaces are appealing for improving efficiency. Research 

(Rebman et al. 2003) has shown that people might be able to generate more than twice 

as much text in the same period of time by speaking compared to computer keyboard 

input. The efficiency of voice input is crucial to many applications, such as medical 

reporting for doctors, source data automation for sales, and stock checking for 

inventory staff. As time-critical settings are one of the key situations where m-

commerce can create significant mobile value, speech interfaces are an enhancer to the 

perception of usefulness and social image.  
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Parallelism 

Mobile technology provides users the freedom of independence in time and space. 

However, with a visual interface, it is difficult to perform “hands-busy” or “eyes-busy” 

activities simultaneously. A range of m-services is common in such multi-task 

situations, such as traffic guidance for vehicles, logistics management, and medical 

reporting. An audio-interface facilitates multi-tasking, particularly where the secondary 

task is highly visual. Given the fact that a large percentage of consumers use mobile 

devices inside a vehicle, hands-free and eyes-free voice interaction for services 

becomes a necessity to realize the true ubiquity of m-commerce. The parallelism of 

multi-task processing can enhance consumers’ perceived usefulness of mobile devices 

by the time-saving consequence, where multiple tasks are completed within the time 

required for one task otherwise. The affective attitude of usage might be positively 

influenced as well.  

 

Trustworthiness 

As telephony networks have been running for more than a century, people generally 

perceive voice services as more trustworthy compared to the newly emerging Internet-

based services, regardless of the technical reality. This is supported by the fact that the 

monetary transaction value performed by U.S. consumers over the telephone in 1999 

was ten times more than that of global Web purchases (Sharma and Kunins 2002). 

People feel comfortable to provide their most confidential information over the public 

telephony network. Speech interfaces facilitate a seamless migration from cell phones 

to Web-enabled mobile devices.  
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5.3.2.2 Features Missing in the W3C Framework 

As mentioned in Section 5.2, the W3C speech framework has been widely adopted as 

a reference design approach for voice-enabled m-commerce applications. In previous 

Section 5.3.2.1, we have identified eight features of speech-enabled m-commerce 

applications that have positive influence on user perception of application 

acceptability: Ubiquity, Convenience, Adaptability, Personalization, Naturalness, 

Efficiency, Parallelism and Trustworthiness. We examine the W3C framework to 

check if all these features have been covered, or if there are any features that have not 

been considered so that the design can be improved. By looking at the current state of 

the art of the W3C design framework, we conclude our analysis in Table 5-1. 

Table 5-1 Comparison between the features identified and the W3C framework 
 

The W3C Speech Interface Design Framework 

Covered?                     
(Yes/No) Description 

Ubiquity Yes Ubiquity is the nature of mobile applications. It’s a feature of hand-
held mobile devices. 

Convenience Yes With the mobility of m-commerce application, the feature of easy 
access and spontaneous engagement of multi-tasks can be 
achieved.  

Adaptability Yes Context awareness (Interpretation) is part of the design 
specification of the framework 

Personalization No No personalization has been considered in the design framework 
thus far.  

Naturalness No Utilising natural language processing techniques in the framework 
is still in its infancy. So far no specific design guidance has been 
proposed to handle natural language input from users. 

Efficiency Yes The efficiency of communication is the nature of speech. 

Parallelism Yes Voice channel enables hands-free and eyes-free communication. 
Hence users can perform multiple tasks at the same time. 

Trustworthiness Yes The trustworthiness associated with voice channels is the 
inheritance of the history of telephony services. 
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From Table 5-1 we can see the features that have not been considered (or fully 

considered) in the W3C speech interface framework are “Personalization” and 

“Naturalness”. In order to improve the performance of the design framework, we 

should seek to include these two system features into our design framework for 

improvement.  

Shneiderman (1987) suggests that five criteria should be used to evaluate the 

efficiency and usability of an interactive system: speed of performance, rate of errors, 

subjective satisfaction, time to learn, and retention over time. Our user acceptance 

analysis further strengthens the understanding of the requirements of a speech interface 

from the consumer’s prospective. Naturalness and personalization are useful system 

features that would contribute to the acceptance of speech-enabled m-commerce 

applications. 

Speech technologies are far from perfect. Voice recognition for large vocabulary 

continuous speech can encounter significant difficulty even in a quiet and stationary 

environment, not to mention the noisy and mobile scenarios. In order to develop 

commercially acceptable speech-enabled applications with the naturalness feature, we 

should have a combined understanding of both user acceptance factors and the 

limitations of speech interfaces. There are two common approaches to complete a 

voice-enabled transaction. The first is application-directed, which forces consumers to 

use a limited vocabulary tailored for the application in response to system prompts. 

This is the approach taken by the W3C speech interface design framework. It might 

increase recognition accuracy and reduce maintenance effort, but restricts the user 

from speaking naturally. The other is user-initiative powered by natural language 
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understanding technology, in which consumers use conversational speech rather than a 

limited number of phrases. The user-initiative approach enhances users’ perception of 

naturalness, but is prone to recognition errors. Considering the current state of the art 

of speech recognition technology, it is more practical to implement a hybrid dialogue 

strategy.  

A dialogue between a user and the system usually consists of a number of distinct 

discourse segments, i.e. greeting, request, clarification, information transfer, 

confirmation and termination. The focus of a dialogue keeps changing from one 

segment to another. At the beginning of a conversation, users generally have stronger 

intention to initiate their queries or specify their interest and preferences by natural 

language. At this stage, a user-initiative strategy can be employed. If users’ queries or 

specifications have been successfully recognized and interpreted, the dialogue can 

move on to the information delivery stage. If this approach fails to capture users’ 

meaning, an application-directed dialogue could then be enforced to guide users in 

finding the desired products or services step by step.   

Personalization is particularly important in the context of speech-enabled m-commerce. 

When considering using speech output for presenting verbal information, we should 

acknowledge the transitory nature of speech as well as the way the human memory 

works. Generally, new information can only be retained in memory for periods lasting 

only a few seconds. Meanwhile, speech output is serial, which means that messages 

are linear over time. Research (Hapeshi 1993) finds that listeners have difficulty in 

understanding and remembering spoken menus if they consist of unclear, overlapping 

categories, while clear non-overlapping categories pose fewer problems. This requires 
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us to ‘personalizationally’ organize the content in a hierarchical structure so that only 

clear non-overlapping and short pieces of information are delivered to users each time. 

In addition, voice information can be distracting if it is not relevant to the 

conversational goals because audition in the human brain is intimately connected to the 

arousal and activation systems (Hapeshi 1993). Mobile users demand packets of 

relevant information, not scaled-down versions of generic information. As users cannot 

remember many items simultaneously, personalization becomes extremely important 

for voice applications.  

5.3.3. Improved Design Framework for Voice-enabling M-commerce    

In Section 5.3.2.2, we have identified the missing system features (i.e. naturalness and 

personalization) that need to be considered in our design framework for voice-enabling 

m-commerce applications. In order to understand the current state of the art of 

technologies related to personalization and natural language, we have conducted 

literature review on those technologies. As the focus of our case analysis is to 

demonstrate the application of the UAMDDP to the context of speech-enabled m-

commerce, in order to ease thesis reading, we have presented the details of this review 

in Appendix D. The review consists of two main parts. The first part is the literature 

review of research related to personalization techniques. As we have narrowed our m-

commerce application scope to Product Locating and Searching (PLS) domain, the 

main focus is to look at techniques that can be used to personalize product catalogues 

so that products can be easily found and presented to customers via speech channels. 

Hence we have reviewed the following topics of personalization: 
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• User profiling techniques that can be used to capture user preferences. This is 

presented in Section D.1.1. 

• Decision tree model for organizing product catalogues. This is summarised in 

Section D.1.2. 

• Technologies related to decision tree induction algorithm, such as 

discretization and feature subset selection. They are described in Sections 

D.1.3 and D.1.4.   

The second part of literature review in Appendix D is related to natural language 

handling. The following topics have been covered in this part: 

• Spoken Dialogue Systems (see Section D.2.1) 

• Corpus-based natural language modelling (presented in Section D.2.2) 

• Technologies that could be used to generate corpora, such as natural language 

generation and case-based reasoning systems (see Section D.2.3 and D.2.4) 

The literature review of personalization and natural language handling provides the 

technological foundation for us to propose our enhanced design framework for speech-

enabled m-commerce applications. In this section, we depict our design framework 

that intends to include both natural language input and personalization features. We 

present the enhanced design framework through the remainder of this section in such a 

manner. First, we describe our idea of implementing a hybrid dialogue strategy in the 

framework so that user-initiative natural input and application-directed personalized 

dialogues can be seamlessly integrated. The hybrid strategy requires us to develop a 

component to handle natural language input and a personalized dialogue generation 

mechanism to direct users in information clarification. Second, we provide the 
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overview of the Case-Based Reasoning (CBR) system that is utilised for natural 

language modelling so that user-initiative natural input can be captured and understood. 

Finally, we present the dialogue personalization mechanism that can help users in 

finding information quicker and faster.  

5.3.3.1. Hybrid Dialogue Strategy 

Designing a dialogue strategy for speech-enabled mobile commerce is a significant 

challenge due to the nature of the context. According to the degree to which the system 

takes control of the conversation, spoken dialogue systems can be classified into two 

groups: user-initiative and application-directed (Seneff 2002). The user can only 

respond to questions or menu-driven selections in an application-directed system while 

user-initiative dialogues provide users freedom in speaking natural language. There is 

controversy over the inflexibility of application-directed dialogues and the complex 

implementation of user-initiative systems. When designing a dialogue strategy for 

speech-enabled mobile commerce, it is always a significant challenge to fully 

implement a user-initiative strategy due to the constraints of the context. First, 

dialogues have to be generated very efficiently due to the time-critical nature of mobile 

situations. Second, if users are allowed to be totally free of expression, the recognition 

performance might be degraded dramatically. Consumers would not tolerate 

significant inaccuracy of recognition. Finally, information presented to the user 

verbally cannot be overly detailed due to the nature of human being’s memory. 

Therefore, implementing a hybrid strategy that integrates user-initiative and 

application-directed styles together would be a realistic approach. 
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A dialogue between a user and the system usually consists of a number of distinct 

discourse segments, i.e. greeting, request, clarification, information transfer, 

confirmation and termination (Raskutti and Zukerman 1997). The request segment 

contains the specifications or queries presented by the user. The clarification segment 

is then initiated by the system to further narrow down the range of products or services 

that can satisfy the user’s intention. The clarification might repeat until the system is 

confident in understanding what the user wants. If the user is satisfied with the 

presented products or services, he/she can proceed to confirm a booking or transaction. 

Users usually have strong intentions to initiate their requests in natural language. 

While coming into the clarification stage, they are generally comfortable with an 

application-directed style (Raskutti and Zukerman 1997). 

We envision a hybrid strategy to apply user-initiative and application-directed 

dialogues at different segments of a conversation. At the user request stage, the system 

allows the user to specify their interests or preferences of products/services freely. If 

the user’s specification is successfully recognized, and the information is sufficient for 

the system to identify products/services that can meet the specified criteria, the 

application can directly deliver the products/services information to the user via voice; 

otherwise a clarification segment would be needed to ensure clear understanding of the 

user’s searching criteria. In the clarification segment, the system will take control and 

guide the user to find desired products/services. The objective of this hybrid approach 

is to achieve some tradeoffs of the conflict between the user’s demands for free 

expression and the imperfection of the current speech recognition technologies.  
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The underlying determinant on whether a dialogue is user-initiative or application-

directed is the grammar applied to the dialogue. A grammar defines what the system 

needs to listen for from the user at each segment of a dialogue. The two dominant 

types of grammars are: context-free grammar and N-gram stochastic language model. 

Context-free grammars have an outstanding capability to increase recognition accuracy 

while provide limited versatility, and consequently are regarded as unnatural. On the 

contrary, N-gram models allow users to communicate more freely, while with a 

relatively higher WER (Word Error Rate) for recognition. 

Although the W3C speech framework includes NGGML (N-Gram Grammar Mark-up 

Language) as a component, the implementation strategy for integrating intelligent 

component technologies such as NLU into the VoiceXML-based framework has never 

been defined. Figure 5-2 represents our vision to integrate the NLU function into the 

spoken dialogue system.  
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Fig.5-2. Integrating intelligent components into the speech interface 
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As shown in Figure 5-2, when users are allowed to express their requests in natural 

language, an N-gram grammar is applied to the recognition engine. The corpus used 

for N-Gram language modelling is created through a Natural Language Generation 

(NLG) approach. While coming to the application-directed situations, a context-free 

grammar is applied to govern the recognition of users’ restricted responses. The NLG 

component in the framework can also take the responsibility to generate flexible 

information that needs to be presented to users. 

For a hybrid dialogue strategy, different techniques are utilized to manage segments of 

a dialogue. In the greeting segment, pre-recorded audio is the best technique for most 

applications. At the user request stage, the system should use an N-Gram grammar to 

govern the speech recognition so that users are allowed to express specifications or 

initiate queries in a naturalistic manner. Coming to the clarification segment, the 

system should take the control to guide the user in finding products or services that 

meet users’ needs.  Thus a context-free grammar is more appropriate at this stage. At 

the information transfer stage, the system introduces a particular product or service in 

detail. Although using pre-recorded audio or predefined text is a possible approach, 

combining NLG and Text-To-Speech (TTS) together can provide much more 

flexibility in offering product or service descriptions. Figure 5-3 shows the flow 

control of a dialogue. If the NLU component fails to interpret the user’s request, the 

system can then take the initiative to direct the user to clarify his/her request. 
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Fig.5-3. The flow control of dialogues with a hybrid strategy 

 
 
In the next section, our major focus is to explore approaches for generating N-Gram 

grammars. Corpus-based generation of stochastic language models has been proven to 

be effective (Jurafsky et al. 1994; Lesher et al. 1999; Rudnicky et al. 2000), but 

construction of a corpus pertaining to a specific domain is difficult, given the fact that 

there is no conversational record between users and the system before the deployment 

of the application. As gathering hundreds and thousands of users to interact with an 

application before its deployment has been perceived as too difficult, we turn back to 

Pre-recorded Audio Greeting 

User Request 
(N-Gram Grammar Applied) 

 

Successfully Interpreted 
by NLU? 

Yes 

No 

 
Application-directed 

Clarification 

Sufficient Information for 
product/service identification? 

Yes 

No 

NLG-generated 
Information Transfer 

Confirmation 

Termination 



 
 

161 

the idea of obtaining corpora through machine-learning based natural language 

generation.    

5.3.3.2. CBR for Natural Language Modelling 

To demonstrate the Case-Based Reasoning System in our design framework, we have 

chosen to implement a typical PSL (Product and Service Locating) speech-enabled 

mobile commerce application, which we called the MCCS (Mobile Car City system). 

The system allows a mobile-phone user to specify preferences or initiative queries in 

natural language at the beginning of the conversation, and retrieve all car models 

conforming to the preferences or queries. The application then guides the user to 

clarify the search criteria to find specific car models that meet the user’s needs. Our 

aim is to create a corpus pertaining to users’ queries or preference specifications in the 

MCCS domain. The corpus then is used to generate a language model that can be 

applied as the N-gram grammar for natural language recognition. The full detail on 

how to implement this CBR system for the MCCS application is presented in 

Appendix E. 

We have extensively reviewed the literature in order to check if there is an existing 

corpus pertaining to the MCCS domain that can be directly utilized in our application. 

To our knowledge, there is no such a corpus that collects users’ queries or 

specifications of car models. However, although there is generally a lack of spoken 

material pertaining to the MCCS domain, ample transcriptions do exist in some other 

well-established domains in which user modelling has been studied for long and 

conversations between users and agents of spoken language systems have been 

recorded and accumulated for decades, such as the Air Traffic Information System 
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(ATIS) domain. Through careful examination of the spoken transcripts from the ATIS 

domain, we believe that user specifications or queries in the MCCS system should 

share significant similarity in sentence syntactic structure with their counterparts in the 

ATIS domain. Motivated by this assumption, we believe that the MCCS system can 

learn a set of sample sentences from the ATIS domain, which can then be used as the 

knowledge base for case-based reasoning (CBR) to generate a speech corpus 

pertaining to the MCCS domain. 

NLG (Natural Language Generation) research has been dominated by two approaches 

in the past three decades: template-based and rule-based (Oh and Rudnicky 2000, 

Reiter 1995). Some claim that template-based approach is not flexible enough while 

others criticize the sophistication of linguistic grammars implemented in rule-based 

approaches (Reiter 1995).  A new strand in the arena is learning-based NLG, in which 

the objective is to learn the mapping from semantics to surface realization through 

sample sentences. Research (Pan and Weng 2002, Varges 2003) suggests that learning-

based approaches can balance the inflexibility of template-based methods and the 

linguistic sophistication of rule-based NLG packages when developing domain-

specific generation systems.  

Our objective is to develop a case-based, domain-specific generation system that can 

significantly reduce complexity in comparison to rule-based solutions. Case-based 

reasoning (CBR) systems have long been applied for problem solving in many areas, 

such as classification, diagnosis, configuration and design, and planning, but only 

recently it attracts much attention of researchers in NLG. Like any other CBR system, 

a CBR-based NLG system has to include the following components: 
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• Sample sentence set (Case Base) 

• Schema for sentence structure, includes semantic and syntactic (Knowledge 

Representation) 

• Similarity measurement (Acceptance Function) 

• Sentence generation (Case Retrieval and adaptation algorithms) 

Figure 5-4 represents the overall structure of our CBR-based corpus generation system. 

The system implements a pipeline architecture consisting of three stages. First, an 

initial sample sentence set is created manually to integrate an ATIS sentence base 

(ASB) and a MCCS phrasal base (MPB). The ASB is a collection of sentences from a 

well-established corpus in ATIS domain (see Table E-1 in Appendix E, in which a list 

of sample sentences of user queries from the ATIS domain has been presented). The 

MPB collects phrases in describing car model features, which are extracted from car 

manufacturers’ websites and marketing brochures (see Section E.1.1 for phrases used 

for car model specifications). Through careful analysis of the sentences in the ASB and 

the phrases in the MPB, sample sentences for user queries or specifications pertaining 

to the MCCS system can be created through substitution and extension operations, 

which form a case sentence base (CSB).  

Second, these sample sentences in the CSB are annotated to abstract semantic structure 

and corresponding syntactic structure, which become the case representation for 

instance learning. The semantic structure represents the domain concept relationships; 

while the syntactic structure describes how the actual sentence is surface realized from 

the semantic structure. Section E.2.1 details the case representation mechanism for the 

semantic and syntactic structures.  
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Finally, a new input passes through the CBR system based on the understanding of 

characteristics of user queries and specifications, which represents a unique semantic 

meaning. The similarity between the input and a case is calculated and examined. A 

distance function measuring the similarity is presented in Section E.2.2. If the distance 

is within the predefined threshold, adaptation is conducted to generate a new syntactic 

structure for the semantic input. This procedure (see Section E.2.3 for details) is 

continuously performed until all possible inputs are numerated. The resultant corpus is 

then ready for creating an n-gram language model. Section E.3 describes the 

generation process of the language model and its performance test. 

 
 
 
 

 
 

 
 

 
 

 
 
 
 

Fig.5-4. Overview of the corpus generation procedures 
 
 

Our approach is an incremental learning procedure. The following procedures have 

been performed step by step: 

• A set of sample sentences pertaining to user specifications/queries in the 

application domain are learnt from the Air Traffic Information System (ATIS) 
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domain, in which ample transcriptions relevant to user queries has been 

established.  

• A CBR system is implemented to generate a corpus based on those sample 

sentences.  

• An N-gram language model is derived from the corpus by learning the 

statistical distribution of tokens.   

 

5.3.3.3. Dialogue Personalization Architecture 

When the system successfully captures and recognises a user’s initial request, it can 

retrieve information from the database about products that meet the user’s stated needs. 

For most cases, products that can satisfy a user’s initial specifications may be quite 

numerous (dozens or more), so they may not all be suitable to be presented to the user. 

Therefore, a clarification segment is necessary to narrow down the range of products. 

The issue becomes how we can classify a set of products into a hierarchical structure 

so that the dialogue can be used to guide the user to choose a specific product from a 

group. 

Organization of product information is important to help consumers find out what they 

want when conducting online business on the Internet. Consumers normally use search 

engines or follow e-catalogues to find product information on the Web. While search 

engines can work properly in e-commerce when users know exactly what they are 

looking for, they are not appropriate for voice-enabled m-commerce applications due 

to the limitations and constraints of current speech-recognition technologies and less 

certainty of users’ needs. Thus, a well-organized catalogue that can efficiently locate 
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popular products for consumers is crucial to the success of a voice-enabled m-

commerce application. 

In recent years, data mining technology has been widely introduced to support e-

commerce. It is not only used to discover usage patterns from clickstreams, but also 

applied to e-catalogue construction. We have found the data mining and machine 

learning techniques are also capable of supporting the development of voice-enabled 

m-commerce applications. A good e-catalogue for voice-enabled applications should 

help consumers to find products of interest in a timely manner. This requires the 

inclusion of personalization capability in our framework. With the significant increase 

of information and services available to customers within a business, it is necessary to 

personalize the dialogue system according to an individual user’s preferences. 

Here we present our proposed dialogue personalization system for generating 

application-directed dialogues for m-commerce applications, which can be applied at 

the information clarification stage of a discourse. Our research focus is to use speech 

interfaces to guide users to find desired product information in the mobile context. As 

users perceive features like usefulness and ease of use as important factors for 

acceptance, the architecture has been designed with characteristics such as 

simplification and personalization. 

In general, the dialogue personalization system has been designed to embody the 

following ideas: 

• The speech dialogues between users and the system should be application-

directed and personalized to an individual level. 
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• The structure of the dialogue has a corresponding relationship with the 

catalogue structure of products/services. Therefore, the catalogue has to be 

organized into a hierarchical structure.  

• The organization of the product/service catalogue should be constructed 

automatically rather than being done manually. 

• The resultant catalogue should be stored in an XML vocabulary. 

• Limitations of speech interfaces should be considered in designing the 

interaction between users and the system. 

The challenge is on how to construct the catalogue in a well-organized structure that 

can be easily presented to users through dialogues. Given a set of products/services of 

a business, organization of the catalogue becomes a classification problem. We have 

investigated classification methods in data-mining and machine learning arenas, and 

have determined that decision trees could be a good candidate for structuring 

product/service catalogues. First, using decision trees for e-catalogues has been 

explored by prior research, as was described in Section D.1.2 of Appendix D. Second, 

the flow of dialogues for information searching is a process of decision-making by 

users. Thus a decision tree catalogue will have a good match with the dialogue. Finally, 

a decision-tree approach provides us the opportunity of personalization.  

Some parts of our endeavour are (i) to unobtrusively determine the popularity of a 

product to a particular customer so that personalization of the catalogue can be done 

based on the popularity of products; (ii) to predict the popularity of a new 

product/service; and (iii) to develop an algorithm that can automatically construct a 

decision-tree catalogue for the application. The decision-tree approach for catalogue 
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construction requires us to present the products/services based on the same set of 

attributes, and to use the popularity as a label class for tree induction. In order to 

predict a user’s preferences of products without explicitly asking the user, dynamic 

user profiling techniques have to be employed. 

Another critical point of interest is the simplification of the decision-tree induction. 

Though the construction of catalogues can be done on an off-line basis, it is still 

critical to build them in an efficient manner, given the fact that catalogues have to be 

personalized to individuals. Both theoretical analyses and experimental studies indicate 

that many classification algorithms perform poorly and slowly due to the existence of 

irrelevant or redundant attributes in the product/service set (Liu and Motoda 1998). 

This inspires us to include a feature subset selection process before the induction of 

decision trees in our framework, which can significantly simplify and improve the 

effectiveness of the tree induction procedures. 

Furthermore, we envision that the dialogue construction is a dynamic process. Without 

knowing which path in the decision tree a user might follow to find out the product of 

interest, it is a better solution to generate dialogues dynamically at runtime based on 

the previous interaction between the user and the system, rather than maintaining a 

large set of static dialogues that wait for users to initiate them.  

The proposed personalization architecture (Figure 5-5) consists of five functional 

components in a modular structure: dynamic user profiling, catalogue initiation, 

feature subset selection, catalogue personalization and dialogue construction. The 

implementation details of each functional component are described in Appendix F.  



 
 

169 

The Dialogue Construction Module (DCM) generates customized dialogue structure 

for a customer to browse product information. By tracing the user’s behaviour of 

online voice-browsing and shopping, the dialogue manager within the DCM stores the 

navigation and transaction records in log files. These log files are mined by the 

Dynamic User Profiling Module (DUPM) to create a dynamic user profile for each 

customer. The profile consists of a set of numeric popularity values for products to 

indicate the customer’s preferences and interests (see Sections F.1.1 and F.1.2).  

The Catalogue Initiation Module (CIM) uses an original set of features (attributes) to 

describe product classes in the catalogue, including the numeric popularity values.  In 

order to facilitate feature subset selection and personalized tree induction in the 

following stages, the CIM is also responsible for discretizing numerical variables into 

categorical variables. In our Mobile Car City application, as the numerical variables 

are simple and easy to handle (see Section F.2), the Equal-Width Interval Binding (an 

unsupervised discretization method) is adopted for discretization. 

The goal of the Feature Subset Selection Module (FSSM) is to eliminate the existence 

of irrelevant or redundant attributes. Based on our selection criteria (see Section F.3), 

the ABB algorithm (Liu et al. 1998) is chosen for feature subset selection. Based on 

the resultant set of attributes from the FSSM, tree catalogues pertaining to each 

individual customer’s preferences are constructed in the Catalogue Personalization 

Module (CPM) (see Section F.4).  Dialogues are continuously generated in the DCM 

to help customer traverse the personalized tree catalogue and find desired products, as 

was detailed in Section F.5. 
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Fig.5-5. Dialogue personalization architecture 

 

5.4. Evaluation Metrics 

In Chapter 4 Section 4.4.2, we have identified that Information Quality and System 

Quality are the objective measurables that have significant influences on user 

perception of application acceptability. There has been a great deal of interest and 

effort over the past two decades in developing metrics for evaluating and comparing 

the performance of spoken dialogue systems in terms of information and system 

qualities. A long list of objective metrics, which can be calculated without relying on 

human subjective judgement, and subjective metrics, which are based on human 

judgements, have been proposed. In Chapter 4, along with Wixom and Todd’s (2005) 

theory, we have suggested and theoretically proven that the objective metrics 

representing measurable object-based beliefs can be utilised to predict user acceptance. 

This theory is also supported by researchers in the area of spoken-dialogue system 

evaluation.  Möller (2005) suggests that interaction parameters (objective metrics) 

could not only help to quantify the flow of the interaction, the behaviour of the user 

and the system, and the performance of the speech components involved in the 
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interaction, but also provide the prediction to the users’ acceptance perception. 

Similarly, in the PARADISE framework (Walker et al. 1998, Walker et al. 2000), it is 

also proven that user satisfaction can be predicted by a combined performance metrics, 

which consist of a task-based success measure, dialogue system efficiency measures 

and qualitative measures. In Lee et al.’s (2002) study, they conclude that objective 

measures can better judge the speech interface performance than subjective measures. 

Thus, we focus on reviewing objective metrics for system evaluation that are 

commonly acknowledged in the speech interface research arena.  

Nakatsu and Suzuki (1994) have adopted the following objective metrics for speech 

application evaluation: 

• level of task completion; 

• time used to complete a task; 

• number of turns required to complete a task; and 

• time and number of turns used for error corrections. 

Walker and colleagues (1998, 2000) have conducted numerous experiments to prove 

the usability of their proposed PARADISE framework. In their study for evaluating 

competing strategies for a voice email agent,  they examined a set of objective 

measures, including task success, elapsed time (the total time of the interaction), 

number of barge ins, number of timeout prompts, rejections, number of help requests, 

number of system turns, number of user turns, mean recognition score for measuring 

concept accuracy. This study found that mean recognition score and number of user 

turns are the major contributors to the performance. The similar set of metrics have 

been adopted in their many other studies. In one of their studies, number of cancels has 
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also been introduced as an objective metric (Walker, Kamm and Litman 2000). To 

summarise, the list of objective metrics that have been commonly utilised in the 

PARADISE framework studies are: 

• Task Success: measuring by whether the task has been completed at the end (1 

represents success and 0 represents failure), or by the Kappa coefficient;  

• Elapsed Time: the total time in seconds from the beginning to the end of the 

interaction; 

• Timeouts: the number of timeout prompts played when the user doesn’t 

respond as quickly as expected; 

• Rejections: the number of recognizer rejections where the system confidence 

in its understanding is low; 

• Helps: the number of times the system plays context specific help messages 

when the user asks for helps; 

• Cancels: the number of times the system resets the context and returns to an 

earlier state because it believes that the user requests a cancellation; 

• Bargeins: the number of times when the user barges in on system utterances; 

• User Turns; 

• System Turns; and 

• Mean Recognition Score: average concept accuracy measuring the semantic 

understanding of the system. 

Glass et al. (2000) describe a data collection and performance evaluation infrastructure 

for supporting their spoken dialogue system development. In the infrastructure, they 

have introduced two new understanding metrics called query density and concept 
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efficiency.  The query density measures the mean number of new concepts introduced 

per user query, while the concept efficiency measures the average number of turns it 

takes for a concept to be successfully understood. They believed that these measures 

would be useful for comparing dialogue systems with different initiative strategies.  

In Lee et al.’s (2002) research on evaluating spoken dialogue for the Bell Labs 

communicator system, they adopted task completion, dialogue duration, number of 

user turns, number of user words, number of user words per turn, number of concepts, 

number of concepts per turn, word error rate, sentence error rate, concept error rate, 

sentence concept error rate and error correction metric as the objective metrics for 

evaluation. They discover that the error correction metric, which is computed by 

subtracting the default number of a concept required to complete the task from the total 

number of occurrences of that concept, could be an effective metric for performance 

evaluation. Their study suggests that the total number of user words and recognition 

accuracy at the concept level are the strongest predictor for user satisfaction.  

Litman and Pan (2002) conducted a study to compare adaptive and non-adaptive 

spoken dialogue systems and utilised the following five objective metrics: number of 

turns per dialogue, time-outs, rejections, percentage of misrecognitions per dialogue, 

and task success.  The study indicates that system performance can be best predicted 

using a weighted combination of objective measures of dialogue quality and 

efficiency. In particular, less mis-recognitions, less total turns, less rejected user 

utterances and less user timeouts all contribute to enhancing perceived performance. 

Larsen (2003) sought to identify the issues related to the utilisation of objective and 

subjective metrics for evaluating spoken dialogue systems. In his experiment, the set of 
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objective metrics utilised are number of turns, proportion of user-initiative turns, 

number of repair turns, time spent, recognition error concept rates, and task success 

rate. The PARADISE evaluation framework is applied and the speech recognition 

performance is found to be the most significant contributor to the perceived 

satisfaction. 

Surveying the literature, Möller (2005) reports 36 different objective metrics, which he 

divides into five categories: dialogue- and communication-related, meta 

communication related, cooperativeness-related, task-related, and speech input related. 

Many of these metrics measure the entire system or interaction. Möller crowns this set 

of metrics as interaction parameters, which are considered to be recommended by the 

International Telecommunication Union (ITU-T) for evaluating telephone–based 

spoken dialogue systems. Unfortunately, the case study conducted by Möller shows 

that most parameters are only weakly correlated with user’s perceived satisfaction.  A 

call is made for further empirical validation to restrict the full set of available 

parameters to the ones that are relevant for acceptance perception (Möller 2005). Such 

a restricted set of parameters can form the basis for measuring object-based beliefs for 

user acceptance.   

Based on the above analysis, we acknowledge that the set of metrics proposed in the 

PARADISE framework (Walker et al. 1998; Walker et al. 2000) is widely accepted 

and supported by the spoken dialogue system evaluation community. Two methods 

have been introduced to measure the task success in the PARADISE framework 

studies. The first one is relatively simple. For each task scenario, it is possible to 

manually determine an objective measure that represents whether users successfully 
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achieve their task goal or not. This method has been utilised in many studies (Walker 

et al. 2000; Walker et al. 2002; Litman and Pan 1999; Litman and Pan 2002). The 

second method uses the Kappa coefficient (Walker et al. 1998), which is rather 

complicated to compute. The Kappa coefficient is more useful for comparison across 

different dialogue systems that are designed for completely different purposes (for 

example, e-mail reading, looking for train schedule, or searching for available 

properties), and it is applicable if the same task scenario is performed by many users. 

In this thesis, our intention of testing is to compare two versions of the same dialogue 

system (i.e. Mobile Car City System), and the test is to compare the performance of 

conducting different task scenarios. Thus we choose the first method for measuring 

task success. 

In addition, the Query Density and Concept Efficiency introduced by Glass et al. 

(2000) have also gained substantial support.  Therefore, we adopt those metrics that are 

widely used in the PARADISE framework plus these two extra measures as the set of 

metrics to apply to our system evaluation. The detail of this set of metrics, including 

the predictive impact to the user perception, is shown in Table 5-2. It is structured into 

two categories: Information Quality and System Quality, which are the object-based 

measurements that can be utilised to predict user perception of application 

acceptability. 
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5.5. Evaluation and Comparison 

In order to demonstrate the effectiveness of the UAMDDP, we need to evaluate the 

system resulted from our proposed design framework as a whole in comparison to 

another version of the system based on the W3C speech interface framework. For this 

purpose, besides the implementation of the Mobile Car City system based on our 

design framework, we have implemented another version of the same system based on 

the W3C speech interface design framework, which has no consideration for the 

features of naturalness and personalization. In order to verify that our design 

framework can potentially improve users’ perception of application acceptability, we 

evaluated these two versions of the system using the set of metrics identified in Section 

5.4. The testing was designed to compare these two versions to prove if our design 

framework could perform better in terms of the evaluation measurements, which can 

be used to predict user acceptance.  

5.5.1. Evaluation and Comparison Process 

The evaluation was done on a task basis. Each task was represented by a scenario 

where the user had to find a suitable car model that satisfies certain constraints. A 

sample task scenario is shown as below: 

TASK #1: Try to search for a car model that can meet all the following conditions: 

(i.) It must be manufactured by Toyota 

(ii.) It should have no less than 5 doors 

(iii.) Its engine litre should be no more than 3.0 

(iv.) Its price should be around AU$30,000 
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If you cannot find an exact match, find the one with the closest price with 

AU$30,000. Please mark down the manufacturer, the number of doors, 

engine litre and the exact price.    

 

In total we have designed 25 TASK scenarios. These tasks are applied to the two 

spoken dialogue systems: one is implemented based on the W3C speech interface 

design framework where the dialogue is pure system-initiated, while the other is based 

on our proposed design framework driven by user acceptance model, for which a 

hybrid dialogue strategy has been employed and personalization has been considered. 

The experiment yields a corpus of 50 dialogues, which consisted of 1929 spoken 

utterances of which 1022 were user utterances and 907 were user utterances.    

First, all the dialogues were recorded. We transcribed utterances to calculate the 

following metrics: 

• DD/ET: the total time of the interaction in seconds 

• NUB: how many times users barged in on system utterances 

 

Second, the system’s dialogue behaviour was logged to reflect the entry and exit of 

each state in the state transition table for the dialogue. The ASR result for the user’s 

utterance was also recorded. This information was employed together with the ASR 

rejections to compute the concept accuracy measure for each utterance. Hence the 

Mean Recognition Score could be calculated over the whole dialogue. Thus the 

following metrics could be measured: 

• NTP: the number of timeout prompts that were played by the system when the 

user does not say anything within a specified time frame. 
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• NAR: the number of times that ASR rejected the user’s utterance when the 

system requires the user to repeat the utterance due to the confidence level of 

ASR being too low 

• NHR: the number of times that the user accessed help messages by initiating 

help requests 

• NT: the number of turns in a dialogue 

• NST: the number of system turns in a dialogue 

• NUT: the number of user turns in a dialogue 

• NUA: the number of times that the user cancels the interaction or goes back to 

the previous level in the dialogue hierarchy 

• MRS: the mean concept accuracy (measuring whether the recognizer has 

correctly captured the task-related information in the utterance) for the whole 

dialogue 

• UA%: percentage of understanding accuracy of utterance in the dialogue. 

In order to make evaluation metrics to be comparable across systems and tasks, it is 

important to utilise metrics that are likely to be generalized. However, the raw counts 

of NTP, NUB, NAR, NHR, and NUA are all task-specific. Following the 

recommendation from Walker, Kamm and Litman (2000), we normalized these five 

metrics by dividing the raw counts by the total number of utterances in the dialogue, 

which resulted in the NTP%, NUB%, NAR%, NHR%, and NUA% measurements. 

In addition, in preparation for the calculation of the CE and the QD, hand labelling was 

introduced to measure the number of unique concepts correctly “understood” by the 

system in the dialogue, the total number of concepts in the dialogue and the total 
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number of user queries in the dialogue, which were later utilised to calculate the final 

concept efficiency and query density.  

• TNC: the total number of concepts in the dialogue 

• NUC: the number of unique concepts correctly “understood” by the system in 

the dialogue 

• NUQ: the total number of user queries in the dialogue. 

 

Third, the task success was manually determined, and CE and QD were calculated for 

the whole test. Thus, the following metrics were obtained: 

• TS: Task success measured by whether the task goal has been achieved 

•  CE: concept efficiency 

• QD: query density 

 

Finally, having all these measurements on the set of metrics, we utilised t-

approximation tests to determine whether the Mobile Car City system developed from 

our proposed design framework yields significant improvements for the evaluation 

measures compared to the version of the Mobile Car City application based on the 

W3C speech interface design framework.   

5.5.2. Evaluation and Comparison Results  

We use t-approximation test to determine whether our version of the Mobile Car City 

system yields significant improvements for any of the evaluation metrics adopted in 

our evaluation experiment. The t-approximation test tells us whether the difference of 

two means is statistically significant (p < 0.05) or shows a trend (p < 0.1).  
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Table 5-3 summarises the dialogues means for each of the evaluation metrics. The raw 

data from the experiment is shown in Table 5-4. As Query Density and Concept 

Efficiency are calculated based on the whole experiment and are not specific to a 

dialogue, it is impossible to conduct any t-approximation test. According to the 

calculation formulas, their surface values already reflect the average of all dialogues. 

Therefore, we can directly use these computed values for comparison. For our version 

of the system, the average number of turns which are necessary for each concept to 

be “understood” by the system is 1.12; while 1.86 turns are required for the version 

of the system developed from the W3C framework. For query density, the average 

number of new concepts introduced per user query is 2.37 while the other system 

yields a value of 1.22. The result suggests that our system needs less turns to 

correctly understand a concept, and more concepts could be introduced by a single 

user query in our system. It indicates that our version of system improves the user’s 

information quality perception in terms of Query Density and Concept Efficiency. 

For all other evaluation metrics, a t-approximation test is run to determine whether two 

means are significantly different. As shown in Table 5-3, our data suggests a 

significant improvement in performance of our version of system for Dialogue 

Duration/Elapse Time ( p < 0.01), Number of User Barge-ins (p < 0.01), Number of 

Timeout ( p < 0.01), Number of Help Requests (p < 0.01), Number of User Cancel 

Attempts ( p < 0.01), Number of Turns ( p < 0.01), Number of System Turns ( p < 

0.01), Number of User Turns ( p < 0.01), and Task Success ( p < 0.05). On average, 

the elapse time for our version of system is 235 seconds while the other is 296 seconds. 

This suggests that our system needs less time to complete. For an m-commerce 

application, it is time-critical to complete the task. Requiring less time to achieve the 
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goal of a task should enhance users’ perception of goodness about the application, and 

potentially improve the acceptance of the application. The efficiency of completing a 

task of our system is also proven by the comparison of the other three metrics:  

Number of Turns, Number of System Turns, and Number of User Turns.  The average 

number of turns in our system is 33.8 while the same measure for the counterpart is 

43.4. Similarly, the average number of system turns for our system is 17.8 compared 

with 23.1 for the other, and 16.4 for the average number of user turns in our system 

compared to 20.3 for the other. All these evaluation results indicate that our version of 

system requires less turns to complete a task. Another important metrics for user 

perception of application acceptability is Task Success. Our version of system yields a 

value of 0.80 while the other version results in 0.52. This means that the percentage of 

tasks that could be successfully completed in our system has been significantly 

increased.  

Four percentage-based measurements representing system quality and information 

quality also suggest significant improvement in our version of system compared to the 

one developed from the W3C framework. The average percentage of number of user 

barge-ins in our system is 2.7% while the other system is 4.4%. The average 

percentage of number of timeout prompts in our system is 8.5% while the other system 

is 12.5%. Similarly, NHR% in our system is 3.9% compared with 6.3% in the other 

system, and NUA% is 1.7% in our system while the other system is 3.6%. In 

summary, our system has less user barge-ins, less timeouts, less help requests and less 

user cancel attempts. These should give users a better perception about the system 

performance quality and the quality of information conveyed by the system.     
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Our test data also indicates a trend of difference for Mean Recognition Score ( p < 

0.1). Our version of system outperforms the other version in terms of mean concept 

recognition, where MRS is 0.793 in our version compared to 0.773 in the other system. 

Similarly, the percentage of understand accuracy (UA%) in our version is 0.799 while 

the other is 0.781. These results are not statistically significant. Our system performs 

slightly worse than the other version of system only in one evaluation metric, which is 

the percentage of number of ASR rejections (NAR%), even though the result is not 

statistically significant: 12.1% is yielded in our version, which is slightly higher 

compared with 10.8% in the other version. This can be explained by the introduction 

of naturalness into our design framework. With the naturalness feature in our system, 

users have more freedom to say what they want, and the system is more flexible to 

accept natural input from the user. While this actually increases the query efficiency 

(smaller CE, higher QD, lower ET, NT, NST and NUT), it does have a slight impact 

on the ASR recognition performance. While we observe the slightly lower value of 

NAR% in our system, we do not find this actually has negative impact on the final task 

completion. On the contrary, the task success rate in our system is significantly higher 

than the other version. 

In conclusion, our version of the system outperforms the other version, and 

consequently should result in better perception of information and system quality, 

which in turn should increase user satisfaction and user acceptance. Our research 

question is whether the UAMDDP process can enhance the design and development of 

an application in terms of increasing user’s perception of application acceptability. By 

applying the UAMDDP in the context of speech-enabled m-commerce, we have seen 

that the application resulting from our enhanced design framework has superior 
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performance compared to the W3C speech interface framework. Hence the 

effectiveness of the UADMMP is verified in the selected context.        

 
 

Table 5-3 Means for two versions of the system and t-approximation test result 
 

Evaluation 
Metrics 

System #1 

(Based on Our 
Design 

Framework) 

System #2 

(Based on W3C 
Framework) 

t value 

(n = 25) 
p value 

CE 1.12 1.86   

QD 2.367 1.223   

DD/ET 235.0 296.0 -6.44 *** 0.000 

NUB% 0.027 0.044 -3.69 *** 0.001 

NTP% 0.085 0.125 -6.67 *** 0.000 

NAR% 0.121 0.108 1.61 0.121 

NHR% 0.039 0.063 -4.66 *** 0.000 

NUA% 0.017 0.036 -4.10 *** 0.000 

UA% 0.799 0.781 0.981 0.336 

NT 33.8 43.4 -8.88 *** 0.000 

NST 17.8 23.1 -8.66 *** 0.000 

NUT 16.4 20.3 -6.30 *** 0.000 

MRS 0.791 0.773 1.87 * 0.073 

TS 0.80 0.52 2.28 ** 0.032 

 
*** means that two means are significantly different at p < 0.01 level 
** means that two means are significantly different at p < 0.05 level 
* means that a trend is shown for the difference ( p < 0.1) 
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5.6. Summary 

In this chapter, we have demonstrated the application of UAMDDP in the context of 

speech-enabled m-commerce. The generic user acceptance model derived in Chapter 3 

is utilised to understand the factors influencing user acceptance, where perceived 

usefulness, perceived ease of use, social influence, confidence belief and affective 

attitude are the identified determinants for acceptance. By analysing the nature of the 

speech-enabled m-commerce, we assess the impact of mobile and speech features of 

speech-enabled m-commerce applications on the user acceptance factors, and conclude 

that the following eight features have positive effects on acceptance factors: Ubiquity, 

Convenience, Adaptability, Personalization, Naturalness, Efficiency, Parallelism and 

Trustworthiness.  We also identify the W3C speech interface framework as the current 

dominant design framework for voice-enabling m-commerce applications in the 

market, and compared the features of the W3C framework with those eight features to 

see if any feature has not been considered yet. The comparison result shows that 

personalization and naturalness have not been included, which inspires us to seek a 

solution that can compensate this flaw. Therefore, we review technologies in 

personalization mechanism and natural language processing to propose a design 

framework for voice-enabling m-commerce, which incorporates the features of 

naturalness and personalization. 

As a result of the UAMDDP process, our proposed design framework employs a 

hybrid dialogue strategy combining user-initiative and application-directed dialogues, 

and hence consists of two sub-systems: the case-based reasoning (CBR) sub-system 

for natural language modelling and the dialogue personalization sub-system. The CBR 
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sub-system is used for user queries at the beginning of a dialogue, while 

personalization sub-system is applied for information clarification at the later stage of a 

conversation. The CBR sub-system contributes to the research of natural language by 

providing a new endeavour of language modelling via incremental case-based learning 

process. The personalization sub-system embeds a personalization mechanism in a 

decision-tree induction algorithm to construct personalized dialogues.  

We have implemented a Mobile Car City system based on the proposed design 

framework, which demonstrates the feasibility of the UAMDDP process. We have also 

compared this implementation with another version of the system derived from the 

W3C framework. A set of evaluation metrics has been identified for this comparison. 

They represent the objective measurements that can be utilised for predicting user 

perception of application acceptability. In general, we have proven that our proposed 

design framework outperforms the W3C speech interface framework in terms of the 

set of metrics for predicting user acceptance. This comparison result supports our 

research hypothesis that applying the UAMDDP can improve the design and 

development of applications in terms of increasing user perception of application 

acceptability.  
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Chapter 6 
 
Conclusion 
 
In this final Chapter, we conclude our thesis by summarising our contributions, and 

discuss the directions for future research. 

6.1. Summary of Contributions 

It is a well-established belief among researchers that user acceptance model can 

provide guidance on how to design a specific application/system. However, at the time 

of this thesis writing, we could not identify any existing research projects aimed at 

exploring a systematic application design approach driven by user acceptance analysis.  

Meanwhile, we see many applications having low acceptance rates in the market due 

to user resistance of adoption. Speech-enabled m-commerce application is one of 

them. Researchers and practitioners have predicted great potential for it, but the current 

market reality strongly suggests that it has not lived up to the expectation. As 

system/application design characteristics have been identified as a major antecedent of 

acceptance factors, we are inspired to explore a user acceptance model driven design 
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approach to improve its design features so that user acceptance can be enhanced 

accordingly. 

In this thesis, we have developed a User Acceptance Model Driven Design Process 

(UAMDDP). As for the preparation of proposing the UAMDDP, a generic user 

acceptance model is synthesized via meta-analysis. The UAMDDP is then developed 

and applied to speech-enabled m-commerce for demonstration. As a result of this 

demonstration, a framework for designing voice-enabled m-commerce applications has 

been proposed. 

We will summarise our contributions below. 

6.1.1. Generic User Acceptance Model 

We have performed a meta-analysis to synthesize a generic user acceptance model, 

which can be utilised to understand factors influencing user acceptance of technology-

oriented services, as well as inter-relationships among the factors themselves. The 

statistical integration and synthesis of findings across studies make the meta-analysis 

more reliable compared to a single model or theory. For comparison, we have followed 

two well-recognized approaches (the Hunter-Schmidt method and the Hedges-Olkin 

method) to conduct our meta-analysis. Our research suggests that five constructs are 

significant determinants of user acceptance. They are perceived usefulness, perceived 

ease of use, social influence, confidence belief, and affective attitude. We have 

clarified the meaning and definition of these determinants by eliminating overlaps and 

confusions. In addition, we have provided our definition for confidence belief, which is 

a new determinant for understanding users’ perception of trust, security and 
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behavioural control. Besides the five determinants, we also identified two effective 

moderators in the model: type of subject and stage of adoption. The meta-analytical 

method utilised for model derivation in our study provides us the opportunity to 

discover and confirm the existence of moderators. Prior research has investigated the 

influence of stage of adoption but pay nearly no attention to the impact of types of 

subjects.  The impact of independent determinants on usage intention is stronger when 

a user performs the behaviour of interest as an individual than when acting as an 

organizational member. This finding contributes to the knowledge of user acceptance 

theories, and provides implication and direction for future empirical research in 

exploring the role of subject as a contingency variable. 

In order to further reveal the relationships between the five determinants, we have 

compared three proposed causal models through MEASEM (MEta-Analysis and 

Structural Equation Modelling) to refine the generic acceptance model. The inclusion 

of inter-relationships among acceptance factors themselves in a user acceptance model 

provides potential explanation on why the correlation coefficient of one determinant to 

the usage intention is greater than the others. This knowledge is important to the 

community of user acceptance analysis, and strengthens the ability of user acceptance 

model in guiding system design and development.  To our knowledge, our study is the 

first of its kind to combine meta-analysis and MEASEM methods in analysing user 

acceptance of technology. Our research enables us to establish a better picture of user 

behaviour in adopting technology-oriented applications. 
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6.1.2. User Acceptance Model Driven Design Process 

In Chapter 4, we introduced our proposed User Acceptance Model Driven Design 

Process (UAMDDP) to enhance existing design approaches by considering user 

acceptance model as a driven source for application design and development. The 

UAMDDP is a conceptual nominal process model for conducting user acceptance 

model driven design. 

The UAMDDP fills the gap between user acceptance model and system design and 

development. While it is a well-established belief that user acceptance models could 

provide guidance to the system/application design and implementation, there is no 

formative process in the literature on how to utilise user acceptance theories to 

improve system/application performance. The lack of a generally accepted process for 

conducting user acceptance driven design make it difficult to apply user acceptance 

theories to guide system design and development. The UAMDDP contributes to the 

user acceptance knowledge base by extending the ability of user acceptance model, 

and provides actionable instructions for practitioners to enhance system/applications 

design that are driven by acceptance theories.  

Three sub-processes have been identified in the UAMDDP: assess sub-process, 

compare sub-process and improve sub-process. The assess sub-process identifies 

system features that can positively influence user acceptance factors while flaws of the 

existing design approach are discovered in the compare sub-process. Finally a better 

design framework to improve the existing design approach is proposed in the improve 

sub-process. The UAMDDP helps to identify and clarify the system requirements that 

are user-acceptance-centric. As the improved design framework has more system 
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features that can contribute to the user acceptance than the existing design approach, a 

system/application that is resulted from the framework implementation should have a 

better chance to get adopted by users. 

Having proposed UAMDDP, we have also examined the acceptance evaluation 

metrics that can be applied, so that the improved design framework resulted from the 

UAMDDP can be compared to the existing design approach in terms of user 

perception of application acceptability. We verified Information Quality and System 

Quality as the measurable object-based beliefs for predicting user acceptance. With the 

identification of evaluation metrics in a specific context, the effectiveness of the 

UAMDDP can be evaluated. Our thesis represents a pioneering attempt to explore 

systematic approaches to system design and development driven by user acceptance 

model. 

6.1.3. Design Framework for Voice-enabling M-commerce 

We have evaluated the UAMDDP in terms of its feasibility and effectiveness in the 

context of speech-enabled M-commerce. Following the UAMDDP conceptual process, 

we have developed an enhanced design framework for voice-enabled m-commerce 

applications. An application of locating and searching for car information is 

implemented for demonstration. 

The design framework for voice-enabling m-commerce applications employs a hybrid 

dialogue strategy, in which application-directed and user-initiated dialogues are used at 

different segments of a discourse. To facilitate a user-initiative strategy at the initial 

request segment of a dialogue, a stochastic language model is required to capture and 
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interpret a user’s initial queries or specifications, which in turn requires generation of a 

corpus. We have proposed a Case-Based Reasoning (CBR) approach for corpus 

generation. The CBR system implements an incremental learning approach, which is a 

new endeavour to achieve a trade-off between the inflexibility of template-based NLG 

and the sophistication of rule-based NLG. Compared with related work, our CBR NLG 

system is unique in three respects: (i) implementing an incremental learning procedure; 

(ii) employing a quantitative distance function to compare semantic structures of 

sentences; and (iii) utilizing the systemic functional grammar for representing syntactic 

structures of sentences. Apart from the CBR approach, a personalization mechanism is 

introduced in the design framework for generating application-directed dialogues, 

which incorporates dynamic user profiling and personalization techniques into a 

decision tree induction algorithm to simplify the construction of personalized 

dialogues. 

The design framework contributes to the practice of speech-enabled m-commerce by 

providing a general voice-enabling approach. The framework provides an effective 

architecture to simplify the voice-enabling of typical m-commerce applications, such 

as mobile shopping and mobile information retrieval. Compared with the speech 

interface framework proposed by W3C, our design framework has the extra features of 

natural language input and personalization, which could contribute to the acceptance 

from users’ perspective. 

6.2. Future Directions 

 
The work described in this thesis represents a pilot study on user acceptance model 

driven design (i.e. the UAMDDP), and has only touched upon some of the issues in 
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relation to the system design and development methodology driven by user acceptance 

theories. The evaluation results of the UAMDDP we attained in the speech-enabled m-

commerce context have been encouraging and have opened up opportunities for 

further study to apply the UAMDDP to other application domains.  

Although tremendous effort has been made to address as many issues of user 

acceptance model driven design as we can, there are continuously times when we feel 

there are some points that have not been dealt with in depth, due to the scope of our 

research. The following will give a flavour for some direct extensions or applications 

to this thesis, and provide a number of suggestions for further experiments in the 

immediate future. 

6.2.1. Empirical Study of the Generic User Acceptance Model 

In preparation for the development of the UAMDDP, we have synthesised a generic 

user acceptance model (see Fig. 3-4) via meta-analysis. This model can be applied to 

conduct empirical field studies to assess the acceptance of specific applications, such 

as a mobile shopping mall. By deploying a mobile shopping mall application in the 

field, where real users can use mobile phones to conduct mobile shopping via voice, 

we can use the generic user acceptance model to analyse the relationships between 

usage intention and acceptance factors.  

The objectives of field tests are three-fold. First, we can validate the performance of 

the application under real working conditions. Second, we can test the application 

based on a number of real callers. Finally, an empirical study can be performed to 

assess user acceptance of this specific type of application. We can simultaneously 
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conduct a survey to evaluate user acceptance of this application after the application 

has been used by the users to perform real tasks for a certain period of time.  

Fig.6-1 presents sample questionnaire items that can be used to measure the five 

determinants and the usage intention that are identified in the generic user acceptance 

model. By conducting empirical studies on the model, we can further assess the fitness 

of the model, as well as refining the model based on the results of those studies.  

 

Perceived Usefulness 
1. Using a speech interface improves the quality of business activity performance. 
2. Using a personalized service enables me to accomplish tasks more quickly. 
3. Using a speech interface helps me find product information effectively. 
4. Using a personalized service enhances my effectiveness in searching for information. 
5. Using a speech interface would make it easier to perform business activities. 
6. Overall, I find the personalized speech interface useful for m-commerce. 
 
Perceived Ease of Use 
1. Learning to interact with the voice system is easy for me. 
2. I find it easy to get information that I want from the system. 
3. My interaction with the system is clear and understandable. 
4. It’s easy to become an experienced user of the system. 
5. It’s easy for me to remember how to perform tasks using the voice-enabled system. 
6. Overall, I find the speech-enabled application easy to use. 
 
Social Influence 
1. My colleagues think that I should use speech-enabled m-services. 
2. My classmates think that I should use speech-enabled m-services. 
3. My friends think that I should use speech-enabled m-services. 
4. People in the society who use the service have more prestige than those who do not. 
5. Using the service is a status symbol in my community. 
 
Affective Attitude 
1. Using the speech-enabled service makes me feel happy. 
2. Using the speech-enabled service makes me feel good. 
3. It would be very desirable for me to use a speech interface. 
4. Using a speech interface for m-commerce is a positive idea. 
5. Consuming speech-enabled services is an appealing idea. 
 
Confidence Belief 
1. The speech-enabled service is trustworthy. 
2. Using speech channels makes me feel safe and secure. 
3. I have the control over the system when performing business activities. 
4. I believe that the likelihood that there will be something wrong with the system is low. 
5. Overall, the speech interface is robust and reliable. 
 
Usage Intention 
1. I intend to use speech-enabled m-services in the future. 
2. Given a choice, I would prefer to use a speech interface. 
3. Given a choice, I would prefer to use a personalized service. 
 

Fig. 6-1 Questionnaire items 
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6.2.2. Application of the UAMDDP to Other Domains 

The UAMDDP is a conceptual process that should be applicable to different 

application domains. In our research, we have selected speech-enabled m-commerce as 

the context to demonstrate and evaluate the feasibility and effectiveness of the 

UAMDDP. Our evaluation results are encouraging, as it does show that utilisation of 

the UAMDDP can improve the performance of applications in terms of a set of metrics 

that can be utilised for acceptance prediction.  

There are many other systems/applications that have low adoption rates due to users’ 

resistance. For example, m-commerce applications based on visual interfaces, such as 

WAP (Wireless Application Protocol)-based mobile phones, also have moved very 

slowly contrary to the initial expectation and market prediction. This type of m-

commerce applications has suffered from the limitation and restriction of the visual 

screen available for mobile phones, and hence it requires special design considerations 

during the application implementation and development. It would be an interesting 

research topic to explore the potential of utilising the UAMDDP to improve the design 

and development of WAP-based m-commerce applications. Similar to the procedures 

that we have done in this thesis, i.e. assess, compare and improve sub-processes, the 

current state of the art of WAP-based m-commerce applications can be investigated to 

understand the current design framework for this type of applications. By identifying 

the application features for WAP-based m-commerce that can positively influence user 

perception of application acceptability, and comparing to those available in the current 

design framework, we can figure out the flaws of the current design solution. This will 
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provide actionable instructions on how to improve the current design in order to 

increase user acceptance opportunities. 

6.2.3. Further Enhancement of the Design Framework 
 
 
As a result of the demonstration and evaluation of the UAMDDP in the context of 

speech-enabled m-commerce, we have introduced our proposed design framework for 

voice-enabling m-commerce applications, which incorporates natural language input 

and personalization features. In future research, we envisage that some enhancements 

can be done to improve the robustness of the design framework. 

For example, we believe the personalization mechanism can be made better if we 

refine the Product Popularity Model, which predicts a popularity value for each 

product in the catalogue in relation to a particular customer. The popularity value is 

only based on the customer’s own browsing and shopping experience. If the customer 

interacts sparsely with the application, many products in the catalogue might never be 

browsed, selected for a shopping cart or purchased. Therefore, many products might 

have popularity values of zero. This problem can be resolved for by collaborative 

filtering. A collaborative-filtering approach predicts the popularity of products for a 

customer based on the experience of other customers. This method compares the 

customer j’s popularity vector with those of all other customers. Then a weighted 

average of all the other customers’ popularity values is used as a prediction for the 

customer. While collaborative-filtering techniques can provide a better prediction for 

popularity, it is not applicable for a new customer, where there is no existing 

popularity vector. In such circumstances, clustering techniques might be employed. 
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Cluster models divide the customer base into many segments, and classify a new 

customer into one of the segments based on similarity. Then the average popularity 

value for other customers in the same segment can be used to predict this customer’s 

preferences. 

We also envisage that the CBR-based system introduced in the design framework can 

be utilised for generating Text-to-Speech output. When the system successfully 

captures a user’s preference specifications, the application will narrow down the search 

space and finally reach one specific product that can meet the user’s needs. Next, a 

product description will be presented to the user.  The aim of the product description is 

to catch the user’s attention by presenting the most appealing features of the product. 

Here we present two examples of product descriptions in the car city application 

domain. 

 
[2006 Accord Sedan EX V-6] 
The Accord EX V-6 Sedan is a 244-hp, 3.0-liter VTEC marvel, adding to the LX 
V-6, it gives you a leather-trimmed interior, heated front seats, a dual-zone 
automatic climate control system, XM Satellite Radio, HomeLink remote system, 
and available Honda Satellite-linked Navigation System with voice recognition. 
 
 
[2006 Accord Sedan LX] 
For the ultimate combination of performance and value, the Accord LX Sedan 
should be at the top of everyone’s list. In addition to its 166-hp, 2.4-liter I-
VTEC 4 cylinder engine, it sports a 120-watt AM/FM/CD audio system with 6 
speakers, power mirror, map lights and illuminated steering wheel-mounted 
controls. 
 
(Source: http://www.honda.com, last accessed on October 10, 2005) 
 

From the above examples we can see that the product description is the result of a 

process which selects some features of the product and then constructs a paragraph to 

link these features together. Traditionally these product descriptions are created 
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manually and stored in a pre-recorded audio file. When the information delivery stage 

of a conversation is reached, this file can be presented to the user.  

We believe that such product descriptions can also be generated through a Case-Based 

Reasoning NLG system. The NLG approach can save time in manually creating and 

maintaining these product descriptions, and consequently speed up the delivery of the 

application. Through examining the features of car models that are selected to 

construct the product descriptions, we found that all car models can be described by a 

set of features, such as engine, transmission, electronic settings, audio system, interior, 

and exterior. If we can collect a set of car descriptions as the sample set, we can 

generally analyse the syntactic structure of sentences and the discourse structure of the 

paragraph. This set of descriptions will become the case base for the CBR NLG system.  

When a new car model with a set of features enters the CBR system as an input, a case 

from the case base can be retrieved for comparison with the input in terms of the set of 

features. By applying a distance function and a threshold, we can determine whether 

the case is worthy of adaptation. The adaptation process will be more complicated 

compared to the system described in our thesis, as it requires generating a paragraph 

rather than a sentence. More studies need to be done in future research to clarify the 

procedures of the adaptation process.  
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Appendix C  

Model Testing with LISREL 

C.1. Common Commands for LISREL Command Files 

Specifying the data 
 
DA command is usually used to define the following features of the data: 
             NI = number of input variables (default =0) 
             NO = number of observations 

 MA = the type of matrix to be analysed, which usually can be CM (covariance 
matrix) or KM (correlation matrix) 

LA command is used to assign labels to the variables being analysed.  
RA command is used when raw data is read into the LISREL program. 
CM or KM command tells LISREL to read a specified matrix. The form of the matrix 
can also be specified, which can take values of SY (symmetrical matrix) or FU (full 
matrix). 

Specifying the model 
 
MO command is used to specify the features of the model, such as: 
           NY = number of observed endogenous variables 
           NX = number of observed exogenous variables 
In the MO command, the following pattern can be used to specify the form of a matrix: 
          MN = AA, BB where MN = the name of the matrix 
                                     AA = the form for the matrix, such as DI(diagonal) or FU (full) 
                                     BB = either FI (fixed) or FR (free) 
FI command is used to modify the status of individual elements of a matrix by setting 
them to be fixed values. 
FR command is used to modify the status of individual elements of a matrix by setting 
them as free (to be estimated). 
Specifying the output 
 
OU command is used to specify the estimation method and output format by the 
following keywords: 
            ML = maximum likelihood 
            GL = generalized least squares 
            DL = diagonally weighted least squares 
            AM = automatic model modification 
             SS = standardised solution 
             MI = modification indices 
             TO = print 80 characters/line 
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C.2. Procedures of Model Fit Testing Using LISREL 

STEP ONE: Derive the LISREL matrices from the model. For example, in Model 3 

(see Figure 3-3 in Section 3.3.2), there are three exogenous variables and three 

endogenous variables. The three exogenous variables are PEOU, SI and CB, while the 

three endogenous variables are UA, AT and PU. All of them are observed variables. 

Consequently, the corresponding matrices in the structural equation model can be 

derived, as is shown in the following figure.  

Matrix BE (relates endogenous to endogenous) 
 UA AT PU 

UA Fixed Free Free 
AT Fixed Fixed Free 
PU Fixed Fixed Fixed 

 
Matrix GA (relates exogenous to endogenous) 

 PEOU SI CB 
UA Fixed Free Free 
AT Free Free Free 
PU Free Free Free 

Note: Free means there is a path between two variables in the model, and Fixed means there is 
no path between two variables.  

 

STEP TWO: Given the above analysis of the matrices, we create the corresponding 

LISREL command file for Model 3 to compute the model fit indices. The command 

file is presented in the figure below. 

 

 

 

 

 

 

 

TI Service Acceptance Model 3 
DA NI=6 NO=1196 MA=KM 
KM SY 
1.0 
0.53 1.0 
0.48      0.51   1.0 
0.41      0.47    0.51     1.0 
0.41      0.41    0.31     0.25    1.0 
0.40      0.40    0.55     0.49     0.35     1.0     
LA ‘UA’  ‘AT’  ‘PU’  ‘PEOU’  ‘SI’  ‘CB’ 
MO NX=3 NY=3 PS=DI, FR BE=FU, FI GA=FU, FI 
FR GA(1,2) GA(1,3) GA(2,1) GA(2,2) GA(2,3) GA(3,1) GA(3,2) GA(3,3) 
FR BE(1,2) BE(1,3) BE(2,3) 
OU ML TO MI SS TV EF 
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In the command file, we specified that the PS matrix is a diagonal matrix that is freely 

estimated. Following Kelloway’s (1998) convention, we always first declare that both 

GA and BE are full and fixed, and then explicitly tell LISREL to free some of the 

elements in them for estimation.  

STEP THREE: The same procedures are applied to generate LISREL command files 

for Model 1 and 2 (see Figure 3-3 in Section 3.3.2).   
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Appendix D 

Review of Personalization and Natural Language Handling 

D.1. Review of Personalization Research 

D.1.1. User Profiling 

Research in user interface design has demonstrated that a single structure fails to 

achieve broad satisfaction for all users due to users’ different background and intention 

(Kohrs and Merialdo 2001). Personalization generally refers to making an application 

more responsive to the unique and individual needs of each user (Cingil et al. 2000; 

Mobasher et al. 2000; Perugini and Ramarkrishnan 2003). A Web application is 

personalized if a user can interact with the site in a customized experience to achieve 

his/her information-seeking goals. Therefore, the best approach for personalization is 

to personalize the user’s interaction (Perugini and Ramarkrishnan 2003), or in other 

words, to provide a personalized interface for the user. Since mobile users are normally 

in a time-critical situation, personalized information becomes even more essential in 

the context of m-commerce (Cingil et al. 2000). 

In order to achieve personalization, an m-business must understand the desire and 

behavioural intention of individual customers. This typically involves collecting 

information from customers explicitly or implicitly. User profiling refers to the process 

of aggregating the collected information to form profiles of individuals for 

personalization. There are two types of profiling techniques: static and dynamic. 
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Static profiling refers to the process of analysing users’ static and predictable 

characteristics. The information in the static profiles is usually provided by users 

themselves. Typically, a business may collect a user’s personal information upon 

registration. A registration form is presented for the user to enter a simple profile. In 

addition, e-businesses may explicitly ask their customers to specify interests and 

preferences. For example, customers may be asked to rank products or services. These 

ratings are then used to predict users’ future buying habits. Static profiling techniques 

have been employed in some studies (Boll 2002; Pargellis et al. 2004).  Personalization 

that relies solely on static profiling attracts many criticisms. First, the profiling process 

obtrusively requires customers’ inputs. Second, static profiles can only reflect users’ 

temporary interests and preferences, and is valid for a certain period of time. Thus, the 

performance of personalization degrades over time if users change their interests. 

Finally, static profiles are prone to users’ subjectivity and may not accurately represent 

their actual shopping and browsing behaviour. 

Dynamic profiling on the other hand refers to the process of mining users’ online 

usage to predict their interests and preferences. User profiles are dynamically 

generated, based on users’ navigation and transaction records, and thus do not degrade 

in quality over time. Dynamic profiling, as is advocated by many researchers (Cho et 

al. 2002; Datta et al. 2001; Kohrs and Merialdo 2001; Mobasher et al. 2000), can 

outperform its static counterparts in providing effective personalization.  

D.1.2. Decision-Tree Models for E-catalogues 

In order to understand and trace users’ navigation behaviour for dynamic profiling, it is 

first necessary to model interactions between users and the Web application of an 
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electronic/mobile commerce site. Yang et al. (2000) believe that the most significant 

task of organizing a web site is to construct the online catalogue, and a user’s 

interactions with the system can be regarded as the navigation through the catalogue.   

Datta et al. (2001) introduce a model that simultaneously supports the notion of an e-

catalogue as well as the notion of user navigation. In their model, product catalogues 

are presented as taxonomies in which leaf nodes represent product instances and 

internal nodes represent various hierarchical product groupings. Figure D-1 shows a 

product catalogue for a CarCity.com. The leaf nodes are car models, and the internal 

nodes are categories and subcategories of cars in the catalogue. 

        

 

Fig. D-1. An example of product taxonomy 
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The Datta et al.’s (2001) model defines the following two notions for catalogue and 

user navigation, respectively: 

• Catalogue. A catalogue is a labelled, directed and acyclic graph with leaf 

nodes and internal nodes. Each node represents a web page. A node N is 

defined as a 5-tuple 〉〈 ADPCL ,,,, where: 

i. L is unique label for the node, e.g., Toyota. 

ii. C is the set of child nodes of N. 

iii. P is the set of parent nodes of N. 

iv. D is a descriptor for the node N, containing pointers to objects that 

construct the page, such as links, text, images, and forms. 

v. A is a set of permissible actions that users can take on the node, including 

navigation, buy, un-buy, check-out, form-submission, and departure. 

• User Navigation. Since web pages simply represent different views of the 

product catalogue, a user who navigates a site traversing the catalogue. User 

interaction is modelled as a sequence of actions (clickstreams). Consequently, 

a typical user navigation can be represented as 

〉〈 DBNNNN TdCorollaToyotacomCarCity ,,,...,,, 2Re. , where Ni denotes navigation to 

node i, Bj denotes buying item j, and D means leaving the web site. 

Catalogue models based on conceptual taxonomy have also been mentioned in other 

studies (Cho et al. 2002; Lausen and Marron 2002; Liu et al. 2001). The major 

problem with this type of models is that the catalogue cannot be automated and is 

difficult to construct. Since the catalogue conforms to a traditional classification of 

products, it has to be done manually. Yang, Sung and their colleagues (Sung et al. 

2002; Yang et al. 2000) argue that this manual approach would be very time 

consuming as e-catalogues get bigger. For example, there are 4320 categories with 

450,000 items added each day on eBay (Yen and Kong 2002). Similarly, the product 
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taxonomy of Safeway includes approximate 30,000 product classes (Lawrence et al. 

2001). Even a small computer shop website can have more than one hundred items. 

Constructing e-catalogues by hand is no longer effective or even feasible when dealing 

with a large amount of information. Therefore, Sung et al. (2002) propose a decision-

tree model for e-catalogues, which has the potential for automatic construction.  

The Sung et al.’s (2002) model envisions an e-catalogue as a tree in which leaves 

represent the product pages and the internal nodes correspond to navigational pages. 

User navigation can then be simulated as a decision-making process. A user’s decision 

about which link to follow depends on the features (attributes) of products that interest 

him/her. The Sung model also defines two notions: 

• Product Page. A product page p represents a product class in the catalogue. 

All product pages (P) are characterised by the same set of non-null attributes 

(features) A. Each product class differentiates itself from others by its set of 

corresponding attribute values. 

• Catalogue Tree. A catalogue tree T = (N, E) where N is the set of nodes and 

E is the set of edges that have the following properties: 

i. Every product page is mapped to a unique leaf node in N. 

ii. Each internal node in N is labelled by an attribute in A. 

iii. For each edge e = (u, v), where u is the parent and v is the child node. 

If u is labelled by an attribute a, then the edge e must be labelled by a 

valid attribute value of a. 

iv. Each product page p can be uniquely identified by a set of attributes 

from the root to p. 

For comparison, we present the decision-tree catalogue for the CarCity.com in Figure 

D-2. 
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Toyota Honda

…...

Sedan Hatchback Wagon Hardtop

Red

Manufacturer

Body Style Body Style

Colour Number of Doors Colour Price

P1 P2 P3 P4 P5 P6 Pn-1 Pn

…...…...

Blue Two Four
Black White <20,000 >=20,000

 

 
Fig. D-2. Decision-tree based e-catalogue 

 

Decision tree learning is one of the most widely used and practical methods for 

supervised machine learning (Mitchell 1997, p52).  The fundamental objective of 

decision tree learning is classification — assigning instances to predefined categories 

or classes that are determined by their properties. In a decision tree model, properties 

of instances are called attributes, and the predefined categories or classes are called 

label classes. Decision trees classify instances by sorting them down the tree from the 

root to leaf nodes. Each internal node in the tree represents a test for the value of an 

attribute, and each branch descending from that node corresponds to one of the 

possible values. Leaf nodes represent a set of label classes.  

The characteristics of decision tree models can therefore be described as follows: 

• All instances can be represented by attribute-value pairs.  

• The label class and all attributes (independent variables) should have discrete 

values or their values can be categorised into discrete categories. 
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• Each path from the tree root to a leaf corresponds to a sequence of attribute 

tests, and the tree itself to a collection of these paths.  

• A decision tree can be used for classification as well as prediction. The label 

class of a new instance can be predicted by its set of attribute-value pairs. 

Decision trees can be constructed automatically through induction algorithms. There 

are some classical decision tree induction algorithms, such as CLS (Hunt et al. 1966), 

ID3 (Quinlan 1983) and C4.5 (Quinlan 1993). Given the same set of training cases 

with the same set of attributes and predefined classes, the structure of the resultant 

decision tree is determined by the selection of test attributes. Once an attribute has 

been chosen for testing, the choice is cast in concrete and the consequences of 

alternative choices are not explored. For this reason, the criterion for attribute selection 

is very important to tree induction. Hunt et al. (1966) suggest that metrics based on 

information theory might have advantages, but did not fully explore the capability of 

information theory based methods.  

With the inception of ID3 and C4.5, information-based criteria have been widely 

accepted for attribute selection. The original ID3 algorithm introduced a criterion 

called information gain (Quinlan 1983). The information gain criterion has a serious 

deficiency that it prefers attributes with many outcomes. In order to compensate this 

drawback, another criterion called gain ratio is introduced by Quinlan (1993) for ID3 

and C4.5. Quinlan (1983) suggest that the gain ratio criterion is robust and consistently 

selects a better attribute test than the information gain criterion (Quinlan 1993).  

Although classical decision tree induction algorithms provide a general approach for 

constructing tree-based e-catalogues, the criteria for selecting attributes for partitioning 
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and for tree evaluation are inappropriate for our purpose. In our development of a 

personalized e-catalogue for speech-enabled m-commerce applications, we introduce 

the concept of product popularity. The popularity of products can be assigned numeric 

values through user profile modelling. We choose the popularity of products as the 

label class for tree-based catalogues. We then can compute the average depth of a tree 

weighted by popularity value. This metric generally measures to which extent that a 

user can find popular products easier than unpopular products.  Thus, personalization 

becomes our criterion for tree evaluation.  

D.1.3. Discretization 

Discretization is an important pre-process during the decision-tree induction. 

Discretization refers to the process that partitions numeric variables into a number of 

sub-ranges and treats each such sub-range as a category. In essence, a discretization 

method splits the values of a continuous attribute into a small set of intervals. Each 

interval is represented as [ ul BB , ], where Bl  and Bu are the lower and upper bounds of 

the input attribute’s values within the interval. Discretization is usually done by two 

steps. In the first step, values of the input attribute are sorted. Then, a discretization 

algorithm is applied to the sorted values to produce a set of ordered intervals. In most 

tree induction algorithms such as ID3 or C4.5 (Quinlan 1983, 1993), the processing of 

continuous attributes is much slower than that of categorical attributes. Therefore, 

though we can perform the discretization process within a tree induction algorithm, it 

would be more reasonable to separate it as a data pre-processing procedure to speed up 

the tree induction process. 
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Discretization methods can be generally classified into two groups: supervised (class-

driven) and unsupervised (class-blind). Supervised discretization methods consider 

label class information while unsupervised approaches discretize a given attribute 

without looking at the values of the label class attribute. As development of a 

discretization method is out of our thesis scope, we intensively review prior relevant 

research to search for the most commonly used methods for discretization.  

 

Unsupervised Discretization 

(i) Equal Width Interval Binning 

Equal width interval binning is probably the simplest approach for dicretization and 

has been widely applied as a basic means to yield categorical values from continuous 

ones. It involves sorting the observed values of a continuous attribute and dividing the 

range of observed values for the attribute into K equally sized bins, where K is the arity 

supplied by the user. If an attribute A is observed to have values bounded by mina and 

maxa , respectively, then we can compute the bin width: 

k
aa minmax −=∆                                                                            (D.1) 

and construct bin boundaries (cut-points) at ∆+ iamin , where i =1, 2,…, K-1.  

(ii) Equal Frequency Interval Binning 

Equal frequency interval binning divides a continuous attribute into K bins with the 

number of instances. Given a set of instances with a size of m, each bin should contain 

m/K adjacent values.  
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Both methods can be applied to each continuous attribute independently. They are 

simple and easy for computation, and do not require any instance class information. 

However, they are also vulnerable to some specific circumstances. For instance, equal 

width interval binning is vulnerable to outliers. If there is an outlier that takes an 

extreme value, it can dramatically skew the range. For equal frequency interval 

binning, if there are many occurrences of the same value, they might be forced to go 

into different bins.  

Supervised Discretization 

Since unsupervised methods do not use instance class information to determine 

partition boundaries, it is likely that classification information might be lost by binning 

as a result of integrating values that are strongly associated with different classes into 

the same bin (Kerber 1992). Therefore, researchers sought to combine class 

information with the input values of attributes to determine intervals. Such approaches 

are coined “supervised discretization”. A typical supervised discretization method is a 

linear process that consists of the following three stages: 

• Sorting: The continuous values for an attribute are sorted in either descending 

or ascending order. 

• Splitting/Merging: There are generally two approaches to split the range of 

ordered values into intervals: top-down or bottom-up. Top-down approaches 

start with an empty list of cut-points and continue to generate new cut-points 

to split intervals. Bottom-up methods begin the process with a complete list of 

all the values of the attribute as cut-points, and later merge adjacent intervals 

to reduce the cut-point space.  
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• Termination: The splitting or merging operation is recursively applied until a 

stopping criterion has been satisfied. The stopping criterion usually is a trade-

off among arity size, classifier quality, and computational efficiency.  

A variety of supervised approaches have been introduced in the literature. They can 

generally be categorized into four groups: 

• Binning-based Methods, such as Holte’s (1993) 1R 

• Entropy-based Methods, such as ID3 and C4.5 (Quinlan 1993) 

• Association-based methods, such as Zeta-D (Ho and Scott 1997) 

• Chi-square-based methods, such as ChiMerge (Kerber 1992) 

These methods are different in several respects, such as employment of top-down or 

bottom-up strategy, evaluation measurement for the best cut-point, and stopping 

criterion. As supervised methods strongly rely on class information for discretization, 

empirical studies suggest that there is no general guidance on which method would be 

the best for a classification application. It is subject to the data set of that application to 

determine the selection of an adequate method.  

D.1.4. Feature Subset Selection 

In real world applications, the number of features that are used to describe products 

could be very large. It is not uncommon that the popularity of products to a customer 

depends only on the values of a small set of features. Therefore, it is a good practice to 

select only features that are relevant to the classification objective. Feature subset 

selection (FSS) has received considerable attention from data-mining and machine 
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learning researchers. Its benefit is two-fold: reducing the tree induction time and 

improving the quality of the resultant tree.  

Based on the methods that are employed to evaluate the goodness of feature subsets, 

the FSS methods can be classified into two categories: wrapper approach and filter 

approach. A filter is independent of the learning algorithm while a wrapper is 

intertwined with the classification task. Wrapper approaches utilize the classifier’s 

accuracy as the performance measure for feature subsets. That means we seek to build 

a classifier that can result in the highest predictive accuracy. In a wrapper model, for 

each subset of features, a classifier is generated from the training data with selected 

features. Its predictive accuracy is computed and the feature subset with highest 

accuracy is chosen. 

A filter model does not rely on the classifier to determine the selection of features. 

Instead, it utilizes other criteria, such as information gain, distance measure, 

dependency measure, or consistency. No classifier is engaged in the selection process. 

The selected subset of features is then applied to generate a classifier for evaluation. 

Liu and Motoda (1998) compare filter and wrapper approaches and claim a filter has 

more advantages over a wrapper due to the following characteristics: 

• A filter relies on the intrinsic properties of the training data rather than a 

particular classifier. Consequently the selected features can be applied to 

different classifiers. 

• Computing metrics such as information gains, distance, dependency, or 

consistency is less time-consuming compared with measuring the predictive 

accuracy of a classifier.  
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• Taking filtering as a pre-processing procedure, the classifier can accomplish its 

learning much faster due to the reduced size of features for the training data. 

We support Liu and Motoda’s (1998) claim and take the FSS function as a filtering 

process in our research. For filtering approaches, feature selection can be regarded as a 

search problem (Liu and Motoda 1998). Given a set of data described by N features 

{ }NAAA ,...,, 21 , we can denote a subset of features as ( ))(),...,(),( 21 NASASAS , where 





=
excludedisAif

includedisAif
AS

i

i
i ,0

,1
)(  

There are totally N2 subsets for evaluation, where the subset of all 1s represents a full 

set of features while the subset of all 0s is an empty set. The selection is a process to 

search for a subset that can best satisfy a predefined condition. Thus, employing 

different search procedures (directions) and strategies would result in different 

solutions, as well as the predefined condition (evaluation measure). 

There is a wealth of algorithms for feature subset selection, such as Focus (Almuallim 

and Dietterich 1991), Relief (Kira and Rendell 1992), LVF (Liu and Stiono 1996), and 

ABB (Liu et al. 1998). Focus (Almuallim and Dietterich 1991) is a method that 

employs the top-down search direction and brute-force strategy. It considers all 

possible combinations of N features starting from an empty set. When a subset is found 

to satisfy the consistency measure, the algorithm terminates. Focus is an exhaustive 

forward search algorithm. Consequently the run-time computational cost can be 

prohibitive if N is large.  
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LVF (Liu and Setiono 1996) adopts the random search direction and non-deterministic 

search strategy. It consists of a random procedure that generates random subsets of 

features. An evaluation measure is employed to check if each subset can satisfy the 

predefined inconsistency rate. As the algorithm chooses a random strategy, there 

would be no guarantee that an optimal subset can be found. 

Relief (Kira and Rendell 1992) choose features that are statistically relevant. Relief 

computes a weight for each feature to reflect its ability to differentiate instances with 

regard to the class label, and then chooses those features with weights that exceed a 

pre-determined threshold. Relief has been proven to be effective for independent 

features as well as features with strong dependencies, but two problems remain 

unsolved: (i) it is only capable of handling two-class data sets; (ii) it is ineffective to 

eliminate redundant features (Liu and Motoda 1998). 

The ABB (Automatic Branch & Bound) algorithm (Liu et al. 1998) employs a bottom-

up search direction and a breadth-first brute-force strategy with inconsistency rate as 

the evaluation measure. It starts from a full set of features, and then removes one 

feature at a time until no more features can be removed while the inconsistency 

criterion is still satisfied.  

D.2. Review of Natural Speech Interface Research 

D.2.1. Application-directed Spoken Dialogue Systems 

Spoken dialogue systems are defined as computerised systems with which users 

interact on a turn-by-turn basis and can use natural language for communication 
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(Fraser 1997). Application-directed spoken dialogue systems restrict users in what they 

can say and how they can say things in order to increase recognition accuracy. The 

system maintains control of the dialogue, produces prompts at each dialogue turn, 

recognizes specific words or phrases in response to the prompt, and performs actions 

based on the recognised response.  

A spoken dialogue system typically consists of three core components: speech 

recognition, dialogue management and speech synthesis. We exclude speech synthesis 

from our review as it is out of our scope.  

A typical speech recognition system for application-directed dialogues is shown in 

Figure D-3. The objective of the speech recognition engine is to convert user 

utterances into text. It does this by taking into consideration the words and phrases 

specified in the active grammar, along with the acoustic models for those words and 

phrases. In the past three decades, the most well-known and widely used method for 

acoustic modelling is the hidden Markov model (HMM) approach, in which speech 

signals are characterised as a parametric random process (Jurafsky and Martin 2000; 

McTear 2002; Rabiner and Juang 1993). Hidden Markov modelling has been widely 

adopted by most modern speech recognition systems, including Dragon speaking 

language systems, IBM ViaVoice engines and the SPHINX system by CMU 

(http://cmusphinx.sourceforge.net). In our thesis work, we use voice browsers from 

IBM for implementation and testing of our selected speech-enabled m-commerce 

application. 
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Fig. D-3. Speech recognition for application-directed dialogues 

 

The main task of the dialogue management component is to control the dialogue flow. 

This includes determining if further information is required from the user, retrieving 

necessary information from external sources, and communicating information back to 

the user. For application-directed dialogue management, the dialogue manager guides 

the user to perform a specific job and is in control of the interaction. This uses a menu-

driven approach to help the user complete a task by asking for information at each turn 

of the dialogue. To increase the flexibility of speech interfaces, a dialogue manager can 

collect information from the user on a random basis, which means users can take the 

control to specify the items of information at one utterance or one by one.  

The primary way in which a dialogue manager controls the activity of a recognition 

engine is through control of its grammars. One of the key functions for dialogue 

management is to manage the active grammars for voice recognition at runtime. 
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Currently there are three grammar formats that have been widely supported: ABNF 

and XML form defined by W3C, and JSGF (Java Speech Grammar Format). They are 

all referred to as rule-based grammars, which come from context-free grammar 

(Jurafsky and Martin 2000). A context-free grammar consists of a set of rules or 

productions, expressed over a set of non-terminal symbols and a set of terminal 

symbols.  It is defined as a 4-tuple 〉Σ〈 SRN ,,, : 

• A set of non-terminal symbols N. 

• A set of terminal symbols Σ. 

• A set of rules R, each of the form γ→ℜ , where ℜ is a non-terminal and γ is 

a string of symbols from the infinite set of strings ∗∪Σ )( N . 

• A designated start symbol S. 

To demonstrate a typical context-free grammar, we present an example grammar in 

JSGF that allows users to specify their interests of cars (Figure D-4). 

#JSGF V1.0; 
//define a name for the grammar 
grammar UserSpecification 
//define rules for the grammar. Rules are specified in regular expression, where [ ] 
means //optional, * means zero or more, and | represents or operation. 
 
public <UserSpecification>=[<Polite>] <Object><Conjunction><feature>(and 
<feature>)*; 
<Polite>=I would like to buy|I prefer|I want to have; 
<Object>=a car|cars; 
<Conjunction>=with|in|that has|that have; 
<feature>=four doors|two doors|red color|white color|black color|blue color; 
 

Fig. D-4. An example grammar in JSGF 

Rule-based grammars impose significant restrictions on what can be said by the user. 

Consequently their use in application-directed dialogues can achieve good recognition 



 
 

256 

accuracy. However, they can never achieve truly natural of spoken language. In order 

to satisfy users’ expectations for communication, alternative grammars are required for 

continuous speech recognition so that users can express themselves in full sentences 

rather than words or phrases. To enable natural language input, corpus-based statistical 

N-gram grammars are required, which is the focus of our review in the next section.  

D.2.2. Stochastic Language Modelling 

Language models used in speech recognition can be generally classified into rule-

based models and stochastic models. These two types of models differ in their ability 

to reduce the search space. The more a model reduces search space, the less it may be 

flexible and general (Becchetti and Ricotti 1999). Rule-based models (context-free 

grammars) provide an excellent way to simplify the recognition process, but they are 

not versatile enough. User interaction with systems based on rule-based models is 

unnatural as the user is forced to use only a finite set of patterns for expression. In 

addition, ungrammatical phrases cannot be recognized no matter how frequently they 

are spoken. Therefore, rule-based models are more suitable for application-directed 

dialogues. For the recognition of continuous speech or natural language, stochastic 

language models are more appropriate. Stochastic models differ from rule-based 

grammars in that they rely on statistical information to predict word sequences, so that 

they can offer great flexibility in recognizing users’ utterances in natural language. 

Continuous speech recognition involves finding a sequence of words, W, that has the 

maximum a posteriori probability, given an acoustic observation sequence Ω  that is 

derived from the speech signal: 
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According to Bayes’ Rule, 
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As )(ΩP is independent of W, we have the following formula for the recognition 
process: 

)].()|(maxarg[* WPWPW
W

Ω=                                                                (D.4) 

The first probability, )|( WP Ω , is called the acoustic model, as it estimates the 

probability that a sequence of words W would produce an observation Ω. The standard 

approach for acoustic modelling consists of three steps: (i) developing statistical 

models for subword speech units, such as phonemes, diphones, and triphones (Rabiner 

and Juang 1993); (ii) building up word models from these subword units; and (iii) 

finally postulating word sequences and evaluate the probabilities through standard 

concatenation methods.  

The second probability, P(W), is generally called the language model, as it represents 

the probability associated with a sequence of words. The acoustic model is usually 

provided with the recognition engine. Thus it is out of the scope of application 

developers. We focus on language modelling in our review. 

The probability of a string of words W, which can be represented by (w1, w2, …, wn), 

can be calculated as: 

)...|()...|()|()()( 1321213121 −= nn wwwwwPwwwPwwPwPWP               (D.5) 

If we use the Markov assumption that the probability of a word depends only on the 
previous N-1 words, then: 
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)...|()...|( 1211321 −+−+−− = nNnNnnnn wwwwPwwwwwP                               (D.6) 

Such a stochastic language model is called the N-gram grammar. The most commonly 

used models are bigram (N=2) and trigram (N=3) grammars. The standard approach 

for language modelling is to derive the prior probability of a sequence of words from 

an analysis of a language corpus (McTear 2002). Given a corpus that is a collection of 

a huge amount of text or speech, the required prior probabilities can be obtained by 

counting the occurrences of words, bi-words, tri-words, etc. Since the beginning of the 

1960’s, numerous corpora have been introduced in the literature. According to the 

purpose of a corpus, samples may be collected from printed prose, transcribed dialogue, 

speeches, personal letters or theatre plays (Godfrey et al. 1992).  

Stochastic language models have achieved significant success in continuous speech 

recognition since the last decade (Becchetti and Ricotti 1999). The use of corpora for 

stochastic language modelling has proven to be effective (Jurafsky et al. 1994; Lesher 

et al. 1999; Rudnicky et al. 2000). Although very lager corpora like BNC (the British 

National Corpus), which has a size of 100 million running word forms, have been built, 

such corpora are not appropriate for every application. For a specific application, a 

corpus pertaining to its domain could be more effective and efficient. However, 

constructing a corpus for a specific domain is a difficult task.  

As stated above, a speech corpus is usually built through collecting conversational 

records for a long period of time. This approach is complicated. It is also impossible 

for a new application domain, given that there is no pre-knowledge on how users 

might communicate with the application. Another alternative is to gather many 

potential users to interact with the system before its deployment, so that sufficient 
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speech transcripts can be accumulated to form a corpus. This approach was employed 

in Jurafsky and colleagues’ study (1994). The drawbacks of this method are the 

difficulty of finding such a group of users and the time-consuming nature of the 

process.  Lesher and Sanelli (2000) conducted a study to explore the effectiveness of 

Web-based text corpus generation. Although the proliferation of eText has made the 

collection of textual materials easier than ever, Thompson (2000) argued that actually 

locating eText appropriate to your need from the Internet is quite difficult. Moreover, 

in the context of conversational systems, the suitability of corpora that has been only 

collected from the Internet is controversial due to the differences between written text 

and spoken language. In our thesis, we propose a new approach for corpus generation. 

The approach involves learning a small sample set from an existing corpus that 

pertains to the application domain, and then expanding the sample set to a full corpus 

through Case-Based Reasoning NLG. 

D.2.3. Natural Language Generation 

NLG is the process of constructing natural language output from non-linguistic input 

(Jurafsky and Martin 2000; McDonald 2000). A typical NLG system consists of a 

planning component and a surface realization component (Jurafsky and Martin 2000; 

Noord and Neumann 1997).  

• Content Planner — this component includes the discourse planner and 

sentence planner. The discourse planner is to determine what contents should 

be conveyed in the generated text, while the sentence planner deals with issues 

like lexical selection, aggregation and referring expression generation.  
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• Surface Realizer — the surface realization component generates ordered 

sequences of words as constrained by the contents that have resulted from the 

planning component. It transforms a non-linear representation of contents into 

grammatically correct surface texts.  

 

In our thesis, we explore the possibility of generating speech corpus that pertains to 

users’ specifications and queries. Therefore, we focus on the surface realization of text 

at the sentence level.  In the past three decades, research on surface realization has 

been dominated by two approaches: template-based and rule-based (Becker and 

Busemann 1999; Hovy 1997; Reiter 1995). The template-based method refers to a 

process that makes extensive use of a mapping between semantic structures and 

representations of linguistic structures that contain gaps. In the beginning template-

based generation systems simply manipulate character strings by filling gaps in the 

predefined templates with the information specified by either the user or the 

application at run-time. They use little, if any, linguistic knowledge (Reiter 1995). 

Later on, more advanced templates that include linguistic knowledge have been 

introduced for surface realization. Van Deemter et al. (1999) introduced a syntactic 

template that is represented as 4-tuple 〉〈 TCES ,,, , where S is a syntactic tree with 

open slots in it; E is a set of links to additional syntactic structures (noun phrases and 

prepositional phrases) that can be substituted in the slots of S; C refers to a condition 

on the applicability of the template; and T is a set of pre-determined topics. 

Channarukul et al. (2000) proposed a template-based text-realization system called 

YAG, which incorporates context-free grammars to enhance the flexibility of text 

generation.   
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Although the template-based method for generation is one of the most widely-known 

approaches, the debate on the suitability of template-based generation has never 

stopped (Busemann 1996; Reiter 1995; Van Deemter 1999). Since most template-

based systems are restricted to string manipulations with limited linguistic knowledge, 

their adaptability and maintainability in complex domains are in doubt. Consequently, 

methods using sophisticated linguistic grammars for generation have become the 

highlight of research. These approaches are generally called rule-based or grammar-

based NLG. The most influential grammars for rule-based approaches include 

Systemic Grammar (Halliday 1985), Functional Unification Grammar (FUG) (Kay 

1984), Word (Dependency) Grammar (Hudson and Langendonck 1991) and Tree 

Adjoining Grammar (TAG) (Joshi 1987). These approaches use sophisticated 

linguistic knowledge to represent the syntactic structure of a sentence.  

The rule-based methods for sentence generation require the system to either have a 

declarative representation of concepts for the input, or a syntactic representation of the 

sentence (Reiter 1995). Such knowledge bases might not always be available for an 

application. In addition, the complexity of linguistic grammars is acknowledged by 

many researchers (Busemann 1996; Oh and Rudnicky 2000; Ratnaparkhi 2000, Reiter 

1995). Oh and Rudnicky (2000) argue that rule-based generation systems are difficult 

to adapt to a specific application due to their generality. Similar concern has been 

raised in Busemann’s study (1996) by suggesting more attention should be paid to 

specific applications that require different degrees of language sophistication. 

Ratnaparkhi (2000) also indicates that the requirement of linguistic experts is an 

impediment to the usage of rule-based approaches.   
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The criticisms on the inflexibility of template-based methods and the linguistic 

sophistication of rule-based systems inspire research in searching for new approaches 

for surface realization. One stream of research adopts a hybrid approach that mixes 

template and rule-based generation. Busemann and colleagues (1996, 1998) introduce 

a method called shallow generation for text surface realization. Stent (1999) propose a 

similar method to take advantages of templates and grammar-based approaches for 

generating spoken language. However, it is still a big burden to maintain a linguistic 

component in the system, and this significantly slows down the generation process (Oh 

and Rudnicky 2000). Another strand of research exploits the utilization of corpus-

based statistical knowledge for generation. Langkilde and Knight (1998) use statistical 

information derived from a corpus to rank plausible sentences that have been generated 

from a rule-based system. Oh and Rudnicky (2000) introduce a corpus-based 

generation system, in which they modelled language spoken by domain experts 

performing the task of interest, and used that model to stochastically generate system 

utterances. A similar method has been adopted by Bangalore and Rambow (2000) to 

develop a probabilistic hierarchical model for generation.  Ratnaparkhi (2000) present 

a trainable approach to map semantics to words through statistical learning, based on 

the assumption that there exists a large corpus of phrases in which the values of 

interest have been replaced with their corresponding attributes. 

The implicative assumption of statistical approaches for NLG is the existence of a 

large corpus. However, we have demonstrated that a corpus pertaining to a specific 

application domain is difficult to build. This is the reason why we try to use NLG 

approaches to generate a corpus for spoken language systems. Therefore, the corpus-

based statistical methods are inappropriate for the purpose of our research. The 
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challenge for us is to find an approach that can not only avoid the linguistic 

sophistication of rule-based systems, but can also avoid the requirement of a large 

corpus. Our answer to this challenge is Case-Based Reasoning (CBR). A CBR system 

for sentence generation is different from a system based on statistical knowledge. 

Instead of relying on a corpus to obtain some statistical distribution for generation, 

CBR stores previously encountered cases in memory and uses them directly to 

generate a new case that corresponds to the new input. The base for previous cases 

does not have to be large, and new generated cases can be added to the base to 

accumulate knowledge and experience.  

D.2.4. Case-Based Reasoning 

Case-based reasoning (CBR) means a reasoner remembers previous situations similar 

to the current one and uses them to help solve the new problem (Kolodner 1993). 

Case-based reasoning can be used for a variety of purposes. We can use it to adapt old 

solutions to meet new demands; adopt old cases to explain new situations; employ old 

cases to critique new solutions; or reason from precedents to interpret new 

circumstances. The fundamental idea in CBR is “to remind of useful cases” (Börner 

1998). Here a case is defined as “a conceptualised piece of knowledge representing an 

experience that teaches a lesson fundamental to achieving the goals of the reasoner” 

(Kolodner 1993). Aamodt and Plaza (1994) interpret CBR as a problem-solving life 

cycle that consists of four incremental stages: 

• Retrieving similar previous cases for reasoning. 

• Reusing the cases by copying or integrating the solutions from the retrieved 

cases. 
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• Revisiting or adapting the retrieved solutions to solve the new problem. 

• Retaining the new solution once it has been confirmed or validated.  

 

General domain 
knowledge

Previous 
Cases

New  Case

New  Case

Retrieved 
Case

Solved 
Case

Tested 
Case

Learned 
Case

RETRIEVE

REUSE

REVISE

  RETAIN

 

Fig. D-5. CBR problem-solving life cycle (Aamodt and Plaza 1994). 

Figure D-5 depicts such a life cycle. From the diagram we can see that the major 

processes within a CBR system are case retrieval and adaptation. The main issues that 

have to be addressed include knowledge presentation, case retrieval with acceptance 

function, and case adaptation and evaluation.  

D.2.4.1. Knowledge Representation 

In the context of CBR, knowledge is interpreted as an informal notion describing 

something that a human, a formal system, or a machine can possibly use for 

performing a certain task or functionality (Richter 1998). The knowledge 

representation for a case in a CBR system consists of certain data structures and 

additional inference operations for changing these data structures. Typically the 
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representation of a case consists of two components: problem specification and 

solution. The problem specification is usually represented in feature structures, while 

the solution can be presented in a variety of data structures, such as tree structures, 

rule-based concepts and graphical formats.  

Feature structures represent cases by a set of attribute-value pairs. They generally 

abstract the semantics of the represented knowledge. Feature structures are important 

for knowledge representation, as they are simple and easy to understand. 

Trees are another type of data structures that have been widely used. In particular, 

decision trees are useful for classification problems, in which leaf nodes represents 

classes while an internal node represents an attribute and its edges show all possible 

values for the attribute. Thus, a path from the root to a leaf represents the implication 

that an object with specific attribute-values pairs belongs to a certain class.  

Rule-based concepts use inference rules to represent domain knowledge. A logical rule 

can be syntactically represented as: CAAA n →,...,, 21 , which means if all conditions 

specified in ),...,1(, niAi = , have been satisfied, then we can draw the conclusion C. A 

decision tree structure can be converted to rule-based concepts by inference. 

There are other knowledge representation methods, such as graphical tools used in 

design and planning (Börner 1998). The key criteria for selecting which structures 

should be used to implement a CBR system can be described as follows: 

• The problem specification should define a case uniquely and should be 

sufficient to predict a solution for that case. 

• The problem specification should be designed for easy comparison. 
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• The solution representation should be designed for easy adaptation. 

D.2.4.2. Case Retrieval with Acceptance Function 

The underlying assumption for CBR is that similar experiences can be used to guide 

future reasoning, problem solving and learning. Therefore, the similarity 

measurements between new input and cases in the case base play an important role in 

case selection and retrieval. Among all the techniques for case selection, weighted 

feature-based similarity is the most widely used method for computing relatedness 

between an input and a case (Pal and Shiu 2004). Figure D-6 presents a typical 

algorithm called nearest-neighbour matching that is based on weighted feature-based 

similarity. 

For each feature I
if  in the input I, 

� Find the corresponding feature C
if  in the retrieved case C. 

� Compare the two values to each other and compute the similarity function 
between them. 

� Assign a weight iw  to the similarity function to represent the significance 
of the feature to the match. 

Add the results to yield an aggregate match score: 

∑∑
==

×
n

i
i

n

i

C
i

I
ii wffsimw
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)),((  

A case with the largest score is chosen for adaptation. 

Fig. D-6. Nearest-neighbour matching algorithm 

The similarity function can be further defined based on weighted Euclidean distance. 

Let CB={ }mccc ,...,, 21  denote a case base having m cases. If we can use a collection of 

features { }),...,2,1( njF j =  to describe the cases and a new input i, then i and the jth 
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case jc  in the case base can be represented as ),...,,( 21 inii fff  and ),...,,( 21 jnjj fff , 

respectively. Suppose that for each feature { })1( njFf jk ≤≤∈ , a weight 

∑
=

=
n

k
kk ww

1

)1(  has been assigned to the kth feature. Then the distance between the 

input i and case j is defined as: 

( )∑
=

−=
n

k
jkikkij ffwdist

1

22                                                     (D.7) 

Using this weighted distance, a similarity function is defined as: 

ij
ij dist

sim
×+

=
λ1

1
                                                             (D.8) 

where λ  is a positive constant. 

A similarity measurement is also called an acceptance function. By specifying a 

threshold for the similarity values, we can determine which cases should be chosen for 

adaptation. However, we acknowledge that the meaning of similarity always depends 

on the context of a specific application. No similarity metric can convey a fixed 

characteristic that applies to any application. For example, the function given in 

equation (D.8) is more adequate for features with numeric values. For features with 

categorical values, new definitions about distance and similarity have to be introduced 

to extend the capability of feature-based similarity approaches. In our work, we 

develop a new method to measure the similarity between an input and a case that have 

both been described with categorical features. 
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D.2.4.3. Case Adaptation and Evaluation 

Adaptation can be as simple as substituting one component of the old solution for a 

new one or as complex as restructuring the entire old solution. Typically there are three 

adaptation strategies (Pal and Shiu 2004): 

• Reinstantiation: It is the simplest approach to adaptation. The solution for the 

new input is simply copied from the selected case directly without any 

modification. 

• Substitution: Some components of the old solution are substituted, as they 

conflict with the requirements of the new problem. 

• Transformation: When no adequate element is available for substitution, a 

tailored solution has to be derived according to the constraints and 

characteristics of the new input. 

In reality, it is highly possible that a hybrid method that combines different strategies 

would be needed for handling complex situations. For example, in our CBR language 

generation system, in order to generate a new sentence based on an existing one; both 

substitutions and substantial modifications are required. 

Once a solution has been generated through adaptation, the last step is to justify this 

output solution. Some criteria have to be predefined for the evaluation. The evaluation 

could be done in the context of previous cases, based on a simulation, or according to 

feedback from the real world. If the solution is proven to be successful, the final 

learning process is to add it into the case base. Such additions increase the range of 

situations covered by the case base and potentially simplify the adaptation process of 

future reasoning.  
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Appendix E 

Case-Based Reasoning System for Natural Language 
Modelling 

E.1. Sample Sentence Set 

E.1.1. Car Model Specifications  

In our CBR system, we aim at generating sentences pertaining to user queries or 

preference specifications in the Mobile Car City System domain. We have investigated 

car manufacturers/dealers’ websites and marketing brochures in order to understand 

which set of car features is the major concern of users. The followings are two typical 

examples of car model advertisements: 

(i) Toyota Corolla Seca 2004, 5dr hatchback, manual 5sp, 1.8ltr, 4cyl@100kw, 

front-wheel drive, five seats, from $19,750. (a/c, cd player, airbags) 

(http://www.tradingpost.com.au, last accessed on December 10, 2005) 

 

(ii) Honda Civic Vi Hatch 2005, Inline 4 cylinder, 1.7 litre (1,688cc) VTEC Engine 

producing 96kw of power @6,300rpm and 155 torque @4,800rpm, 5 speed 

manual transmission/4 speed automatic transmission with Grade Logic Control, 

Colours (Satin Silver Metallic, Taffeta White, Galapagos Green Metallic, 

Nighthawk Black Pearl, and Milano Red), Price (5-speed manual from $24,950, 

4-speed automatic from $26,950). 

Optional Features: Anti-lock Brakes (abs), SRS airbags, 15” alloy wheels, air 

conditioning. 

(http://www.honda.com.au, last accessed on December 10, 2005) 

 

mailto:4cyl@100kw
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We denote car model features as follows: make (MK), number_of_door (ND), 

body_style (BS), price (PR), number_of_cylinders (NC), drive_wheels (DW), color 

(CR), year_made(YM), number_of_passengers(NP), engine_litre(EL), and 

transmission_type(TR). The above two advertisement examples (1) and (2) can be 

annotated as follows: 

(i) [MK Toyota Corolla Seca] [YM 2004], [ND 5dr] [BS hatchback], [TR manual 

5sp], [EL 1.8ltr], [NC 4cyl@100kw], [DW front-wheel drive], [NP five seats], 

from [PR $19,750]. (a/c, cd player, airbags) 

 

(ii) [MK Honda Civic Vi] [BS Hatch] [YM 2005], [NC Inline 4 cylinder], [EL 1.7 

litre (1,688cc) VTEC Engine producing 96kw of power @6,300rpm and 155 

torque @4,800rpm], [TR 5 speed manual transmission/4 speed automatic 

transmission with Grade Logic Control], [CR Colours (Satin Silver Metallic, 

Taffeta White, Galapagos Green Metallic, Nighthawk Black Pearl, and Milano 

Red)], [PR Price (5-speed manual from $24,950, 4-speed automatic from 

$26,950)]. 

Optional Features: Anti-lock Brakes (abs), SRS airbags, 15” alloy wheels, air 

conditioning. 

 

These typical car advertisements suggest that the selected set of attributes that we use 

to describe car models does reflect consumers’ major concern of car features. The 

underlying implication is that users are highly likely to initiate their queries about car 

models by specifying the value of these features. Therefore, we need to further 

understand how users might specify the value of a feature in natural language.  

Through investigating phrases in describing car model features and discussing daily 

experiences with colleagues regarding queries about car models, we notice that users 

mailto:4cyl@100kw
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generally use different ways to describe the value of features depending on the type of 

the feature.  People usually use a simple way to specify the value of categorical 

features, while the specification of numeric features (ordinal and continuous) is more 

complicated. Among the eleven features that we use to describe car models, there are 

seven categorical features: MK, BS, NC, ND, DW, CR, and TR; and four numeric 

features: PR, YM, EL, and NP. The following four examples represents typical ways 

to specify a value for categorical features: 

(i) a car in red 

(ii) four-door Honda sedan 

(iii) cars with automatic transmission 

(iv) front-wheel drive hatchback 

 

The specification of a value for a numeric feature is different from that of a categorical 

one. Instead of specifying a value, people normally provide a range of value for a 

numeric attribute. If we denote the range as [StartValue, EndValue], where StartValue 

represents the lower bound of the range and EndValue represents the upper bound, 

then generally there are four possible situations for value specification: 

(i) a price no less than [StartValue 15,000] dollars (only the lower bound of the 

range has been specified) 

(ii) a price no more than [EndValue 30,000] dollars (only the upper bound of the 

range has been specified) 

(iii) a price around [StartValue=EndValue 20,000] dollars (an approximate value 

is given for the feature) 

(iv) a price from [StartValue 15,000] to [EndValue 30,000] dollars (a range has 

been provided) 
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E.1.2. Queries in the ATIS domain 

ATIS systems are spoken language dialogue systems that help for booking airline 

reservations. By specifying constraints or preferences, users seek to find flight 

information and book flight tickets through communicating in natural language with 

the system. Through accumulating conversations and transcripts between users and the 

systems for more than a decade, a lot of data was collected and a significant amount of 

research has been conducted to establish corpora for this application domain. For our 

purpose, we only focus on those sentences that pertain to user queries.  

For the user queries in the ATIS domain, there are a large number of possible sentence 

structures. However, only four are particularly common and important: declarative 

structure, imperative structure, yes-no-question structure, and wh-question structure 

(Jurafsky and Martin 2000). The sentence structure is also referred as “sentence act”. 

Sentences with declarative structure usually have a subject noun phrase followed by a 

verb phrase. Imperative sentences often begin with a verb phrase and have no subject. 

Sentences with yes-no-question structure normally start with an auxiliary verb 

followed by a subject phrase and then a verb phrase. We present some examples of 

these different types of sentences in Table E-1. 

The user queries in the ATIS domain represent users’ specifications/preferences about 

the flights. For example, the sentence, “I prefer a morning flight”, explicitly indicates 

that the user’s preference of flights regarding the time feature. Similarly, in the 

sentence, “What flights departing Montreal have less than one hundred and fifty 

dollars round trip fare?”, the user specifies that the value for the departure city is 
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Montreal, the flight should be round-trip,  and the value for the price feature is less 

than $150. Consequently, we can annotate these two sentences as follows: 

(1) I prefer a [TimeFeature morning] [SingularObject flight]. 

(2) What [PluralObject flights] departing [DepartureCityFeature Montreal] 

have [PriceFeature less than one hundred and fifty dollars] 

[TicketTypeFeature round trip] fare? 

Such annotations help us abstract the conceptual meaning of queries.   

Table E-1. Sample sentences of user queries in the ATIS domain 
Sentence 
Structure 

Examples 

 
Declarative 

 
The flight should be eleven a.m. tomorrow. 
I would like to find a flight from Houston to Las Vegas. 
I prefer a morning flight. 
I want to leave before noon. 
I need a first class round trip airfare from Tampa to Cincinnati. 
 

Imperative Show me the lowest fare from Seattle to New York tomorrow. 
Show me all flights leaving Baltimore. 
List all flights between five and seven pm. 
Please list the flights from Charlotte to Long Beach arriving after lunch time. 
Please show me all first class flights from Indianapolis to Memphis leaving Monday morning. 
 

Yes-no-
question 

Do any flights have stops in Las Vegas? 
Can you give me some information for United? 
Is there a flight from Memphis to Los Angeles? 
Can I have the price for America’s flight two one two four? 
May I have a listing of flights from Columbus Ohio to Minneapolis Minnesota on Monday?   
 

Wh-question What airlines fly from Burbank to Denver? 
What flights are available between Chicago and Indianapolis next Wednesday between eleven a.m. 
and one p.m.? 
How much does a first class round trip ticket from Detroit to Saint Petersburg cost? 
What flights departing Montreal have less than one hundred and fifty dollars round trip fare? 
 

 
 

E.1.3. Sample Sentence Set 

User queries or specifications in our application domain should share the same 

sentence structures as their counterparts in the ATIS domain. We choose 178 

utterances pertaining to user queries from the ATIS domain for hand-crafting. A 
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collection of 178 sentences is obviously not large and does not cover all possible 

utterances, but is sufficient to reflect the variation of sentence structures, which is the 

major concern of our research in relation to the sample sentence generation. Many 

utterances that share similar sentence structures have been eliminated during our 

selection procedure. Since the analysis of these utterances involves manual effort, it is 

necessary to reduce the collection to a limited size. Moreover, another objective of our 

research is to investigate how a Case-Based Reasoning system can cope with the 

problem of limited training cases, and its performance based on that case base.  

There are two steps that we go through to incorporate phrases in the MCCS domain to 

the sentences in the ATIS domain. These two steps represent two operations: 

substitution and extension. The substitution operation simply replaces the domain 

concepts in the ATIS domain with those in the MCCS application, but maintains the 

sentence structure unchanged. The domain concepts include the query object and the 

features of the object. For an extension operation, the domain concepts in the ATIS 

sentence cannot be substituted directly. Thus we have to modify the sentence structure 

slightly to fit in with the MCCS domain concepts. By performing extension operation 

on the existing utterances from the ATIS domain, new sentences pertaining to the 

MCCS application are generated. 

Each utterance from the ATIS domain has been performed either a substitution or an 

extension operation. There is some duplication in terms of sentence structure. We 

perform a pruning procedure to eliminate the replication. This process yields 114 

unique sample sentences in the case base. 

 
 



 
 

275 

E.2. Case Based Reasoning System 

E.2.1. Case Representation 

 
Case representation can be thought as the task of enabling the computer to recognize, 

store, and process past conceptualised experiences. When considering case 

representation of sentences, we need to look at both sides of the coin. On one hand, 

conceptual models are required to represent the structure and the surface realization of 

a sentence. On the other hand, we also need to find appropriate means of implementing 

these models in the computer system.  

In our CBR generation system, we implement an annotation schema to represent the 

set of sample sentences in the case base. Each sample sentence is annotated in two 

plies. The first ply is the semantic structure abstracting the domain concept 

relationships. The second ply is the syntactic structure that reflects surface realization 

of the sentence. 

The semantic structure of sentences is essential to our Case-Based Reasoning system. 

It not only represents the conceptual meaning of the user query, but also is the structure 

of input to the CBR NLG system. For a sentence pertaining to the user query, the 

semantic information that we seek to abstract from it includes the sentence act, the 

query object, and the features (constraints) about the object. The sentence act indicates 

which type of sentence structures that the query belongs to. The query object 

represents the target of the user’s interest and the number type of the object (Singular 

vs. Plural). The features suggest the user’s specifications about the attribute values of 

the object. Thus, we define the semantic structure for user queries as follow: 
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Definition E.1: Semantic Structure. A semantic structure for the user query is a 3-

tuple >< FOA ,, , where A is the sentence act, O is the query object, and F is a 

collection of features. Each feature in F is represented by three attributes: name, type 

and value. 

In order to retrieve the semantic structure from a sample sentence in the case base, we 

first annotate the sentence by using a set of conceptual categories in our application 

domain. Table E-2 shows the conceptual categories used in our study. The benefit of 

introducing conceptual categories is that each concept in a case sentence can be 

instantiated with different values to satisfy word coverage.  

Table E-2. Conceptual Category Set 
 

Sentence Act Query Object Features 
Declarative 
 
 

Singular Categorical Make (MK) 
Transmission Type (TR) 

Body Style (BS) 

Imperative 
 
 

Number of Door (ND) 
Drive Wheel (DW) 

Number of Cylinder (NC) 

Yes-no-question 
 
 
 
 

Colour (CR) 
Plural Numeric Engine Litre (EL) Start Value 

End Value 

Wh-question Made Year 
(MY) 

Start Value 

End Value 

Price 
(PR) 

Start Value 

End Value 

Number of 
Passengers (NP) 

Start Value 

End Value 

 

The semantic abstraction begins with an annotation process. This process aims to grasp 

the conceptual categories and their relationships that are hidden underneath the surface 

of the literal text. It can be regarded as a mapping operation between the sentence and 
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the set of conceptual categories. For example, the sentence “What cars can seat more 

than 5 passengers and have 4 doors?” can be annotated as follow: 

What [PluralObject cars] can seat more than [NP_StartValue 5] passengers and 

have [ND 4] doors? 

 
In our system, we implement the semantic structure using objects (Data Structs) for 

runtime processing. The sentence act, query object and the collection of features 

become properties of the object. The query object and each feature themselves are also 

represented as objects and have corresponding properties. We use an AVM (attribute 

value matrix) to demonstrate the semantic structure object (SemStruct), as shown in 

Figure E-1.  

 
                                 Act: Wh-question 
                                 Object:  
                                                   Head: car 
                                                  Number: singular 
 

Features:    Name: NP 
                  Type: numeric 
                  StartValue: 5 
                  EndValue: null 

 
                                                 Name: ND 
                                                 Type: categorical 
                                                 Value: 4 
 
 
Fig.E-1. The SemStruct object for the sentence: “What cars can seat more than 5 

passengers and have four doors?” 
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The syntactic ply analyses the syntactic structure of the sentence, which is the 

formalism for surface realization. The surface realization process constructs ordered 

sequences of words as constrained by the contents of a lexicon and grammar. The 

syntactic structure that is used in our research is adapted from the systemic functional 

grammar (Halliday 1985). The systemic grammar represents sentences as collections 

of functions. It is well-suited for generating structured sentences and has thus been 

widely influential in NLG (Jurafsky and Martin 2000).  

In a systemic functional grammar, a sentence consists of clauses, which consists of 

groups (or phrases), which consists of words, which consists of morphemes. We 

consider the organization of sentence, clause, phrase, word and morphemes as a strict 

hierarchy of constituents, each one being related by constituency to the next. A 

function is different from a class (or “part of speech”). Terms such as verb, noun, 

adjective, adverb, prepositional phrase, are names of classes, while terms such as 

Subject, Object, Complement, Modifier, Qualifier, are names of functions. What part 

each component in a sentence is playing in the overall structure can be illustrated by 

labelling grammatical functions. The aim of functional labelling is to provide a means 

of interpreting grammatical structure in such a way so that any given instance can be 

mapped to the syntactic structure to realize a new sentence. 

In order to functionally label a sentence, we should analyse the sentence at two layers: 

intra-clause and inter-clause. The intra-clause layer represents the grouping structure of 

phrases, while the inter-clause layer shows the relationships between clauses in a 

sentence.  
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Intra-clause 

There are many classes of phrases in the intra-clause layer, such as nominal phrase, 

verbal phrase, adverbial phrase, preposition and conjunction phrases. Usually users 

specify the features of their preferred car models in nominal phrases. Therefore, we 

focus on analysing the structure of nominal phrases. A typical nominal phrase might 

have the following functional components (Halliday 1985): 

• Deictic: The Deictic element indicates whether or not some specific subset of 

the Thing is intended; and if so, which. 

• Numerative: The Numerative element indicates some numerical features of the 

subset : either quantity or order, wither exact or inexact. 

• Epithet: The Epithet element indicates some quality of the subset. The quality 

could be an objective property of the Thing itself; or it may be an expression 

of the speaker’s subjective attitude towards it. 

• Classifier: The Classifier element indicates a particular subclass of the Thing 

in the question. 

• Thing: The Thing is the semantic core of the nominal phrase. 

• Qualifier: The Qualifier element is a complementary component after the 

Thing. What follows the Thing is either a phrase or a clause. 

 
For a specific type of sentences, such as user queries in our application domain, most 

nominal phrases might not consist of all these functional elements. Only some 

elements are included. For example, Figure E-2 shows a typical user query that has a 

nominal phrase consisting of deictic, classifier, thing and qualifier functional 

components.  

I would prefer A four-wheel drive Red car with five-doors 
Canned-Text Nominal Phrase 

 Deictic Classifier Thing Qualifier 
Drive-wheel Colour 

 
Figure E-2. Functional labelling of a user query 
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Inter-clause 
 
A phrase can be interpreted as a word complex. In other words, a Thing word together 

with other words that modify it constitutes a phrase. Similarly, a sentence can be 

interpreted as a clause complex. There is the same kind of relationship between 

sentence and clause as there is between phrase and word.  

Sometimes a clause itself can be a simple sentence. In most other cases, there is more 

than one clause in a sentence. Consequently, the relationships between clauses 

represent the structure of the sentence. Generally there are two types of relationships: 

modifying and joining. Modifying relationship refers to the situation where one clause 

modifies another. Thus the status of the two is unequal, i.e., the modifying clause is 

dependent on the modified. On the contrary, two clauses might be joining together on 

an equal basis, neither being dependent on the other. Modifying relationship is also 

called hypotaxis, while joining relationship is referred as parataxis.  

Parataxis and hypotaxis are the two fundamental forms taken by logical relations in 

natural language. Each element in a paratactic structure can stand as a functioning 

whole. In a hypotactic structure, the dominant element is free, but the dependent 

element is not (Halliday 1985). The following two examples demonstrating these two 

relationships: 

(i) Parataxis: The colour should be red, and the engine should be less than 3.0 

litres. 

(ii) Hypotaxis: May I have a listing of Toyota cars than can seat more than 6 

passengers? 
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The process of constructing a syntactic structure for a sentence consists of three steps. 

First, the sentence is classified as simple clause or clause complex. For a clause 

complex, the relationship between clauses is determined. Second, each phrase in the 

clause is annotated by functional labelling. Finally, an XML file is created to store the 

syntactic structure. Figure E-3 represents such a process. In our annotation scheme, as 

our aim is to generate a speech corpus, we analyse the sentence structure in a hierarchy 

of clause, phrase and token. The difference between words and tokens is that a token 

can consist of more than one word if they serve the same function.  

 
 

I would prefer A Four-wheel drive Red car With five-doors 
SimpleClause 

Canned-Text Nominal Phrase 
 Deictic Classifier Thing Qualifier 

Drive-wheel Colour 

 
<SynStructure type=”SimpleClause”> 

<SynClause localID=”c1”> 
        <SynPhrase type=”Simple” function=”CannedText” value=”I would prefer” /> 
        <SynPhrase type=”Complex” function=”Nominal”> 
               <SynToken function=”Deictic” value=”a” /> 
               <SynToken function=”Classifier” type=”CAT” ref=”DW” value=”VALUE” /> 
               <SynToken function=”Classifier” type=”CAT” ref=”CR” value=”VALUE” /> 
               <SynToken function=”Thing” ref=”Head” value=”VALUE” /> 
               <SynToken function=”QualifierConj” value=”with” /> 
               <SynToken function=”Qualifier” type=”CAT” ref=ND” value=”VALUE” /> 
               <SynToken function=”Quantifier” ref=”ND” value=”doors” /> 
        </SynPhrase> 
</SynClause> 

</SynStructure> 
 
Fig.E-3. The syntactic structure for the sentence “I would prefer a four-wheel drive red 

car with five doors.” 

 
E.2.2. Distance Function 

 
As was described in Definition E.1, the input to the CBR NLG system is represented 

by a semantic structure. At the same time, we annotate all instances in the case base at 



 
 

282 

a semantic ply, in which each instance has also been represented by a semantic 

structure. In order to select instances from the case base for adaptation, we have to 

measure the distance between the semantic structure of the input and that of each 

instance in the case base.  

The semantic structure has been defined as a 3-tuple >< FOA ,, , where A is the 

sentence act, O is the query object, and F is a collection of features. Here A represents 

the basic sentence structure. Therefore, if the sentence act in the input is different from 

that of a case, the case is inappropriate for adaptation. There are two types of query 

objects: singular and plural. Similarly, if the type of query object in the input is 

incompatible with that of a case, the case is not adequate for adaptation. 

Thus, our focus now is on the collection of features F. We denote I(F) as the input, 

where },...,,{ 21 nfffF = represents the feature set of the input. Similarly, we denote 

C(A) as a case in the case base, where },...,,{ 21 maaaA = represents the feature set of 

the case. If we denote: 

AFS I=                                                                          (E.1) 

FAFO −= )( U                                                                     (E.2) 

AAFN −= )( U                                                                     (E.3) 

Then S represents all features that are shared by the input and the case, O represents 

those features in the case but not in the input, and N represents those features that 

appear in the input but not in the case. Considering adapting the case sentence to 

generate a new sentence for the input, for each feature in S, we only need to perform a 

substitution of value as the feature appears in both the input and the case. Next, for 
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each feature in O, as it is not a feature of the input, we have to delete it from the 

syntactic structure. Finally, for each feature in N, as it is a new feature only belonging 

to the input, we have to insert it into the syntactic structure in order to generate a new 

sentence corresponding to the input. The computational complexity of these three 

operations in a descending order is: insertion, deletion and substitution.  

Suppose that there are k features in S, if we define: 
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Then, the distance between the input I(F) and the case C(A) can be measured as: 
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Following the assumption proposed by Richter (1998), the distance function should 

range over [0,1] in order to reduce arbitrariness. In line with the above analysis about 

the operations of insertion, deletion and substitution, the distance function should 

satisfy the following four conditions: 

(1) 1),(0 ≤≤ CIDis ; 

(2) if ,kmn == then ;0),( =CIDis  

(3) if k=0, then ;1),( =CIDis  

(4) ,0>> γβ given that insertion is a more difficult operation than deletion. 
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Thus, 
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As the distance value has been restricted within [0, 1], we simply select the middle 

point as the threshold, i.e., if the distance is less than 0.5, then the case is selected for 

adaptation; otherwise the case will be discarded. The distance function can not only 

help us measure the similarity between the input and the case, but also provide 

instructions for case adaptation. As all features involved have been classified into 

OldFeatures in S, OtioseFeatures in O, and NewFeatures in N, we then can apply 

substitution, deletion and insertion operations correspondingly. 

 

E.2.3. Corpus Generation 

A perfect corpus should be sufficiently representative of the overall population, i.e. 

of all the possible sentences that can be uttered in the specific application (Becchetti 

and Ricotti 1999). This is generally infeasible to achieve due to time and cost 

problems. However, in order to construct a good corpus, we should cover possible 

variations as many as we can. The general principles for creating a corpus are 

semantic coverage, syntactic coverage, prosodic coverage and word coverage (Pan 
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and Weng 2002). As the target outcome of our system is a sentence corpus for 

language modeling, prosodic coverage is not our focus. 

• Semantic coverage: the corpus should cover domain concepts and relationships 

as completely as possible. 

• Syntactic Coverage: the corpus should reflect rich syntactic variations as many 

as natural language. 

• Word Coverage: the corpus should cover words in the vocabulary as many as 

possible. 

We demonstrate how these principles have been considered and satisfied during the 

corpus generation. In order to satisfy the semantic coverage, we explore all possible 

combinations of features related to the car object. A heuristic decision is that only 

those combinations with less than five features are considered so that a sentence can be 

kept in a reasonable length. In terms of syntactic coverage, we consider all sentence 

acts to express a feature combination. In addition, the variations of syntax in describing 

a numeric feature are explored. The following four examples show four types of 

phrases with different foci to specify the Made_Year (MY) of a car. The word 

coverage is achieved through enumerating all possible values of each feature. 

For example, if we select a subset of features {MK, BS, EL} for the input, then a 

possible semantic structure for the input is presented in Figure E-4. To enumerate all 

possible situations of input for this subset of features, we follow the procedures below: 

• Choose one sentence act from the set {Declarative, Imperative, Yes-no-

question, Wh-question}; 

• Choose one object type from the set {singular, plural}; 

• Choose all possible start and end values for feature EL; 
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• Choose all possible values for feature MK; 

• Choose all possible values for feature BS. 

 
 
                                 Act: Declarative 
                                 Object:  
                                                   Head: car 
                                                  Number: singular 
 

Features:    Name: EL 
                  Type: numeric 
                  StartValue: 4 
                  EndValue:  null 

 
                                                 Name: MK 
                                                 Type: categorical 
                                                 Value: Toyota 
                                

 
Name: BS 

                                                 Type: categorical 
                                                 Value: sedan 
 
 

Fig.E-4. An example input 

 

For categorical features, the enumeration is possible as there is only limited number of 

possible values. For numeric features, it is impossible to exhaustively enumerate all the 

values. However, the word coverage can be achieved even without enumerating all 

numerical values. For instance, the price for a car might range from several thousands 

to several hundred thousands dollars, but the number of words used to express the 

value of prices is limited. The necessary words that are sufficient for specifying any 

price are numbers from one to nineteen plus twenty, thirty, to ninety and plus hundred, 

and thousand.  
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We have explained that all features involved could be classified into OldFeatures, 

OtioseFeatures, and NewFeatures. Thus substitution, deletion and insertion operations 

can be applied to those features belonging to these three sets, respectively. The 

substitution operation is the easiest one to perform, since there is no structural change 

of the sentence. Deletion is the operation with a medium difficulty. Since a feature has 

to be omitted from the sentence structure, some considerations have to be made, such 

as if there is any conjunction or preposition that is no longer necessary after the 

deletion of a classifier or qualifier. The most complicated operation is insertion. Given 

that a new feature has to be inserted into the syntactic structure of the sentence, we 

have to restructure the sentence, and consider the function of feature, i.e. classifier or 

qualifier. Moreover, we need to determine if there is any clause, preposition, or 

conjunction that has to be added into the syntactic structure. 

 

Substitution 

For features in the OldFeatures set, the substitution operation could be different 

depending on the type of the feature. If the feature is a categorical one, the substitution 

is straightforward. Only the value of the feature needs to be replaced.  

However, if the feature is numeric, slight modification has to be made for the 

substitution. There are four types of value for a numeric feature: 

(1) StartValue �null && EndValue ≠null (Type 1) 

(2) StartValue ≠null && EndValue = null (Type 2) 

(3) StartValue ≠null && EndValue ≠null &&StartValue=EndValue (Type 3) 

(4) StartValue ≠null && EndValue ≠ null && StartValue≠EndValue (Type 4) 
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For a numeric feature in the OldFeatures set, if the type of value in the input is the 

same as that of the case, then the substitution operation is just to replace the 

corresponding StartValue and/or EndValue. If the type of value is different, then the 

substitution operation will be more complicated. For example, assume that a case has 

the MY feature with Type 1 value, and the phrase for the feature is “made after 2000”. 

If now we have an input that also has the MY feature with Type 4 value 

(StartValue=2000 and EndValue=2003), then the phrase for this feature in the 

generated sentence should be “made between 2000 and 2003”. Figure E-5 shows such 

a substitution process. 

 
 INPUT: 
                                 Act: Declarative 
                                 Object:  
                                                   Head: car 
                                                  Number: plural 
 

Features:    Name: MY 
                  Type: numeric 
                  StartValue: 2000 
                  EndValue:  2003 

 
CASE:    I would prefer a car made after 2000. 
OUTPUT: I would prefer cars made between 2000 and 2003. 
 

Fig.E-5. Substitution operation of numeric features 

 

Deletion 

The deletion operation exhaustively inspects all the functional components at the three 

layers (clause, phrase and token) in the syntactic structure of the case sentence so that 

the component with a feature that needs to be omitted can be found. The “ref” attribute 

for the functional component helps with this searching. Then the functional component 



 
 

289 

is removed from the syntactic structure. As was discussed in Section 6.2.3.1.2, 

sometimes a classifier might function as the Thing of the sentence. For example, in 

sentence “I would prefer a front-wheel-drive sedan”, the body_style feature “sedan” 

acts as the Thing. If we would like to delete this feature from the sentence, we have to 

maintain the integrity of the syntactic structure. This can be done by replacing the 

Thing with the Head of the input. We demonstrate this deletion operation in Figure E-6.  

 
 INPUT: 
                                 Act: Declarative 
                                 Object:  
                                                   Head: car 
                                                  Number: plural 
 

Features:    Name: DW 
                  Type: categorical 
                  Value: four-wheel-drive 
                  

 
CASE:    I would prefer a front-wheel-drive sedan. 
OUTPUT: I would prefer four-wheel-drive cars. 
 

Fig.E-6. Deletion operation of features 
 
 
 

After all features in the OtioseFeatures set have been removed from the syntactic 

structure of the selected case for adaptation, the system has to check if there is any 

useless conjunction or preposition in the structure. For instance, in sentence “I would 

prefer a automatic Toyota sedan with four doors and a engine between 2.0 and 3.0 

litres”, if the Num_of_door (ND) and Engine_litre (EL) features have been removed 

from the sentence, the QualifierConj component “with” would be useless. 

Consequently it should be removed from the syntactic structure as well. 
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Insertion 

Insertion is the most complex one of all these three adaptation operations. For any 

feature in the NewFeatures set, which means it does not appear in the case but present 

in the input, an insertion operation is performed to add a new functional component 

into the syntactic structure of the case sentence. Four procedures are included in the 

insertion operation: 

• Among all features in the NewFeatures set, determine which one should be 

inserted first. 

• Determine whether the feature should be a classifier or qualifier. 

• For a classifier, determine whether it should be inserted before the Thing or 

should replace the Thing. For a qualifier, determine whether there already has 

a QualifierConj that is appropriate for the feature, or a new QualifierConj 

should be created to accommodate the new feature. 

• Create a functional component for the feature and insert it into the syntactic 

structure of the case sentence. 

INPUT: 
                                 Act: Declarative 
                                 Object:  
                                                   Head: car 
                                                  Number: singular 
 

Features:    Name: BS 
                  Type: categorical 
                  Value: sedan 
                  

     Name: ND 
                  Type: categorical 
                  Value: four doors 
                  

CASE:    I would prefer a sedan. 
OUTPUT: Surface realize the sentence: I would prefer a sedan with four doors. 
 

Fig.E-7. An example of the insertion operation 



 
 
As the insertion operation might change the structure of the sentence to some extent, it 

is possible to introduce grammatical errors into the syntactic structure and 

consequently cause errors in the generated sentence. As the selection of case sentences 

for adaptation is based on the distance function, the structural modification would not 

be too significant. Thus the grammatical errors could potentially be maintained at a 

low level. Figure E-7 shows an example for the insertion operation. 

To summarise, the generation of sentences is performed according to a procedural 

algorithm. The algorithm (Figure E-8) consists of four procedures. 

• Distance measurement: An input is compared with the semantic representation 

of an instance in the case base. Candidates above the threshold are selected for 

further processing. 

• Feature Categorization. Through examining the difference between the 

feature set of the input and that of the case, features are categorized into three 

groups: OldFeatures, OtioseFeatures, and NewFeatures. 

• Case Adaptation. For each type of features, different adaptation operations are 

performed to generate a syntactic structure corresponding to the semantic 

structure of the input. 

• Surface realization. A sentence is generated in line with the syntactic structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sentence Generation Algorithm 
 
Input: The semantic structure of a new sentence: I (F), where F is the set of features for the input; 
         An instance of cases retrieved from the sentence base: C(A), where A is the set of features for 

the case; 
Output: a generated sentence if it’s successful; otherwise null. 
 

1. If (I.act == C.act) then proceed to 2; 
2. If ( isCompatible (I.object, C.object)) then proceed to 3; 
3. Calculate Dis (I, C); 
4. If (Dis(I,C) <0.5) then proceed to 5; 
5. For each feature fi∈{OldFeatures}=F∩A, perform value substitution or adjustment  

  operation; 
For each feature fj∈{OtioseFeatures}=(F∪A)–F, perform deletion operation; 
For each feature fk∈{NewFeatures}=(F∪A)–A, perform insertion operation.  

6. Surface realize the sentence according to the adaptive syntactic structure. 
291 

Fig.E-8. Sentence generation algorithm 
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E.3. Natural Language Modelling 

 
Various software packages have been introduced for statistical language modelling. 

Among them, the CMU Statistical Language Modelling toolkit has been widely used 

in the research community and has greatly facilitated the construction of language 

models for many practitioners (Clarkson and Rosenfeld 1997; Stolcke 2000)). It is a 

set of Unix software tools designing for the construction and testing of conventional 

bigram and trigram language models. The main features of this toolkit include: 

• Multiple discounting methods 

Besides the Good-Turing discounting method, the toolkit also allows users to 

employ other discounting strategies, such as Witten Bell discounting, 

absolute discounting and linear discounting (Clarkson and Rosenfeld 1997). 

• N-gram of arbitrary size 

The tools in the toolkit are no longer limited to generating and testing of 

bigram and trigram models. It enables users to build N-gram models with an 

arbitrary size of N. 

• Interactive language model evaluation 

Commands are read in from the standard input after the language model has 

been read. Thus, if the user would like to calculate the perplexity of a specific 

language model with respect to several different texts, the language model 

only need be read once. 

• Forced backing-off  

The toolkit allows users to specify a set of forced backing-off parameters 

according to the particular circumstances (Clarkson and Rosenfeld 1997). 

 

We select the CMU Statistical Language Modelling toolkit as the software to derive a 

language model from the corpus generated by our Case-based Reasoning system. The 



 
 

293 

software package is installed in a machine running a Linux operating system. The 

corpus is first pre-processed to be a textual data file that has a context cue in front of 

each sentence to indicate the starting point. Then the tools in the toolkit are utilized to 

derive the following statistical information: 

• Word frequency lists and vocabularies 

• Word bigram and trigram counts 

• Vocabulary-specific word bigram and trigram counts 

• Bigram and trigram related statistics 

• Various backing-off bigram and trigram language models 

Once the language model is derived, it is applied to the recognition engine to capture 

the natural language input from customers in our Mobile Car City application. We 

follow the methods introduced by Becchetti and Ricotti (1999, p.343) to perform the 

recognition experiment. The performance of a language model is evaluated by 

comparing the true and the recognized sequence of units. The true sequence of words 

is referred to as the “solution”, while the recognized sequence of tokens is called 

“result”. Table E-3 shows the common performance measures. O represents the 

symbols that are uttered by the speaker but are not recognized in the result. I indicates 

the number of recognized symbols that are not present in the solution. S represents the 

number of symbols that are incorrectly recognized by the system. The percent correct 

and the accuracy are two commonly used metrics for measuring recognition 

performance.  

A test set of 53 sentences with 1024 symbols in total was created for testing. The test 

set was formed based on the generated corpus. We refined the test set after discussing 
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it with several colleagues. The test result shows that the percent correct is 87.8% while 

the accuracy is 83.4%.  

 
Table E-3. Common measures for recognition performance 
Measures Definition 

Nres Number of symbols in the results 

Nsol Number of symbols in the solution 

O Number of omitted symbols 

I Number of inserted symbols 

S Number of substituted symbols 

Percent correct 

solN
OS +

−1  

Accuracy 

solN
OSI ++

−1  
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Appendix F 

Dialogue Personalization System  

The proposed Dialogue Personalization System consists of five functional components 

in a modular structure: dynamic user profiling, catalogue initiation, feature subset 

selection, catalogue personalization and dialogue construction. This Appendix presents 

the implementation details of each module for the Mobile Car City application, which 

allows mobile phone users to browse car model information via voice and proceed to 

book an appointment for viewing the desired model. .  

F.1. Dynamic User Profiling 

F.1.1. User Navigation 

Dynamic user profiling consists of two procedures: data collection and pattern 

discovery. The data collection procedure creates a server session file where each 

session is a sequence of requests of different types made by a single user during a 

single visit to a site. The pattern discovery procedure uses mining techniques to derive 

information that is useful for predicting users’ preferences, such as the popularity of a 

product.  

In our personalization framework, the main objective of the Dynamic User Profiling 

Model (DUPM) is to unobtrusively determine the popularity of a product in the 

catalogue in relation to a particular customer. Product catalogues play an important 

role in establishing user-profiles since they represent Internet shopping dependent 
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knowledge. We assume that products in the catalogue have been described by a set of 

features. The label class for the tree catalogue is the popularity of products. Thus, we 

define the tree catalogue for speech-enabled m-commerce applications as follows: 

Definition F.1: Catalogue Tree. Given a fixed set of attributes A for products, a 

catalogue tree T = (N, E) where N is the set of nodes and E is the set of edges that 

have the following properties: 

� A leaf node in N represents a set of products that belong to the same label class 

(popularity class). 

� Each internal node in N is labelled by an attribute in A. 

� For each edge e = (u, v), where u is the parent and v is the child node. If u is 

labelled by an attribute a, then the edge e must be labelled by a valid attribute 

value of a. 

� Users can always find a product in a leaf node through one of the paths in the 

tree. The number of steps for the user to find the product of interest is equal to 

the depth of the leaf node. 

Considering that human beings cannot remember more than about seven menu options 

simultaneously, we heuristically determine that edges extended from an internal node 

and products in the same leaf node should be no more than five. If there are more than 

five branches from an internal node or more than five products in a leaf node, they 

should be grouped by five to present multiple nodes.  

The next step is to define a schema to record users’ navigation when interacting with 

the speech application. As our objective is to understand customer’s preferences 

regarding products, we investigate users’ online activities that can establish a 

relationship between a product and the customer. A consumer will sequentially go 
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through listening, selecting and purchasing to accomplish one online buying 

transaction. However, the user might discard the transaction at any step. For example, 

after having listened to the product description, the user can stop proceeding to the 

next step if he/she is dissatisfied with the product. As well, if the user changes his/her 

mind after selecting a product into the shopping cart, he/she still can undo the selection 

or discard the entire shopping cart by not proceeding to the purchase step.  

In order to trace users’ navigation, we define a user navigation record as follows: 

Definition F.2: User Navigation Record. A user’s navigation can be regarded as the 

user traversing the product catalogue. User interaction can be modelled as a sequence 

of actions. The action can be one of the following: browsing, listening, selecting, 

purchasing and exit. Consequently, a typical user navigation can be represented as 

〉〈 EPSLB pipiPi ,,,, , where B represents general browsing in the catalogue, Lpi denotes 

listening to the description of product pi, Spi denotes selecting product pi into the 

shopping cart, Ppi denotes purchasing of pi, and E means transferring to another 

dialogue or leaving the application. 

User navigation records provide information about user experiences with the 

application, and consequently help to establish relationships between products and a 

customer. By accumulating sufficient user navigation records associated with a 

particular customer, we can build a user profile for the customer to understand his/her 

preferences of products. In other words, we can determine the popularity of each 

product in the catalogue for this customer. 

 



 
 

298 

F.1.2. Product Popularity Model 

It is not difficult to build a log file to store user navigation records if we consider this 

issue at the design stage of interactive dialogues. If sufficient records have been 

accumulated, the relationship between a user and a product in the catalogue can be 

established. For a specific customer, given a set of products in the catalogue, we can 

classify them into four categories, as is shown in Figure F-1.  

 

 

 

 

 

 

 

 

Fig.F-1. Product classification model 

In Figure F-1, Pi(l) denotes that product i has been purchased by the customer for l 

times. Similarly, Sj(m) means that product j has been selected into the shopping cart for 

m times, and Lk(n) means that product k has been located and listened to by the 

customer for n times. If we use {products} to denote the set of products that belong to 

a specific category, then the four sets of products have the following relationships: 

{ } { } { } { }productsallproductslistenedproductsselectedproductspurchased ⊆⊆⊆
 

Purchased Products 
Pi(l) 

Selected Products 
Sj(m) 

Listened Products 
 Lk(n) 

All Products 
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Let ijP  be the number of occurrences of purchasing product j by customer I, ijS  be the 

number of occurrences of selecting to the shopping cart but not proceeding to 

purchasing, and ijL  be the number of occurrences of listening but not proceeding to 

selecting to the shopping cart. If we know the value of Pj(l), Sj(m) and Lj(n), then: 

lPij =                                                                                      (F.1) 

lmS ij −=                                                                               (F.2) 

mnLij −=                                                                              (F.3) 

 

To determine the popularity of a product class, we need to compute a compound 

number for the occurrences of purchasing, selecting and listening. It is reasonable to 

assign a higher weight to the number of occurrences of purchasing than that of 

shopping cart placements. Similarly, a higher weight should be given to the number of 

occurrence of shopping cart placements than that of listening to the product description. 

Therefore, a compound number of occurrences can be derived as follows: 

lijsijpijij LSPC ωωω ×+×+×=                                                      (F.4) 

If we apply normalization to the set: { }iNii CCC ,...,, 21 , N=the total number of product 

classes, we then can obtain a popularity value PoPij: 

( )∑ =
=

Nj ijijij CCPoP
,...,1

                                                                (F.5) 

The resultant popularity vector characterises the preference of customer i to a product 

class relative to other product classes.  
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Consequently, we define the product popularity model as followings: 

Definition F.3: Product Popularity Model. A product popularity model represents 

users’ preferences on products in the catalogue. It is defined as:  

[ ] MiPoPPoPPoPPoP iNii
i ,...,1,...,, 21
)( ==                                  (F.6) 

where PoPij is the popularity value of product j to customer i, which represent 

customer i’s general interest on product class j over multiple shopping visits. M is the 

total number of customers, and N is the total number of product classes in the 

catalogue. 

The dynamic user profile is periodically updated when new user navigation records 

have been accumulated to reflect the change of preferences and interests of customers. 

Correspondingly, the product popularity model is regularly updated. Therefore, instead 

of explicitly asking customers to specify certain interests or preferences, we 

unobtrusively collect voice-browsing and shopping behaviour of customers to 

determine the popularity of products. This product popularity model provides us an 

opportunity to personalize product information delivery when constructing interactive 

dialogues. 

F.2. Catalogue Initiation 

To construct a decision-tree catalogue, some data pre-processing steps need to be 

performed to make the product data ready for tree induction. There are a variety of data 

pre-processing techniques for classification tasks, including data smoothing, 

discretization, feature selection, etc. The objective of the Catalogue Initiation Module 
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(CIM) is to select an appropriate feature set to represent the product classes and to 

discretize features with continuous values. The Feature Subset Selection Module 

(FSSM) seeks to select only features that are relevant and sufficient to the 

classification of product catalogues.  

In a classification problem, a data set of training records is given, in which each record 

has several attributes. Among all attributes, one distinguished attribute is called the 

dependent variable (label class) and the remainder are predictor attributes. In our 

application domain, the data set is the product catalogue, which consists of a set of 

product classes. Each product class differentiates itself from others by attribute-value 

pairs. For example, a car model in a car city application might distinguish itself from 

others by manufacturer, body style, number of doors, drive wheels, number of 

cylinders, colour, price, etc. Through the Dynamic User Profiling Module (DUPM), 

we add an extra dimension to differentiate a product from others — popularity value.  

The first task for the CIM is to select an appropriate attribute-value matrix (AVM) 

model for product information. If the speech-enabled application is migrated from an 

existing e-commerce application, the set of attributes that are used to describe the 

product classes can be derived from the existing database; otherwise the AVM model 

needs to be initiated and built from scratch.  In the later case, the original attribute set 

chosen by the designer might be subjective and does not represent the best solution for 

classification. Therefore, some data pre-processing procedures, such as discretization 

and feature subset selection, are necessary to optimise the attribute set. 

A decision tree is a classification model consisting of a set of samples that can be 

characterised by the same set of attributes and a known label class. For the decision 
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tree catalogue in our research, we select the popularity value as the label class for tree 

induction. There are several advantages in taking a decision tree approach that selects 

popularity as the dependent variable. First, based on the popularity value, 

personalization can be performed to an individual level. Second, due to the predictive 

capability of decision trees, we can use the tree catalogue to predict the popularity 

class for a new product class. Any new product class, for which there are no navigation 

and transaction records, can still be assigned a popularity class based on its known 

attribute-value pairs. Finally, grouping popular products in the same leaf node of the 

catalogue tree increases the opportunity of cross selling. 

Values of attributes might take different data types. There are many common data 

types, including nominal, discrete and continuous. Discrete and continuous variables 

are ordinal with orders among their values, while nominal variables do not possess any 

order in their values. For example, the colour of car models is a nominal variable, 

which can take values such as red, yellow, blue, black, etc, while the price of car 

models is a continuous variable that can have continuous values; and the model year is 

a discrete variable, which can have values of 1999, 2000, 2001, and so on.  

A decision tree classification model is incapable of handling continuous variables. 

When choosing a continuous attribute for partitioning in a tree induction algorithm, the 

next level of the tree would quickly reach the status in which each leaf node has one 

instance that belongs to one class. Such a decision tree is useless. Therefore, it 

certainly does not make sense to use continuous values to split a node. The solution to 

this problem is to discretize all continuous attributes either before the decision tree 

induction or during the process of tree construction.   
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In our Mobile Car City application, the initial product catalogue is adapted from a data 

set introduced by the UCI Repository (http://www.uci.edu). The catalogue consists of 

312 instances of car models, where each car model is described by eleven attributes: 

make (MK), number_of_door (ND), body_style (BS), price (PR), 

number_of_cylinders (NC), drive_wheels (DW), color (CR), year_made(YM), 

number_of_passengers(NP), engine_litre(EL), and transmission_type(TR). Table F-1 

presents six sample car models from the catalogue. 

Table F-1. Sample product classes 
 

classID MK ND BS DW NC CR PR YM NP EL TR PoP 
1 Honda Two Sedan Fwd Four Red 15690 1998 4 1.6 Auto .02606 
2 Honda Four Hatchback Fwd Four White 32295 2000 6 2.4 Manual .01778 
3 Nissan Four Hardtop Rwd Six Black 30995 2001 5 2.2 Manual .00858 
4 Nissan Four Sedan Fwd Four Blue 24350 1998 5 2.4 Manual .01073 
5 Toyota Four Hatchback 4wd Six Black 29995 1999 6 2.8 Auto .0374 
6 Toyota Two Sedan Fwd Four White 18650 2000 2 2.0 Manual .02269 
… … … … … … … … … … … … … 

 
 
By examining the eleven attributes and the popularity variable, we find that only two 

attributes need to be discretized: PR and PoP. For the three attributes with ordinal 

values: YM, NP and EL, it is more reasonable to group values rather than perform 

discretization, as there are predefined categorisation principles existing in the market. 

For example, according to market research, car engines that are less than 2.0 litres are 

regarded as compact car models. Cars with engines between 2.0 to 3.0 litres are called 

medium models, while large car models generally have engines that are greater than 

3.0 litres. Therefore, in line with their engine litres, we can categorize car models into 

three groups: compact, medium and large. The same principle can be applied to YM 

and NP. We categorise the NP attribute into three groups: <4, 4-8, >8; and the YM 

attribute into four classes: before 1998, 1998-2000, 2000-2003, and after 2003. The 

grouping process, on one hand, helps to categorise attributes with ordinal values. On 
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the other hand, it also helps us maintain the number of options at a level that is no 

more than five, which is a requirement for designing speech interfaces.   

As we select the popularity for the label class in our decision tree based catalogue, we 

cannot apply supervised discretization to the popularity variable. The only choice for 

us is to adopt unsupervised discretization methods. As the popularity value has been 

normalized, there will be no outliers in the data. Consequently, unsupervised methods 

would not significantly harm our application. We choose the equal-width-interval 

binning method to discretize the popularity variable into three classes: low, medium, 

and high popularity.  

Similarly, we checked the price data and found there is no outlier for this attribute 

either. Again, the equal-width-interval binning approach is selected to discretize the 

price attribute into three categories: low, medium and high. Therefore, all numeric or 

ordinal attributes now have been either discretized or grouped into categorical values. 

F.3. Feature Subset Selection (FSS) 

Our research seeks to find an appropriate FSS algorithm for the feature subset selection 

module in the proposed personalization framework. As developing a new algorithm for 

FSS is not our research focus, we attempt to compare existing algorithms and select 

one that can best fit to our circumstances. The criteria for the algorithm selection are: 

• Computational complexity: the algorithm should maintain a reasonable 

complexity of computation. 

• Optimality: When it is possible, an optimal solution is preferable over a sub-

optimal solution. 
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• Performance: The classifier that is created by the selected subset of features 

should perform at a compatible level.  

 

Based on the above considerations, we investigate several popular FSS algorithms to 

check their suitability. We have compared four algorithms: Focus (Almuallim and 

Dietterich 1991), LVF (Liu and Setiono 1996), Relief (Kira and Rendell 1992), and 

ABB (Liu et al. 1998). We find that the ABB algorithm can satisfy all our selection 

criteria. The ABB algorithm is relatively simple in computation, through which an 

optimal solution can be achieved (Liu et al. 1998). Although it adopts a brute-force 

search strategy to guarantee an optimal solution, the computational complexity still can 

be maintained at a reasonable level due to the monotonic nature of the selected 

evaluation measure. A proof of the monotonicity of the inconsistency rate is presented 

in Liu et al.’s study (1998). 

We now explain why the monotonicity of inconsistency rate can significantly reduce 

the search space for optimal subsets of features. Given that the inconsistency rate U is 

monotonic, for two subsets of features, iF and jF , if ji FF ⊂ , then )()( ji FUFU ≥ .  

Thus, we can have the following pruning principle when evaluating subsets of features: 

Pruning Principle: if iF  is a subset of jF  and jF  cannot satisfy the inconsistency 

criterion, then iF  need not be evaluated.  

If we select a bottom-up search direction, once a set of features cannot satisfy the 

evaluation criterion, all subsets of this set need not be evaluated. Therefore, the search 

space would soon converge to a narrow scope and optimal subsets could be found 



 
 
effectively. ABB utilizes such a pruning principle so that exhaustive search can be 

avoided while ensuring an optimal solution is guaranteed. It seeks to find a minimum 

size of feature sets that separate classes as consistently as the full set of features. Figure 

F-2 presents the algorithm. 
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ABB Algorithm 
 
Input: F – all features in data set S 
          U – inconsistency rate function 
          Q – an empty queue 
Initialise: L ={F}; τ = U(F, S); F1=null, F2=null; 
ABB(F,S) { 
        For each feature x in F { F1=F-x;  Enqueue(Q, F1);      } 
        While (notEmpty(Q)) { 

F2=Dequeue(Q); 
If ((F2 is not duplicated) && (F2 is not a child node of a pruned node) && U(F2, S)<= 

τ) 
{       L = append(F2, L); 
         ABB(F2, S); 
} } } 

 
Output: F*=the minimum subset(s) in L. 
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Fig.F-2. ABB algorithm 

n our Mobile Car City application, we apply the ABB algorithm to select a subset of 

eatures that can best describe the products while maintaining a minimum of 

omputation. The selected subset of features is then used to build the personalized 

ecision tree for the catalogue. The resultant tree-based catalogue is in turn used to 

onstruct application-directed dialogues. The data set is the entire product catalogue, 

hich consists of 312 instances that are differentiated by eleven attributes.  

able F-2 shows the results of feature subset selection. We only present the subsets 

hat can satisfy the inconsistency criterion, which means that the inconsistency rate of 

he subset must equal or less than that of the original full set of features. The 
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inconsistency rate for the original full set of features (size=11) is 5.1%. Then we 

remove one feature from the full set and calculate the inconsistency rate again. For the 

size 10, we evaluate 11 possible subsets and only find four subsets can still satisfy the 

inconsistency rate criterion, as presented in the table. We repeat this size reduction 

process and soon the search space is converged. The final optimal subset with a 

minimum size that has an inconsistency rate of 5.1% is {MK,BS,DW,CR,MY,EL,TR}. 

If we denote a combination of selecting m from n objects as m
nC , then the total number 

of evaluations that we have to perform in the process is: 

1
7

1
8

1
9

1
10

1
11 )4()6()4( CCCCC +×+×+×+ =144 

Here we can see the convergence is achieved quickly using the ABB algorithm. 

Consequently the computation for this data pre-processing procedure is not significant. 

By reducing the size of subsets to the minimum, the computation for decision tree 

induction can be decreased correspondingly. 

Table F-2. Feature Subset Selection Results 
(Only subsets that can satisfy the criterion are presented) 

Feature Set 
Size 

Feature Set Inconsistency Rate 

11 F={TR,EL,MY,NP,PR,CR,NC,DW,BS,ND,MK} τ = 5.1% 

10 

F-{NP} 5.1% 
F-{PR} 5.1% 
F-{NC} 5.1% 
F-{ND} 5.1% 

9 

F-{NP,ND} 5.1% 
F-{PR,ND} 5.1% 
F-{NC,ND} 5.1% 
F-{NP,NC} 5.1% 
F-{PR,NC} 5.1% 
F-{NP,PR} 5.1% 

 
 
8 

F-{NP,ND,NC} 5.1% 

F-{NP,ND,PR} 5.1% 

F-{NP,NC,PR} 5.1% 

F-{PR,ND,NC} 5.1% 

7 F-{NP,ND,NC,PR} 
={MK,BS,DW,CR,MY,EL,TR} 

5.1% 
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F.4. Catalogue Personalization 

F.4.1. Personalization Metric 

A good catalogue for speech-enabled applications should help consumers to find 

products of interest in a timely manner. Although traditional decision tree induction 

algorithms such as ID3 and C4.5 (Quinlan 1993) can provide a general approach for 

catalogue construction, they are not specifically designed for personalizing speech 

applications. First, the selection procedure of attributes in traditional induction 

algorithms relies on metrics such as gain ratio, which have nothing to do with 

personalization. Second, the computation of such metrics is complicated, which leads 

to a significant delay for tree completion. Finally, the tree structure constructed by 

traditional algorithms does not consider the constraint of speech interfaces — a person 

can only remember less than seven choices when confronting selection (Shama and 

Kunins 2002). 

We introduce a new metric to evaluate the goodness of a catalogue tree. The objective 

is to minimize the average depth of the product hierarchy by moving the popular 

product classes to the upper level of the decision tree so that consumers can find them 

quickly. Figure F-3 shows an example of a tree-based catalogue. In this simple 

example, twenty-six car models have been classified by a set of attributes, such as 

body style, colour, engine litre, transmission, and made year. The numbers in the leaf 

nodes represent product class IDs. When a user is guided by the system to find desired 

products, he/she generally traverses the tree by a specific path.  For a particular product 

class, the layer value of its corresponding leaf node represents how many steps that a 

user needs to take to find it. For example, the leaf node that includes product class 11 
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is situated in layer 2. Hence the customer only needs to go through two steps to find it 

in the tree. If we consider both the depth of a leaf node and the corresponding 

popularity values for products in this leaf node, we can introduce a metric to represent 

how easily a popular product can be found by the user compared with unpopular ones. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: The number in the internal node represents the size of the product set at the node, w

leaf node indicates the product class IDs. 

Fig.F-3. An example of a tree-based catalogue 

 
To standardize the meaning of the average depth of a tree, we define

evaluate the extent of personalization, which we call personalizat

Suppose [ ]iNii PoPPoPPoP ,...,, 21  represents the product popularity ve

i, the personalization degree for a given tree-based catalogue is define
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According to the definition of product popularity in Equation (F.7), the sum of 

popularity values for all product classes is equal to 1. The personalization degree 

represents to what extent the product classes with higher popularity values can be more 

easily found than those with lower popularity values. Consequently, we can use this 

metric to achieve our goal for personalization. 

F.4.2. Catalogue Construction 

 
The algorithm is presented in Figure F-4. The objective is to find the tree with a 

maximum personalization degree so that a customer can find popular products more 

easily than unpopular products. The algorithm can be divided into three steps: 

(i) Construct deferent trees based on the selection sequence of attributes; 

(ii) Conduct sorting and division in leaf nodes and determine the level value for 

each product class; 

(iii) Compute personalization degree for each tree and select the tree with a 

maximum Pd. 

The construction of a decision tree starts from investigating the set of product classes. 

If they all belong to the same popularity category, or there is no available attribute for 

partitioning, all product classes are grouped into one leaf node and the algorithm 

terminates. Otherwise, select the first attribute in the attribute list as the root to 

partition the set of product classes. For each child node with more than one product 

class, if the product classes in this child node do not belong to the same popularity 

category, we continue to choose the next attribute from the attribute list for partitioning. 

This partitioning continues until all leaf nodes have been obtained.  

Based on the fact that a person can only remember less than seven choices for 

selection, we heuristically choose five as the maximum number for branching. If the 



 
 
number of classes is greater than five, we conduct further sorting and division to group 

product classes in each leaf node. By changing the sequence of attributes in the list, we 

can obtain all possible trees. The selection of the personalized tree for a customer is 

done through searching for the maximum personalization degree. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Tree_Construction (products, attribute-list).   
Input: The product classes in the catalog, products; 

The set of candidate attributes, attribute-list. 
Output: The personalized decision tree 
Let Tj be a decision tree constructed as following: 
(1) create a node N; 
(2) if products are all of the same class of popularity,, then return N as a leaf node 

with the popularity class; 
(3) if attribute-list is empty then return N as a leaf node labeled with the most 

common class of popularity in products; 
(4) select the first attribute from attribute-list, label node N with this attribute; 
(5) for each known value ai of test-attribute, grow a branch from node N for the 

condition test-attribute = ai; 

(6) let Si be the set of products in the catalog for which test-attribute = ai.  

if Si is empty then attach a leaf node labeled with the most common class in 

products;  
else attach the node returned by Tree_Construction (Si, attribute_list – 

test_attribute) 
For Tj 
(1) for each leaf node in Tj, sort the products in the leaf node in a descendent order 

of popularity value; 
(2) if the number of products in the leaf > 5 then  

divide the products into groups by five; and assign product classes in the 
first group with a level value the same as the leaf node. The level value for 
the second group increases by 1, and so on; 

 else do nothing.   
 

Change the sequence of attributes in the attribute-list and repeat the above steps to 
obtain all Tj (j=1…..k), then compute the personalization degree (Pd); 
 
Let Ti corresponds to the Max ( Pdj ) j=1….k.   Return Ti as the personalized 
decision tree. 
311 

 
Fig.F-4. Personalized Tree Construction Algorithm 
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Recently the Data Mining Group (DMG) released PMML (Predictive Model Markup 

Language) Version 3.0, which is an XML-based language defining statistical and data 

mining models so that models can be shared between PMML compliant applications 

(http://www.dmg.org/pmml-v3-0.html). The decision tree models in PMML define a 

classification or prediction structure. Each node in the tree model holds a logical 

predicate expression that defines the rule for selecting the node or any of the branching 

nodes. We adopt PMML as the XML vocabulary to store the resultant tree-based 

catalogue. Figure F-5 represents a small portion of a typical tree catalogue in PMML. 

<?xml version=”1.0”?> 
<PMML version=”3.0”> 

<DataDictionary numberOfFields=”8”> 
            <DataField name=”body_style” optype=”categorical”> 
                    <Value value=”hatchback” /> 
                    <Value value=”sedan” /> 
                    <Value value=”wagon” /> 
                    <Value value=”hardtop” /> 
           </DataField> 
          …… 
           <DataField name=”popularity_class” optype=”categorical”> 
                    <Value value=”Low” /> 
                    <Value value=”Medium” /> 
                    <Value value=”High” /> 
            </DataField> 
</DataDictionary>  

<TreeModel modelName=”CarModels” functionName=”classification”> 
            <MiningSchema> 
                     <MiningField name=”body_style” /> 
                      …… 
                      <MiningField name=”popularity_class” usageType=”predicted” /> 
            </MiningSchema> 

<Node id=”0” name=”body_style” score=”L” recordCount=”63”> 
<True /> 
<Node id=”1” name=”color” score=”L” recordCount=”26”> 

<simplePredicate field=”body_style” operator=”equal” value=”hatchback” /> 
<Node is=”2” name=”price” score=”L” recordCount=”6”> 

<SimplePredicate field=”color” operator=”equal” value=”red” /> 
 <Node id=”3” name=”make” score=”L” recordCount=”3”> 

<SimplePredicate field=”price” operator=”equal” value=”L” /> 
<Node id=”4” name=”leaf” score=”M” recordCount=”2”> 

<SimplePredicate field=”make” operator=”equal” value=”Honda” /> 
<Extension> 

<Array n=”2” type=”String”>1 8</Array> 
</Extension> 

</Node> 
…… 

</TreeModel> 
</PMML>  

Fig.F-5. Sample PMML tree-based catalogue 
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F.4.3. Decision-Tree Catalogue Evaluation 

We first evaluate the classification accuracy of the resultant decision tree. In a decision 

tree model, each product class is classified into a leaf node. Each leaf node will have a 

class label. This class label represents the class property of the majority of the product 

classes. For example, there are n product classes in a leaf node that belong to three 

different class labels: LP (low popularity), MP (medium popularity) and HP (high 

popularity). Among them, c1 products belong to LP, c2 to MP, and c3 to HP, where 

c1+c2+c3 = n. Suppose that c3 is the largest among the three, then the class label for 

this leaf node is HP. Consequently, in this leaf node, c3 products have been accurately 

classified while (c1+c2) products have been misclassified. If we consider all leaf nodes 

in the tree, we can compute the classification accuracy rate for the tree: 

N

AccuracyC
ratio

m

i
i

accuracy

∑
== 1

)(
                                               (F.8) 

where )(AccuracyCi is the number of products that have been accurately classified in 

leaf node i, m is the total number of leaf nodes in the tree, and N is the total number of 

products in the catalogue. 

In order to check the consistency of the rate of our classification accuracy, we first 

randomly select 156 product classes from the catalogue to form the first product 

sample set (referred to as PS1 hereafter). We then randomly choose 208 product 

classes from the catalogue to form the second product sample set (referred to as PS2 

hereafter). Finally, the entire catalogue is used to form the third one (referred to as PS3 

hereafter). We utilize the selected subset of features {MK,BS,DW,CR,MY,EL,TR} to 
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construct decision trees, and measure their classification accuracy. Table F-3 

represents the measurement results. 

 
Table F-3. Results of classification accuracy 

 
Product Sample Set Classification Accuracy 

PS1 95.5% 
PS2 94.7% 
PS3 92.3% 

 
 

Next, we examine the predictive accuracy of the decision tree. This time we randomly 

split the entire product catalogue into two subsets, 208 instances for training and 104 

for experiment. The procedures are: (i) build up a decision tree based on the 208 

instances; (ii) for each of the 104 testing instances, predict a class label for the instance 

according to the resultant decision tree and then compare the predictive class label with 

its real class; and (iii) compute the ratio to see how many products among the 104 

instances have been accurately predicted. Our experiment yields a predictive accuracy 

rate of 76%.  

From the experiment results we can see that the classification accuracy rate is 

consistent when the size of the product sample set varies. Compared these 

classification and predictive accuracy rates with results reported by other researchers 

(Liu and Setiono 1996), we find the performance of the decision tree is compatible and 

acceptable. We then apply the subset {MK, BS, DW, CR, MY, EL, TR} to the entire 

product set and construct a personalized tree with a personalization degree of 0.216. 
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F.5. Dialogue Construction 

In the tree-based catalogue, each internal node represents an evaluation of an attribute. 

The node is split into several branches based on the possible values that the attribute 

can take. We compute an average popularity value for each attribute value. For 

example, assume that the colour attribute takes a value of blue, and there are n car 

models belonging to the blue branch. If the corresponding popularity value vector for 

these n car models is [ ],,...,, 21 nPoPPoPPoP then the average popularity value for the 

blue branch can be defined as:  

n

PoP
bluePoP

n

i
i

Average

∑
== 1)(                                                           (F-9) 

Similarly, we can compute the average popularity value for other attribute values like 

red, black, or white. We then arrange these value options in descending order of the 

average popularity value. Therefore, choices will be presented to the user according to 

their popularity. 

The dialogue personalization system is used for information clarification during user-

system conversations. Hence we take an application-directed style to construct the 

dialogues. The control flow of an application-direct dialogue has a good match with 

the tree-based catalogue, as the tree is a hierarchical structure where the user makes a 

decision to choose a value of an attribute at each internal node. Thus, the application 

prompts the user by presenting some options for values of an attribute and then waits 

for the user to respond. The consumer responds by speaking or pressing the buttons on 

a touchtone phone to select an option. The application then proceeds to the next layer 
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of the tree, and the cycle repeats again until the user’s preference has been clarified and 

a product class at the leaf node has been reached. 

As the PMML catalogue has been personalized to an individual customer, the 

corresponding speech presentation also pertains to a customer, which means that each 

customer may have a different user experience. It is possible to create a static structure 

of dialogues that can match with the PMML-based tree catalogue, but that means we 

have to maintain one set of dialogues for each customer permanently in the Web server; 

it also means that most of the dialogues would not be visited by a customer within a 

session as he or she might select a certain path to traverse the nodes in the tree. It is 

unnecessary and not economical to implement such static approaches. Alternatively, 

we should consider implementing a dialogue generator engine that can dynamically 

create dialogues for customers based on their interaction with the system. 

 
 
 
 
 
 
 
 
 
 

Fig.F-6. Dialogue construction module 

 
Figure F-6 represents the functional components of the dialogue construction module. 

A dialogue session between the system and a user is an actual conversation that 

consists of a specific series of dialogue turns. While the user traverses the tree nodes to 

find out products of interest, it is the Session Manager’s responsibility to remember the 
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context the user is currently working in. Since the goal is to maintain a dynamic 

dialogue, the Dialogue Generator has to constantly trace the context of the previous 

dialogues in order to generate the next dialogue for further interactions.  

The Dialogue Manager continuously manages dialogue turns one by one. This looping 

process continues until the user terminates the session. The Dialogue Manager receives 

the user’s utterance and recognizes its semantic meanings. This user specification then 

is passed to the Dialogue Generator. In order to generate the next dialogue for the 

Dialogue Manager, the Dialogue Generator has to know three main pieces of 

knowledge: the history of previously visited nodes in the tree, the current node 

specified by the user, and the list of associated values at the current attribute node. The 

first piece of knowledge comes from the Session Manager. The second piece of 

knowledge is indicated by the user specification. The third one is obtained from 

parsing the PMML tree-based catalogue.  

As application-directed dialogues are menu-driven, users are presented with some 

options of value for an attribute of products. The user specifies his/her preference for 

the value of an attribute, and then proceeds to the next turn to further narrow down the 

search space. During the entire session of dialogues, the system will remember the path 

that the user traverses.  

Figure F-7 shows an example conversation between a user and the system. The user 

intends to find a car model that is a wagon in white with engine litres between 2.0-3.0. 

The system first presents a dialogue that requires the user to specify the body style of 

cars. The potential options for body styles are hatchback, sedan and wagon. These 

options are predefined by the tree catalogue. Based on the user’s selection, the system 
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knows exactly which node it is going to visit and consequently initiates a second turn 

of interaction. As the user will be leaving the current dialogue and going to the next 

dialogue, a session object is used to remember which nodes have been visited. This is 

done for state management, and it is shared by all dialogues within the same session. 

By going through selecting colour and engine litres, the user finally reach the leaf node, 

which only consists of one product class (ID is 23). Then a detailed description of the 

product class is retrieved and delivered to the user. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SYSTEM: We have 26 car models that can satisfy your initial re
styles would you like, Hatchback, Sedan or Wagon? 

USER: Wagon. 
SYSTEM: What colour is you favour, Red or White? 
USER: White. 
SYSTEM: What type of engines do you prefer, 1.3-2.0 litres, or 2.0-
USER: 2.0-3.0 litres 
SYSTEM: We have one model that can meet all your specifica

information about the model) 
 

Fig. F-7. Example conversation between a user and
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AMENDMENTS 
 
ERRATA 

p 144 para 3, first sentence: “four” for “five” 
p 179 para 2, last sentence: “907 were system” for “907 were user” 
 

 

ADDENDUM 

p 21 para 3, 2nd line: delete “a unified model”, add “the Unified Theory of 
Acceptance and Use of Technology (UTAUT)” and read “to propose the Unified 
Theory of Acceptance and Use of Technology (UTAUT) …” 
 
p 22: add at the end of first sentence to form a new para:  
The popularity of the abovementioned theories and models is further supported by 
recent research on acceptance of mobile commerce. Pedersen (2005) applied a 
modified version of the decomposed TPB with TAM to study the behaviour of early 
adopters of m-services and examined the impact of perceived usefulness, perceived 
user friendliness, subjective norm, behavioural control and attitude to usage 
intention. Wang, Lin and Luarn (2006) combined TAM and TPB for an integrated 
model to predict consumer intention to use m-service. Ha, Moon and Choi (2007) 
extended TAM to investigate seven constructs (user experience, perceived 
usefulness, perceived ease of use, perceived enjoyment, perceived attractiveness, 
perceived lower sacrifice and attitude) in the context of mobile game adoption under 
mobile broadband wireless access environment. Carlsson et al. (2006) applied 
Ventakash et al.’s (2003) UTAUT to explain the acceptance of mobile 
devices/services while Min, Ji and Qu (2008) revised the UTAUT to enhance 
understanding of m-commerce acceptance in China. There are many other similar 
studies (Bhatti 2007; Cho 2008; Fang et al. 2006; Hong and Tam 2006; Kim et al. 
2007; Mallat et al. 2008; Merisavo et al. 2007; Vrček et al. 2008; Wang et al. 2006; 
Wang et al. 2005; Yang 2005), which either directly apply one of the models listed in 
Table 2-1 or revise/extend those models to investigate the acceptance of different 
types of mobile commerce applications/services. In Blanca and Pablo’s (2008) 
review study of 17 articles related to m-commerce acceptance published between 
2000 and 2008, they further confirmed that the theories/models applied most widely 
to mobile commerce adoption studies are TRA, IDT, TPB and TAM. 
 
p 27: after para 2 add new para: 
Blanca and Pablo (2008) conducted a literature review to study the factors associated 
with the adoption of mobile commerce. Their study examines 17 primary studies 
pertaining to mobile commerce acceptance and focuses on review of theories/models 
and analytical methodologies that are employed by those studies. It discovers that 20 
factors are the most important ones for explaining the adoption of mobile commerce, 
such as perceived ease of use, perceived usefulness, perceived enjoyment, subjective 
norm, social influence, attitude, facilitating conditions, perceived attractiveness, 



perceived risk, and trust. This study result further confirms the necessity for 
integration and synthesis to consolidate the understanding of factors influencing user 
acceptance. However, their study intentionally adopts narrative review as the 
research method and, hence, no statistical data were derived from the primary 
studies. Another similar literature analysis was conducted by AlHinai, Kurnia and 
Johnston (2007). Their study results, similar to Blanca and Pablo’s (2008) findings, 
also discover a long list of m-commerce adoption factors in the existing literature. 
More importantly, they unveiled the fact that mixed results were reported across 
studies regarding the effect of these factors on user acceptance. However, this 
research remains at the conceptual study level. AlHinai, Kurnia and Johnston (2007) 
acknowledged the limitation of their analysis and called for quantitative meta-
analysis that can fully embrace the power of statistical synthesis. 
 
p 50 line 2: add between “we” and “propose”: “redefine this construct as the extent to 
which a user believes that using a particular application/service would achieve a 
better outcome of performance, and”  
  
p 50 para 2, 3rd line: add new sentence before “Complexity”: 
Pedersen (2005) refers to this concept as “Perceived User Friendliness”. 
 
p 50 para 2, 9th line: add new sentence before “Hence”: 
We support Davis’ (1989) definition of Perceived Ease of Use.  
 
p 51 para 1, 13th line: add between “we” and “propose”: “redefine this determinant as 
a user’s perception of external influence on whether he/she should or should not use 
a particular application/service, and” 
 
p 51 last sentence: delete “e-commerce”, add “e-commerce/m-commerce”, and read 
“More recent research in e-commerce/m-commerce acceptance …” 
 
p 52 line 1: add after “Pavlou 2003”: “; AlHinai, Kurnia and Johnston 2007; Blanca 
and Pablo 2008” 
 
p 53 line 14: add after “Yi and Hwang 2003”: “; Kim, Chan and Gupta 2005; Ha, 
Yoon and Choi 2007” 
 
p 53 para 1, last sentence: add between “we” and “propose”: “redefine Affective 
Attitude as the degree of the perceived enjoyment and playfulness that can be derived 
from using a particular application/service, apart from any performance 
consequences, and” 
 
p 142 Section 5.3.1: add at the end of first para: 
To achieve this objective, we have conducted a literature analysis for the 
identification of features of m-commerce. We present the analysis results below. 
 



p 144: add new para after para 2: 
Our identified four features are consistent with another review study on m-commerce 
features conducted by Ding, Iijima and Ho (2004). Their study concludes that 
ubiquity/accessibility, convenience, personalization and localization are the unique 
features of m-commerce. Based on their definition, the Localization feature has an 
identical meaning with the Adaptability feature identified by us. 
       
p 178 Section 5.5.1: add new para at the beginning: 
Two versions of a mobile car city application, based on our design framework and 
the W3C one, respectively, were implemented to allow users to browse car model 
information via voice (refer to Appendix E and F for implementation details). The 
car model catalogue was adapted from the UCI repository (refer to Section F.2 for 
details). Two versions of the application were deployed to the same platform – IBM 
Websphere Voice Server. The platform consists of a speech recognizer that supports 
barge-in so that a user can interrupt the system while it is prompting, and a TTS 
(Text-To-Speech) engine for system speech output. An audio recorder was also 
provided to capture the user and system utterances. The same experiment setup was 
employed to complete a set of application tasks in conversations with a particular 
version of the system for comparison. 
 
 
Add new references in the reference section: 
 
AlHinai, Y.S., Kurnia, S. and Johnston, R.B. (2007) “Adoption of mobile commerce 
services by individuals: a meta-analysis of the literature”, Proceedings of the 6th 
International Conference on Mobile Business (ICMB), July 9-11, Toronto, Ontario, 
Canada, pp.62-70. 
 
Bhatti, T. (2007) “Exploring factors influencing the adoption of mobile commerce”, 
Journal of Internet Banking and Commerce, Vol.12, No.3, pp.1-13. 
 
Blanca, L.C. and Pablo, D.L. (2008) “M-commerce adoption. TAM vs. technology 
provider perspective through cognitive maps”, Conradi Research Review, Vol.5, 
No.1, pp.56-72. 
 
Calsson, C., Calsson, J., Hyvönen, K., Puhakainen, J. and Walden, P. (2006) 
“Adoption of mobile devices/services – searching for answer with the UTAUT”, 
Proceedings of the 39th Hawaii International Conference on System Sciences, pp. 
132.1-10. 
 
Cho, Y.C. (2008) “Assessing user attitudes toward mobile commerce in the U.S. vs. 
Korea: implications for m-commerce CRM”, Journal of Business & Economics 
Research, Vol.6, No.2, pp.91-102. 
 
Ding, X., Iijima, J. and Ho, S. (2004) “Unique features of mobile commerce”, 
Journal of Electronic Science and Technology of China, Vol.2, No.3, pp.205-210.  



 
Fang, X., Chan, S., Brzezinski, J. and Xu, S. (2006) “Moderating effects of task type 
on wireless technology acceptance”, Journal of Management Information Systems, 
Vol.22, No.3, pp.123-157. 
 
Ha, I., Yoon, Y. and Choi, M. (2007) “Determinants of adoption of mobile games 
under mobile broadband wireless access environment”, Information & Management, 
Vol.44, pp.276-286. 
 
Hong, S.J. and Tam, K.Y. (2006) “Understanding the adoption of mobile information 
appliances: the case of mobile data services”, Information Systems Research, Vol.17, 
No.2, pp.162-179. 
 
Kim, H., Chan, H.C. and Gupta, S. (2007) “Value-based adoption of mobile internet: 
an empirical investigation”, Decision Support Systems, Vol.43, pp.111-126. 
 
Mallat, N., Rossi, M., Tuunainen, V.K. and Öörni, A. (2008) “An empirical 
investigation of mobile ticketing service adoption in public transportation”, Personal 
and Ubiquitous Computing, Vol.12, No.1, pp.57-65. 
 
Merisavo, M., Kajalo, S., Karjaluoto, H., Virtanen, V., Salmenkivi, S., Raulas, M. 
and Leppäniemi, M. (2007) “an empirical study of the drivers of consumer 
acceptance of mobile advertising”, Journal of Interactive Advertising, Vol.7, No.2. 
 
Min, Q., Ji, S. and Qu, G. (2008) “Mobile commerce user acceptance study in China: 
a revised UTAUT model”, Tsinghua Science and Technology, Vol.13, No.3, pp.257-
264. 
 
Pederson, P.E. (2005) “Adoption of mobile internet services: an exploratory study of 
mobile commerce early adopters”, Journal of Organizational Computing and 
Electronic Commerce, Vol.15, No.2, pp.203-222. 
 
Vrček, N., Bubaš, G. and Bosilj, N. (2008) “User acceptance of location-based 
services”, Proceedings of World Academy of Science, Engineering and Technology, 
Vol.31, pp.289-294. 
 
Wang Y., Lin H. and Luarn, P. (2006) “Predicting consumer intention to use mobile 
service”, Information Systems Journal, Vol.16, pp.157-179. 
 
Wu, J., Wang, S. and Lin, L. (2005) “What drives mobile health care? An empirical 
evaluation of technology acceptance”, Proceedings of the 38th Hawaii International 
Conference on System Sciences (HICSS), pp. 150.1-9. 
 
Yang, K.C.C. (2005) “Exploring factors affecting the adoption of mobile commerce 
in Singapore”, Telematics and Informatics, Vol.22, pp.257-277.   


	PhDThesis.pdf
	Abstract …………………………………………………………………...
	XIII
	Declaration ……………………………………………………………….
	XV
	Acknowledgements ……………………………………………………..
	XVI
	1
	Introduction ………………………………………………….
	1
	1.1 The Need for User Acceptance Model Driven Design………………..
	1
	1.2 Research Hypothesis and Questions …………………………….……
	3
	1.3 Contribution of this Thesis …………………………………………...
	5
	1.4 Research Design ……………………………………………………..
	7
	1.5 Outline of the Thesis …………………………………………………
	11
	2
	User Acceptance Theories and Meta-Analysis ……………….
	14
	2.1 Literature Review of User Acceptance Models ………………………
	15
	2.1.1 Basic User Acceptance Models ………………………………...
	15
	2.1.2 User Acceptance Model Comparison …………………………..
	18
	2.2 Related Work on Model Synthesis …………………………………...
	25
	2.3 Theoretical Background of Meta-Analysis …………………………...
	29
	2.3.1 History of Meta-Analysis ………………………………………
	29
	2.3.2 Meta-Analysis Methodology …………………………………...
	31
	2.3.3 Comparison of Hunter-Schmidt and Hedges-Olkin Methods …..
	34
	2.4 Meta-Analysis and Structural Equation Modelling (MEASEM) …….
	39
	2.4.1 Structural Equation Modelling (SEM) …………………………
	39
	2.4.2 MEASEM Methodology ……………………………………….
	43
	2.5 Summary ……………………………………………………………..
	44
	3
	Generic User Acceptance Model ………………………………...
	46
	3.1 Factors Influencing User Acceptance ………………………………...
	47
	3.1.1 Determinants of User Acceptance ……………………………...
	48
	3.1.2 Moderators ……………………………………………………..
	53
	3.2 Meta-Analysis for Model Testing ……………………………………
	57
	3.2.1 Selection of Primary Studies and Coding ………………………
	57
	3.2.2 Meta-Analysis Using the Hunter-Schmidt Method …………….
	59
	3.2.2.1 Meta-Analytical Procedures ……………………………
	59
	3.2.2.2 Meta-Analysis Results ………………………………….
	62
	3.2.2.3 Moderator Analysis Results …………………………….
	63
	3.2.3 Meta-Analysis Using the Hedges-Olkin Method ……………….
	67
	3.2.3.1 Meta-Analytical Procedures ……………………………
	67
	3.2.3.2 Meta-Analysis Results ………………………………….
	69
	3.2.3.3 Moderator Analysis Results …………………………….
	70
	3.2.4 Meta-Analysis Result Discussion ………………………………
	73
	3.3 Structural Equation Modelling through MEASEM …………………..
	78
	3.3.1 Methodology …………………………………………………...
	78
	3.3.1.1 Narrative Review ……………………………………….
	79
	3.3.1.2 Meta-Analytical Procedures ……………………………
	80
	3.3.1.3 Structural Equation Modelling ………………………….
	82
	3.3.2 Three Causal Models …………………………………………...
	83
	3.3.3 Study Results …………………………………………………...
	87
	3.3.3.1 Meta-Analytical Results ………………………………..
	87
	3.3.3.2 Results of Model Tests …………………………………
	88
	3.3.4 MEASEM Result Discussion …………………………………..
	90
	3.4 Summary ……………………………………………………………..
	92
	4
	User Acceptance Model Driven Design Process ……………...
	95
	4.1 Theoretical Background of UAMDDP ……………………………….
	96
	4.1.1 Studies of System Features as Antecedents to Acceptance Factors …………………………………………………………
	97
	4.1.2 Implications for User Acceptance Model Driven Design ………
	104
	4.2 The 3F Triangular Model …………………………………………….
	107
	4.3 User Acceptance Model Driven Design Process …………………….
	112
	4.3.1 Assessing and Comparing System Features ……………………
	117
	4.3.2 Improving System Design ……………………………………...
	121
	4.4 System Evaluation Metrics …………………………………………..
	123
	4.4.1 Evolution of System Evaluation Theory ………………………..
	124
	4.4.2 Assessment Metrics …………………………………………….
	126
	4.5 Summary ……………………………………………………………..
	128
	5
	Case Analysis of the UAMDDP...………………………………...
	131
	5.1 Speech-enabled M-commerce ………………………………………..
	5.2 W3C Speech Interface Design Framework …………………………..
	138
	5.3 Applying UAMDDP to Speech-enabled M-commerce ………………
	142
	5.3.1 Feature Assessment Sub-process ……………………………….
	142
	5.3.2 Feature Comparison Sub-process ………………………………
	146
	5.3.2.1 Impact of Features on Acceptance Factors ……………..
	146
	5.3.2.2 Features Missing in the W3C Framework ……………...
	151
	5.3.3 Improved Design Framework for Voice-enabling                    M-commerce …………………………………………………..
	154
	5.3.3.1 Hybrid Dialogue Strategy ……………………………...
	156
	5.3.3.2 CBR for Natural Language Modelling ………………...
	161
	5.3.3.3 Dialogue Personalization Architecture ………………...
	165
	5.4 Evaluation Metrics …………………………………………………...
	170
	5.5 Evaluation and Comparison………………………………………….
	178
	5.5.1 Evaluation and Comparison Process…………………………….
	178
	5.5.2 Evaluation and Comparison Results …………………………….
	181
	5.6 Summary ……………………………………………………………..
	187
	6
	Conclusions …………………………………………………………...
	189
	6.1 Summary of Contributions …………………………………………...
	189
	6.1.1 Generic User Acceptance Model ………………………………..
	190
	6.1.2 User Acceptance Model Driven Design Process ………………..
	192
	6.1.3 Design Framework for Voice-enabling M-commerce …………..
	193
	6.2 Future Directions ……………………………………………………..
	194
	6.2.1 Empirical Study of the Generic User Acceptance Model ……….
	195
	6.2.2 Application of the UAMDDP to Other Domains ……………….
	197
	6.2.3 Further Enhancement of the Design Framework ……………….
	198
	201
	Appendix A: The List of Studies Included in the Meta-Analysis ……..
	227
	Appendix B: The List of Selected Studies for Meta-Analytical Procedure in MEASEM ………………………………….
	231
	Appendix C: Model Testing with LISREL ……………………………..
	236
	C.1 Common Commands for LISREL Command Files ……………...
	236
	C.2 Procedures of Model Fit Testing Using LISREL ………………...
	237
	Appendix D: Review of Personalization and Natural Language Handling …………………………………………………..
	239
	D.1 Review of Personalization Research ……………………………..
	239
	D.1.1 User Profiling ……………………………………………...
	239
	D.1.2 Decision-Tree Models for E-catalogues …………………...
	240
	D.1.3 Discretization ……………………………………………...
	246
	D.1.4 Feature Subset Selection …………………………………..
	249
	D.2 Review of Natural Speech Interface Research …………………...
	252
	D.2.1 Application-directed Spoken Dialogue Systems …………..
	252
	D.2.2 Stochastic Language Modelling …………………………...
	256
	D.2.3 Natural Language Generation ……………………………..
	259
	D.2.4 Case Based Reasoning …………………………………….
	263
	D.2.4.1 Knowledge Representation ………………………..
	264
	D.2.4.2 Case Retrieval with Acceptance Function ………...
	D.2.4.3 Case Adaptation and Evaluation …………………..
	268
	Appendix E: Case-Based Reasoning System for Natural Language Modelling …………………………………………………
	269
	E.1 Sample Sentence Set ……………………………………………..
	269
	E.1.1 Car Model Specifications ………………………………….
	269
	E.1.2 Queries in the ATIS Domain ………………………………
	272
	E.1.3 Sample Sentence Set ……………………………………….
	273
	E.2 Case Based Reasoning System …………………………………...
	275
	E.2.1 Case Representation ……………………………………….
	275
	E.2.2 Distance Function ………………………………………….
	281
	E.2.3 Corpus Generation …………………………………………
	284
	E.3 Natural Language Modelling ……………………………………..
	292
	Appendix F: Dialogue Personalization System ………………………...
	295
	F.1 Dynamic User Profiling …………………………………………..
	F.1.1 User Navigation ……………………………………………
	295
	F.1.2 Product Popularity Model ………………………………….
	298
	F.2 Catalogue Initiation ………………………………………………
	300
	F.3 Feature Subset Selection (FSS) …………………………………..
	304
	F.4 Catalogue Personalization ………………………………………..
	308
	F.4.1 Personalization Metric ……………………………………...
	308
	F.4.2 Catalogue Construction …………………………………….
	310
	F.4.3 Decision-Tree Catalogue Evaluation ……………………….
	313
	F.5 Dialogue Construction ……………………………………………
	315
	1-1
	Structure of research design ………………………………………...
	10
	2-1
	The full LISREL SEM model ………………………………………
	42
	3-1
	The hypothetical model for understanding determinants of user acceptance …………………………………………………………..
	57
	3-2
	Approach for user acceptance modelling …………………………..
	79
	3-3
	Three causal models ………………………………………………..
	86
	3-4
	Generic user acceptance model …………………………………….
	93
	4-1
	Model depicting relationships between factors and features ………
	99
	4-2
	Extended UAM ……………………………………………………..
	108
	4-3
	The 3F Triangular Model …………………………………………...
	111
	4-4
	User Acceptance Model Driven Design Process (UAMDDP) ……...
	115
	5-1
	W3C speech interface design framework …………………………..
	140
	5-2
	Integrating intelligent components into the speech interface ………
	158
	5-3
	The flow control of dialogues with a hybrid strategy ………………
	160
	5-4
	Overview of the corpus generation procedures ……………………..
	164
	5-5
	Dialogue personalization architecture ………………………………
	170
	6-1
	Questionnaire items ………………………………………………..
	196
	D-1
	An example of product taxonomy ………………………………….
	241
	D-2
	Decision-tree based e-catalogue ……………………………………
	244
	D-3
	Speech recognition for application-directed dialogue ………………
	254
	D-4
	An example grammar in JSGF ……………………………………..
	255
	D-5
	CBR problem solving life cycle (Aamodt and Plaza 1994) ………...
	264
	D-6
	Nearest-neighbour matching algorithm …………………………….
	266
	E-1
	The SemStruct object for the sentence: “What cars can seat more than 5 passengers and have four doors?”……………………………
	277
	E-2
	Functional labelling of a user query ………………………………...
	279
	E-3
	281
	E-4
	An example input …………………………………………………...
	286
	E-5
	Substitution operation of numeric features …………………………
	288
	E-6
	Deletion operation of features ………………………………………
	289
	E-7
	An example of the insertion operation ……………………………...
	290
	E-8
	Sentence generation algorithm ……………………………………...
	291
	F-1
	Product classification model ………………………………………..
	298
	F-2
	ABB algorithm ……………………………………………………..
	306
	F-3
	An example of a tree-based catalogue ……………………………...
	309
	F-4
	Personalized Tree Construction Algorithm …………………………
	311
	F-5
	Sample PMML tree-based catalogue ……………………………….
	312
	F-6
	Dialogue construction module ……………………………………...
	316
	F-7
	Example conversation between a user and the system ……………...
	318
	2-1
	Evolution of models for user acceptance analysis ………………….
	24
	2-2
	Absolute and comparative fit indices ……………………………….
	41
	2-3
	MEASEM analysis procedures ……………………………………..
	44
	3-1
	Sources of primary studies ………………………………………….
	59
	3-2
	Correlation coefficients and moderators of selected studies ………..
	60
	3-3
	Results of meta-analysis for determinants (Hunter-Schmidt method) ……………………………………………………………..
	62
	3-4
	Results of moderator analysis (Hunter-Schmidt method) …………..
	65
	3-5
	Results of t-approximation tests …………………………………….
	67
	3-6
	Results of meta-analysis for determinants (Hedges-Olkin method) ……………………………………………………………..
	70
	3-7
	Results of moderator analysis (Hedges-Olkin method) …………….
	72
	3-8
	Sources of the included studies ……………………………………..
	81
	3-9
	Results of 15 meta-analytical procedures …………………………..
	88
	3-10
	Results of the fitness tests for the three causal models ……………..
	89
	4-1
	Studies of system features as antecedents of acceptance factors …....
	103
	4-2
	Assessment metrics from Wixom and Todd’s model (2005) ……….
	127
	5-1
	Comparison between the features identified and the W3C framework ………………………………………………………….
	151
	5-2
	Metrics for evaluating/comparing speech-enabled m-commerce applications …………………………………………………………
	176
	5-3
	Means for two versions of the system and t-approximation test results ………………………………………………………….........
	185
	5-4
	Raw data of the evaluation tests …………………………………….
	186
	E-1
	Sample sentences of user queries in the ATIS domain ……………..
	273
	E-2
	Conceptual Category Set …………………………………………...
	276
	E-3
	Common measures for recognition performance …………………...
	294
	F-1
	Sample product classes ……………………………………………..
	303
	F-2
	Feature subset selection results ……………………………………..
	307
	F-3
	Results of classification accuracy …………………………………..
	314
	Publications
	1.1. The Need for User Acceptance Model Driven Design
	1.2. Research Hypothesis and Questions
	TRA
	TAM
	TPB

	Table 2-1 Evolution of models for user acceptance analysis
	Perceived Usefulness
	Perceived Ease of Use
	Social Influence
	Confidence Belief
	Affective Attitude
	Type of Technology
	Stage of Adoption
	Environment of Study
	Type of Subject
	
	Table 3-2 Correlation coefficients and moderators of selected studies
	Table 3-3 Results of meta-analysis for determinants (Hunter-Schmidt method)
	Table 3-4 Results of moderator analysis (Hunter-Schmidt Method)
	
	IV1
	SOA
	IN
	IM

	TOS
	TOT
	EOS

	IV2
	SOA
	
	IN
	ORG
	WEB


	EOS

	IV3

	Table 3-4 Results of Moderator Analysis (Cont’d)
	TOS
	ORG
	
	INDL
	TOT
	IT/IS
	WEB
	EOS
	A



	IV4
	TOT

	IV5
	TOT
	
	IT/IS




	Table 3-5. Results of t-approximation tests
	
	IT/IS


	Table 3-6 Results of meta-analysis for determinants (Hedges-Olkin method)
	Table 3-7 Results of moderator analysis (Hedges-Olkin method)
	
	Perceived Usefulness
	Stage of Adoption
	IN
	IM

	Type of Subject

	Perceived Ease Of Use
	Environment of Study

	Social Influence
	Confidence Belief
	Affective Attitude



	Limitations
	Implications for Future Research

	Procedure 1   Narrative Review
	
	Procedure 2    Meta-Analytical Procedure

	Procedure 3    Structural Equations Modelling
	
	Role of Attitude
	Relationships of SI-PU and CB-PU
	Table 3-9 Results of 15 meta-analytical procedures



	Table 3-10. Results of the fitness tests for the three causal models
	Earlier in this chapter, using Figure 4-2, we explained that users’ behavioural beliefs (acceptance factors) can be predicted 
	
	Ubiquity: the ability to retrieve information and conduct transactions from virtually any location on a real-time basis.
	Naturalness: the ability to communicate with the application naturally.
	
	
	
	
	Naturalness
	Efficiency
	Parallelism
	Trustworthiness







	Fig.5-5. Dialogue personalization architecture
	References
	
	
	
	The List of Studies Included in the Meta-Analysis








