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Abstract 

There has been an increasing demand for commercial organisations to foster real-time 

interaction with customers, because harnessing customer competencies has been shown 

to be a major contributor towards various benefits, such as growth, innovation and 

competition. This may drive organisations to embrace the development of multimodal 

interaction and complement Electronic Customer Knowledge Management Systems (E-

CKMS) with metaphors of audio-visual nature. Although the implementation of E-

CKMS encounters several challenges, such as lack of trust and information overload, 

few empirical studies were devoted to assess the role of audio-visual metaphors, and 

investigate whether these technologies can be put into practice. Therefore, this thesis 

describes a comparative evaluation study carried out to examine the implication of 

incorporating multimodal metaphors into E-CKMS interfaces on not only usability of E-

CKMS, but also the user‘s trust, knowledge and acceptance. An experimental E-CKMS 

platform was implemented with three different modes of interaction: Visual-only E-

CKMS (VCKMS) with text and graphics, Multimodal E-CKMS (MCKMS) with speech, 

earcons and auditory icons and Avatar-enhanced multimodal E-CKMS (ACKMS). The 

three platforms were evaluated by three independent groups of twenty participants each 

(total=60) who carried out eight common tasks of increasing complexity and design 

based on three different styles. Another dependent group of forty-eight participants 

(n=48) was instructed to interact with the systems under similar usability conditions by 

performing six common tasks of two styles, and fill a questionnaire devised to measure 

the aspects of user acceptance. The results therein revealed that ACKMS was more 

usable and acceptable than both MCKMS and VCKMS, whereas MCKMS was more 

usable than VCKMS, but less acceptable. Inferential Statistics indicated that these 

results were statistically significant.  
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Chapter 1:  Introduction 

1.1 Introduction 

Recent developments in marketing theory and practice highlighted various opportunities 

that harnessing customer competencies can provide for value creation and sustainability. 

A great deal of emphasis is put on drawing customers closer in the pursuit of long 

lasting and more reliable business relationships. In this context, sophisticated customers 

seek personalised products and services, due to their very high expectations resulting 

from the experience acquired through the actual and daily use of such products. 

Therefore, modern organisations have seriously considered tracking the changing 

preferences of customers over time, and more importantly, emphasised rethinking the 

role customers can play in innovation. When customer active engagement is sought, it is 

important to consider that human experts, in general, tend to be reluctant to share 

knowledge, due to the fear of losing social power and intellectual rights. Indeed, dealing 

with customers exacerbates the problem, due to their position outside the organisational 

boundary and in a click away from competitors. However, this demands higher levels of 

knowledge-based social interaction to take place in a platform supported by the 

organisation. For instance, a web portal can be introduced with a set of customisation 

and personalisation capabilities to accommodate groups and individuals who utilise 

multiple communication channels. It is particularly possible for the web channel to offer 

multimedia interactions to enable collaboration and self-services, and more importantly 

motivate further customer-web interactivity. Although the potential of interactive 

multimedia interaction is well recognised to address lack of trust and information 

overload, empirical studies that evaluate this role is generally lacking in the current 

literature to Customer Knowledge Management (CKM). 
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1.2 Research Scope 

Many factors explain why customers are reluctant to participate in online knowledge-

related activities, but the present study focuses on the potential of designing interactive 

interfaces in order to shed light on variables affecting web-based customer interactions, 

such as multimodal metaphors, knowledge exchange style and task complexity. In fact, 

the scope of this study limits the use of multimodal metaphors to speech, earcons, 

auditory icons and facial expressions. Not only that, the style of knowledge exchange 

examined was limited to that related to customer interaction and suitable for online 

environments and software applications. This includes evaluation of Communities of 

Customers (COC)
1
, as typical CKM style and co-production

2
 of Electronic Products

3
 

(E-Products).  

1.3 Aims 

The study aims to investigate the implications of incorporating multimodal metaphors 

into Electronic Customer Knowledge Management Systems (E-CKMS)
4
 interfaces. In 

fact, it aims to evaluate three E-CKMS interaction modes in terms of usability and the 

user‘s trust, knowledge and acceptance. In addition, it aims particularly to evaluate 

usability of the three interaction modes in terms of effectiveness and efficiency, when 

task complexity and type (i.e. CKM style) are taken into account. Moreover, it aims to 

evaluate the user‘s acceptance of each interaction mode with further considerations 

related CKM style.  

                                                 
1
 COC stands for Communities of Customers that constitute a group of customers who share the same 

culture, value, interest and objectives, and exchange product-related knowledge. 
2
 Co-production assumes that the customer can fill the dual role of product consumer and producer, while 

the company learns with customers about their actual needs. 
3
 The co-production of E-Products is more suitable for online customers, because it does not require a 

complete line of production in which the customer may experience repeated shifts from production lines 

to customer care departments and vice-versa. 
4
 This study refers to the automation of CKM process in E-Business contexts as E-CKMS. 
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1.4 Objectives 

These research aims were addressed through three experimental studies: the role of 

audio, the role of avatars, user acceptance. The first study evaluates usability of a 

control E-CKMS, in comparison with an experimental platform to produce two 

distinctive interaction modes. The first interaction mode utilises text and graphics to 

communicate knowledge and is referred to as Visual-only E-CKMS (VCKMS). The 

second interaction mode is a multimodal platform incorporating text, graphics, speech, 

earcons and auditory icons and is referred to as Multimodal E-CKMS (MCKMS). In 

addition to interaction modes, further experimental considerations provided sufficient 

evidence to support designing tasks with three types in an increasing complexity in 

order to determine the task design effect on usability. The task type factor was 

considered to facilitate an effective comparison between two CKM styles: COC and co-

production. In fact, the COC tasks were broken down to product selection in the 

presence and absence of the COC context. The task complexity factor includes three 

increasing levels from simple, moderate, to complex tasks. Moreover, the nature and 

scope of this research has called for the traditional usability evaluation to be expended 

beyond the notation of effectiveness, efficiency and satisfaction to cover an assessment 

of usability-oriented trust and knowledge
5
. The second study replicated and extended 

the first study by introducing a third interaction mode that utilises text, graphics, 

earcons, avatars with facial expressions and labelled as Avatar-enhance multimodal E-

CKMS (ACKMS). The third study exploited several constructs extracted from 

theoretical models
6
 proposed in the current literature to Information Systems (IS) to 

                                                 
5
 Usability-oriented trust and knowledge is a concept proposed by this study to extend the traditional 

usability metrics. In this context, trust deals with general web-based systems design and implementation. 
6
 This included Technology Acceptance Model (TAM), which was built over Theory of Planned 

Behaviour (TPB) and Theory of Reasoned Actions (TRA). See Section 2.3.2 for more details.  
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evaluate user acceptance of technology. The potential of systems usability as a source of 

variance in user attitudes motivated carrying out further attitude investigation into not 

only perception of usefulness, ease of use and quality of contents, but also user 

cognition and intentions. Having the influential factors identified, the third study 

measured user acceptance of the three interaction modes under similar usability 

conditions.  

1.5 Method 

This experimental research evaluated the difference between groups in order to explore 

the causal relationship between factors. The research involved an extensive literature 

survey to review several CKM arguments and perspectives, provide insights into the 

underlying principles and theoretical foundations of E-CKMS and identify important 

factors. Consequently, hypotheses formulation and experimental design were aligned 

with relevant studies in the current literature to multimodal interaction. In particular, the 

comparative evaluation relied on a number of participants randomly selected from the 

population and randomly assigned to three groups (one control and two experimental). 

The control group received no treatment by interacting with VCKMS, whereas the two 

experimental groups received different treatments by interacting with MCKMS and 

ACKMS. In fact, the key assumption of this design is that the effect of other factors 

(control variables) on the experimental groups was equivalent to that in the control 

group during the course of the experiment and the observed difference is due to the 

interaction treatment. In summary, the research is based on true experimental design 

with three conditions: VCKMS, MCKMS and ACKMS.  

The cause-effect analysis was divided into usability and attitude evaluations in which 

the former is carried out to serve as a basis for the latter. In particular, based on the 
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treatment received by the experimental groups, the usability study was divided into two 

experimental phases. Both experiments investigated the effect of multimodal metaphors 

on not only E-CKMS usability in terms of effectiveness, efficiency and satisfaction, but 

also the user‘s trust and knowledge. The three experimental systems were evaluated by 

three independent groups of twenty users (n=60) each of which performed eight 

common tasks of increasing complexity and design based on three different CKM 

styles. The three task types reflected variations of COC and co-production, where 

product selection tasks were carried out in the presence and absence of COC and co-

production tasks was performed to customise products. The tasks were organised also 

into simple, moderate and complex tasks based on complexity influential variables 

devised specially for this study. The first experiment examined the implications of 

incorporating speech, earcons and auditory icons into E-CKMS interfaces. As an 

extension to the first experiment, the second experiment evaluated the effect of using a 

combination of speech, earcons and avatars with facial expressions. It was noticed, 

during the usability evaluation, that usability had a potential effect on user attitudes. 

Therefore, user acceptance of technology was considered for further investigation under 

similar usability conditions, which led to the design of the third experiment. This 

experiment utilised Technology Acceptance Model (TAM)
7
 to extract constructs for 

assessing user acceptance, including perceived usefulness, perceived ease of use, quality 

of contents, cognitive trust and behavioural intentions. In this experiment, the three 

interaction modes were evaluated by one dependent group of forty-eight users (n=48) 

who carried out six tasks designed under similar usability conditions and with further 

considerations related to the two CKM styles, namely COC and co-production.  

                                                 
7
 TAM relies on perceived usefulness (PU) and perceived ease of use (PEOU) factors to assess and 

understand technology acceptance behaviour. TAM was extended, due to the lack of social factors. 

Although TAM has demonstrated to be a reliable model for user acceptance evaluation, a great deal of 

effort was devoted to revise and extend it by introducing further influential factors 
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Figure 1: Structure of the thesis. 
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Upon the completion of the three experimental phases, results were gathered, linked and 

analysed in order to draw conclusions and create empirically derived guidelines. 

Conclusions were drawn to generalise the results observed during the course of the 

experiment to the entire population, whereas the guideline related to the design, 

implementation, application and evaluation of multimodal E-CKMS. Figure 1 shows 

structure of the thesis, experimental phases and steps followed in the research method.  

1.6 Overall Hypothesis 

The purpose of this section is to present an overall hypothesis to guide all subsequent 

steps of this scientific inquiry. The overall hypothesis investigated in this thesis was 

written in a broad form and shown below: 

Overall Hypothesis: The use of multimodal interaction will improve usability of E-

CKMS and increase the user’s trust, knowledge and acceptance, in comparison with the 

use of the text with graphics. The user can be defined as an individual who interact with 

the E-CKMS to accomplish a CKM task. 

(a) The use of multimodal metaphors in E-CKMS interfaces will improve the 

user’s ability to recall, compared to the use of the text with graphics. 

a.1) MCKMS users will be able to recall more than VCKMS users. 

a.2) ACKMS users will be able to recall more than VCKMS users. 

(b) The use of multimodal metaphors in E-CKMS interfaces will improve the 

user’s ability to use knowledge effectively, compared to the text with graphics. 

b.1) MCKMS users will be able to use knowledge more effectively than 

their counterparts who used VCKMS. 
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b.2) ACKMS users will be able to use knowledge more effectively than 

their counterparts who used VCKMS 

(c) The use of multimodal metaphors in E-CKMS interfaces will improve the 

user’s ability to use knowledge efficiently, compared to the text with graphics. 

c.1) MCKMS users will be able to use knowledge more efficiently than 

their counterparts who used VCKMS. 

c.2) ACKMS users will be able to use knowledge more efficiently than 

their counterparts who used VCKMS 

(d) The use of multimodal metaphors in E-CKMS interfaces will have a positive 

effect on the user’s attitudes towards using E-CKMS under different usability 

conditions, compared to the text with graphics. 

d.1) MCKMS users will express more positive attitudes than VCKMS 

users, when the two systems have different usability levels. 

d.2) ACKMS users will show more positive attitudes than VCKMS users, 

when the two systems have different usability levels. 

(e) The use of multimodal metaphors in E-CKMS interfaces will have a positive 

effect on the user’s attitudes towards using E-CKMS under similar usability 

conditions, compared to the text with graphics. 

e.1) MCKMS will be more acceptable than VCKMS under similar usability 

conditions. 

e.2) ACKMS will be more acceptable than VCKMS under similar usability 

conditions. 
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1.7 Thesis Contribution 

This study creates a bridge between relatively unrelated fields, namely CKM and 

multimodal interactions. The study contributes to the literature to CKM, especially to 

the manner in which knowledge is communicated to the customer, and introduces CKM 

as a new application domain of multimodal metaphors. In addition, several 

contributions are proposed to address empirical issues: 

1. A unique E-CKMS model was proposed to facilitate the conceptualisation of E-

CKMS components and multimodal metaphor creation processes. 

2. The experimental method was intruded to the field of CKM, because proposing 

theoretical models and describing case study were the common approaches. 

3. The communication of knowledge and information by auditory stimuli (speech, 

earcons and auditory icons) and expressive avatars were also introduced to 

address the issues raised in the current literature to CKM. 

4. This thesis contributes to the multimodal interaction literature by combining 

speech, earcons and facial expressions to improve overall usability and user 

satisfaction.  

5. The approach of task complexity creation based on several influential factors 

was proposed to guide the design of product selection tasks in an increasing 

complexity.  

1.8 Motivation 

This study creates a bridge between relatively unrelated fields, namely CKM and 

multimodal interactions. The study contributes to the literature to CKM, especially to 

the manner in which knowledge is communicated to the customer, and introduces CKM 
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as a new application domain of multimodal metaphors. In addition, several 

contributions are proposed to address empirical issues. 

1.9 Thesis Outline 

This thesis produced a total of six chapters and nineteen appendices. The following 

subsections describe the thesis chapters and appendices. 

Chapter 1 (Introduction):  

This chapter describes the general background of the research, including aims, 

objectives, scope, method and contribution. The aims affirmed why this research 

endeavour is undertaken and the objectives specified how to address the aims. The 

scope determined the points of research interest and the method described the 

systematic research process and overall approach to scientific inquiry. The contribution 

part specified the positive profile of the study in relation to the relevant studies in both 

CKM and multimodal interaction literatures. 

Chapter 2 (Interactive E-CKMS): 

This chapter draws together the current knowledge on two key themes: CKM and 

multimodal interaction. In CKM, it provided a brief background on the basic elements, 

including its determination, characteristics and relationships. Subsequently, a review of 

CKM models was conducted to gain an in-depth understanding of the domain and 

highlight the key factors. More light was shed on the proposal of the five CKM styles, 

and two of the styles were particularly identified as potential application areas for 

multimodal interaction, due to their E-Business and software application suitability. In 

addition, trust was identified as a critical issue and therefore its determination, 

dimensions, models and perspectives were described. In multimodal interaction, the 
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chapter provided insights into the significance of using multimodal metaphors in several 

fields of study and the way by which the metaphors were incorporated into user 

interfaces. The chapter shed more light on the evaluation approaches used to measure 

usability and user attitude factors. In the usability evaluation, several studies were 

presented from IS, software engineering, E-Commerce, E-Mail, web-based browsing 

and other disciplines. In the user‘s attitude evaluation, there were several attitude 

evaluation studies presented and categorised into application of TAM and investigation 

of user preference studies. In addition, the way knowledge is measured in E-Learning 

literature was explained and E-Learning studies that utilised multimodal metaphors 

were presented. This was followed by a general critical assessment to identify relevant 

and critical issues and prepare for the experimental chapters.  

Chapter 3 (The Role of Audio: Experimental Phase I): 

The purpose of this chapter was to examine the implications of employing multimodal 

interaction metaphors (speech, earcons and auditory icons) into E-CKMS interfaces. As 

empirical CKM studies that examine the potential of multimodal interaction in this field 

are generally lacking, this chapter reports an experimental research conducted to 

evaluate this role and measure not only usability of multimodal E-CKMS, but also the 

user‘s attitudes and knowledge. This evaluation was undertaken empirically by 

developing two E-CKMS experimental platforms: text with graphics only (VCKMS) and 

multimodal (MCKMS). Two independent groups of users (n=20 for each group) 

evaluated the two E-CKMS interface versions by carrying out eight tasks of increasing 

complexity and three CKM styles. The results therein suggested that the multimodal E-

CKMS interface was more usable than the text with graphics only interface. In addition, 
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it indicated that user attitude and knowledge was significantly improved by using 

multimodal metaphors.  

Chapter 4 (The Role of Avatars: Experimental Phase II): 

This chapter describes an investigation into the role of combining expressive avatars 

with earcons and speech to improve E-CKMS usability and the user‘s attitudes and 

knowledge as opposed to VCKMS and MCKMS. In fact, the examination of this 

hypothesis was carried out empirically by implementing avatar-enhance multimodal 

experimental platforms (ACKMS) as a third E-CKMS interaction mode. The basic 

assumption is that the social aspects of expressive avatars can lead to several positive 

emissions, which is expected to show substantial contribution towards the improvement 

of user engagement on CKM related activities and the promotion of the user-interface 

interaction. To address this aim, an additional group of twenty users was instructed to 

evaluate the third interaction with all the experimental design and research variables 

replicated from the first experiment. The results therein suggested the acceptance of 

research hypotheses, apart from that related to the comparison between ACKMS and 

MCKMS with regard to user satisfaction.  

Chapter 5 (User Acceptance: Experimental Phase III): 

This chapter describes an investigation into the user‘s acceptance of technologies used 

during the interaction with E-CKMS. In particular, it is aimed assessing the aspects 

related to user attitudes, beliefs, preferences, views and intentions towards the three 

interaction modes under similar usability conditions. To have this aim addressed, the 

three platforms were evaluated by one dependent group of forty-eight participants 

(n=48) by performing six simple tasks and filling a questionnaire devised to measure 

user acceptance. The measure of user acceptance relied on extended TAM that included 
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perceived usefulness, perceived ease of use, content quality, cognitive trust and 

behavioural intentions. The results therein suggested that ACKMS was the most 

accepted and preferred among the three platforms, whereas MCKMS was perceived as 

the least.  

Chapter 6 (Conclusions: Empirically Derived Guidelines): 

This chapter summarises overall experimental results, suggests useful guidelines for 

creating usable and acceptable E-CKMS interfaces and identifies future directions for 

further research. The summary of overall experimental results ranks the metaphors used 

from one to three based on statistically significant results according to five evaluation 

domains. These domains are: ability to recall, ability to use knowledge effectively, 

ability to use knowledge efficiently, extended usability attitudes and user acceptance. In 

addition, the proposed guidelines offer a set of useful hints and describe the sources of 

the variance between the control and experimental conditions. Future work describes 

different research directions that merit further investigation.  

Appendices 

There were nineteen appendices attached to this thesis and related to relevant work, 

usability study, application of TAM and experimental ranking results.  

Appendix A-1 summarises several outstanding issues in the field of CKM, alongside 

the solutions proposed to tackle them.  

Appendix B-1 provides a full description of the eight common tasks used during the 

first and second experiments (experimental phase I & II).  
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Appendix B-2 provides a full description of the questionnaire used in the first and 

second experiments (experimental phase I & II) in order to measure aspects of the user‘s 

attitudes and knowledge.  

Appendix B-3 describes the sample characteristics of the usability study (experimental 

phase I and II).  

Appendix C-1 presents the raw data of task completion rate obtained from the usability 

study (experimental phase I & II).  

Appendix D-1 presents the raw data of task completion time obtained from the usability 

study (experimental phase I & II).  

Appendix D-2 presents the raw data of task completion per unit of time obtained from 

the usability study (experimental phase I & II).  

Appendix D-3 presents the raw data of error rate obtained from the usability study 

(experimental phase I & II).  

Appendix D-4 presents the raw data of count of mouse clicks obtained from the 

usability study (experimental phase I & II).  

Appendix D-5 presents the raw data of count of visited pages obtained from the 

usability study (experimental phase I & II).  

Appendix E-1 presents the raw data of the user‘s attitudes obtained from the usability 

study (experimental phase I & II).  

Appendix E-2 presents the raw data of achievement test obtained from the usability 

study (experimental phase I & II).  
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Appendix F-1 provides a full description of the six common tasks used during the third 

experiment (experimental phase III).  

Appendix F-2 provides a full description of the questionnaire used in the third 

experiment (experimental phase III) in order to measure aspects of user acceptance.  

Appendix F-3 describes the characteristics of the sample for the user acceptance study 

(experimental phase III).  

Appendix G-1 presents the raw data of user acceptance factors obtained from the third 

experiment (experimental phase III).  

Appendix G-2 presents the raw data of user ranking and preferences obtained from the 

third experiment (experimental phase III).  

Appendix H-1 presents a graphical representation of experimental ranking results 

according to interaction mode, task complexity and task and CKM style. In addition, it 

provides a graphical representation of efficiency factors excluded from the overall 

evaluation: error rate and count of mouse clicks.  

Appendix H-2 lists all the tools used during the implementation phase.  

Publication and Contribution 

This section lists the publications and contributions generated from the thesis. It was 

organised into three key classes: journal publications, conference contributions and 

workshop participations.  
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Chapter 2:  Interactive E-CKMS 

2.1 Introduction 

The rapid growth of Information Technology (IT) and its application, such as the 

Internet, extranets and intranets, led to a dramatic shift from information to knowledge 

societies. In this context, harnessing invisible assets is becoming one of the primary 

sources of creating value and competitive advantage in the current age of knowledge. 

Knowledge is recognised to be important, but as a concept, it is vague and hard to grasp, 

because it covers a vast area of various views, levels, principles, taxonomies, strategies 

and trends. A proposed taxonomy of knowledge is based on the source of elicitation that 

separates external and internal knowledge. External knowledge or Customer Knowledge 

(CK)
8
 has been shown to be one of the most valuable types of organisation knowledge, 

although it is gathered under a great deal of time pressure at the customer point of 

contact. The Utilisation of CK helps organisations to grow, innovate and compete 

against rivals, but it is not easy to gather, identify, interpret and integrate due to the 

multiplicity of its sources and customer communication channels. It seems possible that 

the flow of CK from multiple communication channels is related to the proposal of 

integrating Knowledge Management (KM)
9
 and Customer Relationship Management 

(CRM)
10

 in E-Business contexts.  

                                                 
8
 CK can be considered as the most valuable mixture of expertise and insights developed during the actual 

exchange and communication between the customer and the organisation. There are three types of CK: 

knowledge for customer, knowledge about customer and knowledge from customer. See Section 2.2.6.1 

for more details.  
9
 KM answers the question of how can information be used to create value for organisations. It proceeds 

through four phases: generate, store, distribute and apply knowledge. The main objective of KM is to 

avoid reinventing the Wheel. See Section 2.2.1.3 for more details. 
10

 CRM aims at expanding customer relationships through acquiring prospective customers, retaining 

existing customers, expanding transaction competences, enabling profitability, improving customer 

services, and building customer-oriented focus. See Section 2.2.1.4 for more details. 
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2.2 Customer Knowledge Management (CKM) 

The concept of CKM is widely used to refer to the synergy between two management 

tools, namely KM and CRM. However, the externalisation of KM constitutes CKM, due 

to the great similarities between them in terms of aims, objectives, techniques and 

outcomes [1]. When considering the external perspective of KM, it is important to 

consider the application of its associated process of generation, storage, sharing and 

utilisation of knowledge that resides in customers‘ heads. Another argument suggested 

that CKM is neither an evolution of CRM, nor an application of KM in CRM; it is a 

combination of both [2]. Generally speaking, CKM aims to support knowledge-based 

interaction, reduce customer waiting time, improve quality of services, increase 

transparency, increase customer satisfaction and loyalty, which eventually lead to 

increasing revenue and lower costs [3]. It seems possible that CKM is of multi-

disciplinary nature, including multiple styles [4] (e.g. COC and co-production), issues 

(e.g. lack of trust and information overload) and proposed solutions (e.g. incorporating 

multimedia systems). 

2.2.1 CKM Elements 

This section considers the elements affecting CKM, including E-Business, knowledge 

concept and taxonomies, KM, CRM, Km and CK synergy and CR. A brief description 

of each element is presented with the aim, object and scope of the present research taken 

in account. 

2.2.1.1 E-Business 

The exponential growth of the Internet applications introduced various contemporary 

concepts and terms, such as E-Business and E-Commerce. Although the two terms are 
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commonly used interchangeably, E-Business is considered as the broadest definition of 

E-Commerce, because it includes customer service related aspects. Normally, besides 

reducing costs and raising productivity, the main goal of E-Business is to automate or 

digitalise business (i.e. utilising IT to move business activities into digitalised form). 

With focus on business transactions, E-Commerce and E-Business can be defined as the 

manner in which the transactions take place with the aid of IT means [5] (i.e. buying 

and selling information and products in virtual environments). E-Business is particularly 

useful to leverage the relationship between customers and vendors, by offering not only 

the platform for knowledge sharing and instant price comparisons for customer, but also 

facilitating further understanding of customer buying patterns for vendors [6]. Based on 

the identity of partners involved, E-Business models can be organised into three main 

categories: Business-to-Business (B2B), Business-to-Consumer (B2C) and Consumer-to-

Consumer (C2C) [7]. First, the online business transaction is labelled B2B in situations 

when roles of business partners are taken by organisations. Secondly, in case 

organisations and individuals are involved in an online business transaction, then this 

model is referred to as B2C or C2B. Finally, the C2C E-Business model refers to online 

transactions conducted and finished by individuals. A further categorisation of B2B 

model suggested transaction-oriented, relationship-oriented and knowledge-oriented E-

Business, which uses Supply Chain Management SCM, CRM and KM respectively for 

exchange. In summary, the current digital economy considers E-Business as a normal 

practice, where various threats are likely to be faced by organizations with late E-

Business adoptions. 

Another argument suggested that SCM, CRM and KM represent the three phases of E-

Business implementation roadmap. This paragraph is largely taken from [8] to describe 
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the evolutionary roadmap of implementing an efficient E-Business that includes four 

main phases: Enterprise Recourse Planning (ERP), SCM, CRM and KM phases. In the 

ERP-phase, routines, procedures, core processes of the enterprise are put into order as a 

foundation for Enterprise Information Systems (EIS), where ERP is regarded as an 

infrastructure or backbone for E-Business. The challenging issue raised in the ERP-

phase is integrating ERP with legacy systems within the enterprise and beyond (i.e. with 

partners‘ ERPs). In the SCM-phase, EIS is linked to suppliers‘ systems not only for 

executing supply transactions, but also to organize, plan, control and monitor supply 

chain with partners, such as customer groups and subcontractors. In the CRM-phase, 

customers are encouraged to take part and participate in core processes of the enterprise, 

which leverages various opportunities to acquire new relationships and retain existing 

customers. The KM-phase strengthens the links between the enterprise and its partners 

(e.g. customers and suppliers) by increasing knowledge intensity during the interaction 

with these partners. E-Business, in the two early phases, is regarded as normal practice, 

which does not offer a competitive edge [9], whereas the two latter are the key sources 

of competitiveness. In brief, although KM and CRM are the key contributors of gaining 

competitive advantages in digital environments, E-Business provides contexts for the 

effective synergy between KM and CRM.  

2.2.1.2 Knowledge Concept and Taxonomies 

Knowledge in organisations is growing exponentially due to the increasing complexity 

of organisations and volatility of markets (e.g. it is estimated that the volume of 

knowledge trebles every 18 month) [10]. With this huge growth, the concept of 

knowledge is still not fully grasped. Knowledge can be looked at from two key 

perspectives: human (dynamic) and nonhuman (static) perspectives. The traditional 
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western epistemology lacks the human perspective in its definition of knowledge: 

―knowledge is justified true belief‖, while there are social aspects needed to be taken 

into consideration, such as the context in which knowledge has been created and 

manipulated [11]. The terms data, information and knowledge are often used 

interchangeably by individuals who do not realise the main difference between them; so 

before defining knowledge, it is vital to establish a clear distinction between these 

concepts [12]. These concepts are considered to be three interrelated levels of 

information (several authors introduced wisdom as a fourth level [10, 13, 14]). Data is a 

structured set of isolated raw assertions that records transactions without developing 

context, intent or meaning, whereas information is transformed data presented in a 

useful way to develop context and meaning for the end user [13]. Knowledge, however, 

is the capability of using information in an organisational context to generate value [13] 

or facilitate action [10]. This definition of knowledge also ignores the human factor (i.e. 

knowledge as a social aspect that involves human interaction), because it relies on the 

objective view of knowledge (i.e. knowledge as a capacity that human can utilise) [10]. 

In brief, knowledge in organisations is rapidly growing with an unclear understanding 

of its concept and rationale.  

Current literature to KM presents several taxonomies of knowledge based on different 

categorisation factors. One taxonomy is based on the level of managerial activity that 

organises knowledge into three main categories: strategic, tactical and operational 

knowledge [15]. Another classification based on the source from which knowledge has 

been elicited implicitly classifies knowledge as external and internal knowledge [13]. A 

third taxonomy categorises knowledge based on its owner into general and specific. 

Cognitive psychologists; however, organise knowledge into declarative, procedural and 
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some add strategic [16]. The former is of help in describing facts, methods and 

procedures (i.e. knowing-what view), whereas procedural knowledge requires mental 

skills for doing (i.e. knowing-how view) and the latter is about knowing-when and 

knowing-why views [16]. Another classification of knowledge is based on the level of 

sharing: individual, group and organisational knowledge [17]. Some other authors 

mentioned different types of knowledge, such as embodied and formal knowledge, 

domain and individual knowledge [18]. A further and deeper taxonomy classifies 

knowledge assets into four key categories: experimental, routine, conceptual and 

systemic knowledge assets [11]. Knowledge is organised into several types based on 

different taxonomical factors. 

Based on the level of explicitly, knowledge can be organised into three main types: 

explicit, implicit and tacit [16]. The former represents visible and tangible knowledge 

types, which can be expressed, codified and articulated (e.g. reports and manuals), 

whereas the latter is harder to grasp, cannot be articulated, subjective, hidden, unspoken 

and difficult to express, because it deals with personal experiences that reside in human 

minds [19]. Implicit knowledge represents tacit knowledge that can be articulated, with 

the aid of tools and techniques in place observing, analyzing tasks and codifying it [16]. 

It is argued that the business value of managing tacit knowledge can be found in 

innovation, best practice, imitation and improving core competences. The key element 

of tacit knowledge is that it reflects how the actual work is performed (practice) because 

it develops when employees try to solve real work problems [13]. In summary, tacit and 

explicit knowledge is recognised as distinctive types of knowledge that differ from each 

other in terms of the level of explicitly.  
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2.2.1.3 Knowledge Management (KM) 

The role of KM has become increasingly important to public and private organisations 

due to the cost savings it offers, but KM has become a challenging discipline because of 

the many aspects it involves. KM is a considerably a vast, ambiguous and complex area 

in terms of its theory, design fields and process. The theory of KM covers six key 

strategies: organisational hierarchy, knowledge transformation, innovation, corporation 

culture, knowledge sharing and staff motivation and rewards [20]. There are also six 

design fields related to KM: organisation and roles, IT, leadership, corporate culture, 

human resource and control [19] which complicate the measurement of its boundaries, 

scope and content [21]. In addition, the process of KM involves employing a variety of 

methods and tools which contribute to generating new knowledge, storing existing 

knowledge, distributing stored knowledge and applying them within an organisation in 

order to enhance operational and overall performance [19]. Generally speaking, the 

main aims of KM are waste reduction (i.e. avoidance of reinventing the wheel), 

achieving performance, revenue improvements, gaining operational efficiency (manage 

what people know), improving quality of life and ultimately enhancing the decision 

making process [22, 23]. KM has shown to be the key contributor for business wealth, 

due to its role in maintaining sustainable competitive advantage [11] and gaining 

several organisational outcomes, such as staff productivity improvement, profitability 

increasing, cost avoidance and savings, decision making improvement, customer 

relationship enhancement, enabling innovation, quick responsiveness to changing 

markets and gaining new business opportunities [23-25]. In summary, although KM 

presented a complex mixture of theory, design fields and process, it is linked to several 

organisational benefits. 
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Overall there are three views of KM: human, IT and process angles [20], and (some 

introduced the intellectual asset angle [21]). First, human expertises (i.e. people who 

have a state of knowing how work is done) tend not to share their valuable knowledge 

with novice employees; however they can be motivated in the context of KM to share 

what they know without being in threat of losing power or intellectual rights [13]. 

Secondly, when considering that KM is more than just IT, it is important to consider 

that the technological view of KM focuses on capturing and retrieving knowledge, and 

it is increasingly being aligned just to enable the process of KM [18, 19]. Finally, 

process-oriented KM is an enterprise-scale perspective, which intends to exploiting 

knowledge in order to improve overall effectiveness and efficiency. It focuses on the 

phases of knowledge lifecycle: creation, storage, distribution and application, which 

include a wide rage of concepts and topics (e.g. best practice sharing and strategic KM). 

When determining KM, it is important to consider integrating these three dimensions, 

due to its role to establish dynamic knowledge environments [13] and ensure the 

success of the enterprise [16]. It is estimated, however, that 80% of effective KM effort 

is related to organisational culture and human aspects, while 20% is related to IT. In 

summary, KM can be looked at from three different perspectives, including IT, human 

and process perspectives. 

2.2.1.4 Customer Relationship Management (CRM) 

CRM, as an extension of the concept of Relation Marketing (RM), aims at expanding 

customer relationships through acquiring prospective customers, retaining existing 

customers, expanding transaction competences, enabling profitability, improving 

customer services and building customer-oriented focus [26].  
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Figure 2: The three CRM views (adapted from [27]). 

In many cases, the increasing failure rate (55-75% of efforts fail [27]) of CRM efforts to 

offer the level of service required by customer is linked to several influential factors, 

such as the lack of CRM strategy, integration, business process and analytical abilities 

[22, 27]. In CRM contexts, organisations try to offer different products and services that 

accommodate customer desires (acquisition) and increase sales for the same customer 

through cross-sell and up-sell (enhancement) [6]. Subsequently, organisations attempt to 

gather knowledge about customers with the aim of providing them with adaptable 

services and promoting new products that match their needs to ultimately retain them 

(retention) [6]. However, although the cost of acquisition is five to ten times higher than 

retention [28, 29], today‘s business imitation (i.e. copying competitor‘s innovations 

[30]) makes customer retention much harder than ever before [6]. In brief, CRM focuses 

on customer acquisition, relationship enhancement and retention. 

Figure 2 shows the three views of CRM: communicational, operational and analytical 

CRM. Both the operational CRM (OCRM) and analytical CRM (ACRM) complement 

each other by the exchange of operational data gathered by OCRM and customer 

intelligence discovered by ACRM, while Communicational CRM (CCRM) constitutes 

the interface between the CRM system and the customer [31]. Figure 2 represents an 

enterprise model for integrating CRM views and components proposed by Chang [27] 
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that focuses on customer value chain based view rather than disconnected view of 

customer, such as function-based and product-based views. It can be seen in Figure 2 

that there are several communication means devoted to facilitate further interactivity 

between the customer and the enterprise [31].  

E-CRM is seen as an automation of traditional CRM, or evolution of the concept of 

Sales Force Automation (SFA) which electronically gathers customer information in 

order to understand their buying behaviour and utilise this information to acquire new 

relation as well as enhance and retain the existing ones [26]. Pan and Lee [29] list five 

key E-CRM applications: information integration, customer analysis, campaign 

management, real-time decisions and messaging applications. Information integration 

applications consolidate knowledge about customers gathered from different sources 

into a central customer knowledge base. The customer analysis applications, such as 

Online Analytical Processing (OLAP), Data Mining (DM) and statistics [15], anticipate 

customer future actions based on historical transactions by analysing the customer 

buying behaviour [29]. The campaign management applications prepare and execute 

several campaigns that accommodate the behaviour and characteristics of targeted 

customers in order to improve customer retention [29]. The real-time decision 

applications integrate the previous four applications to generate and deliver offers in 

real time to customers who participate in a two-way dialogue with the company [29]. 

The personalised messaging applications pay personalised attention to a selective group 

of customers based on their profitability level [29]. It is also important to consider the 

importance of integrating the E-CRM back-office, such as Databases, ERP, mail and fax 

servers and help desk systems, with the front-office applications, such as word 

processing and spreadsheet applications, as well as the company‘s web portal [29]. 
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Motivate employees 

to share knowledge 

Build long lasting 

relationships with 
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Transforming customer 

from passive to active role 

in co-creation of value 

Table 1: Differences between CKM, CRM and KM (adapted from [4]). 

2.2.1.5 Integrating KM and CRM 

CRM and KM have several differences and similarities [32]. KM and CRM have, to 

some extent, similar goals as they help organisations to grow, innovate and compete 

against competitors [32]. Table 1 differentiates CKM from both KM and CRM angles in 

terms of knowledge source, underlying principles, objectives, measures, advantages, 

rewarding recipient, customer role and firm role. Several other differentiations were 

presented between either KM and RM [14] or CRM, KM and CKM [33]. Another 

argument differentiates between CRM and CKM in terms of the direction of interaction, 

medium, type of knowledge sought, objective and role of company employees [34]. It 

can be said that when the need for managing knowledge that flows into organisations 

from multiple communication channels has emerged, the synergy between KM and 

CRM is proposed [3], which results in ambiguous disciplines, such as CRM-oriented 

KM or KM-oriented CRM [6, 32]. The former concentrates on customer knowledge, 
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while the latter manages knowledge to enhance customer relationships and reduce costs 

[32]. Gebert et al. [32, 35] emphasises upon the role KM can play in CRM process as a 

mechanism to facilitate flow of knowledge towards customers (i.e. KM as a servant of 

CRM). This view is supported by Rollins and Halinen [33]. In this study, it is believed 

that any integration between KM and CRM is referred to as CKM, including both 

CRM-oriented KM and KM-oriented CRM. In summary, there are several similarities 

and differences between CKM, CRM and KM, which distinctively separate them and 

make their potential synergy possible. 

The development of CKM started when a need was identified to integrate business 

process and KM, due to the growing complexity of business process [36] and 

knowledge intensity [6]. CKM process is complex and requires a great deal of 

knowledge gathered from different sources which creates not only a complex, but also a 

knowledge-intensive process [3]. In particular, it is argued that the process of product 

innovation and development is of the highest complexity and the most knowledge-

intensive process in the business process categorisation [36]. Besides the two previous 

factors, the increasing level of user interaction increases the CKM need for more 

advanced and real time solutions, instead of traditional non-real time approaches, for 

example data mining [6]. In summary, process complexity, knowledge intensity and 

better user interaction are the key factors that contributed to the evolution of CKM. 

2.2.1.6 Customer Knowledge (CK) 

CK can be considered as the most valuable [37] mixture of expertise and insights 

developed during the actual exchange and communication between the customer and the 

organisation [2]. In fact, there are three basic types of CK: knowledge for customer, 

knowledge about customer and knowledge from customer [1-3, 38]. Knowledge for 
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customer is prepared inside the organisation and usually it does not reflect what 

customers really need [2]. Knowledge about customer is discovered by analytical CRM 

systems that rely on intelligent algorithms to analyse patterns of customer behaviour 

and historical transactions [2]. When considering CRM systems, it is important to 

consider that knowledge for customer includes suppliers, markets and products. 

Knowledge for customer is already addressed by the CRM campaign management 

component [32, 38]. In addition, there is a further division of knowledge about customer 

into three categories: natural, consuming and predicting attributes [2]. The former 

includes name, gender, age, address, career, hobbies, specifications and payment 

abilities, whereas the latter includes aspects related to market trends and customer 

future needs. The consuming attributes introduce consumption habits, preferences, 

needs and purchasing history. In addition, knowledge from customer is usually elicited 

by feedback mechanisms, such as customer ratings and reviews, in order to reflect 

customer expectations about products and services. This type of CK is hard to manage 

in terms of its elicitation, identification, interpretation and integration [3]. One reason 

behind this is that knowledge from customers needs to be elicited under a great deal of 

time pressure at the point of contact with customers [39]. Another reason is the 

multiplicity of the customers‘ communication channels, such as telephone, fax, E-Mail 

and face-to-face. Knowledge from customers may include knowledge about products 

provided by the company and competitors, because it develops through constant use of 

products and receiving services of the company [2]. In summary, CK is that type of 

knowledge that develops during the exchange between the customer and the enterprise 

and categorised into knowledge for, about and from customers. 



29 

 

The elicitation of CK utilises several sources, such as market research, customer 

representatives and direct interaction with customer [4]. It is possible that the high cost 

of market research and shorter product life cycle is linked to the driving forces of CK 

utilisation and hence elicitation [31]. This argument was also supported by [4] which 

put a great deal of emphasis on direct interaction with customer and stated that relying 

on customer representatives or market research led to misunderstanding of customer 

needs and causing serious delays in CK elicitation respectively. In addition, integrating 

CK with planning and operations has shown to have greater contribution toward gaining 

several values, including contribution to success, meeting customer needs through 

offering personalised products and services, gaining first move advantage, enabling 

company to compete and reduce inventory overhead [39]. In summary, CK is better to 

be elicited directly from the customer, rather than relying on the understanding of 

customer representatives and market research which draws misleading and out-dated 

conclusions about customers.  

2.2.2 CKM Models 

Previous CKM research proposed theoretical frameworks and models, that focus on 

definition, sources or types of CK [33], such as [2, 14, 25, 39]. However, it is 

cognitively overwhelming to consider several interrelated factors. One way of coping 

with this is to presume that other factors are in place and present relevant information. 

In this research, CKM models were organised into four basic categories: marketing, 

application of CK in E-Business, customer dialogue and process-oriented models. The 

following paragraphs provide a brief description about each category with the aim, 

objectives and scope of this study taken into consideration. 
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In marketing contexts, it is widely argued that the utilising CK and adopting loyalty 

schemes have a positive impact on the long-run customer relationship. A logical relation 

model proposed by [2] on the logical relationship that link customer value (CV), 

relationship (CR) and knowledge (CK) suggested that CK has a great influence on CR, 

due to its role in facilitating the compatibility between perceived value and expectation 

value, which leads to customer trust and loyalty and ultimately to successful CR. When 

considering the importance of building loyalty schemes from the beginning for 

managing CK, it is important to consider the problem with loyalty schemes that it helps 

to increase customer loyalty, but the increased loyalty of customers does not help 

loyalty schemes to develop [40]. In addition, a CKM hierarchy model proposed by [2] 

based on classification of CK suggested that CKM has three basic layers: knowledge 

cooperation, active acquisition and independence from enterprise. Knowledge 

cooperation layer allows customers to participate in product design by applying CK in a 

customer-company joint production process, while active acquisition uses knowledge 

about customer for management and production activities. Independence from 

enterprise layer, furthermore, handles knowledge for customers, which is actually 

different from what a customer needs, if it is prepared inside the company. In addition, 

an internet marketing model by [25] on the transformation of customer relationship 

from one-to-many to one-to-one indicated that the transformation proceeds through five 

steps: invisible, discernible, visible, known and intimate. In particular, the first step 

relies on internet statistical surveys that do not pay enough attention to the identity of 

participants, whereas the second looks at targeted groups of customers and identifies the 

general qualities of group members using market surveys and online communities. In 

the third step, the online customer‘s contact and registration information is analysed to 

determine the general characteristics of each customer. Furthermore, the fourth step 
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proceeds beyond this and analyses the customer buying behaviour and post-sales 

contacts to gain a full understanding of customer habits, whereas the last step 

establishes the full one-to-one relationship by intimating the customer and building his 

unique profile. In summary, CKM and loyalty schemes are adopted to gaining 

marketing benefits, including intimating customer and establishing long lasting 

relationships. 

The application of CK in E-Business has shown to be particularly influential in 

enriching customer experience and improving satisfaction. A model by [14] on an E-

Business focused analysis proposed four applications of CK in E-Business: cognition, 

customisation, cumulation and context. In particular, cognition examines the way 

customers use the company web portal, whereas customisation is more related to how to 

establish customer profiling and one-to-one marketing relationship [14]. In addition, 

cumulation measures trends in customer buying behaviour that affect the strategic 

directions of E-Business [14], while context tries to compare the customer behaviour in 

electronic and traditional selling channels. Another model by [25] on the categorisation 

of online business services proposed three levels of customer experience: foundation, 

customer-cantered and value-added services. The former includes what customers 

expect from a web-based system, such as responsiveness, usability and match of 

expectations, whereas the latter focuses on the value-added services that aim to satisfy 

the customer, such as proactive services, anticipation of knowledge needs, knowledge 

communities and fast channel to customised knowledge. The second level looks at the 

mechanisms by which the web-based system differentiates between customers, such as 

personalisation, status information, knowledge-based interaction and relationship 

development. In summary, E-Business is considered particularly as a suitable 
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application area for CKM, as it utilises an effective and efficient communication 

channel (i.e. the Internet). 

It is argued that adopting COC, creating customer dialogue and using knowledge in the 

customer point of contact have shown to have a considerable impact on the expansion 

of CK use [39]. In the customer dialogue, a case study by [28] on the importance of 

having two-way dialogue between the company and its customers (learning 

relationship), concluded that the customer dialogue should be both guided and 

structured in order to understand better the patterns of customer decision making. This 

view was supported by [31] and a great deal on emphasis has been put on the 

importance of having structured knowledge as a result of the two-way customer 

company dialogue.  

Another personal face-to-face interaction model proposed by [34] suggested that CKM 

interaction consisted of three main stages: knowledge revealing, sorting and levelling 

and supported by two complementing stages: knowledge coding and sharing. Figure 3 

shows the face-to-face CKM interaction model, three interaction stages represented by 

rectangles and the transition between the stages represented by arrows. The proposed 

interaction model denotes an anti-clockwise rotation starting from knowledge revealing 

and ending with the transition to knowledge levelling stage (see arrows between 

rectangles). It can be seen from the coding and sharing functions transfer CK from and 

to the main stages respectively (see the internal arrows). In the knowledge revealing 

stage, the customer receives knowledge from a salesperson about product features, also 

specifies preferences to the salesperson who listens carefully to understand the customer 

perspective and gathers knowledge about preferences, competing products, industry 

trends and reasons behind particular product purchase.  
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Figure 3: Face-to-face CKM model and the three customer interaction stages: 
knowledge revealing, sorting and levelling (adapted from [34]). 

In the knowledge sorting stage, the salesperson creates a map of user needs and 

identifies relevant knowledge, including knowledge obtained from the customer, 

knowledge needed by customer and time available. In the knowledge levelling stage, the 

salesperson and the customer consider the perspectives of each other while exchanging 

comments in order to facilitate mutual understanding, because needs change over time. 

The problems associated with this model are the resistance of employees to spend time 

in codifying knowledge, the role of sales quotas and commissions in limiting customer 

dialogue, repeated knowledge and lack of trust. In summary, although customer 

dialogue is considered as an important aspect of CKM, it needs to be managed and 

structured in a way that facilitates further understanding of customer decision-making 

patterns. 

In process-orientation category, several models separate between strategy, process, 

systems and change to facilitate the enterprise transformation from industrial to 

information age [41]. The strategy level is about building up the perception that 

emphasises the value of CK, as it is the most valuable knowledge for the organisation. 
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CK is collected in the customer point of contact, organised in customer knowledge base 

and transformed to product development competences to support the making of long-

term decisions. In the process level, it is widely agreed that integrating KM activities 

invisibly with the core process of CRM is the best way to manage CK within an 

organisation, in which strategic decisions are linked with the systems. The system level 

presents an automation of the process level using knowledge repositories to transfer 

knowledge from where it is created to where it is used. The change management part 

deals with the social aspects, such as changes in behaviour and roles of leadership, 

wherein the top management supports building an organisational culture in which 

employees share what they know about customers. In summary, the process-oriented 

CKM models separate between strategy, process, systems and social levels. 

Several CKM models were proposed to illustrate the adoption of KM and CRM with 

regard to its implementation with an organisation as well as its effect on overall 

performance. A study by [42] on the CKM architecture suggested that the architecture 

encompasses four basic components: data sources, knowledge acquisition, repositories 

and utilisation components. When considering that KM models assume independent 

KM process, it is important to consider that knowledge should flow invisibly inside the 

CRM process. A pyramid-shaped model by [32, 35] on the CRM process alignment 

proposed four perspectives that represent KM goals, consisting of four basic levels: 

ensure knowledge transparency, manage knowledge dissemination, enable knowledge 

development and maintain knowledge efficiency. Ensuring knowledge transparency is to 

support process execution, since the process manageability requires transparency, while 

managing knowledge dissemination depends on the level of transparency and aims at 

defining the required level of customer knowledge distribution. In addition, depending 
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on the previous two goals, enabling knowledge development facilitates knowledge 

creation and prepares its requirements, while maintaining knowledge efficiency is about 

selecting the important knowledge from the CRM point of view. It also concluded that 

CRM has already implemented the first two goals of KM pyramid. It appeared that a 

study by [33] on the invisible flow of knowledge in CRM process supported this view, 

and proposed a CKM competence framework that focuses on the organisational aspects 

of CKM: inter-functional co-operation, supportive organisational systems, supportive 

IT systems, cooperation with customer and organisational culture. Based on [32, 35], 

another CKM framework proposed by [3] on the impact of adopting KM and CRM on 

the performance of financial and services organisations, concluded that campaign 

management, lead management, offer management, contract management, complaint 

management and service management represent the core processes of CRM. In addition, 

it presented the four knowledge dimensions: content, competence, composition and 

collaboration [3]. In fact, content is people-independent aspect, such as images and 

documents, which can be found in the business process or other locations, whereas 

collaboration is people-dependent aspect that leads to knowledge generation and 

sharing. Furthermore, competence is people-independent aspect of knowledge that can 

be described as people‘s expertises and abilities, whereas composition is people-

dependent aspect, but deals mainly with the last two phases of KM process: knowledge 

sharing and utilisation. In summary, it is important to regard KM and CRM as 

complementing management tools that share the same process, tools and knowledge 

within and beyond the organisational boundaries. 
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2.2.3 CKM Styles 

Sophisticated customers seek personalised products, information and services, due to 

the experience they have acquired through the actual and constant use of products and 

services. When modern organisations realised the potential of fostering knowledge 

exchange between customers [43], it was important to consider tracking the changing 

preferences of customers over time [39], and more importantly, the shift in customer 

role from a product and services consumer to an active partner in designing them. A 

study by Gibbert et al. [4] places a great deal of emphasis on rethinking the role 

customer can play in innovation through five styles of CKM: prosumersim (co-

production), team-based co-learning, mutual innovation, communities of creation and 

joint IP ownership. In particular, Co-production assumes that the customer can fill the 

dual role of product consumer and producer, while the company learns with customers 

about their actual needs. Team-based co-learning, however, focuses on transforming the 

entire organisation through customer co-learning interactions, which may lead to change 

the organisational identity and strategic aims. In mutual innovation, invention of new 

products is sought through intensive collaboration with customers, because gathering 

customer preference is of help only to promote continuous product enhancement, and 

major breakthroughs are linked to the close and more intensified collaborations. In joint 

intellectual property, the entire organisation including the intellectual properties is 

owned be customers, which reflects the most intense engagement and greater sense of 

ownership. Table 2 summarises some aspects of these five styles including focus, 

objective, intensity of interaction and type of knowledge. With emphasis on the E-

Business and software application suitability, two CKM styles were considered for 

further elaboration, COC and co-production. 
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 Focus Objective Intensity of 

interaction 

Type of 

knowledge 

Prosumersim 

co-production 

Dual role of customer 

(producer & consumer) 

Product 

enhancement 

Low More 

Explicit 

Team-based 

co-learning 

Social capital 

development 

Enable learning 

for teams 

Low to High Explicit and 

Tacit 

Mutual 

innovation 

Invention of new 

products 

Gain benefits 

from new ideas 

Low More Tacit 

Communities 

of creation 

Expertise of 

professionals in specific 

area 

Gather and codify 

expertises 

High More Tacit 

Joint IP 

ownership  

Sharing IP with 

customer 

Gaining joint 

benefits form IP 

High Explicit 

Table 2: The five styles of CKM (Adapted from [4]). 

2.2.3.1 Communities of Customers (COC) 

COC constitute a group of users who share the same culture, value, interest and 

objectives, and exchange product-related knowledge [37]. When considering that 

customers share opinions about products and services (contributors), and evaluate 

opinions of peer customers (seekers) for their own benefits, it is important to consider 

that the organisation also reduces the overhead associated with handling customer 

enquiries, which leads to various organisational benefits, such as time saving and cost 

avoidance [44]. Furthermore, Amazon.com case study represents the typical example of 

COC, in which E-Business customers share experience about products (reviews), and 

knowledge about customers is discovered (recommendations) in this context [31]. It is 

argued that 62% of the online purchases were driven by customer reviews and web-

based system recommendations [44]. Another argument presented in the case study of 

Flexifoil International [37] suggested that increasing interactivity of web-based systems 

has contributed substantially in the rising sales figures.  
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Category CBC BCC PCC 

Organisation 

Objectives 

Gain value from 

customer experience 

Enhance offering and 

customer loyalty 

Improve the image of 

the brand 

Member 

Interests 

Product benefits and 

firm benefits 

Relationship benefits, 

knowledge and 

improved practice  

Relationship benefits, 

access to information 

and knowledge 

Initiation By an employee By a business customer 

with the firm support  

By a private customer 

Organisation 

Influence 

High Limited Low 

Knowledge 

Domain 

Firm-related Work-related Interest-related 

Knowledge 

Exchange 

B2C  C2C for business 

customers 

C2C 

Interaction Structured within a 

specific timeframe 

Semi-structured with an 

open time frame 

Unstructured with an 

open time frame 

Transparency High High Low 

Table 3: Differences between COC categorised (Adapted from [45]). 

With these two arguments in mind
11

, there remains a scope for further investigation 

whether an interactive COC platform would outperform interactive non-COC, or static 

COC platforms. In summary, fostering COC is linked to various personal positive gains, 

such as the continuous access to knowledge and information, as well as organisational 

benefits, such as cost time saving, cost avoidance and increasing sales.  

Literary research on CKM has identified several forms of COC, which is categorised 

based on either the identity of members, or the nature of the community. Based on the 

identity and characteristics of participants, a study [45] on the use of IT to build COC, 

outlined few factors that differentiate three COC categories: Cross Border Communities 

(CBC), Business Customer Communities (BCC) and Private Customer Commonalities 

(PCC). First, CBC is considered to be a group of employees and selective customers 

who are gathered either face-to-face or electronically to exchange knowledge, create 

new ideas, and examine its viability and validity. Secondly, BCC is a group comprising 

                                                 
11

 These two arguments were used as a basis for the creation of two task types based on the COC style. 

These tasks are product selection in the presence of COC contexts, and product selection in the absence of 

COC contexts. The former reflects tasks of higher knowledge-intensity, and the latter is seen as of lower 

intensity.  
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several business customers who are deliberately enabled by the firm to exchange and 

create work-related knowledge. Finally, PCC is a group consisting of several private 

customers who come together to share knowledge and evaluate opinions utilising a 

platform supported by the organisation. Table 3 summarises the factors that seperate the 

three categories of COC. In addition, based on the community nature, COC can be 

either customer clubs, or loyalty schemes [46]. It is argued that customer clubs and 

loyalty schemes do not create a community, because it focuses on the B2C interactions, 

and does not consider the C2C dimension [37]. It appears that other researchers suggest 

that customer loyalty is among the CRM components that enable CKM [26, 38], and 

more importantly, reflects the ultimate goal of CKM [42]. Another argument suggests 

that loyalty is a type of relationship, which is affected by several factors, such as 

customer trust, satisfaction, perceived value and switching cost. In addition, customer 

loyalty is likely to be achieved if customer expectations are met, and can be categorised 

into behavioural, spiritual and sustainable loyalty [2]. Although emphasis was placed 

on the importance of building loyalty schemes from the beginning for managing CK, 

there is little evidence to suggest that the increased customer loyalty is positively related 

to the development of the schemes [40]. In summary, it is possible to categorise COC 

based on the identity of participants and the nature of the community itself.  

Fostering COC demands managing a learning relationship between the company and its 

customers to enable learning for customers in the first place and hence increase loyalty 

in the long run. Therefore, it can be said that there are learning relationships, analytical 

abilities and marketing components have to be integrated, because these elements are 

inherited from two different fields, namely KM and CRM. From KM perspective, COC 

is considered to be external Communities of Practice (COP) [45], which is deeply 
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rooted in traditional KM [47] and widely used to refer to developing a context specific 

KM [17], facilitating innovation and increasing productivity [48]. In fact, COC seems to 

exhibit C2C interaction by establishing a knowledge sharing space for customers [4, 

49], in which ratings and reviews are posted by contributors to seekers [4]. In this space, 

experienced contributors tend not to share (knowledge hoarding), due to the fear of 

losing power or intellectual rights, but they can be encouraged to do so by intensives or 

means of multimedia solutions [13]. From CRM perspective, it is argued that the system 

design for CKM needs to be simple, friendly and easy to use for the end user and 

complex analytical under the cover, because CKM requires analytical abilities that 

convert data into insights [22]. In particular, the powerful analytical systems can analyse 

customer historical transactions and navigation patterns in order to leverage various 

selling opportunities, such as up-selling and cross-selling [6, 29]. Technically speaking, 

Amazon.com [4, 31, 33] provides customers with knowledge discovered by CRM 

analytical components (recommendations), knowledge gathered based on techniques 

rooted in KM (customer ratings and reviews) and basic product features [49]. 

Having the characteristics, categories and perspectives of COC outlined, it is important 

to consider that putting COC into practice encounters several challenges, such as 

determination of appropriate incentives, establishment of trust environments, lack of 

open communication with customers and elicitation of CK [45]. More importantly, 

fostering COC is coined and interrelated with more advanced CKM techniques, namely 

co-production. The COC is proposed not only as a preparation phase that intensifies the 

customer engagement in co-production, but also a context providing for the effective 

facilitation of co-production [37].  
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2.2.3.2 Co-Production 

The customer participation in product and service creation has shown to have a positive 

influence on the success of New Product Development (NPD) and innovativeness of 

products and services [50]. However, the choice between product innovativeness and 

speed to market involves trade-off. A study [51] on addressing the trade-off between 

idea novelty and speed to market indicated that customer participation as co-developer 

has a great positive influence on product innovativeness, but it undermines speeds to 

markets, particularly in high process interdependences. In general, harnessing customer 

competencies has shown to be a major contributor towards various benefits, such as 

organisational growth, innovation and competition against aggressive rivals [32, 35]. In 

particular, an experimental study [52] on the originality and value of user ideas 

suggested that observing customer real actions during co-production facilitates the 

anticipation of customer future needs in a way that provides more accurate predictions, 

compared to traditional knowledge discovery techniques. This suggestion aligns with 

other proposals that customers can easily generate novel ideas more than what 

developers can, whereas professionals create products that are more reliable [53]. Not 

only that, a study [54] on the psychological implications of customer involvement in 

self-service co-production revealed that the participated customers expressed more 

positive feelings toward the experience, compared to those who did not participate in 

co-production. Another investigation [55] into the role of co-production to support 

competition in the financial services industry and its effect on customer loyalty revealed 

that co-production relates positively toward both attitudinal and behavioural customer 

loyalty. In summary, it is possible to say that the customer participation in co-

production is linked to not only economic benefits, but also customer positive attitudes, 

such as satisfaction and loyalty. 
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With this huge contribution, there remains a scope for further considerations related to 

the selection of appropriate the co-producing customer and the co-produced product. In 

fact, it is argued that the contribution of users toward product innovation has to be 

optimised through the categorisation of customers based on their knowledge rather than 

profitability [34]. This calls for lessening the need to evaluate knowledge itself, instead 

of seeking knowledgeable customers (Lead user) [56], who are never disconnected even 

if it is not profitable, due to their experience with products and services [57]. It is 

argued that the identification of lead users involves evaluations the customer‘s request 

complexity, based on the assumption that customers with complex requests are more 

likely to have an in-depth experience with products and service [57]. An investigation 

[31] into the establishment of constant bilateral knowledge flow in Hilti AG case study 

suggested four steps for the identification of lead users: market research, specification 

of lead user indicators, identification of lead user, development of lead user product 

concept and examination of the concept validity by other customers in the same targeted 

market. Regarding the appropriate selection of the co-produced products, E-Business 

environments particularly requires considerable reductions in human expertise 

involvement, due to the recommendation to leave the direct interaction with the human 

expert as the last option in the chain [28]. In fact, the co-creation of Electronic Products 

(E-Products) is more suitable for online customers, because it does not require a 

complete line of production, in which the customer may experience repeated shifts from 

production lines to customer care departments and vice-versa [58]. Instead, E-Products 

require only a software to be produced [31], such as the open source software and user 

innovation communities [59] presented in Microsoft case study [33]. In brief, extreme 

care has to be taken regarding the selection of co-producing and co-produced entities in 

relation to the context in which the co-production takes place. 
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Besides the fact that co-production reflects a shift in mindset, there are internal and 

external challenges which would need to be taken into consideration. Internally, besides 

the foundation of internal acceptance [45], it is argued that co-production positive 

contribution is limited to contexts where it can dramatically increase productivity, such 

products with labour-intensive production and inability to stockpile [55]. Externally, 

human experts tend to be reluctant to share knowledge, and dealing with customers 

exacerbates the problem, due to their position outside the organisational boundary and 

in a click away from competitors, and their very high product and service expectations 

as well [4]. More recently, Etgar [60] argued that co-production is particularly linked to 

customisation, reflects customer intimacy and facilitates one-to-one marketing. Etgar 

[60] presented four co-production outstanding issues, alongside a theoretical model that 

addresses them. Decision of customer engagement in co-production is among these 

issues, and it requires trust in the first place. 

2.3 Trust 

When understanding patterns of social behaviour is sought, the role of trust in human 

communications is identified to be a substitute for official guarantees, customs and rules 

in situations with high levels of social uncertainly [61]. Perception of trust is a multi-

faceted concept that draws together knowledge from different disciplines, including 

psychology, sociology, anthropology, economics, political science, marketing 

organisational behaviour and strategic management [62]. Economists and sociologists 

have shown to be particularly concerned about evaluating the manner in which trust 

dynamics are created in an organisational context in order to address anxiety and 

uncertainty of consumer communications [63]. One argument suggested that trust is 

linked to qualities or beliefs deeply rooted in the personality of individuals (i.e. 
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disposition to trust), whereas another argument regards trust as expectations and 

willingness to conduct a transaction in a risky situation [64, 65]. The former focuses on 

personality and does not consider the other influential factors that may improve or 

undermine trust, whereas the latter puts a great emphasis on the social aspects, namely 

the effect of surrounding environment on trust, which appears to be more applicable for 

E-Business. The variations of trust perspectives and arguments promoted the proposal 

of several hybrid trust models that have in common aspects related to disposition to 

trust, cognition (perception of trustworthiness) and intentions (willingness to rely on 

others entities) [66]. In summary, while trust multidimensionality cannot be ignored, 

there is wide spread disagreement about trust concepts, qualities and perspectives, 

especially in an online environment.  

2.3.1 Online Trust 

Trust is an important aspect of E-Business [9] settings, due to the lack of interpersonal 

interaction (face-to-face) and formal assurance (e.g. printed receipts) typically found in 

traditional retailing [67]. The concept of trust covers a cognitive assessment of the 

goodwill and credibility of the partner (trusting beliefs), as well as behavioural 

intentions that reflect the willingness to rely upon the partner [68]. It has been argued 

that behavioural trust is influenced by cognitive trust, and measuring both components 

is regarded as redundancy [64, 68]. Beliefs are categorised, in cognitive trust, based on 

the level of perceptions of individuals into ability (beliefs of the partner skills), 

benevolence (beliefs of the partner personal interest), integrity (match between 

perceived and expectation value [2]) and honesty (beliefs of the partner desire to keep 

promises) [67]. In addition, it is possible to argue that the need for trust is results from 

the existence of risk, especially for the Internet businesses that encounter higher degrees 
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of commercial transaction uncertainties as opposed to traditional business [69]. This 

argument is aligned with another suggestion that perception of risk undermines 

customer engagement in online activities, particularly purchase intentions [70]. In 

summary, trust is regarded as a key factor for online settings, due to the increasing 

levels of transaction uncertainty.  

With the rapid growth of E-Business and its applications, a great deal of attention was 

paid to online trust models [71], which put focus on the customer perspectives [69], 

such as security, privacy, usability, reliability and credibility. However, the current 

literature on online trust provides insights into several influential factors, production 

mechanisms and orientations. For instance, a model [72] focuses on B2C online trust 

proposed six influential factors that contribute to improving customer trust, including 

seal of approval, brands, navigation, fulfilment, presentation and technology. Seal of 

approval denotes the symbol used for the purpose of customer reassurance, for example 

VeriSign, while the brand reflects a combination of organisation reputation and 

customer previous experience. Navigation represents the manner in which the customer 

surf though a web-based system, while fulfilment denotes policies related to business 

and practices (e.g. return policies). Presentation refers to the manner in which 

information is communicated to customers, while technology denotes the medium of 

communication. Another trust model [63] proposed three trust production mechanisms: 

characteristic-based, process-based and institution-based trust. The characteristic-based 

trust focuses on similarity between entities, technologies or practices, such as sex, 

ethnicity, nationality, as well as marketing or inventory systems in B2B environments. 

The process-oriented trust refers to trust resulting from experience with the entities or 

practices, namely reputation and branding trust. The institution-based trust is produced 
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by professional certificates pledging integrity, ability and intentions, like VeriSign. 

More recently, another online trust study [73] on the impact of voice, accent and culture 

on trust proposed four orientations of trust: privacy, culture, security and usability. 

Privacy-oriented trust focuses on written privacy policies, whereas culture-oriented trust 

refers to trust situations where individuals from multiple cultures are involved. Security-

oriented trust is vital for online markets where security is regarded as the most 

influential factor, whereas usability-oriented trust deals with general web-based system 

design and implementation. In summary, there are different influential factors, 

production mechanisms and orientations for trust researchers to consider, particularly in 

online practices.  

Online vendors have the choice to foster either initial trust or continuous techniques for 

trust building, which are particularly useful for E-Commerce and CKM respectively. 

Initial trust constitutes the customer willingness to rely upon an internet vendor from the 

first interaction with its web-based system [64, 74]. However, it is important to consider 

that initial trust beliefs were found in the absence of any prior interaction experience, 

while trust is regarded to be a dynamic and temporal concept that develops and changes 

over time and with further interaction [66]. It is argued that online vendors focus on 

targeting prospective customers more than retaining existing customers when embracing 

initial trust beliefs, due to the lower switching cost of such customers [75]. This view of 

trust is found to be adequate for E-Commerce vendors, but not necessarily for CKM and 

KM initiates that demand gradual and continuous trust development [76]. The fact that 

building an environment of trust and mutual empathy is an ongoing process indicating 

that the prolonged and intensified customer interaction contributes remarkably toward 

the creation of more reliable customer expectations, in comparison with initial trust 
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experience [31]. In summary, initial trust is more related to customer acquisition, 

whereas rapid development of trust environments is in the heart of CKM initiatives. 

In the context of CKM, lack of trust was raised as an issue in customer loyalty [2, 68] 

(CRM aspect), knowledge sharing [13] (KM function), electronic CKM [4], and even in 

face-to-face CKM [34]. An empirical study [1] on the application of CKM on E-

Commerce indicated that perception of risk has been found to have a negative influence 

on customer engagement in online behaviours, especially CKM activities. In knowledge 

exchange communities, the fact that participants are involved in an online interaction 

with others who never meet in person leads the community to be reliant in socially 

accepted behaviours that require trust in the first place, particularly in the absence of 

rules and personal cue [77]. Moreover, a study [78] on the effect of trust on virtual 

communities revealed that trust has been found to have a downstream influence on 

customer knowledge exchange and utilisation, and argued that trust is a key factor in the 

facilitation of cooperative interaction between seekers and contributors in this context. 

When considering that the community nature may inhibit the trust development, it is 

also important to consider that trust is essential for the success and continuation of such 

communities [79]. Similarly, the lack of trust was raised as an obstacle to customer 

constructive involvement in co-production activities. In summary, the lack of customer 

trust is a common issue usually encountered by CKM mangers, particularly in COC and 

co-production initiatives. 

2.3.2 User Acceptance 

The argument that trust covers cognitions and intentions is derived from the Theory of 

Reasoned Actions (TRA) [68], which states that behavioural intentions are influenced 

by attitudes, and attitudes are built around beliefs [80]. When TRA was extended, the 



48 

 

determination of perceived behaviour was sought in the Theory of Planned Behaviour 

(TPB) [81]. Having been validated, both TRA and TPB were utilised to measure 

cognitive and emotional behaviours, and used as basis for more advanced proposal that 

evaluates the user‘s acceptance of IT, labelled as Technology Acceptance Model (TAM) 

[82]. TAM relies on perceived usefulness (PU) and perceived ease of use (PEOU) 

factors to assess and understand technology acceptance behaviour [83, 84]. PU denotes 

the degree to which an individual feels that the use of a particular technology would 

positively influence the task performance, whereas PEOU refers to the degree to which 

an individual feels about the effort required to accomplish task using a particular 

technology. With PU being a major factor and PEOU being secondary in mind [83, 84], 

it is argued that PEOU has a great effect on PU, because the system is perceived as 

more useful, if it is perceived as easier to use [85]. In summary, upon two earlier models 

that evaluate user behaviour, TAM was proposed based on two factors, namely, PU as a 

major and PEOU as a secondary.  

TAM was extended, due to the lack of social factors that are vital for the determination 

of use attitudes [86]. Labelled as TAM2, a study [85] on perception forms and changes 

over time suggested including subjective norms and cognitive instrumental processes as 

affecting factors, and revealed that the effect of social factors and cognitive instrumental 

processes on user acceptance was substantial. Another study [87] on user acceptance of 

context-specific technologies in various situations proposed modifying TAM to 

accommodate technology-based self-service systems, and concluded that there is a 

considerable impact of consumer traits and situational factors on user acceptance. 

Another study [88] on the web adoption for retailing suggested that TAM can be 

utilised as a theoretical model for technology evaluation, and proposed seven influential 



49 

 

factors, including opinion leadership, buying impulsiveness, satisfaction with the 

interface, web shopping compatibility, shopping orientation and the web security. A 

TAM revision study [89] investigating the influential factors on the likelihood of 

customers revisiting web-based systems operating in highly competitive environments 

suggested that perceived entertainment values and perceived presentation attractiveness 

have a considerable effect on the technology acceptance. In summary, although TAM 

has demonstrated to be a reliable model for user acceptance evaluation, a great deal of 

effort was devoted to revise and extend it, by introducing further influential factors. 

TAM was initially proposed to examine correlation between factors including beliefs 

and intentions, but several researchers adapted it to extract constructs and develop 

scales that are useful to measure differences between groups. The application of TAM 

to interactive CKM or E-Commerce involves utilising TAM factors, and even factors 

from TAM extended versions to build up a measurement scale for user acceptance. For 

instance, a study [67] on E-Commerce initial trust relied on quantitative approach of 

measuring user attitudes towards four conditions based on an extended version of TAM 

that includes measures of PU, PEOU, trust beliefs and trust intentions. Moreover, 

information quality was not only introduced as a cognitive factor in trust formation and 

development [90], but also considered to be one of the satisfaction measures in KM 

systems [91]. In the trust model [90], perceived information quality is seen as a 

cognitive-based trust element that reflects the consumer‘s perception of information 

accuracy, reliability and completeness, and can be linked to several outcomes, such as 

improving intentions to purchase, confidence of the vendor‘s reliability, and reducing 

uncertainty, and hence risk perception. In addition, a study by Ong and Lai [91] on the 

satisfaction factors proposed a well-validated instrument to measure user satisfaction in 
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the KM context. In fact, the instrument indicates that there are four dimensions of user 

satisfaction with KM systems: contents, ease of use, personalisation and community. In 

the content dimension, Ong and Lai [91] suggested that perception of contents quality is 

linked to the fact that the content provided is correct, integral, logical and easy to read. 

With these two arguments related to quality of contents in mind, it can be said that 

extending TAM to measure PU, PEOU, cognitive trust, behavioural intentions and 

quality of contents provides a common framework for scale development, and hence a 

comparative evaluation of user acceptance. In fact, the comparative analysis intended in 

the present study assumes different modes of customer interaction.  

2.4 Customer Interaction 

Besides the shift in the customer role, knowledge exchange between customers with 

similar backgrounds and interests resulted in increased demand for a direct interaction 

with customers to facilitate effective elicitation of CK [34]. It is argued that such 

interactions need to be aided and managed during the customer buying cycle (need, 

evaluation, buying, using and disposal), especially in the web-based environments [92]. 

With emphasis on interaction management, CKM facilitates instance delivery of 

knowledge and real-time offers to customers involved in the two-way dialogue [29]. 

This supports the argument that interactive systems are among three CRM components 

that enable CKM [28]. Another argument suggests that interacting with customers in 

real-time and fostering COC can be counted among several proposed approaches that 

contribute toward the improvement of CK elicitation [4] and exploitation [39]. In 

particular, the customer-company interaction [38] can be established in one-way or two-

way forms [34] and face-to-face or Electronic Dialogue (E-Dialogue) [31]. The face-to-

face one is of help in transferring tacit knowledge [19], while E-Dialogue utilises the 
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electronic means to deal with both explicit and tacit knowledge. Moreover, compared to 

human-to-human dialogues, it is argued that IT with the aid of multimedia is likely to 

tackle knowledge hoarding by improving the perception of trust [92]. In brief, the role 

customer interaction was identified to be contributing toward several outcomes related 

to CK elicitation, and hence organisational growth. 

Typically, the role of innovative interaction is curial to improve the user‘s performance 

in general Information Systems (IS), as opposed to the traditional interaction. The 

significance of this approach has been evaluated and demonstrated to be useful in 

different fields of studies, such as music interface design [93-95], score collections [96], 

visual target spotting [97], software engineering [93-95, 98-101], information retrieval 

[102, 103], simulation [104], E-Learning [105, 106], E-Commerce [65, 67, 73, 107-109] 

and E-Mail [110, 111]. The evaluation approaches followed in the current literature to 

multimodal interaction can be categorised into usability and user attitude evaluations. 

The usability evaluation measures system effectiveness, efficiency and user satisfaction 

[93-95, 97, 102, 103, 105, 106, 108, 112], whereas the attitude evaluation measures the 

user‘s beliefs, feelings, preference and intentions towards the system [65, 67, 73, 107, 

109, 113, 114]. In these studies, textual and graphical interfaces were complemented 

with multimodal interaction metaphors to convey information that is either complex, or 

communicated more rapidly, as opposed to the traditional visual interface. In fact 

Multimodal interfaces were designed to tackle several problems, such as information 

overload [93-95, 97, 108], lack of modalities [107, 109], extensive use of text [105], 

identification of document relevancy in web search result [102, 103], lack of rust [65, 

67, 73] and other issues [96, 104, 106, 112]. Some of the interfaces communicated 

information visually (text with graphics [93, 95, 96, 102-108, 112]), vocally (speech 
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recognition [93, 95, 96]), aurally (speech [93, 95, 97, 102, 103, 105-108, 112] and non-

speech sounds [103, 104, 112]), or by combing speech with expressive and non-

expressive avatars [62, 65, 67, 107, 109]. In summary, the role of multimodal approach 

was investigated in different fields, based on usability and user attitude evaluation 

approaches, and found to be significantly useful when information is communicated to 

the end user by various multimodal interaction metaphors, such as visual, speech, 

earcons, auditory icons and facial metaphors.  

2.4.1 Interaction Metaphors 

The theory of metaphors draws knowledge about the contexts, in which information can 

be identified and interpreted based on a conceptual association between two key 

components: target and source [115]. If the former is an abstract truth, the latter can be 

regarded as a symbol of the truth. Metaphors can be categorised based on the nature of 

the association between sources and targets into direct manipulation, navigation and 

human interaction metaphors [116]. In the direct manipulation, information is mapped 

to an object that can be manipulated, such as files and folders in the computer desktop, 

whereas navigation through information is facilitated, in the context of navigation 

metaphors, by mapping it to spaces, such as navigational the links used in the 

worldwide web [116]. Furthermore, human interaction metaphors employ animated 

characters, such as software agents and avatars, to facilitate social human-computer 

interaction [116]. Although the use of metaphors has a great influence on information 

representation, it is important to consider the global consequences, as users from several 

cultural backgrounds can misinterpret metaphors mapped based on local knowledge, or 

even cannot understand it at all [117]. With regard to the effectiveness and efficiency of 

metaphors, it is argued that it acts as a standard to examine and prevent the unsuccessful 
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use of metaphors, because not all concepts are of symbolic nature [115]. In summary, 

metaphor can be seen as a mapping of correspondences from the domain of sources to 

targets. It can be organised into visual, speech, earcons, auditory icons and facial 

expressions.  

2.4.1.1 Visual Metaphors 

The determination of visual metaphors describes the manner in which information 

representation is mapped to easy, untreatable and powerful visual symbols that are 

derived from concepts used in the daily life, such as recycle bin icon [118, 119]. One 

example of visual metaphors is that is presented in Apple Macintosh operating systems, 

where the visual representation of files and directories can aid users to manipulate these 

icons based on experience gained from actual life, such as throwing the file into the bin. 

Besides the graphical icons, information can be communicated using plain texts (textual 

descriptions), and usually a combination of both is utilised to reach effective web-based 

interface designs [120]. It is widely agreed that visual metaphors have been shown to be 

usable particularly for simple representation of information, but it lacks the ability to 

communicate information of increasing complexity. In such situations, visual metaphors 

can be aided by metaphors of multimodal nature, such as speech, earcons, auditory 

icons and facial expressions.  

2.4.1.2 Speech Metaphors 

Speech is primarily used to convey a feedback message, alongside the text and graphics 

[114], and it is particularly useful for impaired users [121]. In addition, speech 

metaphors are categorised into natural and synthesised [114]. Although it is widely 

agreed that synthesised speech is by far less understandable than natural speech [114], 

the choice of using synthesised or natural speech involves trade-offs. Synthesised 
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speech utilises a text-to-speech engine [122] to read any arbitrary text (machine 

speaking) in real-time, and requires minimal programming abilities, while the utilisation 

of natural speech improves the levels of sound naturalness, although its use is 

considerably limited due to the need for manual recording for each instruction. Natural 

speech denotes the output communication of spoken language that utilises digital 

recording technologies to improve the naturalness of sound. Its use is limited to a set of 

short messages that are pre-recorded and lack the ability to deal with arbitrary strings 

that need to be conveyed in run-time [114]. When a synthesiser is utilised to generate 

speech, the type of speech produced is usually referred to as synthetic speech. The 

synthetic speech is generated by two key approaches: concatenation or synthesis by rule 

[114, 121]. The former relies on pre-recorded natural speech phrases and a computer-

based system that concatenates and links the phrases together to produce spoken 

sentences, whereas the latter utilised a synthesised voice to generate the phrases based 

on certain rules, which provide sentences of lower quality [114]. In summary, there are 

two types of speech metaphors, and the choice of employing them involves trade-offs. 

In fact, speech can be aided with non-speech sounds (i.e. audio metaphors) to convey 

information in the user interface, for example earcons and auditory icons.  

2.4.1.3 Earcons 

Earcons [123] are abstract or synthetic sounds created by instruments or synthesisers 

that communicate a single value of a variable, such as number five communicated by 

playing five piano notes. In fact, It can communicate a combination of different sets of 

information, differentiated by timbre, register, pitch, rhythm, duration, tempo, intensity 

and spatial location [124]. Because earcons constitute an object in time, once it is 

communicated, there is no reference to it, except the user‘s memory. Earcons is 
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particularly useful to provide navigational cues, and communicate information about 

graphical feedback [125, 126], and details about diagram shapes, locations, sizes and 

alignments [126, 127] to visually impaired users [128]. In addition, the utilisation of 

rising pith metaphors to convey graphical information was investigated in two 

experimental studies [126, 129], and demonstrated to be useful for the interpretation of 

visually impaired users to graphical information in the absence of visual metaphors. 

Earcons, furthermore, have demonstrated to be useful to reduce mental workload and 

task accomplishment time [130-133], and are used to improve menu navigation in 

wearable devices [134, 135], to communicate spatial information of buildings [136], 

and even to communicate information about program execution and debugging [137]. In 

addition, earcons was utilised to enhance scanning input for disabled users and to solve 

mouse slip off problem often associated with the use of buttons [138] and menus [139]. 

A study by Brown and Brewster [140] on the ability of sighted people to draw by ear 

revealed that sighted people were able to draw graphs based on the sonification of its 

dimensions. In summary, the use of earcons has shown to be useful in many situations, 

particularly for visually impaired users. 

2.4.1.4 Auditory icons 

Auditory icons [141] simulate natural non-speech sounds derived from the surrounding 

environments to convey the occurrence of events, and users are usually familiar with 

them, due to their metaphorical nature. The common problem associated with auditory 

icons is that it is not always possible to associate environmental sounds with 

communicated information, because the creation of auditory icons assumes natural 

associations between sounds and events. However, incorporating auditory icons into 

interfaces demonstrated to be usable in many applications and operation systems, such 
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as the SonicFinder [142] and ARKOLA simulation system [104]. In the SonicFinder, 

auditory icons communicate information related to interface icons (bin icon was 

represented by metallic bin sound), operations (copying operation is associated with 

pouring liquid sound) and attributes (object sizes are communicated by frequency of the 

sound). In ARKOLA simulation, the system stimulates the manufacturing plants by 

conveying sound messages related to the ongoing, overlapping events, and measure the 

user‘s perception of events occurring during the course of production. In summary, 

auditory icons has demonstrated to be a useful non-speech sound to convey occurrence 

of events, due to its reliance on user previous experience and sounds derived from the 

surrounding environment.  

2.4.1.5 Facial Expressions 

Facial communication is introduced by animated characters (i.e. avatars), which are 

developed primarily to enrich the user‘s interaction experience. Avatars, furthermore, 

can be categorised into abstract (cartoon-like), realistic (real video image) and 

naturalistic (human-like). The human-like avatar is adopted in E-Business contexts to 

gain several benefits, such as interface attractiveness and customer retention [143]. In 

addition, human-like models produce higher levels of social presence, and convey 

verbal and non-verbal information by means of speech and facial expressions (e.g. 

happy, sad and neutral) [107, 109]. In facial expressions, the face is utilised as a means 

of interaction by expressing a set of different emissions, feelings and linguistic 

information during spoken dialogue [114]. However, it is rather important for facial 

expressions to maintain considerable levels of normalised movements of the jaw, lip, 

tongue and teeth in order to facilitate visual articulation, and hence produce the syllables 

(vowels) in a correct and understandable manner [144]. In summary, the use of facial 
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expressions in E-Business utilise a human-like model to convey verbal and non-verbal 

information by expressing a set of emissions and providing visual articulation during 

the spoken message.  

It is widely agreed that popular facial expressions and less popular ones are embedded 

in the cognitive antecedents of online shoppers and interface users. For instance, Gong 

[145] carried out an experimental investigation on the effect of two emotional 

expressions on the user‘s behavioural and cognitive attitudes, and found that the 

utilisation of happy faces has a great positive influence on the user‘s intentions, 

preferences and experience, compared to the sad face. Similarly, a study by Theonas et 

al. [146, 147] on the impact of facial expressions on student motivation and interest 

during E-Learning courses indicated that the more expressive the virtual lecturer is, the 

more motivated, interested and enthusiastic the student becomes, and hence improves 

the performance during E-Learning process. This observation is also supported by an 

earlier study [148] which investigated the effect of emotionally expressive avatars on 

aspects related to the user experience, and concluded that users who chat using 

emotional avatars showed more enjoyment and richness of the interaction experience, 

compared to the non-expressive avatars. Another study by Gazepidis and Rigas [113] on 

the most and least popular facial expressions suggested that happy, amazed, positively 

surprised are among the most popular positive expressions, whereas sad, tired/bored and 

disgusted are among the most popular negative ones. In brief, the positive effect of 

expressive avatars is particularly linked to the absence of human warmth and social 

aspects in online environments.  
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2.4.2 Usability Evaluation 

Although, little effort has been devoted to examine the role of multimodal interaction in 

the CKM field, researchers from several disciplines were advocates for the enhancement 

of interfaces by incorporating speech (synthesised and recorded [149]), non-speech 

sounds (earcons [126, 129, 150] and auditory icons [151, 152]) and avatars with or 

without facial expressions [62, 65, 67, 107, 109]. It appears that this view was supported 

by several studies in the field of software engineering, including studies by Sonnenwald 

et al. [101], Cohen and Ludwig [99], DiGiano et al. [100], Rigas et al. [153] and Rigas 

and Alty [98]. In addition, the work done by Burke et al. [154] involved evaluating forty 

three studies to examine the effectiveness of multimodal interaction, and found that 

audio-visual interaction is more useful than the traditional visual representation. 

Furthermore, Rigas et al. [155, 156] have reinforced this finding in a serious of 

experiments carried out to examine the effectiveness of interactive multimedia IS. In 

fact, Rigas and Memery [156] investigated the utilisation of auditory stimuli (speech, 

earcons and auditory icons) to present information in two IS: E-Mail and stock control 

applications. These experiments concluded that reinforcing visual representation with 

auditory metaphors can maximise the volume of information communicated to the user, 

and also found that the simultaneous combination of speech and sound was successfully 

interpreted by users [156]. In addition, a two platform study [112] on the use of 

recorded speech, earcons and auditory icons to communicate stock control information 

revealed that the use of audio-visual metaphors increases the volume of communicated 

information. In summary, the use of audio-visual metaphors has shown to be generally 

useful in IS and software engineering research.  
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This approach was found also useful to communicating graphical information, 

designing interfaces and spotting visual targets. A set of two comparative evaluation 

studies [126, 129] on the use of rising pitch metaphors to convey graphical information 

suggested that visually-impaired users can fully understand graphical information 

communicated via rising pitch metaphors in the absence of a visual display. Moreover, a 

study on the usability (effectiveness [95], efficiency [93] and satisfaction [94]) of 

designing interfaces by voice aimed at tackling information overload by incorporating 

means of synthesised speech and speech recognition, found that the use of input and 

output speech was more usable than the traditional method of interface design. It is 

noteworthy that in this study [93-95], three independent groups (between-participants‘ 

experimental design) of fifteen each (total=45) evaluated three conditions (visual-only, 

on-the-fly and multimodal) by performing ten tasks in the absence of any considerations 

related to task complexity and rotation. Furthermore, from a psychological perspective, 

a study [97] on visual search in spatial display aimed at assessing the contribution of 

sound to aid visual search efficiency suggested that spatial information communicated 

aurally improved visual search significantly. It is worth noting that the study [97] was 

conducted to tackle the issue that information overload (crowded display) obstructs 

visual search by the evaluation of an experimental interface (multimodal) as opposed to 

a control one (visual-only). The evaluation was carried out by one dependent group of 

twenty-four users performing tasks organised in three complexity levels and balanced 

between users to reduce the task learning effect. In brief, the multimodal approach has 

demonstrated to be particularly useful for the communication graphical of information, 

interface design and visual target spotting. 
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Since CKM takes place in E-Business contexts, it can be linked to relatively similar 

fields, such as web-based browsing and Electronic Mail (E-Mail) applications. In E-

Mail data browsing systems, there have been several experiments investigating the 

potential of incorporating multimodal interaction metaphors into E-Mail application 

interface [110, 111, 156]. Rigas and Memery [111] have conducted several experiments 

to evaluate the contribution of multimodal metaphors not only to reduce E-Mail visual 

complexity, but also to communicate E-Mail categories and other related information. 

These experiments [111] found that information communicated aurally has the potential 

to reduce visual complexity and improve the usability of the system. Furthermore, in 

other experiments, Rigas [110] investigated the use of multimodal interactive metaphors 

to address additional issues of visual complexity and information hiding, and found that 

visually displayed information must be synchronised with different forms of auditory 

stimuli (speech, earcons and auditory icons). In web-based browsing systems, Kehoe 

and Pitt [149] have designed an experimental speech system to provide online help, and 

proposed empirical guidelines to provide help in creating a speech-enabled online help. 

This system has been extended by incorporating no-speech sound and other auditory 

metaphors [157]. Furthermore, a prototype has been developed to browse musical data 

sets with sound support and empirically examined. The examination of this prototype 

indicated that the user performance was improved significantly in the sound support 

environment [158]. Furthermore, an empirical investigation [102, 103] into the usability 

of multimodal metaphors in browsing internet search results aimed at addressing the 

issue of document relevancy identification, found that the multimodal approach can 

improve presentation, and hence the browsing process. It is worth noting that in this 

study [102, 103], an independent group of fifty users (within-participants experimental 

design) was instructed to evaluate five conditions (textual, speech with graph, speech 
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with earcons, earcons and graphical interfaces) by performing fifteen tasks (three for 

each condition). The tasks were designed in an increasing complexity (three complexity 

levels), and the task order was counterbalanced to eliminate the possible task learning 

effect (rotation scheme). A further investigation [159] into the usability of three internet 

search results browsing interfaces suggested that the combination of textual elements 

with graphical objects and speech metaphors has a great influence on reducing error 

rates, improving effectiveness, efficiency and metaphors memorability. In summary, 

experiments form E-Mail and web-based browsing applications revealed that 

multimodal metaphors have a positive effect on the usability of the systems. 

2.4.3 Attitudes and Knowledge Evaluation 

The evaluation approaches followed to assess the user‘s attitude and knowledge fall into 

two categories: post-usability and stand-alone. The post-usability evaluation is used to 

assess comparatively user attitudes towards the systems already evaluated in terms of 

usability to allow the user to choose the most and least preferred condition, and to 

generate overall user satisfaction score as well. On the other hand, the stand-alone 

approach can be considered as usability independent evaluation that comprehensively 

examines user attitudes, and can be complemented with user comprehension measures. 

As a usability complementary stage, a study by Alsuraihi [160] on the user‘s attitudes 

toward using multimodal interface design toolkits indicated that within-participants‘ 

design could be used to measure user satisfaction and preferences, right after a between-

participant usability evaluation. The reason behind this is that between-participants‘ 

design was found to compare systems independently, which lack the ability to view 

more than one system in order to select which is the most or least preferred to the user. 

Alsuraihi [160] designed an instrument to measure aspects of user satisfaction and 
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preferences and utilised the System Usability Scale (SUS) technique [161] to generate 

an overall score for user satisfaction. In addition, the task order in Alsuraihi‘s study 

[160] implies that there is a potential task learning effect, and the tasks were designed 

regardless of complexity to facilitate more reasonable perception of usefulness and 

satisfaction among the three systems. In contrast, Almojel [73] conducted an attitude 

and knowledge evaluation study as a stand-alone assessment of user comprehension and 

trust. Almojel [73] evaluated sound-enhanced E-Commerce environments as opposed to 

text-only, and found that the use of voice relates positively to user comprehension and 

trust. It was noteworthy that prior to the experiment [73], the factors affecting 

comprehension and trust were controlled, namely security, privacy and usability. In 

Almojel study [73], user comprehension was measured by a researcher made test related 

to scenarios taken from Amazon.com book reviews, and trust was measured by a 

questionnaire related to the trusting beliefs and purchase intentions. In summary, the 

way by which user attitudes were evaluated varied amongst user post-usability and 

stand-alone approaches. 

A further categorisation of usability independent evaluation approaches suggested user 

preferences and application of TAM. In fact, the role of multimodal interaction was 

examined in E-Commerce contexts by user preferences and application of extended 

TAM evaluation techniques. In the user satisfaction and preferences techniques, a set of 

facial expressions and body gestures was presented in the presence and absence of 

content, and the user was instructed to identify which is satisfactory and preferred. 

Rigas and Gazepidis conducted a series of experiments to investigate the role of speech, 

avatars with facial expressions and with body language in E-Commerce systems, which 

are commonly based on within-participants design. A comparative evaluation by Rigas 
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and Gazepidis [109] on the role of multimodal metaphors to improve E-Commerce 

capabilities evaluated three interface conditions: text with graphics, avatars with facial 

expressions and avatars with body gesture, and found that complementing avatars with 

facial expressions is the most preferable condition. A further investigation by Rigas and 

Gazepidis [107] on the possibility to combine various modalities in interfaces of E-

Commerce systems, found that complementing facial expression with body gesture was 

perceived as the most preferred combination of modalities. More recently, Gazepidis 

and Rigas [113] evaluated various facial expressions and body gestures in terms of user 

preferences in the absence of contents, and found that a set of various facial expressions 

contributes positively toward enriching the interaction experience, compared with other 

several negative expressions. It was noteworthy that the investigations into expressive 

avatars lack the attempt to combine facial modalities with other multimodal metaphors, 

such as earcons. Far from facial expressions, the avatar contribution was compared with 

other media cue to investigate its effects on perception of trust and user acceptance. A 

study by Aldiri et al. [67] investigated the use of personal media cue to tackle lack of 

trust in E-Commerce web-based systems, and found that the presence of video clips and 

photographs relates positively toward initial trust. It was noteworthy that Aldiri et al. 

[67] investigation put emphasis on cultural aspects by introducing avatars in different 

cultural styles, and applied an extended version of TAM, by measuring aspects related 

to PU, POEU, trust beliefs and intentions. The experiment [67] relied on within-

participants‘ experimental design, where seventy-two participants took part to examine 

the four systems dependently, where the variation in system usability was controlled by 

utilising checklists designed to measure the usability index [67]. In brief, the presence 

of avatars in E-Commerce interfaces was evaluated either by user preference measures 

or by an application extended TAM versions.  
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Besides the attitude evaluation, the measure of user comprehension or knowledge is 

particularly vital for CKM, due to the argument that trust is positively influenced by 

comprehension [73]. This measure is widely adopted in E-Learning studies to assess the 

effectiveness of multimodal systems in aiding the learning process, by scoring the 

number of correct answers achieved in a short test consisting of recall and recognition 

questions [162]. For example, a study [105] on the role of multimedia in interfaces for 

on-line learning illustrates the way in which knowledge is measured based on post-

experimental questions answered by the user. Another study [106] on the measure of 

student capabilities, perception and performance aimed at assessing the effect of 

multimodal interaction on the learning process, showed that multimodal E-Learning 

systems outperform the paper-based learning approach. In addition, Dunsworth and 

Atkinson [163] conducted an experimental study on the impact of modality, embedded 

agent and image on the student learning, and concluded that the use of agent and image 

has a great deal of influence on student achievement and scores. In addition, an 

empirical evaluation study [164, 165] on the role of multimodal metaphors to aid E-

Learning suggested that incorporating speech, earcons and avatars into E-Learning 

interfaces has a positive impact on learning task accuracy and usability of interfaces. 

Another study [162] on the role of electronic multimodal interfaces on E-Learning 

indicated that incorporating the means of synthesised speech and speech recognition 

contributes remarkably towards the efficiency of E-learning systems and the student 

learning outcomes and satisfaction. Moreover, a comparative evaluation study [146] on 

the use of virtual lectures for E-Learning as opposed to real academic lecture theatre 

measured the influence of expressive avatars on the student comprehension, and found 

that the use of avatars with facial expressions remarkably improve (86%) the student‘s 

understanding and performance. In summary, the current literature on E-Learning 
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provided an insight into measures of user comprehension or knowledge, and several 

positive outcomes resulted from aiding E-learning information presentation with 

multimodal interaction metaphors.  

2.4.4 Guidelines for Designing Interactive Systems 

While interactive hardware and software components are available, interface designers 

are still unable to produce more usable interactive or sound-enabled interfaces [166]. 

This can be linked to the unguided or unstructured creation of auditory and interactive 

interfaces [160, 167], and the fact that the user cannot understand auditory stimuli used 

for information communication [155]. Therefore, the auditory message introduced in 

many interface can be regarded as ineffective [167], because it is either lengthy, noisy, 

hard to remember, perceived, disseminated, or played at inappropriate volume [160]. 

There were several guidelines for multimodal interface designs. In earcons creation, 

Sumikawa et al. [168] argued that earcons should be created in simple and brief form 

(e.g. to communicate single meaning) in order to improve the user‘s ability to perceive 

and recall them. Brewster et al. [124] produced empirically derived guidelines for the 

interface sonification and earcons creation. Brewster et al. [124] argued that families of 

earcons can be differentiated by using timbre with default register [169] and further 

differentiation can be made by using rhythms. Intensity and effects can be used for 

further earcons discrimination (e.g. chorus and delay). In order to present each 

individual earcons in a rhythmic form, Brewster et al. [124] suggested that the first note 

was accented and the last one was played for a longer period [124]. There were also 

guidelines for the production of less annoying and more discriminated earcons provided 

by Lumsden et al. [167]. In summary, the guidelines provided for the creation of 
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earcons suggest that earcons can be differentiated by timbre, register, rhythms, pitches, 

intensity and effects.  

The provided guidelines cover aspects related to the use of speech, facial expressions 

and combinations of different multimodal metaphors. The guidelines produced by 

Alsuraihi [160] suggest that interface designers can use speech to tackle interface visual 

complexity. In particular, Gazepidis [114] provided a set of useful guidelines for using a 

combination of speech and facial expressions. These guidelines are: 

1. It is important for the interface designer to use recorded speech to convey short 

messages.  

2. With emphasis on message length, interactive design should consider that using 

avatars for the communication of short texts is not as suitable as it is for long texts. 

Therefore, it can be considered as suitable to use avatars with facial expressions to 

communicate longer text messages.  

3. It is important to use suitable positive facial expressions, such as happy, interested, 

positively surprised and amazed.  

4. It is important to use suitable neutral facial expressions, such as neutral and 

thinking.  

5. It is important to use suitable negative facial expressions, such as angry/mad, 

disapproving, sad, upset, negatively surprised, disgusted and tired/bored. 

Regarding the combination of speech, earcons and auditory icons, it is suggested that 

using multimodal metaphors is suitable for moderate and complex tasks [115]. In 

addition, Rigas et al. [110, 125, 155, 156] produced empirically derived guidelines for 

using structured auditory stimuli in user interfaces including: 
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1. It is important for structured musical notes to be low base. This discourages the use 

of low frequency notes. 

2. It is important for spoken messages to be as short, sharp and clear as possible to 

facilitate easier and further perception. 

3. It is important for the interface to facilitate a feedback mechanism to notify the user 

of an action that took place. 

4. It is important for the user to be notified prior to the auditory message, by a kind of 

special notes that indicate that there is information about to be communicated. This 

helps avoiding missing important information communicated aurally by grapping 

the user‘s attention.  

5. It is important for the structure of auditory stimuli to maintain simplicity and 

consistency to promote easier and further understanding. It is possible to create a 

combination of simple auditory cues when it is needed.  

6. It is important for the user to understand the association between the auditory 

stimuli used and communicated information. This can be achieved by establishing 

the correct perceptual context in the user‘ mind, before the user is engaged in the 

actual interaction activities. 

7. It is important for the use not only to understand the auditory stimuli, but also to 

think and reason when a complex message is communicated. This can be achieved 

by facilitating semantic coding to support the user‘s ability to interpret and recall the 

auditory stimuli. It is noteworthy that the use of synthesised speech can facilitate 

both semantic coding and perceptual contexts. 

8. It is important for users to have the ability to repeat and review auditory messages. 

This can be achieved by providing the user with repetition mechanisms facilitated 

by a menu or bar with pause, stop and replay features.  
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9. It is important for auditory messages to have a standard format in order to increase 

design consistency. 

10. It is important for the communicated information to be organised into categorises 

and assigned to appropriate metaphors accordingly. 

11. It is important for the auditory stimuli to be communicated in a standardised order, 

particularly for complex multimodal interaction.  

2.5 Critical Assessment 

The automation of CKM process in E-Business contexts is referred to as E-CKMS. The 

implementation of E-CKMS encounters several challenges, which can be tackled by 

incorporating multimodal interaction metaphors. For example, Knowledge hoarding [4, 

13] can be seen as the lack of customer willingness to share knowledge (i.e. lack of 

trust), and solved by several approaches that include optimising customer-company 

dialogue (Interaction) [4, 28, 31]. In addition, Gibbert et al. [4] stated that trust and 

knowledge hoarding could be tackled not only by establishing a continuous two-way 

dialogue with customers, but also by employing interactive multimedia systems. 

Another challenge is that customers interaction with E-CKMS provided unstructured 

and unorganised knowledge, which calls for the aid of innovation toolkits [58, 59] to 

structure and organise customer ideas. The toolkits can be incorporated into E-CKMS in 

order to facilitate an optimal transformation of customer expertise and expectations 

(knowledge sharing) into valuable suggestions, which can be afterward used to offer 

customised and personalised products and services. This context involves knowledge 

sharing, and hence encouraging customer to share knowledge is needed, which leads to 

the assumption that there is a potential for multimodal interaction metaphors. Another 

challenge is information overload and relevancy, which is actually derived from the 
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web-based environment. Authors [3, 13] in the CKM field raise information overload 

and relevancy as a concern, and include it with content issues, but some mention 

identification of relevant knowledge [57]. Brewster [170] argued that this could be 

addressed by enhancing the text with graphics only manner of information display with 

means of auditory metaphors [170]. To sum up, multimodal interaction is anticipated to 

address trust, structure and content questions in E-CKMS. This potential was well 

recognised in the CKM literature but not empirically evaluated. Therefore, this research 

attempts to fill this gap in the literature. 

2.5.1 Evaluation Approach 

The literature to multimodal interaction provided insights into different experimental 

evaluation methods, such as usability or attitudes, and within or between-participants. 

Usability studies put emphasis on not only empirical evaluation of observed factors 

(objective data), such as systems effectiveness and efficiency, but also user attitude 

toward using the system, mainly user satisfaction (subjective data). In contrast, attitude 

evaluation (attitudes-only) studies focus on user views, feelings, beliefs and preferences 

(subjective data), assuming similar usability conditions. Therefore, it can be said that 

user attitudes can be evaluated under either similar or different usability conditions, 

where usability levels have to be examined and determined prior to the experiment. 

When considering that usability studies evaluated user satisfaction, it is important to 

consider that literary research on trust has proposed usability-oriented trust models [73], 

which strengthens the argument that usability attitude evaluation can be carried out 

based on two constructs: satisfaction and trust. Moreover, education and E-Learning 

literature uses achievement tests to evaluate the user‘s comprehension or knowledge 

based on recall and recognition questions, and usually accompany with usability 
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evaluations. Therefore, it can be said that the measure of user comprehension can take 

place within the usability evaluations. It is argued that usability studies that aimed at 

evaluating the effectiveness and efficiency use between-participants‘ method, whereas 

within-participants‘ method is used to evaluate user attitudes only [160]. Therefore, the 

user attitude evaluation relied heavily on either the application of TAM, measures of 

user satisfaction or specification of user preferences.  

2.5.2 Sample Size 

The method to estimate the appropriate size of a representative sample is still unclear 

for scholars. Although Salkind [171] argued that selection a representative sample is 

relatively impossible, Jordan [172] argued that it depends on the nature of issues under 

investigation and the purpose of the investigation. In fact, it can be argued that the 

estimation of the sample size relied heavily on the current literature to the problem at 

hand. Table 4 reviews the sample size used in relevant and recent studies according to 

the two experimental designs: between-participants‘ and within-participants‘ designs. In 

experimental studies with between-participants‘ design, the mean sample size can be 

estimated to be twenty participants for each group (n=20 each).  

Experimental Design 

Between-participants Within-participants 

Study Year Users in each group Study Year Sample size 

[112] 2006 16 participants [102] 2007 40 participants 

[93-95] 2007 15 participants [159] 2008 24 participants 

[108] 2007 20 participants [173-176] 2008 30 participants 

[164, 165] 2008 15 participants [113] 2008 41 participants 

[177-179] 2008 18 participants [67] 2008 72 participants 

[180] 2008 40 participants [160] 2008 83 participants 

[181] 2009 22 participants [182] 2009 48 participants 

Mean 20.8 participants Mean 48.2 participants 

Table 4: A review of the sample size used in relevant studies according to the 
between- participants’ and within-participants’ experimental designs. 
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Furthermore, in within-participants‘ experimental design, the mean sample size can be 

estimated to be forty-eight participants (n=48). It is worthy noting that these numbers 

can be used to estimate the minimum number of participants, and obviously, the more 

the number of participants is, the more the representative the sample becomes. In 

summary, a review of the sample size was presented to calculate the mean sample size 

of several recent studies in the same fields, which facilitates effective alignment 

between the estimation method and relevant literature. 

2.6 Summary and Conclusion 

This section presents summary and conclusion. The former summarises and repeats the 

main points, while the latter synthesises and generalises to fit the main points together.  

2.6.1 Summary 

This chapter draws together the current knowledge on two key themes: CKM and 

multimodal interaction. In CKM, a brief background is provided on the basic elements, 

including its determination, characteristics and relationships. Subsequently, a review of 

CKM models was conducted to gain an in-depth understanding of the domain, and 

highlighted the key factors. More light was shed on the proposal of the five CKM five 

styles, and two of the styles were particularly identified as potential application areas for 

multimodal interaction, due to its E-Business and software application suitability. In 

addition, trust was identified as a critical issue and therefore its determination, 

dimensions, models and perspectives were described. In multimodal interaction, the 

chapter provided insights into the significance of using multimodal metaphors in several 

fields of study, and the way by which the metaphors were incorporated into user 

interfaces. The chapter shed more light on the evaluation approaches used to measure 
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usability and user attitude factors. In the usability evaluation, several studies were 

presented from IS, software engineering, E-Commerce, E-Mail, web-based browsing 

and other disciplines. In the attitude evaluation, there were several attitude evaluation 

studies presented and categorised into an application of TAM and investigation of user 

preference studies. In addition, the way knowledge is measured in E-Learning literature 

was explained and E-Learning studies that utilised multimodal metaphors were 

presented. This was followed by a critical assessment to identify relevant and critical 

issues and prepare for the experimental chapters. The critical assessment identified a 

gap in the knowledge, which recognised the role on multimodal interaction to aid CKM, 

but not address it. 

2.6.2 Conclusion 

Interactive systems have become an important aspect of the way information is 

communicated to users. In E-CKMS, information is better to be gathered directly from 

customers, rather than relying on the understanding of sale representatives [4]. Several 

E-CKMS issues can be tackled using multimodal metaphors. Knowledge hoarding and 

trust [4, 13], for example, can be solved by several approaches including optimising the 

customer-company dialogue (Interaction) and building an environment of care, trust and 

mutual empathy [31]. In particular, interactive multimedia systems are proposed to 

tackle trust and interactivity issues [4] and information overload as well [3]. Information 

overload and content issues can be tackled by integrating the visual presentations of 

information with auditory ones [170]. Although, little effort has been devoted to 

examine the role of multimodal interaction in E-CKMS, researchers from several 

disciplines were advocates for the enhancement of interfaces by the addition of speech 

(synthesised and recorded [149]) and non-speech sounds (earcons [126, 129, 150] and 
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auditory Icons [151, 152]). Previous work in multimodal interaction literature [93-95, 

97, 126, 129] carried out traditional usability evaluation to measure effectiveness, 

efficiency and satisfaction. In the context of E-CKMS, this notation needs to be 

extended to cover aspects related to usability-oriented trust and knowledge [73]. 

Therefore, it is important to examine the hypothesis that multimodal interaction can 

improve E-CKMS usability, and increase user trust and knowledge, compared to text 

with graphics. The next chapter describes an experimental work carried out to evaluate 

the use of multimodal metaphors to communicate product related information and 

knowledge as opposed to text with graphics. 
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Chapter 3:  The Role of Audio: Experimental Phase I 

3.1 Introduction 

The previous chapter reviews relevant work in the CKM and multimodal interaction 

fields to identify critical issues, proposed solutions and evaluation approaches. In fact, 

literacy research to CKM tended to analyse case studies and propose models and 

frameworks for theory and practice. Although, previous studies presented various CKM 

perspectives, other than the empirical evaluation of multimodal interaction, it provides 

insights into the underlying principles and theoretical foundations of E-CKMS. This 

chapter describes an investigation into the use of auditory stimuli to improve usability 

of E-CKMS and increase the user‘s trust and knowledge, compared to the text with 

graphics. It is important to demonstrate how these metaphors improve aspects of user 

performance and trust, in order to address questions raised in CKM literature and 

support the argument that the use of multimodal metaphors is useful in different fields. 

3.2 Aims 

There is little known about empirical studies in the field of E-CKMS that investigated 

whether audio-visual interaction can outperform texts with graphics. The main purpose 

of this chapter was to examine the implications of employing multimodal interaction 

metaphors in E-CKMS interfaces, and to introduce E-CKMS as an application domain 

of audio-visual metaphors. In fact, this study aimed at measuring usability of E-CKMS 

(i.e. effectiveness and efficiency), and the user‘s attitudes and knowledge. In particular, 

it aims to investigate the existence of significant difference in task completion, and user 

performance between the text with graphics and multimodal conditions with regard to 

different task types and complexity levels. 
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3.3 Objectives 

In order to pursue these aims, this investigation was carried out empirically by the 

implementation of two E-CKMS experimental platforms (text with graphics and 

multimodal). The two interface versions were evaluated by two independent groups of 

users (n=20 for each group). In order to have research aims achieved, a set of influential 

factors had to be examined and put in a measurable form, including effectiveness, 

efficiency, attitudes and knowledge. Measuring E-CKMS effectiveness involved count 

the number of tasks completed successfully. In addition, E-CKMS efficiency evaluation 

was carried out by measuring task completion time, percentage of task completion per 

unit of time, error rate, count of mouse clicks and count of visited pages. Furthermore, a 

research instrument (questionnaire) was devised to measure users‘ attitude toward the 

E-CKMS, including user satisfaction and trust. Knowledge related aspects were also 

evaluated and utilised a research-made achievement test that measures the knowledge 

memorability, understanding and utilisation. 

3.4 Experimental Platform 

Typically, E-CKMS consists of three components: infrastructural, CKM and front-end 

(E-CKMS Interface) components, and might introduce additional function labelled as 

co-production [4]. In particular, the infrastructural components are billing engine, 

transactional systems, CRM and customer knowledge based. Moreover, it can be said 

that CKM components facilitate CKM activities performed in the front-end, including 

the co-production process. For example, CKM may include culture, intensives, lead 

user analysis, COC and joint IP management. Due to the scope and aims of this 

research, focus is put upon the front-end component (user interface), and an assumption 

is made that infrastructural components were fully implemented. In infrastructural 
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components, customer knowledge base stores and organises CK, either it is knowledge 

about, for or from customers. Transactional systems, including ERP and DBMS, 

automate business routines and stores transactional data, while the CRM package 

automates marketing, sales and customer services. The billing engine provides the 

customer with periodical invoices calculated according billing schemes and monthly 

customer usage. Figure 4 illustrates a unique E-CKMS conceptual model and the three 

experimental platforms, alongside with the creation of interaction metaphors in 

condition.  

The creation of multimodal metaphors relied on establishing a set of correspondences 

between knowledge categories (source domain) and communication means (target 

domain). The Establishment of such correspondences was driven by relevant work, 

benchmarks and trials.  
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Figure 4: A unique conceptual model for the E-CKMS experimental platforms and the 
creation of interaction metaphors. 
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The metaphors were derived from relevant experimental work, benchmarking best 

practice in the CKM field (e.g. Amazon), and trials to examine the metaphor validity. 

For example, the use of auditory stimuli (speech earcons and auditory icons) is very 

common in the relevant experiments, and has shown to be initially valid as a knowledge 

representation method, whereas other variations did not fulfil the two prior 

requirements. In fact, a trial was conducted to evaluate the role of multimodal 

metaphors to communicate CK in various CKM activities.  

The multimodal metaphors evaluated in the trial were speech recognition, synthesised 

speech, recorded speech, earcons and auditory icons. The CKM activities included 

were categorised into input and knowledge presentation activities. The former included 

market survey, customer ratings and reviews, while the latter covered presentation of 

intelligent advice, average rating, customer reviews, co-production and frequently 

asked questions. The results therein indicated that the use of speech recognition as an 

input metaphor for knowledge related to market survey, customer rating, customer 

review has shown to have a negative effect on usability, especially error rate. It 

indicated also that the contribution of multimodal metaphors was limited, when the 

tasks were simple, as the trial experimental design did not distinguish between the task 

complexity levels. Therefore, the experience gained from this trial suggested excluding 

speech recognition and input CKM activities, and placing emphasis on the presentation 

of knowledge. Another suggestion is to propose task complexity influential factors, and 

design different task types derived from CKM styles. In summary, the design of the 

present experiment was influenced by results obtained from the trial. 

In Figure 4, the E-CKMS comparative evaluation utilised two experimental platforms (a 

control and an experimental) with different sets of correspondences between knowledge 



78 

 

categories and communication means, which provided two distinctive and comparable 

E-CKMS interaction modes. Due to several considerations related E-Business and 

software application suitability, COC is considered among the five CKM styles [4] for 

further evaluation, and Amazon.com was considered as a benchmark, because it was 

presented as a typical example of COC [4], and ranked as the most visited web-based 

system in the United States [61]. Several authors have considered laptops [67], books 

[73], CDs [183] and hi-tech products [114] as products to be evaluated by the user 

during the course of experiments, due to the common user experience with such 

products. However, the present study provided knowledge about products usually found 

in a web-based mobile phone retailing system (e.g. mobile phones and tariffs) due to the 

wide spread familiarity with such products among users. Not only that, co-production is 

also considered, but with few restrictions related to the selection of appropriate 

products. This study considers co-production of billing schemes, due to its electronic 

nature (E-Products) that enables E-CKMS to produce trails in the absence of a complete 

line of production [31] (i.e. only software is needed). In summary, this study considered 

evaluating a control and an experimental E-CKMS that provide typical information and 

knowledge usually found in a web-based mobile phone retailing system, in addition to 

co-production capabilities.  

With focus on the role of multimodal interaction, prior experimental studies suggest 

comparative evaluation between different conditions of user interface, which mainly 

includes visual and multimodal conditions. Therefore, this experiment involved 

developing an experimental E-CKMS with two interface conditions: text with graphics 

(VCKMS), multimodal with speech, earcons and auditory icons (MCKMS).  
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Trends (Top10)  √  √  √   

 Best rated 1 -10   √  √  √   

 Ten Worst rated      √   

Customer reviews √  √  √  √  

 Review content √  √  √    

 Writer attitude     √    

 CK overall opinion       √  

Average rating  √  √  √   

 Rating 1 - 5  √  √  √   

Intelligent advice  √  √  √ √  

 Top recommended 1-10  √  √  √   

 Recommended  √  √   √  

 Ten least recommended        √  

Co-production √   √ √ √ √  

 Bill total √   √     

 Difference percentage √     √   

 Difference direction       √  

 Trial comparison     √    

Product information √ √ √ √ √  √ √ 
 Price √  √      

 Product features √ √ √ √ √  √ √ 

Table 5: The mapping between types of CK and metaphors in the VCKMS and MCKMS 
experimental systems. 

Table 5 illustrates the differences between the two E-CKMS conditions. It can be seen 

that there were several types organised into six categories: trends, customer reviews, 

customer ratings, intelligent advices, co-production CK and product features. In 

addition, there were two visual-only metaphors employed: text and graphics and four 

auditory ones: synthesised speech, earcons, auditory icons and recoded speech. 

3.4.1 Implementation of Auditory Metaphors 

In order to incorporate sounds into E-CKMS interface, several technologies, tools and 

sounds have been used, such as musical notes, a speech agent [184], a text-to-speech 

engine, environmental sounds [141], sound recoding software [185] and multi-timbre 
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synthesiser software [186]. The empirically derived guidelines provided by Brewster 

[124] were followed in the creation of earcons. For example, families of earcons were 

differentiated by employing timbre, such as guitar, violin, trumpet, drum, organ and 

piano [169]. It was assigned to convey different types of CK. A further differentiation 

was made by utilising rising pitch metaphors. For example, guitar and violin were 

mapped trends of CK to communicate the best and worst rated products respectively, 

and rising pitch to convey the product position in both lists. All rising pitch metaphors 

started from the middle C in the chromatic scale (150Hz). Table 6 illustrates how 

different families of earcons were differentiated by timbres and rhythms. Furthermore, 

in order to present each individual earcons in a rhythmic form, the first note was 

accented and the last one was played for a longer period [124].  

Earcons were played in sequence (serial compound earcons), with a 0.1 seconds gap; so 

the user can make a decision where one note finishes and when the other starts. In 

addition, other auditory communications, such as auditory icons and recorded speech, 

were employed and implemented in MCKMS. The environmental sounds used were the 

sounds of typing, cheering, clapping, laughing, gasping, foghorn, side whistle and 

camera shot.  

CK Aspects of earcons 

Trends (Top10) Range Timbre Rhythm Duration Note Start 

 Best rated 1-10 Guitar Rising pitch 0.3 sec. Middle C 

Worst rated 1-10 Violin Rising pitch 0.3 sec. Middle C 

Average rating      

 Rating 1-5 Trumpet Rising pitch 0.3 sec. Middle C 

Intelligent advice      

 Top recommended 1-10 Drum Rising pitch 0.3 sec. Middle C 

Co-production      

 Difference percentage 1-99     

 Tens 10-90 Organ Rising pitch 0.3 sec. Middle C 

Units 1-9 Piano Rising pitch 0.3 sec. Middle C 

Table 6: Differentiating families of earcons in the MCKMS experimental system. 
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                                                      Auditory icons Recorded speech 

Customer reviews   

 

Overall opinion   

 

Positive reviews= negative reviews Typing  

Positive reviews > negative reviews Cheering  

Positive reviews < negative reviews Side whistle  

Intelligent advice   

 Recommended product Clapping  

 In the ten least recommended list Foghorn  

Co-production   

 

Difference direction   

 
The trial is cheaper than the other Laughing  

The trial is more expensive than the other Gasping  

Product features   

 

COC-based product features (phone)   

 

The product offers FM Radio Sound of radio  

The product offers MP3 player  Recording (MP3 player) 

The product offers the 3G feature  Recording (3G feature) 

The product offers photography features   

 
The product comes with a camera Camera shot  

Camera capacity in megapixels  Recording (# megapixels) 

 

Non-COC product features (tariff)   

 

Monthly line rental  Recording (£# monthly) 

Monthly free minutes  Recording (# minutes) 

Monthly free texts  Recording (# texts) 

Contract length  Recording (for # months) 

Bill total (if current usage is provided)  Recording (costs £#) 

Table 7: Associating auditory icons and recorded speech with different categories of 
CK in the MCKMS experimental system. 

Table 7 illustrates how auditory icons and recorded speech were associated with 

different categories of CK. 

3.4.2 Implementation of Product Catalogue 

The two experimental systems utilised a typical tabular product catalogue. Amazon.com 

presents customers with a product catalogue that shows product name, some product 

features, like product price. Both VCKMS and MCKMS were designed to present the 

same information, but MCKMS provided an additional feature that allows the user to 

utilise auditory cues to assess each product directly from the catalogue. In fact, 

evaluating product features and CK in MCKMS can be achieved by clicking an audio 

button associated with each product in product catalogue.  
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Figure 5: Design of product catalogue in the VCKMS and MCKMS experimental 
systems. 

This button plays a combination of speech, environmental sound and rising pitch 

metaphors that convey knowledge about the product and opinions of customers who had 

previous experience with it. VCKMS users, on the other hand, were required to assess 

products by navigating to product details page and, if necessary, to review pages to 

evaluate customer reviews.  

Figure 5 illustrates the navigation path for both VCKMS and MCKMS, and provides an 

example of product representation from implementation perspective. In these examples, 

it can be seen that the product image, price and name were presented in COC-based 

product catalogue. In addition, information about service provider logo, product code, 

product name and contract length were communicated in non-COC product catalogue. 

In fact, it was common between the two conditions to communicate few details about 

product information in the product catalogue, but the audio button was introduced in 

MCKMS to communicate knowledge from different sources, such as product 

description, customer reviews and billing pages.  
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Figure 6: Co-production interface with tabular trials list and comparison knowledge 
in the VCKMS experimental platform. 

3.4.3 Implementation of Co-Production 

Figure 6 shows the co-production interface implemented in the VCKMS experimental 

system that lists co-production trials in a traditional tabular form. Co-production 

function facilitated the dual role of customers (producer and consumer) by supporting 

customers to manipulate elements in solution space to test new products (billing 

scheme). In fact, solution space included several elements, but the scope of this study 

limited these elements to loyalty and billing schemes. Furthermore, co-production 

function offered a trial-and-error engine that enabled experimental NPD and allowed its 

repetition until the final product design was reached. This engine received customised 

schemes, sent it to billing engine, received customised bill, stored it in trails comparison 

array and provided the comparison of results obtained from other trails in order to 

support customer decision making. Co-production interface was implemented 

differently based on the interaction mode to VCKMS and MCKMS.  
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It can be seen in Figure 6 that trial-and-error functions as well as parameters of the 

solution space were presented in the left hand side of the interface. The user can 

manipulate five parameters in the solution space (call charges, text charges, monthly 

line rental, free minutes and free texts). Upon the completion of this manipulation, the 

effect of this customisation can be examined by clicking ―Recalculate my bill‖, which 

practically submits the manipulated parameters to the trial-and-error engine as a 

customised scheme. The trial-and-error engine invokes the enterprise-wide billing 

engine (implemented especially for this experiment) with the customised schemes to 

simulate the billing process. This allowed customers to perform billing co-production 

by repeating their testing several times to reach the optimal product design. Every time 

the customer starts a trial-and-error session, the trail-and-error engine provides a 

customised bill and compares it with trials, in order to aid customer decision.  

The repetition of trial-and-error sessions represents the trial-and-error cycle and the trial 

manipulated during the cycle was referred to as ―active trial‖. Active trials is approved 

and transformed to another state (customised trials) by clicking ―add to my trials‖ 

button. Any customised product (approved products) can be used as a basis for further 

customisation by transforming it back to an active trial state. Transforming an approved 

product to an active trial was referred to as application of a selected product features 

(see ―to apply the selected tariff‖ in Figure 6). The application of any trial followed the 

same steps explained in trial-and-error session. To return to the original product, a 

―reset‖ button was provided to apply the original product. On the right hand side of the 

co-production interface, approved products were listed under ―my customised tariffs‖ 

table where the difference between each product and the cost of the original product 

were presented. To delete approved products, a button ―clean my trials‖ was provided. 
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Figure 7: Co-production interface with graphs and multimodal metaphors to 
communicate trials comparison knowledge in the MCKMS experimental platform. 

The co-production interface in MCKMS was implemented differently, wherein graphs 

and multimodal metaphors were utilised. It can be seen from Figure 7 that a graph of 

approved trials was provided in order to take the trial comparison representation beyond 

the tabular approach. The graph communicated five customised trials and the bill total 

was associated with each trial including the bill total for the active trial. The bill total 

for each customised trial was conveyed via two vertical bars: tens (Grey) and units 

(Purple) bars, while that for the active trial was communicated by two horizontal bars: 

tens (Blue) and units (Green). MCKMS calculated the trial comparison results (the 

difference in bill total between two trials in a percentage form) in real-time and 

conveyed it audio-visually facilitating multi-trial comparison, which is communicated 

by synthesised speech (speech agent). In addition, auditory icons and rising pitch 

metaphors were utilised to communicate the difference between trials. Figure 7 shows 

that the bill total for the active trial was forty-thee, which was represented graphically 
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by displaying four and three slots in the horizontal tens (Blue) and unit (Green) bars 

respectively. The bill total for trial number one was conveyed using the vertical bars, by 

displaying four and five slots in the associated tens bar (Grey) and units (Purple) 

respectively.  

The grey and purple bars was utilised not only to convey graphical information about 

customised trials, but also to facilitate interactivity features for MCKMS. In fact, those 

two bars were utilised to enable on-the-fly trial comparison with active trial and all 

other customised trials. Clicking the grey bar compares the associated trial with the 

active one in real time, and communicated the results aurally using auditory icons and 

rising pitch metaphors. Clicking the purple bar compared the associated trial with all 

customised trials, using a speech agent that provided knowledge about the trial to which 

associated trial compared showing the percentage of the difference (e.g. trial number 1 

is 40% cheaper than trial number 4 and 35% more expensive than trial number 5). 

3.4.4 Structure of Auditory Message 

The auditory cues, communicated from the product catalogue, save the user‘s time and 

effort by avoiding further navigation actions towards product description, customer 

reviews, or billing pages. A combination of auditory cues forms a structured auditory 

message that helps to increase the recall rate and improve the knowledge interpretation. 

These messages were COC-based product description, non-COC product description, 

and billing trial comparison message. The difference between COC-based and non-COC 

product description messages was that the former described a combination of product 

information, reviews and COC trends, which reflected higher levels of knowledge 

intensity, whereas the latter communicated relatively less intensive product-related 

knowledge.  
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Figure 8: Structure of COC-based product description auditory message. 

Figure 8 illustrates the structure of COC-based product description auditory message, 

with the product features and CK. It can be seen that average rating was communicated 

in the first part of the auditory message, and reviews in the end as both were common 

parts that were always available to communicate. In many cases, describing COC-based 

products may not involve conveying the other parts of the message starting from trends 

and ending by 3G feature, because the communication of the CK or product features in 

these parts is dependent on the availability of a feature or the content of CK lists (i.e. 

best rated, recommendation lists). In the trends part, either the position of the product in 

best-rated or worst rated lists was communicated. Similarly, in the intelligent advice 

part, the communication options were wider, as the product status in the intelligent 

advice list can be one of four statuses (i.e. top recommended, recommended, least 

recommended and not recommended). The only status that does not require any 

communication was the one not recommended; otherwise, each status was assigned to 

an auditory cue. The message parts were separated by a 0.5 seconds‘ silence period in 

order to distinguish each part from the other. The length of the message is dependent on 

the number of available parts of the message (the more parts a message had, the 

lengthier it became). In summary, the COC-based product description auditory message 

was consisted of two three parts: two related to CK and one to product features.  
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Figure 9: Structure of non-COC product description auditory message. 

To communicate non-COC product details from the product catalogue, a structure of 

auditory message was created to standardise the way in which CK and product features 

were conveyed. The structure was derived from the COC-based product description 

message, especially in the first three parts, as illustrated in Figure 9, so the user can 

utilise the experience gained from browsing COC-based products. It can be seen from 

the structure that non-COC product features were conveyed by recorded speech in a 

sequential pattern, and followed by the total cost of applying the features to the user‘s 

current usage. All parts of this message were always communicated, except trends and 

intelligent advice. This may not have been communicated when the product was not 

among the trends and intelligent advice lists. Each part of the message was followed by 

a 0.5 seconds‘ silence period, to allow separation and differentiation between the parts. 

The message length varied from one product to another, due to the availability of most 

of the features, unlike the COC-based product description message. 

The auditory message that communicated the difference between two trials in the trials 

comparison function consists of two parts, separated by 0.5 seconds‘ silence period, and 

played in the same sequence: direction of the difference and the difference between the 

trials (percentage). If the comparison was performed in a high level, such as comparing 

five trials, synthesised speech was used to convey such messages. Synthesised speech 
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was also employed to read customer reviews and other textual information, for example 

product description. 

3.5 Experimental Hypotheses 

This section presents the research hypotheses that guide all steps that follow to answer 

the questions posted by this research. Fourteen hypotheses investigated in this chapter 

were written in a specific level of detail, and listed below: 

H1: MCKMS will be more effective than VCKMS in terms of the percentage of 

tasks completed successfully. 

H2: MCKMS will be more efficient than VCKMS in terms of the percentage of task 

accomplishment per unit of time. 

H3: MCKMS will be more efficient than VCKMS in terms of task accomplishment 

time. 

H4: MCKMS will be more efficient than VCKMS in terms of error rate. 

H5: MCKMS will be more efficient than VCKMS in terms of count of number of 

actions required to accomplish tasks (clicks and visited pages). 

H6: MCKMS users will score higher achievement test results compared to VCKMS 

users. 

H7: MCKMS will be more usable than VCKMS for performing moderate tasks. 

H8: MCKMS will be more usable than VCKMS for performing complex tasks. 

H9: The usability of MCKMS will differ from that of VCKMS as task complexity 

increases. 

H10: MCKMS users will achieve higher scores than VCKMS users with regard to 

customer achievement test. 
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H11: The achievement test results for MCKMS users will differ from those for 

VCKMS as the task complexity increases. 

H12: MCKMS users will show more positive attitudes than VCKMS users. 

H13: MCKMS will be perceived as more trustworthy than VCKMS. 

H14: MCKMS users will be more satisfied than VCKMS users. 

3.6 Experimental Design 

This section describes the design of an empirical comparative study to investigate the 

role of using audio-visual interaction to communicate CK. This experimental design is 

used when the difference between conditions is investigated and participants are 

randomly assigned to groups [187, 188]. As part of this study, an experimental platform 

(multimodal) that provides several E-CKMS functions was implemented, and compared 

to a control E-CKMS (text with graphics), in terms of system usability attributes 

(effectiveness and efficiency), and the user‘s attitudes and knowledge. Two groups of 

participants were instructed to test the two systems independently (between-

participants) [187], by performing eight common tasks of different task types and 

complexity levels. Upon the completion of all tasks, participants were instructed to fill 

in a questionnaire devised for this study. The questionnaire was aimed at measuring 

aspects related to customer satisfaction and perception of trust. The remainder of this 

section is organised in five sections that describe the design of the tasks, independent 

and dependent variables, sampling and data collection. 

3.6.1 Design of Tasks 

When considering the selection of appropriate product types, it is also important to 

consider the logical flow of CKM process, which exhibits consistency between selected 
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products and facilitates an effective evaluation. Therefore, the CKM process is proposed 

to start with product selection in the presence of COC context, product selection in the 

absence of COC and provides a context for the facilitation of co-production, and end 

with a customisation of the selected non-COC product (i.e. co-production). In addition, 

experimental studies [97, 102, 103, 105, 108, 164, 165] on the role of multimodal 

interaction suggested that the contribution of multimodal interaction is influenced by 

task complexity level, which led to designing tasks of an increasing complexity (i.e. 

mainly in three levels). Therefore, the design of tasks in this E-CKMS evaluation study 

has to rely on three task types (i.e. product selection in the presence and absence of 

COC and co-production) of an increasing complexity (simple, moderate and complex). 

In summary, this experiment manipulates three variables: interaction mode with two 

levels (a control and an experimental), task type with three levels (COC-based product 

selection, non-COC product selection and co-production) and task complexity with 

three levels (simple, moderate and complex). 

Although, task complexity is subjective in nature, three aspects were devoted to 

distinguish between the levels of task complexity. These were the number of task 

requirements (NOTR), the number of available selections (NOAS) and the intensity of 

customer interaction (ICI). NOTR represented how many task requirements would need 

to be fulfilled in order to consider the task as successfully completed, while NAOS was 

to refer to the number of available products that when selected by the user, the task is 

regarded as accomplished. When the task was designed to be complex, NOTR was 

increased, while NAOS was decreased. Tasks were also categorised also based on ICI 

into low (T1 and T2), moderate (T3, T4 and T5) and high (T6, T7 and T8). More 

information on task levels, types and workload is provided by Burke et al. [154]. 
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Level 
Tasks Criterion 

time 

Complexity factors 

Task code / description ICI NOTR NOAS 

Simple 
T1 

Product selection in the 

presence of COC 
6 Min Low 6  18  

T2 
Product selection in the 

absence of COC 
6 Min Low 4 22 

Moderate 
T3 

Product selection in the 

presence of COC 
8 Min Moderate 7 8 

T4 
Product selection in the 

absence of COC 
8 Min Moderate 4 9 

T5 Co-production with two trials 6 Min Moderate 3 N/A 

Complex 
T6 

Product selection in the 

presence of COC 
10 Min High 8 2 

T7 
Product selection in the 

absence of COC 
10 Min High 4 2 

T8 
Co-production with five 

trials 
8 Min High 6 N/A 

Table 8: Summary of task levels and complexity influential factors. 

Types of tasks were product selection in the presence and absence of COC contexts and 

co-production tasks. There have been eight tasks in total, divided based on task type 

into three COC-based product selection (T1, T3 and T6), three non-COC product 

selection (T2, T4 and T7) and two co-production tasks (T5 and T8). In T3, for example, 

a user was provided with a scenario (say that your product preferences are: the product 

should be among the top10 or intelligent advice lists, the product should offer a 

photography feature with camera capacity between 0.5 and 3MP, 3G feature, and the 

number of positive reviews should be greater than the negative ones). It was noteworthy 

that the task requirements of COC-based selection scenarios included at least one 

requirement from the COC context (i.e. rating, trends and intelligent advice), and 

usually referred to as product selections in the COC contexts. However, the non-COC 

selection scenarios lacked the COC context, and referred to as product selections in the 

absence of COC context. Table 8 reviews the task complexity factors and illustrates the 

association between tasks and complexity levels. In summary, tasks were organised into 

product selection and co-production tasks. There were two variations of product 

selection tasks: product selection in the presence and absence of COC contexts. 
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Reviews NOTR 

T1 <£82 >1    √ >1.0 √ At least 2 positive 

reviews 

6 

        

T3   √    >0.5 √ Positive reviews> 

Negative reviews 

7 

   √   <3.0  At most one negative 

review 

T6 >£25 <5  NOT √  >1.0 NOT Positive reviews<= 

Negative reviews 

8 

<£61        

Table 9: Task requirements for COC-product selection tasks. 

3.6.1.1 COC-based Product Selection Tasks 

Scenarios provided in each COC-based product selection tasks differed from each other 

in a way that established three levels of task complexity. In T1, the user was provided 

with a COC-based selection scenario that the price should not exceed £82 exclusively, 

and the average customer rating should be greater than one point. The user was free to 

choose from products in the absence of any restrictions with regard to trends and 

intelligent advice parts. In the product feature part, the user was required to select a 

product with MP3 player, at least 1.0 megapixels camera and a 3G feature. In the 

customer review part, the user should select a product that other customers had written 

about it, at least two positive reviews, and this requirement was introduced to examine 

the ability of users to identify the positive attitude of review writers. In T3, it can be 

seen that the product selection criteria included trends and intelligent advice, in which 

the user is instructed to select a product that was included in the top 10 or intelligent 

advice lists. The product also should offer a 3G feature and camera with capacity 

between (0.5–3.0). Furthermore, the number of positive reviews should be greater than 

the negative ones. The requirement that customer reviews should include at the most 

one negative aimed at examining the user ability to identify the negative attitude of 
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review writers. In T6, the use was instructed to select a product with the price between 

£25 and £61 exclusively, customer average rating does not exceed five points, and the 

product should not be recommended by the intelligent advice. The user was also 

instructed to examine that the product comes with FM radio, at least 1.0 megapixels 

camera, and does not offer 3G service. In the customer review part, the number of 

positive reviews should be less than or equal to the negative ones. Table 9 summarises 

the requirements of COC-based product selection tasks.  

3.6.1.2 Non-COC Product Selection Tasks 

Non-COC product selection tasks also have different scenarios that facilitate task 

complexity levels, by narrowing NOAS range. This type of tasks does not take into 

account CK and put focus on product features and billing information. Table 10 

summarises the requirements for non-COC product selection tasks. In T2, the user was 

provided with a scenario, which states that the product required should offer at least 100 

free minutes and 50 free text messages exclusively, and the user‘s monthly budget does 

not exceed £35 exclusively. In addition, when the product features were applied to the 

user‘s current usage, the bill total would be less than £107. In T4, the user was 

instructed to select a product that offered more than 380 free minutes and more than 50 

free text messages a month regardless of the monthly line rental.  
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 Bill total Extra charges NOTR 

T2    <£35 >100 >50 <£107  4 

T4     > 380 >50 <£49 √ 4 

T7     >200 <50  √ 4 

    <300     

Table 10: Task requirements for non-COC product selection tasks. 
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However, it was asked to consider that by applying the product features to the usage, it 

would not cost more than £49 exclusively, and there will be extra charges for the extra 

texts and messages. In T7, the task scenario suggests that the product offers between 

200 and 300 free minutes exclusively, and the number of free texts does not exceed 50 

exclusively. If the product features were applied to the current usage, it would not cover 

extra charges (i.e. bill total is not equal to monthly line rental).  

In non-COC product selection scenarios, the CK task requirements, such as customer 

average rating, position in the top 10 and intelligent advice lists, were excluded to 

differentiate between COC-based and non-COC product selections. The main reason 

behind this is to compare product selection tasks in the presence and absence of the 

COC context. It is believed that the absence and presence of the user attention to CK 

will play a crucial role to show significant difference between the two types. Another 

difference between the COC-based and non-COC product selections is that COC-based 

product selection tasks involve reading customer reviews and evaluating the attitude of 

review writers, whereas in the non-COC product selection tasks, the user evaluates 

applying the product features to the presumed user‘s current usage. The basic 

assumption that the current usage was available to perform testing on each product was 

considered to balance the task complexity factors between COC-based and non-COC 

product selection tasks, and to prepare the user for co-production tasks. Balancing the 

complexity factors means introducing billing information as a new factor to non-COC 

product selection tasks to compensate the lack of customer reviews in this domain, 

because reviews were available for COC-based product description, as well as trends 

and intelligent advice. The preparation for co-production tasks starts from the fact that 

users realise that product can be applied to the current usage, even though this concept 



96 

 

is not introduced in the web-based retailing systems. Having considered that the user 

has recognised this feature, manipulating product parameters becomes the next logical 

step in the chain. Therefore, all non-COC product selection tasks were followed by co-

production tasks that are relied on, and take the typical product selection beyond the 

traditional form usually found in web-based retailing systems. 

3.6.1.3 Co-Production Tasks 

The scenarios provided in the co-production tasks differ from product selection tasks 

due to the nature of the co-production itself. Two factors that influence scenarios of co-

production: the number of trials and the range of cost reduction, allowed for the user in 

each trial (in percentage) calculated from the last trial. The co-production tasks are 

naturally complex; so there was not an easy co-production task design for this study. In 

addition, the more trials the co-production involves, the more complex it becomes, due 

the complexity of comparing a large number of trials. T5 was a moderate co-production 

task that involved performing two trials, wherein the range of cost reduction was (20% - 

30%). That is to say, the first trial should reduce the cost by minimum 20% and 

maximum 30% calculated from the cost associated with the original product. The 

second trial, however, should reduce the cost of the first one by minimum 20% and 

maximum 30%. T8 was designed to be a complex co-production task that involved five 

co-production trials, restricting the cost reduction in a range of (10% – 15 %). A full 

description of the eight common tasks can be found in Appendix B-1. 

3.6.2 Research Variables 

Variables can be regarded as the key focus of any scientific endeavour, due to their role 

in the representation of characteristics that needs to be recorded and precisely measured.  
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Area Code Dependent variable 

Effectiveness DV 1 Percentage of Tasks Completed Successfully (TCS) 

Efficiency DV 2 Task Accomplishment Time (TAT) 

 DV 3 Percentage of Task Accomplishment per Unit of Time (TApT) 

 DV 4 Error rate (ER) 

 DV 5 Count of mouse Clicks (COCS) 

 DV 6 Count of Visited Pages (COVP) 

Knowledge DV 7 Achievement Test (AT) 

User attitude DV 8 User satisfaction (US) 

 DV9 User‘s perception of trust (UPT) 

Table 11: Summary of dependent variables. 

Based on the accuracy of measurement, variables can be organised into continuous, 

discrete and categorical [187]. First, continuous variables represent the most precise 

measure because they cannot take values in discrete jumps, such as temperature that can 

be recorded as 30 
o
C, or more precisely as 30.165862 

o
C. Secondly, the variable can be 

measured by discrete values within a range, such as the number of error occurrence 

during the task performance. Finally, categorical variables take values in categories 

form, such as student, employee etc. Within experimental design, variables can be 

categorised based its role in the experiment into dependent, independent and control 

variables [188]. 

3.6.2.1 Dependent Variables 

Perhaps one of the simplest ways to investigate the usability of an approach and 

compare it to another one is by several measurement factors [188]. The dependent 

variable reflects the outcome measured during the experimental treatment. Table 11 

summarises the dependent variables measured in this study. 

DV 1: Percentage of tasks completed successfully: this variable was measured by 

counting the successfully completed tasks. In tasks that involved product 

selection, the accuracy of the selection was used to determine the task 
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accomplishment. If the selection was accurate, the task was regarded as 

successfully accomplished. In other tasks (i.e. co-production), task success to 

failure ratio was calculated to asses the extent to which the task requirements 

were fulfilled by determining the number of fulfilled requirements, and relating 

it to the total number of task requirements.  

DV 2: Task accomplishment time: the user‘s performance was observed during task 

accomplishment and one of the factors obtained from this observation was the 

time taken to accomplish the task. The unit of time used in this study to 

represent the time was 100 seconds. 

DV 3: Percentage of task completion per unit of time: this variable was calculated by 

dividing task success to failure ratio by task accomplishment time. The unit of 

time used to calculate this variable was 100 seconds. 

DV 4: Error rate: errors committed during the accomplishment of tasks were counted 

in the determination of this variable. 

DV 5: Count of mouse clicks: mouse clicks were observed and counted during the 

task accomplishment. 

DV 6: Count of visited pages: visited pages were counted during the accomplishment 

of a task to calculate this variable. 

DV 7: Achievement test: achievement test was administrated to assess the level of 

users‘ knowledge. After each COC-based product selection task, the extent to 

which the user can remember, and show an understanding of knowledge 

presented during the task performance which was measured by a research-
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made achievement test [189]. This was a multiple-choice test, wherein the 

users were provided with a question and required to select the correct answer 

among three, four, or five alternatives. A full description of the test was 

provided in Appendix B-2. 

DV 8: User satisfaction: Upon the completion of all tasks, users were instructed to fill 

a questionnaire devised to measure aspects of user satisfaction (ease of the 

system, extent of user confusion, extent of user frustration, ease of navigation 

and overall comfort) using a six-point Likert scale [190]. On the completion of 

gathering user responses, the SUS approach [161] was utilised to generate the 

user satisfaction score. A full description of the satisfaction items can be found 

in Appendix B-2.  

DV 9: Perception of trust: Upon the completion of tasks, users were instructed to rate 

their agreement with statements related to perception of trust that measures 

aspects of trust (match of user expectations, effect of previous experience, 

incompetency of the vendor, honesty of the vendor, trustworthiness of the 

vendor), using the six-point Likert scale. The steps followed in the generation 

of user satisfaction score were followed by scoring for user satisfaction. A full 

description of the trust items can be found in Appendix B-2.  

3.6.2.2 Independent Variables 

Independent variables are manipulated in an experimental context in order to examine 

their effect on a particular outcome [187]. This experiment manipulated three 

independent variables in order to understand the effect of this manipulation on the 

dependent variables. These independent variables are summarised in Table 12. 
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Code Independent variable Condition 1 Condition 2 Condition 3 

IV 1 Interaction mode VCKMS MCKMS  

IV 2 Task complexity Simple Moderate Complex 

IV 3 Task type COC-based 

product selection 

non-COC 

product selection 

Co-production 

Table 12: Summary of independent variables. 

IV 1: Interaction mode: this study involved developing an experimental E-CKMS, 

which provides typical functions often found in web-based mobile phones 

retailing and was implemented with two interaction modes. These were texts 

with graphics only E-CKMS (VCKMS) and Multimodal E-CKMS (MCKMS). 

IV 2: Task complexity level: this experiment carried out an investigation about three 

different task complexity levels: simple, moderate and complex.  

IV 3: Task type: tasks were designed based on the main purpose of user interaction 

with the system into three types: COC-based product selection, non-COC 

product selection and co-production tasks. 

3.6.2.3 Control Variables 

Control variables are those factors that have an influence on the dependent variable, and 

usually need to be controlled (removed) during the course of the experiment [187]. 

Control variables are described below: 

CV 1: System familiarity: all the users were introduced to examine a system that they 

had not used or experienced prior to the experiment, and provided with a short 

training session to explain the provided features.  

CV 2: Perceptual context: all the users were provided with the mapping between 

information represented and the metaphors used to communicate them in both 
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systems. The ability of users to interpret such metaphors was tested prior to the 

experiment through specially designed tasks in which users were provided with 

help needed until they grasped the perceptual context and demonstrated their 

ability to interpret the metaphors.  

CV 3: Contents of the system: the two versions of the system were linked to the same 

database to ensure that users from the two groups accessed the same data. 

CV 4: Required tasks: all users were required to accomplish the same tasks. 

CV 5: Learning effect: because the user performance increases as the interaction with 

the system increases, the order of tasks was counterbalanced between users in 

order to neutralise possible task learning effect.  

CV 6: Task criterion time: each task was associated with a task maximum criterion 

time, after which the user was instructed to stop the task performance and 

proceed to the following one. The task criterion time was determined prior to the 

experiment through a pilot study, and found to be appropriate (see Table 8). 

3.6.3 Sampling 

This study targeted regular internet users who have basic experience with products and 

services offered over the Internet. The participants therein were international students 

exposed to British culture, because students were regarded as useful surrogates for 

online shoppers [90]. Selection of participants has followed the non-probability 

sampling strategy, in which the probability of selecting an individual is unknown [171]. 

Within this strategy, the method followed for selecting participants was the 
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convenience-sampling method, which targets a captive audience, such as university 

students, and this method is commonly used in many experiments in psychology [171].  

In this experiment, forty participants (n=40) performed the eight common tasks and 

completed a questionnaire devised specially for this study. A full description of the 

sample can be found in Appendix B-3. Participants were divided into two independent 

groups of twenty each
12

. The control group performed all tasks using VCKMS, and the 

experimental group used MCKMS. Tasks were put into six rotation schemes, and each 

group was divided into another six sub-groups, which were assigned to task rotation 

schemes. Table 13 illustrates the experimental subgroups and rotation schemes. 

3.6.4 Data Collection 

The collection of data in this experiment relied on two data gathering approaches: 

observation and questionnaires. First, the performance of users was recorded by screen 

recording software that allows further interpretations of users‘ actions, including mouse 

moves, clicks and scrolls and visited pages. In addition, video clips obtained from the 

computer-mediated observation approach facilitated interpretation of user behaviour and 

judgement of the accuracy of user selections and task accomplishment.  
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2, 8, 14, 20 Simple Complex Moderate 

3, 9, 15 Moderate Simple Complex 

4, 10,16 Moderate Complex Simple 

5, 11, 17 Complex Simple Moderate 

6, 12, 18 Complex Moderate Simple 

Table 13: Experimental sub-groups and task rotation schemes. 

                                                 
12

 The estimation of sample size relied on the mean value of sample size used in recent and relevant 

studies (See Table 4 to review sample sizes of relevant studies). 
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Data related to task accomplishment time was also collected by viewing the recoding of 

user performance, and identifying task starting and finishing times. Finally, the attitude 

of users toward using the system was quantified by utilising a questionnaire devised for 

this purpose. Data related to the user‘s responses to the questionnaire statements was 

gathered and coded in preparation of data analysis plan. Scoring attitude variables, such 

as trust and satisfaction, utilised a formula that provided overall results based on the 

SUS approach [161].  

The questionnaire was divided into three sections: pre-experimental, post-task and post-

experimental sections. First, the pre-experimental section included user profile, 

experience profile and user disposition to trust. The user profile consisted of general 

questions about age, level of education and the experience profile, which included 

questions about average internet use, average time of internet use and frequency of 

product purchase from the internet. Disposition to trust section included questions about 

perception of trust and faith on humanity. Secondly, post-task section consisted of a set 

of achievement test that the user was required to answer upon the completion of each 

COC-based product selection task. Finally, a general rating questionnaire was devised 

to allow users to express feelings about two areas of user attitude toward the system: 

user satisfaction and perception of trust. Upon the completion of all tasks, the user was 

required to fill this section by using a six-point rating scale. User satisfaction items 

included statement about ease of use, extent of confusion, extent of frustration, ease of 

navigation and overall comfort. The perception of trust consisted of five statements 

related to matching of expectations, effect of previous experience and user beliefs on the 

vendor honesty, competency and trustworthiness. A full description of pre-experimental 

and post-task and post-experimental items can be found in Appendix B-2. 
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3.7 Analysis of Results 

The analysis of results utilised deceptive and inferential statistics. Descriptive statistics 

was used to describe, compare and relate variables, as it is commonly presented based 

on the measures of central tendency, such as the mean, median and mode [191]. The 

mean (average) is the sum of all the scores divided by the number of scores. It is argued 

that the mean is not representative of the typical score in the sample, due to its 

sensitivity to extreme scores [191]. Therefore, the median can be used to represent the 

central tendency of the sample by ranking the scores from the lowest to the highest 

score (ascending order), and selecting the one that lies in the middle. The problem 

associated with the mean and median is that they are not a reasonable indication of the 

central tendency of categorical data. Hence, the mode is regarded as the reasonable 

indicator because it represents the most frequent occurring score. In addition, the data 

was graphically described by graphs to facilitate comparison of variables based on the 

mean values. In the categorical data, illustrative tables were utilised to present the mode, 

frequency of the mode and mean. In brief, initial description of the data was produced 

based on descriptive statistical techniques, graphical charts and illustrative tables. 

It was rather important to consider that descriptive techniques lack the ability to draw 

conclusions about the population from which the sample was drawn [191]. Hence, 

inferential statistics were applied to generate inferences about the problem under 

investigation, in order to facilitate further and deeper understanding. Inferential statistics 

apply the logic of hypothesis tested to examine the statistical significance between 

variables, and conventionally the 5% level of significance (p-value=0.05) was used 

[187]. The selection of statistical tests relies on several factors, such as experimental 

designs and characteristics of variables. In this chapter, the comparison between two 
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groups of users (between-participants) was analysed with regard to several continuous, 

discrete and categorical variables. In categorical data, Mann-Whitney (assess the 

difference between the mean ranks of two independent conditions) [192] and Pearson 

chi-square (examines the efficient distribution of data) statistical tests were used to test 

the statistical significance for non-parametric variables [193]. In continuous and discrete 

data, the independent t-test (examines the difference between the means of two 

conditions) was selected to examine the significance between the two independent 

groups with regard to parametric variables [194]. To sum up, three statistical tests were 

selected to draw conclusions form the data of this experimental programme. 

3.7.1 E-CKMS Effectiveness 

Analysis of system effectiveness followed four steps: analysis of interaction mode, 

analysis of tasks complexity, analysis of task type and analysis at the individual task 

level. In all steps, chi-square (χ
2
 test for independence 2×2)

13
 was utilised to measure 

the association between interaction mode and the status of task completion, because the 

two variables were categorical with two levels (i.e. interaction mode 

[VCKMS/MCKMS] and task completion [completed/uncompleted]) [193].  

3.7.1.1 Interaction Mode 

Table 14 shows percentages of tasks completed successfully using the VCKMS and 

MCKMS experimental systems. At first glance, it can be noticed that the two groups 

differ considerably in favour of the multimodal E-CKMS platform (MCKMS) with 

regard to the number and percentage of tasks completed successfully. In particular, it 

can be seen that the percentage of tasks completed successfully for using MCKMS (141 

tasks) was considerably higher than using VCKMS (102 tasks). 

                                                 
13

 (χ
2
) is a special character from symbols. 
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 Interaction mode 

Task completion status 
VCKMS (Control group) 

n=160 

MCKMS (Experimental group) 

n=160 

Successfully completed  102 (63.75%) 141 (88.1) 

Not completed 58 (36.25%) 19 (11.9) 

Table 14: Percentages of tasks completed successfully for control and experimental 
groups using the VCKMS and MCKMS experimental systems respectively. 

In addition, chi-square results showed significant difference between the two interaction 

modes as regards percentages of tasks completed successfully (χ
2
=26, df=1, p<0.05). 

3.7.1.2 Task Complexity 

Table 15 shows percentages of tasks completed successfully according to the three 

complexity levels using the VCKMS and MCKMS experimental systems. Overall, it 

can be seen from the highlighted rows in table that the percentage of tasks completed 

successfully decreased, as task complexity increased. Tasks completion rate was 75.9% 

in total, and the rate for complex tasks (60%) was only slightly lower than that for 

moderate tasks (75.8%), and considerably lower (40%) than that for simple tasks. Chi-

square showed a highly significant difference amongst the three levels of task 

complexity (χ
2
=42, df=2, p<0.05). 

   Task completion rate 

Task complexity level Interaction Not completed Completed 

Simple 
VCKMS (n=40) 0 (0%) 40 (100%) 

MCKMS (n=40) 0 (0%) 40 (100%) 

N/A Total (n=80) 0 (0%) 80 (100%) 

Moderate  
VCKMS (n=60) 23 (38.3%) 37 (61.7%) 

MCKMS (n=60) 6 (10%) 54 (90%) 

(χ
2
= 13.1, df=1, p<0.05) Total (n=120) 29 (24.2%) 91 (75.8%) 

Complex  
VCKMS (n=60) 35 (58.3%) 25 (41.7%) 

MCKMS (n=60) 13 (21.7%) 47 (78.3%) 

(χ
2
=14.1, df=1, p<0.05) Total (n=120) 48 (40%) 72 (60%) 

Total (n=320)  77 (24.1%) 243 (75.9%) 

Table 15: Percentages of tasks completed successfully according to the three levels of 
task complexity using the VCKMS and MCKMS experimental systems. 
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   Task completion rate 

Task type Interaction Not completed Completed 

COC-based product selection 
VCKMS (n=60) 23 (38.3%) 37 (61.7%) 

MCKMS (n=60) 8 (13.3%) 52 (86.7%) 

(χ
2
=9.8, df=1, p<0.05) Total (n=120) 31 (25.8%) 89 (74.2%) 

Non-COC product selection 
VCKMS (n=60) 13 (21.7%) 47 (78.3%) 

MCKMS (n=60) 4 (6.7%) 56 (93.3%) 

(χ
2
=3.7, df=1, p>0.05) Total (n=120) 17 (14.2%) 103 (85.8%) 

Co-production 
VCKMS (n=40) 22 (55%) 18 (45%) 

MCKMS (n=40) 7 (17.5%) 33 (82.5%) 

(χ
2
=12.2, df=1, p<0.05) Total (n=80) 29 (36.25%) 51 (63.75%) 

Total (n=320)  77 (24.1%) 243 (75.9%) 

Table 16: Percentages of tasks completed successfully according to the three task 
types using the VCKMS and MCKMS experimental systems. 

In the simple tasks, the percentage of tasks completed successfully was insensitive to 

the complexity levels. In contrast, the variance between the two groups rose 

considerably in moderate and complex tasks. In moderate tasks, the task completion rate 

for VCKMS (61.7%) was considerably lower than that for MCKMS (90%). Chi-square 

results show significant difference between the two modes with regard to the number of 

tasks competed successfully (χ
2
= 13.1, df=1, p<0.05). In complex tasks, the percentage 

of tasks completed successfully for using MCKMS (78.3%) was considerably greater 

than that for VCKMS (41.7%). Chi-square results also suggested that there was a 

significant difference between VCKMS and MCKMS with regard to the completion rate 

for complex tasks (χ
2
=16.8, df=1, p<0.05). It can be concluded that the variance 

between VCKMS and MCKMS went hand in hand with the complexity level with 

regard to the percentage of tasks completed successfully.  

3.7.1.3 Task Type 

Table 16 shows percentages of tasks completed successfully according to the three task 

types using the VCKMS and MCKMS experimental systems. At a glance, it can be seen 

from the highlighted part of the table that non-COC product selection tasks recorded the 
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highest rate of accuracy (85.8%), whereas co-production tasks scored the lowest 

(63.75%). The rate of completion for non-COC product selection tasks was higher than 

that for co-production tasks. Task completion rate for COC-based product selection 

tasks (74.2%) was slightly lower than that for non-COC product selection tasks, and 

slightly higher than that for co-production tasks. Chi-square showed a highly significant 

difference between the completion rate of the three task types (χ
2
=13.1, df=2, p<0.05). 

In COC-based product selection tasks, the task completion rate for VCKMS (61.7%) 

was lower than that for MCKMS (86.7%). In addition, the chi-square statistical tests 

showed a significant difference in COC-based product selection accuracy between 

VCKMS and MCKMS (χ
2
=9.8, df=1, p<0.05). In non-COC product selection tasks, the 

accuracy of product selection in the absence of COC contexts for MCKMS (93.3%) was 

higher than that for VCKMS (78.3%). Chi-square tests showed a significant difference 

between VCKMS and MCKMS with regard to the rate of non-COC product selection 

accuracy (χ
2
=5.55, df=1, p<0.05). In fact, the difference in product selection accuracy 

between the two conditions rose from 16% in the absence of COC context to 29% in the 

presence of COC. Therefore, it can be said that the presence of the COC context has a 

positive effect on the contribution of multimodal metaphors. In co-production tasks, the 

rate of task completion for MCKMS (82.5%) was considerably higher than that for 

VCKMS (45%). The difference between the two conditions was found to be significant 

with respect to co-production task completion rate (χ
2
=12.2, df=1, p<0.05). It can be 

said that the use of multimodal interaction metaphors was effective, particularly for the 

performance of co-production tasks and product selection tasks in the presence of COC 

contexts, compared to that in the absence of COC contexts. In brief, it can be concluded 

that the more intensive the task is, the more contribution the multimodal metaphors 

have. 
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Figure 10: Percentages of tasks completed successfully according to the eight 
common tasks using the VCKMS and MCKMS experimental systems. 

3.7.1.4 All Tasks 

The main purpose of presenting the completion rate of all tasks was to describe the task 

completion at an individual task level, and identify the source of variance between task 

types and complexity levels. Figure 10 shows the percentage of tasks completed 

successfully according to the eight common tasks using the VCKMS and MCKMS 

experimental systems. Figure 10 showed that MCKMS were considerably better than 

VCKMS in the performance of moderate tasks, but a few number (20%) of VCKMS 

users did not complete moderate tasks, because the completion rate for T3 and T5 

together was insufficient. In T3, users were required to select a product with seven 

requirements in the presence of the COC context. Over half of VCKMS users (55%) 

selected products that satisfy all requirements, but not the one related to customer 

reviews. On the other hand, a large number of MCKMS users (80%) selected products 

that satisfied all T3 requirements, because auditory icons provide the user with an 
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alteration message about the general trend in customer reviews. For example, if the 

number of positive reviews were greater than that of the negative, a sound of cheering 

played, and hence MCKMS users judged this part more accurately. Chi-square results 

suggested that VCKMS and MCKMS differ significantly in T3 completion rate (χ
2
=5.2, 

df=1, p<0.05). In T4, a few VCKMS users (15%) misjudge the requirement related to 

the product extra charges, which was fully fulfilled by MCKMS users. Chi-square 

results showed insufficient difference between the interaction modes with regard to T4 

completion rate (χ
2
=3.2, df=1, p>0.05). In T5, a group of VCKMS users (35%) did not 

complete any co-production trial, whereas 35% of MCKMS users completed all co-

production trials successfully, because of the aural communication of trails comparison. 

It can be noticed that the T5 completion rate for VCKMS (55%) was considerably lower 

than that for MCKMS (90%). Chi-square results showed a significant difference in T5 

completion rate between the two conditions (χ
2
=6.1, df=1, p<0.05). In complex tasks, it 

can be seen that 35% of VCKMS users did not accomplish T6 and T8 together, in 

comparison to the few MCKMS users (10%). In T6, the accuracy of product selection 

for VCKMS was half that for MCKMS. In particular, a group of VCKMS users (35%) 

did not select the product that fulfils the requirements related to customer reviews, 

compared to 20% of MCKMS users. The reason behind this variance in the accuracy of 

COC-based product selection was that MCKMS users successfully utilised the auditory 

cues communicated to convey aspects related to customer reviews and product features, 

compared to the visual representation. In addition, chi-square results found a significant 

variance in T6 completion rate between the two interaction modes (χ
2
=6.7, df=6.7, 

p<0.05). In T7, the accuracy rate for non-COC product selection using VCKMS (50%) 

was lower than that for MCKMS (80%). Chi-square found a significant difference 

between the two groups (χ
2
=3.95, df=1, p<0.05).  
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Figure 11: Mean values of task completion per time (a), task completion time (b), 
error rate (c), count of mouse clicks (d) and count of visited pages (e) using the 
VCKMS and MCKMS experimental systems. 

In T8, the completion rate for MCKMS (75%) was just double that for VCKMS (35%), 

due to the comparative nature and intensity of communicated knowledge in this task. 

The difference in T8 completion rate was found to be significant according to chi-

square results (χ
2
=6.5, df=1, p<0.05). It was noteworthy that tasks that involve 

requirements with a comparative nature were accomplished more by MCKMS users 

than VCKMS. In summary, the presentation of all task completion rates suggested that 

the effectiveness of multimodal approach was influenced by both task type and 

complexity level. 

3.7.2 E-CKMS Efficiency 

Effectiveness of E-CKMS was analysed according to interaction mode, task complexity 

level and task type, alongside with analysis at an individual task level. Because all 

efficiency attributes are parametric variables (contentious or discrete variables), the 

independent t-test [194] was used to test the statistical significance between VCKMS 

and MCKMS. 

3.7.2.1 Interaction Mode 

Figure 11 shows the mean values of percentage of task accomplishment per time (a), 

task accomplishment time (b) in hundred seconds, error rate (c), count of mouse clicks 
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in hundreds (d) and count of visited pages (e) for the overall user performance using the 

VCKMS and MCKMS experimental systems. At a glance, it can be noticed MCKMS 

outperform the VCKMS in terms of all system efficiency attributes, but the significance 

varies from attribute to another. The significance of the difference between the two 

conditions was tested using t-test, which was performed at (0.5 significance level), and 

showed statistically significant results. In Figure 11 (a), it can be seen that the mean 

value of the percentage of task accomplishment per unit of time for MCKMS was 

considerably higher than that for VCKMS. The difference was found to be significant 

with respect to task accomplishment per unit of time (t37=7.3, cv=2.03, p<0.05). In 

Figure 11 (b), the mean value of the task accomplishment time for MCKMS was 

approximately 15% higher than that for VCKMS. The t-test results showed that there 

was a significant difference between the two versions as regards task accomplishment 

time (t37= 6.004, cv=2.02, p<0.05). In Figure 11 (c), it can be seen that the mean value 

of error rate for MCKMS was considerably lower than that for VCKMS. Results 

obtained from the t-test showed a significant difference between the two approaches 

with regard to error rate (t35= 10.3, cv=2.03, p<0.05). In Figure 11 (d), it can be seen 

that the mean count of mouse clicks for using MCKMS was considerably lower than 

that for VCKMS. The t-test results showed a highly significant difference between the 

two conditions as regards the mouse clicks (t29=14.1, cv=2.045, p<0.05). In Figure 11 

(e), it was noteworthy that the mean count of visited pages for VCKMS was over 

fivefold that for MCKMS. The t-test results showed a highly significant difference with 

regard to the number of pages visited in order to complete all tasks (t20=26.2, cv=2.09, 

p<0.05). In summary, it can be said MCKMS outperformed VCKMS regarding five 

efficiency factors, including task completion time, task accomplishment per unit of 

time, error rate, count of mouse clicks and count of visited pages. 
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Figure 12: Mean values of percentage of task accomplishment per unit of time (a) 
and task accomplishment time (b) according to the three levels of task complexity 
using the VCKMS and MCKMS experimental systems. 

3.7.2.2 Task Complexity 

Figure 12 shows the mean values of percentage of task completion per unit of time (a) 

and task accomplishment time (b) according to the three task complexity levels using 

the VCKMS and MCKMS experimental systems. The unit of time used in order to 

calculate values of these two factors was one hundred seconds. Overall, it can be 

noticed the levels of the two efficiency variables varied in favour of the experimental 

condition (MCKMS). In particular, the use of multimodal metaphors has been shown to 

have a considerable effect on task completion time and the percentage of task 

accomplishment per unit of time for complex tasks. In Figure 12 (a), trends of task 

accomplishment per unit of time varied slightly in simple tasks whereas in moderate and 

complex tasks, the variance rose considerably. In simple tasks, the mean value for 

VCKMS was slightly lower than that for MCKMS, while the mean values in moderate 

and complex task for MCKMS were considerably lower than that for VCKMS. In fact, 

the use of multimodal metaphors improved the user‘s efficiency to perform complex 

tasks, because the analysis of the participants‘ performance showed that the mean task 

accomplishment per unit of time decreased from level 1 (simple) to level 3 (complex) 

less rapidly in MCKMS (76%) than in VCKMS (88%).  
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Figure 13: Mean values of count of mouse clicks (a) and count of visited pages (b) 
required to accomplish the three levels of task complexity using the VCKMS, MCKMS 
experimental systems. 

In Figure 12 (b), it can be noticed that the successful completion of complex tasks was 

achieved significantly faster with MCKMS than with VCKMS. Overall, the difference 

between the two conditions in terms of task accomplishment time goes hand in hand 

with the task complexity, in favour of MCKMS. In the simple and moderate tasks, the 

mean value of task accomplishment time for VCKMS was slightly higher than that for 

MCKMS, whereas in the complex tasks, the mean value for VCKMS was 22% higher 

than that for MCKMS. In summary, MCKMS has shown to be more efficient than 

VCKMS regarding percentage of task accomplishment per unit of time and the time 

taken to complete tasks. 

Figure 13 shows the mean count of mouse clicks (a) and visited pages (b) required to 

accomplish to the three levels of task complexity using the VCKMS and MCKMS 

experimental systems. Overall, there was a considerable reduction in the number of 

actions required to complete tasks using MCKMS as opposed to VCKMS, in which the 

mean of mouse clicks can be cut in half, and the mean count of visited pages cab be 

reduced further by the use of multimodal metaphors. In Figure 13 (a), it can be noticed 

that the use of multimodal metaphors considerably reduced the mean count of mouse 

clicks, compared to VCKMS. The variance between the two conditions in the mean 
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count of mouse clicks was sensitive to task complexity, as it rose as the task complexity 

increased. In fact, the variances were found to be 38%, 45% and 50% in simple, 

moderate and complex tasks respectively. In Figure 13 (b), it was noteworthy that the 

mean count of visited pages for MCKMS fell into a narrow range of values, compared 

to VCKMS. The mean count of visited pages remained almost constant in MCKMS 

regardless of task complexity, whereas, the more complex the task is, the more pages 

users visit in VCKMS. In simple tasks, it can be noticed that the mean value for 

MCKMS was just a third of that for VCKMS, while in moderate and complex tasks, the 

value for MCKMS was one-seventh that for VCKMS. Therefore, it can be said that 

levels of the mean count of visited pages using MCKMS were relatively insensitive to 

task complexity. In summary, the use of multimodal metaphors considerably reduced 

the number of actions required to complete tasks with regard to the counting of mouse 

clicks and visited pages, and hence improved efficiency. 

The occurrence of errors was also analysed for the three task complexity levels using 

the VCKMS and MCKMS experimental systems. In general, it was noticed that the 

occurrence of errors in E-CKMS was reduced by incorporating multimodal metaphors, 

essentially in complex tasks. In simple tasks, the mean error rate remained constant 

between the two versions (VCKMS= 1.1, MCKMS= 1). In moderate and complex tasks, 

the mean values of error rate for VCKMS (moderate= 5.3, complex= 9) were almost 

double that for MCKMS (moderate= 2.8, complex= 4.8). In summary, the use of audio-

visual metaphors in E-CKMS reduced the occurrence of errors, especially when tasks 

that involve higher levels of user interaction were performed.  
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Figure 14: Mean values of percentage of task accomplishment per unit of time (a) 
and task accomplishment time (b) according to the three task types using the VCKMS 
and MCKMS experimental systems. 

3.7.2.3 Task Type 

Figure 14 shows the mean values of percentage of task completion per unit of time (a) 

and task accomplishment time (b) according to the three task types using the VCKMS 

and MCKMS experimental systems. Overall, the highest percentage of task completion 

per unit of time was found in co-production tasks (18.6%), whereas the lowest was the 

rate of completion for COC-based product selection tasks (7.3%). In addition, the fastest 

accomplished tasks were the co-production using MCKMS (3.9 hundreds seconds), and 

the slowest were COC-based product selection tasks using VCKMS (8.8 hundred 

seconds).  

In Figure 14 (a), trends of task completion per unit of time varied slightly in non-COC 

product selection tasks, whereas there were considerable variances between the two 

conditions with regard to COC-based product selection and co-production tasks. In non-

COC product selection tasks, the mean value for VCKMS was lower than that for 

MCKMS. In contrast, the mean values for MCKMS in COC-based product selection 

and co-production tasks were considerably lower than those for VCKMS. In fact, it was 

noteworthy that the mean values of task completion per unit of time for COC-based 

product selection and co-production tasks using MCKMS were almost double those for 
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VCKMS. In fact, the use of multimodal metaphors improved user efficiency to perform 

knowledge-intensive tasks, because the analysis of the users‘ performance showed that 

difference in task completion per unit of time between VCKMS and MCKMS increased 

in product selection in the presence of the COC context tasks (96%) more rapidly than 

in the absence of COC contexts (37%).  

In Figure 14 (a), it can be noticed that the variance in task accomplishment time 

between the two conditions was not as considerable as it was in the task completion per 

unit of time. That was because the latter was dependent on the former as well as the 

effectiveness factor (task completion rate). In fact, COC-based product selection tasks 

were accomplished considerably faster using MCKMS than VCKMS. The difference 

between the two conditions regarding task accomplishment time dropped considerably 

in co-production (16%) and non-COC product selection (13%) tasks. In MCKMS, it 

was noteworthy that the mean time taken to select a product in the absence of COC 

context (7.2 hundreds seconds) was greater than that in the presence of COC-based 

product selection tasks (6.3 hundreds seconds). In contrast, in VCKMS, the mean time 

taken to select a product in the presence of COC contexts (8.8 hundred seconds) was 

greater than that in the absence of COC contexts (8.3 hundred seconds). Therefore, it 

can be said that the use of multimodal metaphors has considerably reduced the time 

taken to accomplish knowledge-intensive tasks, compared to less knowledge intensity 

tasks. In summary, MCKMS outperformed VCKMS as regards the task completion per 

unit of time and task accomplishment time, especially for knowledge-intensive tasks.  
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Figure 15: Mean values of count of mouse clicks (a) and count of visited pages (b) 
required to accomplish the three task types using the VCKMS and MCKMS 
experimental systems. 

Figure 15 shows the mean count of mouse clicks (a) and visited pages (b) required to 

accomplish the three task types using the VCKMS and MCKMS experimental systems. 

At a glance, product selection tasks in the presence and absence of COC contexts 

showed relatively the same figure regarding the mean count of clicks and visited pages, 

due to the nature of product selection tasks. Product selection tasks maintained a 

relatively unchanged relationship between aspects of the number of actions required to 

accomplish tasks, because this was affected by the manner in which the user searched 

for product and perceived the interface. In Figure 15 (a), the mean count of mouse 

clicks required to accomplish product selection tasks for using VCKMS was almost half 

that for MCKMS. In co-production tasks, the mean count of clicks for using MCKMS 

was slightly lower than that for VCKMS. In Figure 15 (b), it can be seen that the mean 

count of visited pages was insensitive to interaction mode, as the mean values for both 

VCKMS and MCKMS were almost equal. In addition, it can be noticed that MCKMS 

users visited from 7 to 8 pages to accomplish product selection tasks, whereas VCKMS 

users visited over fivefold this number. In summary, the use of multimodal metaphors 

reduced the number of actions required to accomplish tasks, especially the knowledge-

intensive ones. 
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Figure 16: Mean values of percentage of task accomplishment per unit of time (a) 
and task accomplishment time (b) in hundred seconds, according to the eight 
common tasks using the VCKMS and MCKMS experimental systems. 

3.7.2.4 All Tasks 

The main purpose of presenting the efficiency values of all tasks was to describe 

efficiency at an individual task level, and identify the source of variance between task 

types and complexity levels. Figure 16 shows the mean values of percentage of task 

completion per unit of time (a) and task accomplishment time (b), according to the eight 

common tasks for using the VCKMS and MCKMS experimental systems. The unit of 

time used in order to calculate values of these two factors was one hundred seconds. In 

Figure 16 (a), it can be noticed that the experimental E-CKMS condition (MCKMS) 

outperformed the control version (VCKMS). In T1 (simple COC-based product 

selection), the mean task completion per time rate for VCKMS was four-fifth that for 

MCKMS. In T2 (simple non-COC product selection), the mean value of task 

accomplishment per time for VCKMS was just five-sixth that for MCKMS. In T3 

(moderate COC-based product selection), the mean rate of task completion on time for 

VCKMS was four-fifth that for MCKMS. In T4 (moderate non-COC product selection), 

the mean value for VCKMS was just five-sixth that for MCKMS. In T5 (moderate co-

production), the mean rate of task completion on time for VCKMS was just half that for 
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MCKMS. In T6 (complex COC-based product selection), the mean value of task 

accomplishment rate per unit of time for MCKMS was almost triple that for VCKMS. 

In T7 (complex non-COC product selection), the mean value for MCKMS was almost 

double that for VCKMS. In T8 (complex co-production), the mean rate of task 

completion per time for VCKMS was almost three-fifth that for MCKMS. In brief, the 

use of multimodal metaphors was linked to a considerable rise in task accomplishment 

per unit of time, compared to the performance observed during the interaction with 

VCKMS. Figure 16 (b), it can be seen that tasks were accomplished considerably faster 

for using MCKMS than VCKMS, apart from T2, T4 and T5. In T1 (simple COC-based 

product selection), the mean task completion time for MCKMS was three-quarters that 

for VCKMS. In T2 (simple non-COC product selection), the mean value of time taken 

to complete the task using MCKMS was five-seventh that for using VCKMS. In T3 

(moderate COC-based product selection), it can be noticed that the task completion for 

using VCKMS was 23% slower than that for MCKMS. In T4, (moderate non-COC 

product selection), the mean value of task accomplishment time for MCKMS was just 

seven-eighth that for VCKMS. In T 5 (moderate co-production), the mean completion 

time for using MCKMS was over four-fifth that for MCKMS. In T6 (complex COC-

based product selection), the mean time taken to accomplish T6 for using MCKMS was 

over four-sixth that for VCKMS. In T7 (complex non-COC product selection), it can be 

noticed that the mean value of task completion time for using MCKMS was over four-

fifth that for VCKMS. In T8 (complex co-production), the mean task completion time 

for using MCKMS was almost seven-eighth that for VCKMS. To conclude, there was a 

considerable reduction in the time taken to accomplish tasks using MCKMS, compared 

to VCKMS.  
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Figure 17: Mean values of count of mouse clicks (a) and count of visited pages (b) 
required to accomplish the eight common tasks using the VCKMS and MCKMS 
experimental systems. 

Figure 17 shows the mean count of mouse clicks (a) and visited pages (b) required to 

accomplish the eight common tasks using the VCKMS and MCKMS experimental 

systems. In general, the number of actions required to accomplish the eight common 

tasks using MCKMS dropped considerably, compared to VCKMS. In Figure 17 (a), it 

can be generally noticed that the mean count of clicks needed to accomplish tasks using 

MCKMS was reduced to half that for using VCKMS, apart from simple and co-

production tasks. In T1 (simple COC-based product selection), the mean value of mouse 

clicks needed to complete T1 for using MCKMS was just three-fifth that for VCKM. In 

T2 (simple non-COC product selection), the mean counts of clicks for MCKMS was 

almost two-third that for VCKMS. In product selection tasks whether moderate or 

complex (T3, T4, T6 and T7), the mean count of clicks for using MCKMS was reduced 

to over half that for VCKMS. In T5 (moderate co-production), the mean count of clicks 

for MCKMS and VCKMS was relatively constant, as the difference between the two 

conditions did not exceed 3%. In T8 (complex co-production), it can be noticed that the 

mean count of clicks for using MCKMS was 42% lower than that for MCKMS. In 
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summary, the mean number of mouse clicks required to complete task using E-CKMS 

can be cut in half by incorporating audio-visual metaphors.  

In Figure 17 (b), the mean count of visited pages required for product selection 

considerably fell down by using multimodal metaphors, whereas that required for co-

production was relatively constant. In T1 (simple COC-based product selection), the 

mean count of visited pages for VCKMS was over triple that for MCKMS. In T2 

(simple non-COC product selection), the mean number of pages visited during the task 

performance for MCKMS was over third that for VCKMS. In T3 (moderate COC-based 

product selection), the mean value of visited pages for VCKMS was almost tenfold that 

for MCKMS. In the moderate and complex non-COC product selection tasks (T4 and 

T7), MCKMS users visited as eightfold pages as VCKMS user. In the co-production 

tasks (T5 and T8), levels and trends of visited pages remain vertically constant, as the 

difference between the two systems did not exceed 5%. In T6 (complex COC-based 

product selection), the mean number of visited pages during the task performance for 

using VCKMS was just eightfold that for MCKMS. In brief, there was a considerable 

reduction in the mean count of visited pages during the MCKMS interaction. This 

reduction reached over half the mean count of visited pages for VCKMS, particularly, 

in product selection tasks, whereas MCKMS users visited as many pages as VCKMS 

users to complete co-production tasks. 

Table 17 shows results obtained from t-test (performed at 0.05 significance level) 

according to interaction mode, task types, complexity levels and the eight common 

tasks. The difference was found to be significant between VCKMS and MCKMS in all 

aspects of E-CKMS efficiency, apart from those suffixed by (*).  
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Tasks 

Efficiency variables 

Note: results with insufficient significance were suffixed by (*). 

DV 5 (TAT) DV 6 (TApT) DV 7 (ER) DV 8 (COCS) DV 9 (COVP) 

Interaction 

mode 

t37= 6.0,    

cv= 2.02 

t34= 7.3,    

cv= 2.03 

t35= 10.3,  

cv= 2.03 

t29= 14.1,   

cv= 2.045 

t20= 26.2,   

cv= 2.09 

COC-based 

selection 

t38= 6.0,    

cv= 2.03 

t29= 5.7,    

cv= 2.045 

t31= 6.1,    

cv= 2.07 

t26= 14.4,  cv= 

2.04 

t20= 25.3,   

cv= 2.09 

Non-COC 

selection 

t38= 3.3,    

cv= 2.03 

t36= 6.0,    

cv= 2.04 

t30= 5.4,    

cv= 2.09 

t34= 12.1,   

cv= 2.03 

t22= 21.9,   

cv= 2.074 

Co-

production 

t36= 2.3,    

cv= 2.03 

t28= 4.9,    

cv= 2.03 

t38= 7.7,    

cv= 2.09 

t33= 6.1,     

cv= 2.07 

t28= 0.9,     

cv= 2.05 (*) 

Simple 

tasks 

t38= 2.2,    

cv= 2.03 

t35= 2.8,    

cv= 2.03 

t36= 0.4,    

cv= 2.03 (*) 

t33= 10,      

cv= 2.04 

t23= 17,      

cv= 2.07 

Moderate 

tasks 

t33= 6.3,     

cv= 2.03 

t33= 4.6,    

cv= 2.04 

t34= 4.3,    

cv= 2.03 

t36= 8.7,     

cv= 2.03 

t19= 17,      

cv= 2.09 

Complex 

tasks 

t35= 5.7,     

cv= 2.03 

t38= 6.1,    

cv= 2.03 

t27= 8.5,    

cv= 2.05 

t23= 14,      

cv= 2.07 

t19= 17,      

cv= 2.09 

T1 t31= 4.2,    

cv= 2.02 

t38= 2.5,    

cv= 2.02 

t35= 0.5,    

cv= 2.03 (*) 

t31= 7.9,     

cv= 2.03 

t22= 14.5,   

cv= 2.074 

T2 t38= 0.9,    

cv= 2.02 (*) 

t38= 2.08,  

cv= 2.02 

t38= 0.0,    

cv= 2.02 (*) 

t35= 7.1,     

cv= 2.03 

t24= 10.5,   

cv= 2.064 

T3 t38= 3.6,    

cv= 2.02  

t37= 3.1,    

cv= 2.02 

t38= 2.4,    

cv= 2.02 

t29= 9.4,     

cv= 2.042 

t19= 13.6,   

cv= 2.093 

T4 T37= 1.9,    

cv= 2.02 (*) 

t29= 2.3,    

cv= 2.045 

t37= 4.9,    

cv= 2.02 

t34= 9.7,     

cv= 2.03 

t19= 14.3,   

cv= 2.093 

T5 t36= 2.016,  

cv= 2.02 (*) 

t33= 3.6,    

cv= 2.03 

t32= 4.1,    

cv= 2.03 

t38= 0.4,     

cv= 2.02 (*) 

t35= 0.6,     

cv= 2.03 (*) 

T6 t38= 5.7,    

cv= 2.02 

t36= 3.9,    

cv= 2.02 

t30= 6.7,    

cv= 2.04 

t23= 9.8,     

cv= 2.07 

t19= 15.4,   

cv= 2.093 

T7 t38= 2.5,    

cv= 2.02 

t38= 2.5,    

cv= 2.02 

t28= 3.5,    

cv= 2.048 

t28= 7.0,     

cv= 2.05 

t20= 13.7,   

cv= 2.086 

T8 t36= 2.07,  

cv= 2.02 

t37= 2.5,    

cv= 2.02 

t30= 7.0,    

cv= 2.042 

t26= 6.4,     

cv= 2.06 

t35= 0.6,     

cv= 2.03 (*) 

Table 17: Results obtained from t-test (performed at 0.05 significance level) 
according to interaction mode, task types, complexity levels and the eight common 
tasks.  

A further analysis was carried out to examine the use of the multimodal metaphors, 

compared to text with graphics in terms of error rate. This analysis indicated that there 

was a considerable drop in errors committed during the interaction with MCKMS, 

compared to VCKMS, especially in moderate and complex tasks. In T1 (simple COC-

based product selection), the mean error rate for MCKMS (0.55) and VCKMS (0.65) 

was relatively constant, as well as in T2 (simple non-COC product selection), where the 

value for MCKMS and VCKMS was (0.4). In T3 (moderate COC-based product 
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selection), the mean value of error rate for MCKMS (1.2) was slightly lower than that 

for VCKMS (1.9). In T4 (moderate non-COC product selection), the mean error 

occurrence for MCKMS (0.7) was 46% lower than that for VCKMS (1.55). Similarly, 

the mean value of error rate for MCKMS (0.85) was 46% lower than that for VCKMS 

(1.85) in T5 (moderate co-production) performance. In T6 (complex COC-based 

product selection), the mean value of error rate for MCKMS (1.85) was just half that for 

VCKMS (3.35). In T7 (complex non-COC product selection), the mean error rate for 

MCKMS (1.3) was slightly lower than that for VCKMS (2.1). In T8 (complex co-

production), the mean value of error rate for VCKMS (3.5) was just double that for 

MCKMS (1.6). In summary, the difference in error rate between the two interfaces rose 

as task complexity increased. 

3.7.3 Users’ Attitudes and Knowledge 

Figure 18 shows the mean values of the user‘s attitude and knowledge factors (a), which 

included scores of user satisfaction, level of knowledge and perception of trust, and 

results of achievement test (b) according to the three task complexity levels using the 

VCKMS, MCKMS and ACKMS experimental systems. In general, it can be noticed 

that there was a considerable improvement in user satisfaction, level of knowledge and 

perception of trust, as well as in the results of achievement test from interaction mode 1 

(VCKMS) to mode 2 (MCKMS). In Figure 18 (a), it was noteworthy that the mean 

scores of the user‘s satisfaction, level of knowledge and trust for MCKMS were 19%, 

36% and 23% greater than that for VCKMS respectively. In addition, the t-test results 

showed a significant difference between the two conditions with regard to user 

satisfaction (t38=4, cv=2.02, p<0.05), level of knowledge (t37=8.04, cv=2.02, p<0.05) 

and perception of trust (t25=4, cv=2.06, p<0.05). 
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Figure 18: Mean values of the user’s attitude and knowledge factors (a), which 
included user satisfaction, level of knowledge and perception of trust, and results of 
achievement test (b) according to the three task complexity levels using the VCKMS 
and MCKMS experimental systems. 

In Figure 18 (b), it can be noticed that the use of multimodal interaction was useful for 

improving knowledge memorability, understanding and utilisation, as analysis of 

participant‘s answers showed that the mean achievement result increased from level 1 

(simple) to level 3 (complex) more rapidly in MCKMS than in VCKMS.  

In simple tasks, the mean value of user score for VCKMS was just five-seventh that for 

MCKMS. The difference between the two interaction modes was found significant in 

simple tasks (t32=3.05, cv=2.03, p<0.05). In moderate tasks, the mean score of 

achievement result for VCKMS was almost two-third that for MCKMS. Furthermore, 

the difference in achievement results was found statistically significant in the second 

complexity level (t32=4.2, cv=2.03, p<0.05). In complex tasks, the mean achievement 

score for MCKMS was considerably greater than that VCKMS. In addition, the 

difference in achievement results between VCKMS and MCKMS was found significant 

(t36=12.6, cv=2.02, p<0.05). In brief, the difference in achievement test results between 

the two systems goes hand in hand with task complexity. In other words, the more 

complex that task is, the more variation in level of knowledge it becomes. 
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                  Conditions (n=20) 

Statement 

VCKMS MCKMS 

Agree Disagree Agree Disagree 

The system was ease to use 14 (70%) 6 (30%) 18 (90%) 2 (10%) 

The system was confusing 9 (45%) 11 (55%) 2 (10%) 18 (90%) 

The system was frustrating 7 (35%) 13 (65%) 1 (5%) 19 (95%) 

It was easy to navigate 20 (100%) 0 (0%) 19 (95%) 1 (5%) 

Overall, I felt comfortable 19 (95%) 1 (5%) 20 (100%) 0 (0%) 

Table 18: Frequency of the agreement and disagreement of participants in each user 
satisfaction statement according to the VCKMS and MCKMS experimental systems. 

3.7.3.1 User Satisfaction 

Table 18 shows the frequency of user agreement and disagreement with the satisfaction 

statements for using the VCKMS and MCKMS experimental systems. In fact, User 

responses that rated the statement from six to four were regarded as agreement and from 

three to one as disagreement. User responses suggested that the experimental condition 

was easier to use, less confusing and less frustrating. Actually, 90% of the users agreed 

that the multimodal system was easy to use, compared to 70% for visual-only condition. 

In user confusion statement, 45% of the users agreed that the VCKMS was confusing, 

whereas 90% disagree in MCKMS. The responses also suggested that 95% of MCKMS 

users felt frustrated, compared to 55% of VCKMS users. In addition, no difference was 

found with regard to the ease of navigation between the two conditions, as 100% and 

95% of the users agreed that the system enabled easy navigation in VCKMS and 

MCKMS respectively. Similarly, responses obtained from the overall comfort suggested 

that all MCKMS users felt comfortable, compared to 95% of VCKMS user. In 

summary, user agreement and disagreement showed a variation between the two 

conditions regarding the first three user satisfaction statements, but further analysis 

considering the mean and mode was required.  
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Interaction 

mode 
Value 

Aspects of user satisfaction 

EOS EOC EOF EON COM 

VCKMS 

Mode 4 3 3 5 5 

Frequency 16 (80%) 11 (55%) 13 (65%) 19 (95%) 20 (100%) 

Mean 3.85 3.45 3.10 4.95 4.45 

MCKMS 

Mode 5 2 2 5 5 

Frequency 18 (90%) 14 (70%) 14 (70%) 16 (80%) 17 (85%) 

Mean 4.80 2.20 2.20 5.00 4.95 

Table 19: The mode, frequency of the mode and mean values of the five aspects of 
users’ satisfaction for using two interaction modes. 

Table 19 shows the mode, frequency of the mode and mean values of user satisfaction 

factors for using the VCKMS and MCKMS experimental systems. In general, the use of 

audio-visual metaphors led to higher user satisfaction, and hence participants responded 

highly favourably to MCKMS. It can be seen that 80% of VCKMS users agreed slightly 

that the system was easy to use (EOS), whereas 90% of MCKMS users agreed 

moderately. In addition, over half of the VCKMS sample disagreed slightly that the 

system was confusing, whereas 70% of MCKMS users disagree moderately. 

Furthermore, 56% of VCKMS users disagreed slightly that they have felt frustrated 

during the interaction, whereas 70% of MCKMS users disagree moderately. It can be 

seen from the table that the 95% of VCKMS users and 80% of MCKMS users agreed 

moderately that it was easy to navigate through. Similarly, all VCKMS users and 85% 

of MCKMS users felt comfortable during the interaction. The Mann-Whitney results 

indicated that the difference between VCKMS and MCKMS was insufficient in both 

EON (U=183, cv=127, p>0.05) and COM (U=131, cv=127, p>0.05). However, there 

was a statistical significance found in the compassion between the two systems with 

regard to EOS (U=79, cv=127, p<0.05), EOC (U=65, cv=127, p<0.05) and EOF 

(U=102, cv=127, p<0.05). In summary, the greater user satisfaction resulted from 

incorporating multimodal interaction metaphors, as participants expressed interest to, 

and rated in favour of MCKMS over VCKMS. 
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                                   Conditions (n=20) 

Statement 

VCKMS MCKMS 

Agree Disagree Agree Disagree 

The features offered by the interface 

matched with what I expected (MOX).  
15 (75%) 5 (25%) 17 (85%) 3 (15%) 

I believe that this interface vendor gave 

the impression that it was upright and 

honest (HOV) 

15 (75%) 5 (25%) 11 (55%) 9 (45%) 

In product selection, I would rely on my 

previous experience more than interface 

contents (EPE).  

20 (100%) 0 (0%) 14 (70%) 6 (30%) 

I felt this interface vendor was 

unprofessional and incompetent (ICV) 
11 (55%) 9 (45%) 4 (20%) 16 (80%) 

I felt that this interface vendor was 

trustworthy (TOV) 
3 (15%) 17 (85%) 14 (70%) 6 (30%) 

Table 20: Frequency of the agreement and disagreement of participants in each 
statement related to users’ perception of trust. 

3.7.3.2 Perception of Trust 

Table 20 shows the frequency of user agreement and disagreement with the trust 

statements for using the VCKMS and MCKMS experimental systems. In general, 

participants responded in favour of MCKMS with respect to the five aspects of trust, 

apart from the perceived honesty of the vendor. It can be seen from the table that 75% 

of VCKMS users agreed that the features offered by the system matched with what was 

expected, compared to 85% of MCKMS users. It was noteworthy that over half of 

MCKMS users believed that there was an overall impression that the vendor was 

honest, compared to 75% of VCKMS users. In addition, all VCKMS intended to rely on 

their previous experience more than the content provided by the system, in comparison 

with 70% of MCKMS users. Furthermore, over half of VCKMS users felt that the 

vendor was unprofessional and incompetent, compared to 80% of MCKMS users who 

disagreed with this statement. In addition, the vendor was felt to be trustworthy by only 

15% of VCKMS, whereas 70% of MCKMS users believed that the vendor was 

trustworthy. In brief, users‘ responses revealed that the effect of multimodal approach 

was found in all aspects of user trust, except in the user‘s perception of vendor honesty.  
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Interaction 

mode 
Value 

Aspects of trust 

MOX HOV EPE ICV TOV 

VCKMS 

Mode 4 5 6 4, 5 3 

Frequency 75% 75% 50% 45% 75% 

Mean 3.70 3.60 5.40 3.65 3.05 

MCKMS 

Mode 4 5 5 4 4 

Frequency 55% 50% 30% 45% 50% 

Mean 4.10 3.55 4.20 2.90 3.85 

Table 21: The mode, frequency of the mode and mean values of the five aspects of 
users’ perception of trust for using the VCKMS and MCKMS experimental systems. 

Table 21 shows the mode, frequency of the mode and mean values of trust factors for 

using the VCKMS and MCKMS experimental systems. At a glance, user responses 

revealed that the use of multimodal metaphors has limited effect on the perception of 

vendor honesty and perceived compatibility between users‘ expectations and system 

features. On the other hand, it still has a positive influence on previous experience effect 

and users‘ perception of the vendor‘s competency and trustworthiness. In particular, 

over half of MCKMS users agreed slightly that the features offered by the system was 

compatible with their expectations, compared to 75% of VCKMS users. Similarly, it 

was also noticed that half of MCKMS users agreed moderately that the vendor gave the 

impression that it was upright and honest, compared to 75% of VCKMS users. In 

addition, half of VCKMS users agreed strongly that they intended to rely on their 

previous experience more than the content provided by the system, whereas 30% of 

MCKMS users agreed moderately. Furthermore, 45% of VCKMS users agreed slightly 

and moderately that the vendor gave the impression that it was unprofessional and 

incompetent, whereas 45% of MCKMS agreed slightly. It was also found that 75% of 

VCKMS users disagreed slightly that the vendor gave the impression that it was 

trustworthy, compared to half of MCKMS users agreed slightly. In addition, results 

obtained from the Mann-Whitney test suggested that the difference between VCKMS 

and MCKMS was insufficient with regard to MOX (U=136, cv=127, p>0.05) and HOV 
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(U=174.5, cv=127, p>0.05). However, it was found significant between the two systems 

in EPE (U=86, cv=127, p<0.05), ICV (U=100, cv=127, p<0.05) and TOV (U=86, 

cv=127, p<0.05). In brief, multimodal interaction has a considerable effect on aspects of 

trust, apart from the perception of vendor honesty and match of user expectations. 

3.8 Discussion 

Twenty pairs of participants were observed while interacting with both conditions and it 

was noticed that the auditory cues had a considerable role in the improvement of task 

accomplishment by attracting user attention, as the audio-visual interaction led to 

accurate selections of product, compared to the text with graphics. In fact, the extent to 

which auditory stimuli (speech, earcons and auditory icons) assist the communication of 

knowledge involved variation. The environmental sounds used to convey general trends 

and knowledge was effective enough to alter the user about trends. This facilitated 

accurate decision-making in the absence of detailed investigation, as auditory icons used 

to convey knowledge that have a well-known association with environmental sounds in 

real life. In contrast, earcons appeared to be not as useful as auditory icons because it 

was not interpreted naturally, but it was of help in communicating knowledge that has a 

low range of values, like ratings. Speech was expected to improve user interaction in 

tasks that involve reading text, as both groups showed the same level of lack of 

attention and focus, especially for long texts. It was noteworthy that multimodal 

interaction reduced customer response time, which led to greater customer satisfaction 

and eventually loyalty. The analysis of E-CKMS efficiency provided insights into the 

significance of multimodal metaphors in improving E-CKMS user‘s performance. In 

particular, it was possible to facilitate an efficient representation of knowledge by 
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means of multimodal interaction because knowledge either was intensive, and hence not 

easy to be perceived visually, or communicated more rapidly.  

Furthermore, participants in the experimental group expressed positive attitudes towards 

the aural communication of knowledge. The results suggested that users tend to be more 

comfortable with aural communication when sounds conveyed more rapidly than for the 

first time. In particular, the levels of user satisfaction and trust were improved, because 

participants who took part in this experiment felt that E-CKMS with the use of audio-

visual metaphors was more satisfying and trustworthy than the traditional E-CKMS. In 

particular, it can be said that multimodal metaphors reduce the effect of previous 

experience during the product evaluation phase and has a positive influence on 

perception of vendors‘ competencies and trustworthiness. Nevertheless, it has limited 

impact on perception of vendor honesty and the compatibility between perceived value 

and users expectations as well. In addition, this approach demonstrated to have a 

positive influence on aspects of user satisfaction, apart from ease of navigation. In brief, 

it can be said that audio-visual metaphors have contributed positively towards the 

improvement of the user‘s attitudes.  

The use of multimodal interaction has been recognised to have a positive effect on 

effectiveness, efficiency of E-CKMS, and the user attitude and knowledge. Additional 

views would need to be considered, particularly related to the way in which knowledge 

was conveyed and perceived. One view is related to complement the auditory stimuli 

used in MCKMS interface with metaphors of social presence. This combination can 

enrich the customer interaction experience and compensate the lack of face-to-face 

communication usually encountered by the web presence initiatives. Avatars with facial 

expressions, however, produced higher levels of social presence, and demonstrated to 
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have positive influence on the user‘s trust and preferences [67, 113]. In E-Business 

contexts, trustworthy web-based systems should introduce a set of features that 

compensate the absence of skilful sales persons, who can establish a persuasive 

communication of product information and knowledge [67]. It is possible to say that the 

positive effect of expressive avatars was linked to the lack of human warmth and 

sociability in online environments. Another view is related to the different usability 

settings, in which this experiment evaluated the role of multimodal metaphors. It was 

noticed that usability of E-CKMS differed considerably amongst the two experimental 

platforms, and hence it was expected that this difference could have affected users‘ 

attitudes. When filling the questionnaires, it appeared that users have followed logical 

and reasoned actions, as the attitude factors showed relatively similar pictures to 

usability attributes. This led to the assumption that user attitudes were influenced by the 

usability condition. Therefore, it is important to counterbalance the levels of usability 

between the experimental platform so as to alleviate the effect of system usability on 

users‘ perception of trust and satisfaction. These two considerations led to the 

preparation of the second and third experimental phases. The second experiment 

introduces avatars with facial expressions as a third interaction mode. The third 

experiment sheds more light into the technology acceptance models and the evaluation 

of user attitude under similar usability conditions. 

3.9 Summary and Conclusion 

This section presents the summary and the conclusion. The former summarises and 

repeats the main points, while the latter synthesises and generalises to fit the main 

points together.  
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3.9.1 Summary 

This chapter explored the role of multimodal interactive metaphors in E-CKMS in terms 

of effectiveness, efficiency, the user attitudes and knowledge as these metaphors have 

become an important aspect of information representation in many fields. In E-CKMS, 

knowledge has to be elicited directly by means of real-time interaction with customers, 

rather than being dependent on the interpretations of sales representatives. This 

approach led to the concern that the user encounters information overload, lack of trust 

and knowledge hoarding. However, using sound-augmented interfaces have the 

potential to address this question, as it demonstrated to be useful in other areas. As 

empirical CKM studies that examine the role of multimodal interaction in this field are 

generally lacking, this experiment was carried out to evaluate this role, and measure E-

CKMS usability, and the user‘s attitudes and knowledge. This evaluation was 

undertaken empirically by developing two E-CKMS experimental platforms (text with 

graphics only and multimodal). In addition, forty participants (all were students at 

University of Bradford and regular internet users) were selected randomly, based on the 

non-probability sampling strategy (convenience-sampling method). Participants were 

divided into two groups (20 each): control and experimental, and offered a short 

training session on the corresponding version of E-CKMS. Subsequently, participants 

were asked to perform the three tasks and fill a questionnaire devised for this study. The 

order of tasks was counterbalanced between participants in order to neutralize possible 

task learning effect. 

During the experiment phase, user performance and achievements provided insights into 

the significance of multimodal metaphors in improving E-CKMS usability. Results 

showed that the use of multimodal metaphors in E-CKMS was more effective than 
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visually communicating CK. The experience gained from this experiment suggested that 

the more complex the task is, the more useful the audio-visual metaphors becomes. It 

was noticed, during the user interaction that auditory cues played a crucial role in 

improving task accomplishment by attracting user attention. Compared to text with 

graphics only method, Multimodal interaction led to more accurate product selection. 

Participants in the experimental group tended to utilise CK communicated aurally more 

than those in the control group. This has been noticed when the sound of cheering 

indicated that there was a trend of positive feedbacks on a particular product, which 

facilitated making purchase decisions with no need for reading detailed customer 

opinions. However, in activities that involved reading text, users in both groups showed 

the same lack of concentration and focus, especially for long texts. Analysis of 

efficiency suggested also that the multimodal CKM interface was more efficient than 

the text with graphics only interface. In particular, it can be concluded that the 

significant difference goes hand in hand with the task levels, and the influence of audio-

visual metaphors on both task accomplishment time and the percentage of task 

accomplishment per unit of time was considerably significant for complex tasks. It can 

be said also that levels of the number of pages that need to be visited in order to 

complete tasks using MCKMS were relatively insensitive to task complexity levels, in 

comparison with VCKMS. In addition, incorporating multimodal metaphors into E-

CKMS reduced the error rate, especially in the complex task performance. 

In addition, user responses obtained from the user‘s attitude statements provided 

insights into the significance of multimodal interaction in improving users‘ satisfaction 

and perception of trust, since the highest scores were associated with interfaces that 

utilised multimodal metaphors. In particular, it was becoming evident that incorporating 
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auditory icons, alongside with speech and earcons into E-CKMS interfaces has a 

positive effect on users‘ perception of trust, in comparison with text and graphics. In 

particular, participants were satisfied with the sound-enhanced version, and expressed 

interest in the use of multimodal metaphors. The significance of this approach was 

found in all aspects of user satisfaction (ease of system, extent of confusion, extent of 

frustration and overall satisfaction), except in user ease of navigation. With regard to 

perception of trust, the effect of previous experience on product evaluation was reduced 

by the use of audio-visual metaphors. The influence of this approach was found 

significant in improving users‘ perception of the vendor competencies and 

trustworthiness, but not in improving the compatibility between perceived value and 

users‘ expectations, as well as perception of vendor honesty. Therefore, while cultural 

aspects of CKM cannot be ignored, it is rather important for E-CKMS interface 

designers to embrace the development of multimodal interaction, not as alternative 

method, but as reinforcing approach.  

3.9.2 Conclusion 

There has been an increasing demand for modern organisations to have a real-time 

interaction with consumers, because their views or perceptions are often used for 

innovation. Typically, interfaces are used to elicit customers‘ views within E-CKMS. 

Therefore, interface design and customer interaction are important to the organisation. 

There are few CKM empirical studies, which investigated whether or not these 

technologies can be put into practice. Therefore, this experiment tested the hypothesis 

that multimodal interaction can improve E-CKMS usability and increase user trust and 

knowledge as opposed to text with graphics. This involved implementing control and 

experimental E-CKMS experimental platforms (text with graphics and multimodal), 
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which were evaluated by two independent groups of users (n=20 for each group). 

Results showed that the use of multimodal metaphors in E-CKMS was more usable than 

text with graphics. It also showed that the user‘s trust and knowledge was increased in 

the multimodal condition, compared to the visual CK representation. Although this 

experiment has proven to be successful, it is important for the overall experimental 

programme to progress and introduce multimodal metaphors of social presence. The 

next chapter examines the role of avatars with facial expressions as an extension of the 

usability evaluation carried out in this chapter. 
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Chapter 4:  The Role of Avatars: Experimental Phase II 

4.1 Introduction 

The previous experiment, reported in Chapter 3, successfully determined the role of 

multimodal metaphors to improve the usability of E-CKMS, and increase the user‘s 

trust and knowledge. In addition, this experiment introduces multimodal metaphors of 

social presence
14

 as an extension of the usability evaluation carried out in the previous 

chapter. It replicated the tasks, experimental design and research variables used in the 

previous experiment to facilitate the comparative evaluation of the user‘s performance 

across the two experiments. It is important to examine several combinations of 

multimodal metaphors and evaluate the social aspects of avatars in order to promote 

further understanding of sources of variance between text with graphics and multimodal 

E-CKMS.  

4.2 Aims 

The main aim of this experiment was to examine the implication of employing avatars 

in E-CKMS, and to introduce it as a third E-CKMS interaction mode. In particular, it is 

aimed at assessing the effectiveness of avatars in conveying product related information 

and knowledge and knowledge obtained from the co-production. Evaluating efficiency, 

in addition, was another aim of the experiment. Another aim of the experiment was to 

evaluate the effectiveness and efficiency of such metaphors in different task types and 

complexity levels. In addition, this study is aimed at assessing the user‘s knowledge 

with the presence of avatars in the user interface, compared to the text with graphics 

                                                 
14

 The basic assumption is that the social aspects of expressive avatars can lead to several positive 

emissions, which is expected to show a substantial contribution towards the improvement of user 

engagement on CKM related activities, and the promotion of the user-website interaction. 
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(VCKMS) and audio-enhanced multimodal E-CKMS (MCKMS). Measuring users‘ 

attitude (satisfaction and trust) toward the three E-CKMS platforms was another aim. 

4.3 Objectives 

In order to pursue these aims, a set of three objectives was introduced to demonstrate 

the aspects of E-CKMS usability and user attitude. The first objective was to implement 

an Avatar-aided MCKMS (ACKMS), as the third E-CKMS interaction mode, alongside 

VCKMS and MCKMS. Secondly, as an extension of the previous experiment, a group 

of users evaluated the system by performing the eight common tasks
15

 and the user 

performance was observed and measured during the course of the experiment. Finally, 

five factors related to system usability, level of knowledge and user attitude were 

quantified and assessed. The first factor was E-CKMS effectiveness, which was 

measured by the percentage of tasks completed successfully. The second factor was E-

CKMS efficiency, which was measured by evaluating task completion time, task 

completion per time, error rate and the number of actions required to complete tasks. 

The third factor was knowledge measurement, which was evaluated via an achievement 

test. The fourth and fifth factors were related to the user‘s attitude toward E-CKMS and 

quantified by questionnaire devised for this study. The questionnaire involves four 

statements for user satisfaction and four for perceptions of trust. The satisfaction 

statements included ease of use, extent of user confusion and frustration, ease of 

navigation and overall comfort. The trust statements included match of expectations, 

effect of previous experience, honesty of the vendor, incompetency of the vendor and 

trustworthiness of the vendor.  

                                                 
15

 The design of tasks was replicated from the previous E-CKMS evaluation study to rely on three task 

types (i.e. product selection in the presence and absence of COC, and co-production) in an increasing 

complexity (simple, moderate, and complex). See Section 3.6.1 for more details. 
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4.4 Experimental Platform 

Although the previous experimental platform (see Section 3.4) proved to be successful, 

a few potential improvement areas related to communication of knowledge, metaphor 

mapping and interface perception have been identified and considered for trial testing. 

First, the time and effort taken to interpret the auditory message can be reduced, because 

the user was inevitably required to evaluate the entire message, which consisted of a 

serial combination of speech and non-speech sounds. One alternative was to utilise 

simultaneous auditory stimuli, which were examined in the first trial and demonstrated 

to be less useful than the approach used in the previous experiment. Secondly, another 

trial examined the contribution of three different combinations of auditory stimuli, and 

found that the one used in MCKMS has outperformed three interfaces. Finally, there 

was a trial aimed at determining whether the use of expressive avatars as opposed to 

audio-visual makes a difference in E-CKMS usability, and revealed to be promising 

more than the previous two trials in terms of usability improvement and increasing user 

trust and knowledge. 

The implementation of ACKMS and MCKMS interfaces involved similarities and 

differences. The similarity was that both were multimodal interfaces and employed 

earcons and speech to communicate knowledge and other product features audio-

visually. The differences between the two interfaces was summarised in Table 22. It can 

be seen from Table 22 that ACKMS utilised a wider range of visual and auditory 

metaphors. Rhythms, visual special effects and facial expression were new metaphors 

introduced in ACKMS. Earcons were divided into further columns to allow better 

understanding of metaphors used and CK conveyed in the two systems. 
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Top10  √  √ √   √  √  √ √  

 

Best rated  √  √   √ √    √   

Worst rated    √        √   

Position in the list     √        √  

Customer reviews √  √   √    √    √ 

 

Review content √  √       √     

Writer attitude   √       √     

CK overall opinion      √        √ 

Average rating  √  √    √    √ √  

 
Average rating  √  √    √    √   

Rating value 1-5  √   √   √     √  

Intelligent advice  √  √ √ √  √   √    

 

Top recommended   √  √    √   √    

Recommended  √  √  √  √   √    

Not recommended           √    

Least recommended       √     √    

Position in the list  √   √    √      

Co-production √ √ √ √ √ √   √ √    √ 

 

Bill total  √       √      

Difference percentage √   √ √     √     

Difference direction      √        √ 

Trial comparison   √       √     

Product information √ √ √   √ √ √ √ √    √ 

 
Price √      √        

Product features √ √ √   √ √ √ √ √    √ 

Table 22: Mapping between types of CK and metaphors in the MCKMS and ACKMS 
experimental systems. 

4.4.1 Earcons Metaphors 

Table 23 illustrates the differentiation between families of earcons using rhythms and 

timbre. First, families of earcons were differentiated by rhythms in ACKMS to convey 

best rated, worst rated and average rating, whereas timbre was used in MCKMS.  
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CK Aspects of earcons 

 Range Timbre Rhythm Notes 

Top10     

 Best rated 1-10  Rhythm 1 Single notes  

 Position in the list   Rising pitch Staring from middle C 

Worst rated 1-10  Rhythm 2 Single notes (Deceasing) 

 Position in the list   Pitch Deceasing to middle C 

Average rating     

 Average rating   Rhythm 4 Double notes 

Rating value 1-5  Rising pitch Staring from middle C 

Intelligent advice     

 Top recommended  Trumpet    

 Position in the list 1-10   Visual special effect (Green) 

Recommended  Guitar   

Not recommended  Piano   

Least recommended   Organ   

 Position in the list 1-10   Visual special effect (Red) 

Separation earcons  Drum Rhythm 4 Three drum notes 

Table 23: Differentiating families of earcons in the ACKMS experimental system. 

Timbre was used in ACKMS to differentiate between families of earcons that convey 

intelligent advice items (top recommended, recommended, not recommended and least 

recommended). Rising pitch metaphors alongside timbre were used in MCKMS to 

communicate the status of a product in intelligent advice and its position whether in top 

recommended or least recommended lists. On the other hand, timbre with visual special 

effect communicated those CK in ACKMS, by playing different timbres to indicate the 

product status in intelligent advice, and displaying its position in the two lists. The 

display of product status in both lists utilised font colour to convey in which list the 

product was presented: green for top recommended list and red for the least 

recommended one. In addition, in order to facilitate earcons communication in a 

rhythmic form, the first note was accented and the last one was played for a longer 

period [124]. Earcons were played in sequence (serial compound earcons), and 

separated by three drum notes, so the user can decide where one note finishes and when 

the other starts. 
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Figure 19: Facial expressions categorised based on expression nature and task type. 

4.4.2 Facial Expressions and Speech Metaphors 

Figure 19 illustrates facial expressions categorised based on the nature of facial 

expression (positive, negative and neutral) and task type (COC-based product selection, 

non-COC product selection and co-production). Facial expressions were utilised to 

communicate different types of CK, alongside with speech. Table 24 shows the 

mapping of facial expressions and recorded speech to different categories of CK. There 

were three positive, three negative and two neutral expressions, which were the most 

poplar expressions [113]. In COC-based product catalogue, three facial expressions 

were used to convey three statuses of customer reviews. The happy face (positive) 

communicated the status in which the number of positive reviews was greater than the 

negative ones, whereas the opposite was conveyed by the sad face (negative). When 

they were equal, the avatar communicated product features, while thinking (neutral) 

about the status of customer reviews.  
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CK Facial expression / Recorded speech 

Customer reviews Expression Recorded speech 

 Overall opinion   

 Positive reviews=negative reviews Thinking  

Positive reviews>negative reviews Happy  

Positive reviews<negative reviews Sad  

Co-production   

 Difference direction   

 The trial is cheaper than the other Amazed  

The trial is more expensive than the other Disgusted  

No difference Normal  

Product features   

 COC-based product features (phone)   

 The product offers FM Radio  Recording (FM Radio) 

The product offers MP3 player  Recording (MP3 player) 

The product offers the 3G feature  Recording (3G feature) 

The product offers photography features   

 
The product comes with a camera  Recording (Camera) 

Camera capacity in megapixels  Recording (# megapixels) 

 Non-COC product features (tariff)   

 Monthly line rental  Recording (£ # monthly) 

Monthly free minutes  Recording (# minutes) 

Monthly free texts  Recording (# texts) 

Contract length  Recording (for # months) 

Bill total (if current usage is provided)   

Availability of extra charges   

 
Charged for extra usage Tired/ bored  

No extra charges Surprised  

Table 24: Mapping facial expressions and recorded speech to categories of CK in the 
ACKMS experimental system. 

In non-COC product catalogue, when the product does not involve any extra charges 

(under assumption that current usage was provided), the product features were 

introduced with an amazed (positive) expression. Otherwise, it was presented with a 

tired/bored face (negative). In co-production, when the cost was reduced by the new 

trial, the difference between the two trials was conveyed with a surprised (positive) 

face. Otherwise, it was presented with a disgusted (negative) expression. When the new 

trial made no difference, the avatar communicated no difference statement with a 

neutral (neutral) expression.  
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Figure 20: Structure of product catalogue audio-visual messages in the ACKMS 
experimental system. 

4.4.3 Structure of Audio-Visual Message 

Figure 20 shows the structure of product catalogue audio-visual message used in the 

ACKMS experimental system. It can be seen that the message format differed from that 

used in the previous experimental platform (see Section 3.4.4)
16

. Conveying CK, 

product features followed by knowledge about customer reviews from the product 

catalogue has demonstrated to be useful in MCKMS (see Sections 3.7.1 and 3.7.2). This 

experiment assumed that communicating this type of information and knowledge 

simultaneously has the potential to improve the usefulness of product catalogues. 

Therefore, the order, in which knowledge and information was communicated to the 

user, differed considerably in the implementation of ACKMS product catalogue in two 

                                                 
16

 The MCKMS auditory message format is explained in Section 3.4.4. In general, it communicated a 

serial combination of speech, earcons, and auditory icons. However, this experiment assumes that the 

message is communicated to the user simultaneously. 
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ways. First, product features were all communicated by means of natural recorded 

speech, knowledge of average rating, trends and intelligent advice were conveyed by 

utilised earcons, while knowledge related to customer reviews and billing was 

represented visually via facial expressions. Second, all the three layers of knowledge 

and information communication were presented to the user simultaneously. It can be 

seen in Figure 20 that product information, features and knowledge were communicated 

simultaneously. Compared to the structure of audio message used in MCKMS product 

catalogue, the user can assess trends in customer overall opinion and other types of CK 

as soon as the human-like character
17

 starts explaining product features aurally. 

4.5 Experimental Hypotheses 

Research hypotheses were presented in this section in order to guide the following 

steps, aimed at addressing issues raised in this experimental phase. The level of detail in 

which research hypotheses were written (either broad or specific) facilitates a detailed 

analysis of results. Hypotheses investigated in this chapter were written in both forms, 

and listed below: 

H15: ACKMS will be more effective than VCKMS and MCKMS with respect to the 

percentage of tasks completed successfully. 

H16: ACKMS will outperform VCKMS and MCKMS with regard to the percentage 

of task accomplishment per unit of time. 

H17: ACKMS users will accomplish tasks considerably faster than VCKMS and 

MCKMS users. 

H18: ACKMS users will commit fewer errors than VCKMS and MCKMS users. 

                                                 
17

 The human-like models produce higher levels of social presence, and convey verbal and non-verbal 

information by means of speech and facial expressions (e.g. happy, sad and neutral) 
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H19: ACKMS users will require a considerably lower number of actions to complete 

tasks than VCKMA and MCKMS users, including count of mouse clicks and 

visited pages. 

H20: ACKMS will be more usable than VCKMS and MCKMS for performing 

moderate tasks. 

H21: ACKMS will be more usable than VCKMS and MCKMS for performing 

complex tasks. 

H22: The usability of ACKMS will differ considerably from that of VCKMS and 

MCKMS as task complexity increases. 

H23: ACKMS users will achieve higher scores than VCKMS and MCKMS users 

with respect to customer achievement test. 

H24: The achievement test results for ACKMS users will differ considerably from 

those for VCKMS and MCKMS users as task complexity increases. 

H25: ACKMS users will be more satisfied than VCKMS and MCKMS users. 

H26: ACKMS will be perceived as more trustworthy than VCKMS and MCKMS. 

4.6 Experimental Design 

The investigation carried out in this chapter examined the implications of employing 

different interaction modes to communicate CK. A third experimental platform was 

implemented (ACKMS) as an alternative interaction approach, and compared to the two 

E-CKMS versions implemented in the previous chapter (VCKMS and MCKMS) in 

terms of usability attributes (effectiveness, efficiency and user satisfaction), level of 

knowledge and perception of trust. The third interaction mode was introduced to a 

group of twenty users to examine it, by accomplishing the eight common tasks 

explained in the previous chapter, and supervised during the course of the experiment.  
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Measurement Code Dependent variable 

Effectiveness DV 1 Percentage of Tasks Completed Successfully (TCS) 

Efficiency DV 2 Task Accomplishment Time (TAT) 

 DV 3 Percent of Task Accomplishment per Unit of Time (TApT) 

 DV 4 Error rate (ER) 

 DV 5 Count of mouse Clicks (COCS) 

 DV 6 Count of Visited Pages (COVP) 

Knowledge DV 7 Achievement Test (AT) 

User Attitude DV 8 User Satisfaction (US) 

 DV 9 Perception of Trust (UPT) 

Table 25: Summary of dependent variables. 

Upon the completion of all tasks, participants were instructed to fill in a questionnaire 

devised for this study. The questionnaire was aimed at measuring aspects related to 

customer satisfaction and perception of trust.  

4.6.1 Design of Tasks 

Each user was required to accomplish eight tasks of an increasing complexity and 

designed based on different CKM styles. These tasks were replicated from the previous 

experiment (see section 3.6.1). A full description of the eight common tasks can be 

found in Appendix B-1. 

4.6.2 Research Variables 

This section introduced three types of variables that were used in this study: dependent, 

independent and control variable.  

4.6.2.1 Dependent Variables 

In order to facilitate cross-experimental analysis, the same variables of the previous 

experiment were used (see section 3.6.2.1). Table 25 summarises the dependent 

variables measured in this study. In addition, a full description of the questionnaire used 

to measure aspects of knowledge and user attitudes can be found in Appendix B-2. 
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Code Independent variable Condition 1 Condition 2 Condition 3 

IV 1 Interaction mode VCKMS MCKMS ACKMS 

IV 2 Task complexity Simple Moderate Complex 

IV 3 Task type COC-based 

selection 

Non-COC 

selection 

Co-production 

Table 26: Summary of independent variables. 

4.6.2.2 Independent Variables 

Three independent variables were manipulated in this experiment in order to identify the 

effect of this manipulation on the dependent variables. These variables included 

interaction mode, task complexity level and task type, and were similar to those used in 

the previous experiment (see section 3.6.2.2), apart from the interaction mode. 

Interaction mode (IV1) in this experiment involved the implementation of a third 

condition, which was Avatar-enhanced multimodal E-CKMS (ACKMS). The third E-

CKMS experimental platform was compared to the text with graphics only E-CKMS 

(VCKMS) and Multimodal E-CKMS (MCKMS). Table 26 summarises the independent 

variables manipulated in this experiment. 

4.6.2.3 Control Variables 

The influential factors that need to be controlled during the course of the experiment 

were largely taken from the previous experiment (see section 3.6.2.3) in order to enable 

an effective comparison among the three systems. Those factors (control variables) were 

system familiarity, perceptual context, the system contents, required tasks, learning 

effect and task criterion time. 

4.6.3 Sampling 

The target population of which the sample was derived for this experiment was regular 

internet users who a had basic understanding of internet shopping and evaluation of 

product feature and knowledge. The sampling strategy used to select participants was 
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non-probability one, which assumes that the probability of each participant selection is 

unknown [171]. Method of selecting participants was based on the convenience-

sampling method (was also used in the previous experiment) that assumes that the 

targeted sample is based on a captive audience who often participate for credit [171]. As 

a replication and extension of the previous experiments, twenty users (n=20)
18

 were 

required to follow the steps that users in the previous experiment have followed, such as 

accomplishing the same tasks and filling the same questionnaire. The difference 

between the two experiments was that the new group was instructed to test ACKMS 

only as a new independent group. A full description of the sample can be found in 

Appendix B-3.  

4.6.4 Data Collection 

Two data gathering approaches were followed in the collection of data in this 

experiment: observation and questionnaires. The observational approach assumed that 

user behaviour was recorded during the course of the experiment in order to enable the 

analysis of user actions and movements. Two different observational techniques were 

followed to record user behaviour: durational and frequency recording [189]. In the 

durational recording, video recoding was utilised to keep track of time in order to 

measure the length of task accomplishment time. In the frequency recording, frequency 

of user actions or occurrence of mouse click or visited pages was charted. In addition, 

video recording enabled the judgement of the user selection accuracy of products that 

was used to record task accomplishment status. The questionnaire approach assumed 

that users rate their level of agreement of several statements, in order to quantify the 

attitude of users. The responses of users were collected direct from the questionnaire 

                                                 
18

 The estimation of sample size relied on the mean value of sample size used in recent and relevant 

studies (See Table 4 to review sample sizes of relevant studies). 
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and coded in tables. Attitude variables (trust and satisfaction) were provided with 

overall scores that were calculated based on the SUS method [161]. A full description of 

the raw data obtained from this experiment is presented in appendices C-1, D-1, D-2, D-

3, D-4, D-5, E-1 and E-2.  

4.7 Analysis of Results 

The analysis of results utilised descriptive and inferential statistics, similar to that used 

in the previous chapter (see section 3.7) including measures of central tendency, such as 

the mean, median and mode [191], as well as measures of statistical significance, such 

as Mann-Whitney [192], Pearson chi-square [193] and independent t-test [194]. 

However, due to the differences in the number of conditions in the interaction mode, 

additional statistical tests were utilised, such as one-factor ANOVA, factorial ANOVA, 

MANOVA and Kruskal-Wallis statistical test. One-factor ANOVA is used to measure 

the effect of one factor (IV) with more than two levels on one outcome (DV) [195]. 

Factorial ANOVA reflects the interactive effect of two or more independent variables 

on one dependent variable [196]. In the academic context, the conventional number of 

IV used to generate results for factorial ANOVA does not exceed the three variables 

[196]. MANOVA is used to examine the difference with regard to multi-faceted 

measures, such as measures of well-being that consisted of happiness, enthusiasm, 

optimism and relationships measures [197]. Kruskal-Wallis statistical test is an 

alternative to ANOVA used with categorical variables (non-parametric) [192]. In 

addition, the three E-CKMS conditions were examined and results of this examination 

are discussed in this section in terms of effectiveness, efficiency as well as the user‘s 

attitudes and knowledge. In summary, descriptive and inferential statistics were used, 

including measures of central and statistical significance.  



151 

 

 
Figure 21: Mean values of percentage of tasks completed successfully according to 
interaction mode (a), task complexity (b) and task type (c) using the VCKMS, MCKMS 
and ACKMS experimental systems. 

4.7.1 E-CKMS Effectiveness 

The effectiveness of the system was analysed based on the three independent variables: 

interaction mode, tasks complexity and task type, alongside an individual task level 

analysis. Figure 21 shows the mean value of percentage of tasks completed successfully 

according to interaction mode (a), task complexity (b) and task type (c) using the 

VCKMS, MCKMS and ACKMS experimental systems. Before performing a 

comprehensive analysis that explored the effect of these variables, it was rather 

important to introduce the overall measure of the effectiveness of the system, which was 

83% overall completion rate, and this was calculated by counting all tasks completed 

successfully in all versions (400 tasks and the total was 480 tasks). 

4.7.1.1 Interaction Mode 

Figure 21 (a) shows the mean value of percentage of tasks completed successfully for 

using the VCKMS, MCKMS and ACKMS experimental systems. Overall, it can be 

noticed that ACKMS scored the highest percentage of tasks completed successfully 

(98.1%), in comparison with VCKMS and MCKMS. However, the variance between 
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ACKMS and MCKMS (10%) was considerably lower than that between VCKMS and 

MCKMS (35%) due to the interactive nature of MCKMS and ACKMS. The 

significance of the three modes of interaction with regard to the number of tasks 

completed successfully was evaluated using Chi-square test. The variance amongst the 

three modes of interaction was found to be significant (χ
2
=72, df=2, p<0.05). In 

addition, the pair comparison of ACKMS showed a significant difference with MCKMS 

(χ
2
=12.5, df=1, p<0.05) and VCKMS (χ

2
=61.3, df=1, p<0.05). In summary, it can be 

said that the completion rate rose considerably in ACKMS, but less rapidly compared to 

the increase in completion rates between VCKMS and MCKMS.  

4.7.1.2 Task Complexity 

One factor that differentiated tasks for each other was the complexity level, which was 

designed based on the intensity of communicated knowledge and mental workload 

required to accomplish tasks. Simple tasks, for instance, communicated a low intensive 

knowledge and required lesser mental workload to be accomplished, compared to 

moderate and complex tasks. The results obtained from task complexity analysis, with 

interaction mode and task type not taken into account, suggested that the completion 

rate decreased steadily (by approximately 15%) from complexity level 1 (120 tasks, 

100%), level 2 (151 tasks, 84%) to level 3 (129 tasks, 72%). In addition, chi-square 

results showed a highly significant difference amongst the three levels of task 

complexity (χ
2
=41.7, df=2, p<0.05), regardless of interaction mode and task type. 

Figure 21 (b) shows the mean value of percentage of tasks competed successfully 

according to the three levels of task complexity (simple, moderate and complex) using 

the VCKMS, MCKMS and ACKMS experimental systems. At a glance, it can be seen 

that the complex tasks showed the greatest variance amongst the three interfaces, 
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whereas the same completion rate was found in the simple tasks. In simple tasks, all 

tasks were completed successfully for the three groups, because of its simplicity that 

allows the user to fulfil task requirements that were simple and few; so statistical tests 

were inapplicable for this level. Another reason behind this equal performance was that 

simple tasks did not involve any comparative task requirements that require further 

mental workload and user concentration. In moderate tasks, it was noteworthy that all 

ACKMS users have completed moderate tasks with a (38% and 10%) increase of 

completion rate compared to VCKMS and MCKMS respectively. This observation 

supported the result found in interaction mode (see section 4.7.1.1), where the variance 

among the three groups showed relatively the same picture. Chi-square results showed a 

statistically significant difference in moderate task completion rate between ACKMS 

and MCKMS (χ
2
=6.3, df=1, p<0.05), as well as ACKMS and VCKMS (χ

2
=28.5, df=1, 

p<0.05). In complex tasks, the completion rate for tasks accomplished by ACKMS users 

rose considerably in comparison with moderate tasks. The variance between completion 

rates for using ACKMS and MCKMS rose 18% in complex tasks, in comparison with 

10% in moderate ones. In addition, the difference between task completion rates for 

using ACKMS and VCKMS increased considerably from 38% in moderate tasks to 

56% in complex tasks. Furthermore, the difference in complex task completion rate, 

examined by Chi-square tests, was also found to be significant between ACKMS and 

MCKMS (χ
2
=7.2, df=1, p<0.05), as well as ACKMS and VCKMS (χ

2
=39.4, df=1, 

p<0.05). The Chi-square test was also utilised to examine the variance between three 

interaction modes with regard to the three complexity levels and found to be highly 

significant in moderate (χ
2
=35.1, df=2, p<0.05) and complex tasks (χ

2
=43.9, df=2, 

p<0.05). In summary, no difference in completion rate was found amongst the three 

modes of interaction in simple tasks, whereas great variance was shown in moderate and 
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complex tasks. In particular, task completion rate differed considerably in the complex 

tasks compared to the moderate ones, and the highest completion rate among the three 

modes was scored for ACKMS users. 

4.7.1.3 Task Type 

Tasks were different in the nature of requirements, information communicated during 

the task performance and styles of CKM. Product selection tasks were different 

regarding the task nature, compared with product customisation (co-production). The 

product selection tasks involved the presence and absence of COC contexts. Therefore, 

the overall completion rate for co-production tasks (88 tasks, 49%), regardless of 

interface version used or complexity level, was considerably lower than that for tasks 

that involved product selections in the presence (149 tasks, 83%) and absence (163 

tasks, 91%) of COC contexts. Comparison of completion rate of the three types of task, 

with interaction mode and complexity level not taken into consideration, showed a 

significant difference, as chi-square results suggested (χ
2
=15.4, df=2, p<0.05).  

Figure 21 (c) shows the mean value of percentage of tasks competed successfully 

according to the three task types (COC-based selection, non-COC selection and co-

production) using the VCKMS, MCKMS and ACKMS experimental systems. Overall, 

the highest effectiveness variance amongst the three groups was found in co-production 

tasks, whereas non-COC product selection tasks showed the lowest. In COC-based 

product selection tasks, ACKMS users completed all tasks successfully, which 

increased the rate of completion by 13% and 38% compared to the accuracy of COC-

based product selections in MCKMS and VCKMS respectively. In addition, chi-square 

results showed that the difference in COC-based product task completion rate between 

ACKMS and MCKMS was statistically significant (χ
2
=8.6, df=1, p<0.05), as well as 
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ACKMS and VCKMS (χ
2
=28.5, df=1, p<0.05). In non-COC product selection tasks, all 

tasks were successfully completed by ACKMS users, but the increase in task 

completion rate was lower than that for COC-based product selection tasks, as the 

number of tasks completed successfully by ACKMS users was 7% and 22% higher than 

that by MCKMS and VCKMS respectively. In addition, chi-square results showed that 

the difference in non-COC product selection task completion rate between ACKMS and 

MCKMS was significant (χ
2
=4.1, df=1, p<0.05), as well as between ACKMS and 

VCKMS (χ
2
=14.6, df=1, p<0.05). In co-production tasks, the completion rate for 

ACKMS was slightly higher than that for MCKMS and just double that for VCKMS. 

According to Chi-square results, there was insufficient difference (χ
2
=1.8, df=1, p>0.05) 

in co-production task completion rate between ACKMS and MCKMS, but the 

difference was highly significant between ACKMS and VCKMS (χ
2
=21, df=1, p<0.05). 

In order to evaluate the difference amongst the three modes interaction with regard to 

the three task types, results obtained from chi-square test showed a highly significant 

difference in completion rate of COC-based product selection tasks (χ
2
=31.9, df=2, 

p<0.05), non-COC product selection (χ
2
=17.3, df=2, p<0.05) and co-production tasks 

(χ
2
=25.7, df=2, p<0.05). In summary, although all products were accurately selected by 

all ACKMS users, analysis of accuracy rise showed that accuracy rate increased from 

interaction modes 1, 2 and 3 more rapidly in COC-based product selection task than in 

non-COC product selection tasks. The increase in task accuracy rate between interaction 

modes 1 to 3 was the highest in co-production tasks, whereas the rise in co-production 

accuracy from interaction mode 2 to 3 was relatively similar to that for product selection 

tasks. 
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Figure 22: Mean values of percentage of tasks completed successfully according to 
the eight common tasks using the VCKMS, MCKMS and ACKMS experimental 
systems. 

4.7.1.4 All Tasks 

The purpose of presenting effectiveness variables according to the eight common tasks 

was to describe effectiveness at an individual task level and identify the source of 

variance between task types and complexity levels. Figure 22 shows the mean values of 

percentage of tasks completed successfully according to the eight common tasks using 

the VCKMS, MCKMS and ACKMS experimental systems. At a glance, it can be seen 

that tasks were fully completed by ACKMS users, except for complex co-production, in 

which the completion rate was 85%. In simple tasks (T1 and T2), no statistics was 

computed because the completion rate was constant. In T3 (moderate COC-based 

product selection), the completion rate for ACKMS was higher than that for MCKMS, 

and chi-square results showed a significant difference (χ
2
=4.4, df=1, p<0.05). This 

difference shows the significance of using avatars to improve the effectiveness of E-

CKMS in knowledge-intensive task. Moreover, the completion rate for ACKMS was 

just double that for VCKMS, where the difference was found to be significant as chi-
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square results indicated (χ
2
=15.2, df=1, p<0.05). In addition, the difference in task 

accomplishment amongst the three interfaces was shown to be statistically significant 

(χ
2
=16.5, df=2, p<0.05). It was noteworthy that the T3 picture was relatively replicated 

in T6 (complex COC-based product selection), apart from the little difference in 

VCKMS values, in which the completion rate using VCKMS for T6 was 5% lower than 

that of T3. The chi-square statistical test suggested that the difference in T6 completion 

rate was significant between ACKMS and MCKMS (χ
2
=4.4, df=1, p<0.05), ACKMS 

and VCKMS (χ
2
=17.1, df=1, p<0.05), as well as between interfaces (χ

2
=19.1, df=2, 

p<0.05). In T4 (moderate non-COC product selection), no statistical significance was 

found between the completion rates for using ACKMS and VCKMS (χ
2
=3.2, df=1, 

p>0.05), and no statistics was computed because the completion rates were constant 

between ACKMS and MCKMS. Nevertheless a significant difference in T4 task 

completion rate was found among all interaction modes (χ
2
=6.3, df=2, p<0.05). In T5 

(moderate co-production), the mean value of task completion rate for ACKMS was 

slightly higher than that for MCKMS, and this difference was insufficient statistically 

(χ
2
=2.1, df=1, p>0.05). However, the difference in T5 completion rate was found to be 

significant between ACKMS and VCKMS (χ
2
=11.6, df=1, p<0.05), as well as among 

all interfaces (χ
2
=14.9, df=2, p<0.05). In T7 (complex non-COC product selection), the 

mean task completion rate for ACKMS was slightly higher than that for MCKMS and 

double that for VCKMS. The statistical difference was found between ACKMS and 

MCKMS (χ
2
=4.4, df=1, p<0.05), ACKMS and VCKMS (χ

2
=13.3, df=1, p<0.05), as 

well as in the overall comparison of all interfaces (χ
2
=14.2, df=2, p<0.05). In T8 

(Complex co-production), the mean task completion rate for using ACKMS was slightly 

higher than that for MCKMS, and considerably greater than that for VCKMS. 

Additionally, the difference in T8 completion rate was insufficient between ACKMS 
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and MCKMS (χ
2
=0.6, df=1, p>0.05), but it was statistically significant between 

ACKMS and VCKMS (χ
2
=10.4, df=1, p<0.05) and amongst the three interaction modes 

(χ
2
=12.3, df=2, p<0.05). In summary, the difference amongst the three systems was 

found in moderate COC-based selection, complex COC-based selection and complex 

co-production tasks, due to the increasing levels of knowledge intensity and customer 

interaction.  

4.7.2 E-CKMS Efficiency 

Effectiveness of the system was analysed based on the three independent variables: 

interaction mode, task complexity, task type and an individual task level analysis.  

4.7.2.1 Interaction Mode 

Figure 23 shows the mean value of percentage of task completion per unit of time (a), 

task completion time (b) in hundred seconds, error rate (c), count of mouse clicks in 

hundreds (d) and count of visited pages (e) using the VCKMS, MCKMS and ACKMS 

experimental systems. Overall, efficiency attributes for ACKMS were considerably 

improved, compared to that for MCKMS and VCKMS, apart from for count of visited 

pages between ACKMS and MCKMS.  

 
Figure 23: Mean values of task completion per time (a), task completion time (b), 
error rate (c), count of mouse clicks (d) and count of visited pages (e) using the 
VCKMS, MCKMS and ACKMS experimental systems. 
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In Figure 23 (a), it can be noticed that the mean value of task accomplishment per unit 

for time for ACKMS was higher than that for MCKMS, and considerably greater than 

that for VCKMS. The t-test results showed a significant difference in the percentage of 

task accomplishment per unit of time between ACKMS and MCKMS (t37=6.2, cv=2.03, 

p<0.05), as well as ACKMS and VCKMS (t37=15.4, cv=2.03, p<0.05). In Figure 23 (b), 

it can be seen that the mean value of time required to accomplish tasks using ACKMS 

was slightly reduced, compared to that for using MCKMS, and this reduction was found 

to be significant (t34=4.03, cv=2.03, p<0.05). In addition, tasks were accomplished 

considerably faster using ACKMS, in comparison with VCKMS, and the t-test results 

showed that the difference in task accomplishment speed between the two conditions 

was significant (t36=11.4, cv=2.04, p<0.05). In Figure 23 (c), the mean value of error 

rate for using ACKMS was decreased by 27% and 60% from that for MCKMS and 

VCKMS respectively. The t-tests showed a significant difference in the occurrence of 

errors between both ACKMS and MCKMS (t34=3.3, cv=2.03, p<0.05), and ACKMS 

and VCKMS (t38=11.7, cv=2.03, p<0.05). In Figure 23 (d), the mean value of count of 

mouse clicks required to accomplish tasks using ACKMS was slightly lower than that 

for MCKMS and was below half that for VCKMS. The difference in count of mouse 

clicks was found significant between ACKMS and MCKMS (t31=4.4, cv=2.07, p<0.05) 

as well as ACKMS and VCKMS (t23=17.9, cv=2.03, p<0.05). In Figure 23 (e), the mean 

value of count of visited pages for using ACKMS was almost equal to that for using 

MCKMS, and results obtained from the t-test showed insufficient difference (t30=1.8, 

cv=2.09, p>0.05). However, the reduction in count of visited pages during task 

performance for using ACKMS was considerable, compared to that for VCKMS, and 

the t-test results showed that this was statistically significant (t19=26.8, cv=2.09, 

p<0.05).  
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Figure 24: Mean values of percentage of task accomplishment per unit of time (a) 
and task accomplishment time (b) according to the three levels of task complexity 
using the VCKMS, MCKMS and ACKMS experimental systems. 

In summary, ACKMS outperform both MCKMS and VCKMS in almost all efficiency 

variables, but the number of pages required to complete tasks was kept relatively 

constant in ACKMS and MCKMS. 

4.7.2.2 Task Complexity 

Figure 24 shows the mean values of percentage of task completion per unit of time (a) 

and task accomplishment time (b) according to the three task complexity levels using 

the VCKMS, MCKMS and ACKMS experimental systems. The unit of time used in 

order to calculate values of these two factors was one hundred seconds. Overall, the 

improvement of ACKMS user performance was higher in the mean value of percentage 

of task accomplishment per unit of time, compared to that in task accomplishment time, 

due to the effect of E-CKMS effectiveness factors on this variable. In Figure 24 (a), 

levels of percentage of task accomplishment per unit of time for using ACKMS were 

affected by task complexity level, because moderate and complex tasks scored higher 

values, compared to simple tasks. In simple tasks, the mean value for ACKMS was 

slightly lower than that for MCKMS, and the t-test results revealed that the difference 
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difference was found significant (t38=2.9, cv=2.02, p<0.05). In moderate tasks, it can be 

seen that the mean value of task completion per unit of time for using ACKMS was 

considerably higher and over double that for MCKMS and VCKMS respectively. The 

statistical tests showed a significant difference in moderate tasks performance between 

not only ACKMS and MCKMS (t37=4.3, cv=2.02, p<0.05), but also ACKMS and 

VCKMS (t35=12, cv=2.03, p<0.05) regarding task completion per time. In complex 

tasks, it can be noticed that the mean value of task accomplishment per unit of time for 

using ACKMS was considerably higher than that for MCKMS, and just triple that for 

VCKMS. This difference was examined by t-test, and found significant between 

ACKMS and MCKMS (t35=6.6, cv=2.03, p<0.05), as well as ACKMS and VCKMS 

(t38=15, cv=2.02, p<0.05). 

In Figure 24 (b), it was noteworthy that the difference in task completion time between 

ACKMS and MCKMS rose steadily as the task complexity increased. In simple tasks, 

the speed of task completion using ACKMS and MCKMS was almost constant (only 

4% variation), and the difference was found insufficient (t33=0.5, cv=2.03, p>0.05). On 

the other hand, the difference in speed of simple task completion between ACKMS and 

VCKMS was found significant (t38=2.7, cv=2.02, p>0.05), as the mean value of time 

required by ACKMS user to accomplish simple tasks was considerably lower than that 

for MCKMS users. In moderate tasks, the mean value of time taken to accomplish tasks 

for using ACKMS was lower than that for MCKMS and VCKMS, and this difference 

was found significant according to the t-test between ACKMS and MCKMS (t36=2.8, 

cv=2.02, p<0.05), as well as ACKMS and VCKMS (t37=8.9, cv=2.02, p<0.05).  
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Figure 25: Mean values of count of mouse clicks (a) and count of visited pages (b) 
required to accomplish the three levels of task complexity using the VCKMS, MCKMS 
and ACKMS experimental systems. 

In complex tasks, it was worth noting that the highest drop in tasks accomplishment 

time was found in the comparison between ACKMS and VCKMS, in which the time 

was reduced by 38%, as opposed to 20% from using ACKMS to MCKMS. The 

difference in complex tasks completion time was significant between ACKMS and 

MCKMS (t31=4.3, cv=2.03, p<0.05), as well as ACKMS and VCKMS (t34=11.5, 

cv=2.03, p<0.05). In summary, time taken to accomplish tasks using ACKMS dropped 

considerably in the complex task settings, compared to VCKMS and MCKMS. 

Therefore, percentage of task accomplishment per unit of time for ACKMS rose 

considerably, as it was influenced not only by task completion time, but also by 

completion rate. 

Figure 25 shows the mean values of count of mouse clicks (a) and visited pages (b) 

required to accomplish to the three task complexity levels using the VCKMS, MCKMS 

and ACKMS experimental systems. At a glance, it can be seen that ACKMS and 

MCKMS users visited relatively the same number of pages, but the count of mouse 

clicks for ACKMS was lower than that of MCKMS and VCKMS. In Figure 25 (a), it 

can be seen that the mean value of the number of mouse clicks required to finish tasks 

for using ACKMS was lower than that for MCKMS and VCKMS. In simple tasks, the 
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mean value for ACKMS was slightly lower than that for MCKMS. The t-test results 

showed that this difference was statistically significant (t32=2.2, cv=2.03, p<0.05). The 

variance rose to 43% in the comparison between ACKMS and VCKMS with regard to 

the number of mouse clicks needed to complete simple tasks, and this was also found 

statistically significant (t25=12.6, cv=2.03, p<0.05). In moderate and complex tasks, the 

mean value of count of clicks for ACKMS was also slightly lower than that for 

MCKMS, and it was over half that for VCKMS (moderate=54%, Complex=59%). The 

t-test results showed a significant difference in the count of mouse clicks between 

ACKMS and MCKMS in moderate (t32=2.4, cv=2.03, p<0.05) and complex (t36=5.5, 

cv=2.02, p<0.05) tasks. In addition, the difference in count of mouse clicks was found 

significant between ACKMS and VCKMS in moderate (t27=11.9, cv=2.05, p<0.05) and 

complex (t22=16.6, cv=2.07, p<0.05) tasks. 

In Figure 25 (b), it can be seen that the mean value of count of visited pages for using 

ACKMS was relatively equivalent to that for using MCKMS in all task complexity 

level. Results obtained from the t-test showed that the difference was insufficient in 

simple (t37=1.9, cv=2.02, p>0.05), moderate (t38=1.1, cv=2.02, p>0.05) and complex 

(t32=1.1, cv=2.03, p>0.05) tasks. However, the mean value of number of visited pages 

for using ACKMS was considerably lower than that for using VCKMS. In particular, 

the mean value for ACKMS was 70%, 86% and 87% lower than that for VCKMS in 

simple, moderate and complex tasks respectively. The t-test results showed a significant 

difference in count of visited pages between ACKMS and VCKMS in simple (t22=18.2, 

cv=2.07, p<0.05), moderate (t19=17.2, cv=2.09, p<0.05) and complex (t32=16.9, 

cv=2.09, p<0.05) tasks. In summary, the mean value of count of visited pages during the 

interaction with ACKMS dropped considerably, compared to that for VCKMS. 
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However, the MCKMS users visited as many pages as ACKMS users, because patterns 

of the user navigation were relatively identical in the two multimodal conditions. 

Error rate was another system efficiency variable analysed and measured during the 

course of this experiment. Overall, the occurrence of error was almost similar amongst 

the three systems during the performance of simple tasks, whereas it differed 

considerably in the complex tasks. In sample tasks, the mean value of error rate for 

ACKMS (1.0) was relatively equal to that for MCKMS (0.95) and VCKMS (1.05). The 

difference in error rate for simple tasks was found insufficient between ACKMS and 

MCKMS (t37=0.85, cv=2.02, p>0.05), as well as ACKMS and VCKMS (t38=0.17, 

cv=2.02, p>0.05). In moderate tasks, the mean value of errors committed during 

ACKMS performance (2.05) was slightly fewer than that for MCKMS (2.75) and 

considerably fewer than VCKMS (5.30). In addition, the difference in error rate for 

moderate task performance was insufficient between ACKMS and MCKMS (t34=1.2, 

cv=2.03, p>0.05), but significant between ACKMS and VCKMS (t38=6.7, cv=2.02, 

p<0.05). In complex tasks, the mean value of error rate for ACKMS (3.10) was 

considerably lower than that for MCKMS (8.95) and VCKMS (4.75). Furthermore, the 

difference in error rate during the complex task performance was found significant 

between ACKMS and MCKMS (t32=4.1, cv=2.03, p<0.05), as well as ACKMS and 

VCKMS (t35=35.5, cv=2.03, p<0.05). In summary, the occurrence of errors was 

considerably reduced by the two multimodal interfaces, compared with the visual one, 

especially in the complex task performance. 
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Figure 26: Mean values of percentage of task completion per unit of time (a) and task 
completion time (b) according to the three task types using the VCKMS, MCKMS and 
ACKMS experimental systems. 

4.7.2.3 Task Type 

Figure 26 shows the mean values of percentage of task completion per unit of time (a) 

and task accomplishment time (b) according to the three task types with the values for 

using VCKMS, MCKMS and ACKMS experimental systems. At a glance, it can be 

noticed that ACKMS users‘ performance was considerably improved with regard to the 

time taken to accomplish tasks and the percentage of task accomplishment per unit of 

time for the three task types. The co-production performance was particularly improved, 

compared to the product selection tasks and the lowest improvement rate was found in 

non-COC product selection tasks.  

In Figure 26 (a), it can be seen that levels of task accomplishment per unit of time for 

using ACKMS was considerably increased, in comparison with MCKMS and VCKMS. 

In COC-based product selection tasks, the rate of task accomplishment per unit of time 

for ACKMS was considerably higher than that for MCKMS and over double that that 

for VCKMS. In non-COC product selection tasks, the mean value of ACKMS was 

considerably higher than that for MCKMS and VCKMS. In co-production tasks, the 

mean value of task completion per unit of time for ACKMS was 53% higher than that 

for MCKMS and almost triple that for VCKMS. The difference between ACKMS and 
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MCKMS was found significant in COC-based product selection (t32=3.2, cv=2.03, 

p<0.05), non-COC product selection (t37=3.8, cv=2.02, p<0.05) and co-production tasks 

(t38=4.4, cv=2.02, p<0.05). In addition, the variance between ACKMS and VCKMS was 

found highly significant in COC-based product selection (t38=12.6, cv=2.02, p<0.05), 

non-COC product selection (t38=8.3, cv=2.02, p<0.05) and co-production tasks (t37=9.1, 

cv=2.02, p<0.05).  

In Figure 26 (b), it can be noticed that the three task types were completed more quickly 

in ACKMS than MCKMS and VCKMS, with a very narrow variation in time reduction 

rates. In COC-based product selection tasks, the mean value of task completion time for 

using ACKMS was slightly lower than that for MCKMS and considerably lower than 

that for VCKMS. COC-based product selection tasks showed relatively the same 

picture, in which ACKMS users selected products slightly faster than MCKMS users 

and considerably quicker than that for VCKMS users. In co-production tasks, the speed 

of task completion for using ACKMS was higher than that for MCKMS and 

considerably greater than that for VCKMS. The variance in task completion time was 

found significant between ACKMS and MCKMS in COC-based product selection 

(t32=2.5, cv=2.03, p<0.05), non-COC product selection (t38=3, cv=2.02, p<0.05) and co-

production tasks (t36=2.2, cv=2.02, p<0.05). Additionally, the difference in completion 

time was also found significant between ACKMS and VCKMS in COC-based product 

selection (t34=10, cv=2.03, p<0.05), non-COC product selection (t38=6.5, cv=2.02, 

p<0.05) and co-production tasks (t38=5, cv=2.02, p<0.05). In summary, levels and 

trends of task completion per unit of time and task completion time were considerably 

improved in the ACKMS user performance, compared to MCKMS and VCKMS. 
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Figure 27: Mean values of count of mouse clicks (a) and count of visited pages (b) 
required to accomplish the three task types using the VCKMS, MCKMS and ACKMS 
experimental systems. 

Figure 27 shows the mean value of count of mouse clicks (a) and visited pages (b) 

according to the three task types for using the VCKMS, MCKMS and ACKMS 

experimental systems. Overall, levels and trends of the number of mouse clicks required 

to accomplish tasks varied amongst ACKMS, MCKMS and VCKMS in the three types 

of task, whereas the variation was relatively lower in the number of visited pages, due to 

its insensitivity to task nature and requirements.  

In Figure 27 (a), the mean value of number of mouse clicks for using ACKMS was 

generally fewer than that for using MCKMS and VCKMS. In product selection tasks, 

the mean value for ACKMS was slightly lower than that for MCKMS, but it was just 

half that for VCKMS. In co-production tasks, the mean value of count of mouse clicks 

for ACKMS was 19% and 42% lower than for MCKMS and VCKMS respectively. The 

t-test results showed that there was a significant difference in the count of mouse click 

between ACKMS and MCKMS with regard to COC-based product selection (t30=2.8, 

cv=2.042, p<0.05), non-COC product selection (t31=3.1, cv=2.03, p<0.05) and co-

production tasks (t38=3.9, cv=2.02, p<0.05). It showed also a significant difference in 

the count of mouse clicks between ACKMS and VCKMS as regards COC-based 
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product selection (t21=16.6, cv=2.08, p<0.05), non-COC product selection (t25=15.9, 

cv=2.03, p<0.05) and co-production tasks (t32=9.2, cv=2.03, p<0.05).  

In Figure 27 (b), it can be seen that the variation in the number of visited pages was 

found in the product selection tasks, whereas levels of this variable were constant in co-

production tasks. In product selection tasks, the mean value of visited pages for using 

VCKMS was over fivefold that for ACKMS and MCKMS, and the variance between 

ACKMS and MCKMS was ranging from 7% to 8%. The t-test results showed a 

significant difference in the count of visited pages between ACKMS and MCKMS with 

regard to product selection in the presence of COC (t27=2.1, cv=2.05, p<0.05), but not in 

absence of COC contexts (t36=1.5, cv=2.02, p>0.05) and co-production tasks (t38=0.74, 

cv=2.03, p>0.05). In addition, the variance in count of visited pages between ACKMS 

and VCKMS was found insufficient in co-production (t36=0.85, cv=2.02, p>0.05), but 

significant in COC-based product selection (t27=25.9, cv=2.093, p<0.05) and non-COC 

product selection (t20=22.4, cv=2.086, p<0.05). In summary, the number of mouse 

clicks needed to accomplish product selection and co-production tasks using VCKMS 

was considerably reduced by incorporating metaphors of audio-visual nature, such as 

those in MCKMS and ACKMS. The analysis of users‘ behaviour showed that users of 

the three groups visited the same number of pages during the co-production tasks. 

However, there was a considerable drop in the number of visited pages required to 

select products using VCKMS, compared to ACKMS and MCKMS. 

The analysis of error rate showed that there was a steady decrease in the occurrence of 

error during the performance of COC-based product selection tasks, and different 

percentages of drops in non-COC product selection and co-production tasks. The 

occurrence of errors during the COC-based product selection performance using 
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VCKMS was considerably reduced, compared to ACKMS and MCKMS. The mean 

value for ACKMS (2.3) was lower than that for MCKMS (3.6) and VCKMS (5.9). The 

t-test results showed that the difference in the occurrence of errors during product 

selections in the presence of COC was found significant between ACKMS and 

MCKMS (t27=3.05, cv=2.093, p<0.05), as well as ACKMS and VCKMS (t37=7.2, 

cv=2.02, p<0.05). On the other hand, the difference in error rate between ACKMS and 

MCKMS was insufficient during product selections in the absence of COC (t30=0.97, 

cv=2.042, p>0.05) and co-production (t38=1.95, cv=2.03, p>0.05) tasks. The mean value 

of error rate for using ACKMS (non-COC selection=2.10, co-production=1.75) was 

slightly lower than that for MCKMS (non-COC selection=2.4, co-production=2.45). A 

comparison of ACKMS with VCKMS showed a very different picture, in which the 

mean value of error rate during product selection tasks in the absence of COC using 

ACKMS (2.10) was almost half that for VCKMS (4.05); besides that the t-test results 

showed a significant difference (t38=5.1, cv=2.02, p<0.05). Similarly, the mean value of 

error rate of co-production tasks for using ACKMS (1.75) was just one-third that for 

VCKMS (5.35), and the t-test results showed a significant difference (t38=9.7, cv=2.02, 

p<0.05). In brief, the reduction in error rate from VCKMS and MCKMS to ACKMS 

was considerable during product selection tasks in the presence of COC. However, the 

variance in error rate between ACKMS and VCKMS showed a different picture 

regarding product selection tasks in the absence of COC and co-production tasks. 

4.7.2.4 All Tasks 

The purpose of presenting efficiency variables according to the eight common tasks was 

to describe efficiency at an individual task level.  
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Figure 28: Mean values of percentage of task accomplishment per unit of time (a) 
and task accomplishment time (b), in hundred seconds, according to the eight 
common tasks using the VCKMS, MCKMS and ACKMS experimental systems. 

Figure 28 shows the mean values of percentage of task completion per time (a) and task 

completion time (b) according to the eight common tasks using the VCKMS, MCKMS 

and ACKMS experimental systems. The unit of time used in order to calculate values of 

these two factors was one hundred seconds. In general, ACKMS outperformed the two 

conditions (MCKMS and VCKMS) with regard to task accomplishment time and task 

accomplishment per unit of time. In Figure 28 (a), the mean values of task 

accomplishment per unit of time for T1 (simple COC-based product selection) and T2 

(simple non-COC product selection) were almost similar, because both were simple 

product selection tasks with common prosperities, including the number of task 

requirements and the nature of the tasks. The mean value of percentage of task 

accomplishment per time for using ACKMS in T1 was greater than that for T2. 

Similarly, T1 and T2 performance for using MCKMS and VCKMS showed the same 

picture. The difference between the two conditions (ACKMS, MCKMS) was found 

insufficient in both T1 (t28=1.4, cv=2.048, p>0.05) and T2 (t32=1.6, cv=2.03, p>0.05). 

However, it was significant between the two conditions (ACKMS, VCKMS) in T1 

(t29=2.9, cv=2.045, p<0.05) and T2 (t30=3.2, cv=2.042, p<0.05). In T3 (moderate COC-
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based product selection), the mean values of task completion on time for MCKMS and 

VCKMS were two-third and just one-third that for ACKMS respectively. The t-test 

results showed that there was a significant difference in T3 completion per unit of time 

between ACKMS and MCKMS (t33=3.2, cv=2.03, p<0.05), as well as ACKMS and 

VCKMS (t35=7.2, cv=2.03, p<0.05). In T4 (moderate non-COC product selection), the 

mean values for MCKMS and VCKMS were just one-third and almost one-fifth that for 

ACKMS respectively. The t-test results showed a significant difference in task 

completion per time between ACKMS and MCKMS (t35=2.4, cv=2.03, p<0.05), as well 

as ACKMS and VCKMS (t35=3.9, cv=2.03, p<0.05). In T5 (moderate co-production), 

the mean value of task completion per time for using ACKMS was 40% higher and just 

triple that for MCKMS and VCKMS respectively. In this regard, the difference was 

found significant between not only ACKMS and MCKMS (t38=2.3, cv=2.02, p<0.05), 

but also ACKMS and VCKMS (t35=6.6, cv=2.03, p<0.05). In T6 (complex COC-based 

product selection), the mean value of task accomplishment rate per unit of time for 

using ACKMS was 54% higher and just fourfold that for MCKMS and VCKMS 

respectively. The difference was found significant between ACKMS and MCKMS 

(t30=3.7, cv=2.042, p<0.05), as well as ACKMS and VCKMS (t34=9.5, cv=2.03, 

p<0.05). In T7 (complex non-COC product selection) and T8 (complex co-production), 

the mean values for MCKMS and VCKMS were just two-third and one-third that for 

ACKMS respectively. The difference in T7 accomplishment per unit of time was found 

significant between ACKMS and MCKMS (t24=3.5, cv=2.064, p<0.05), as well as 

ACKMS and VCKMS (t25=6.8, cv=2.06, p<0.05). Similarly, the comparison in T8 

showed significant differences between not only ACKMS and MCKMS (t38=3.5, 

cv=2.02, p<0.05), but also ACKMS and VCKMS (t36=6.1, cv=2.02, p<0.05). In 

summary, the interaction with ACKMS led to a considerable increase in all moderate 
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and complex tasks accomplishment per unit of time, compared to that of MCKMS 

users‘ performance. The contribution of ACKMS, however, was significant in the 

comparison with VCKMS. 

In Figure 28 (b), it can noticed that levels and trends of task accomplishment speed 

were improved during the user performance using the third interaction mode (ACKMS), 

in comparison with the two other modes. In general, the highest improvement in speed 

was achieved in the T7and T8 performance and the lowest was found in T2. In T1 

(simple COC-based product selection), it can be seen that the mean value of task 

completion time for using ACKMS was 3% lower than and just two-third that for 

MCKMS and VCKMS respectively. The difference in T1 completion time was 

insufficient between ACKMS and MCKMS (t29=0.3, cv=2.045, p>0.05), but it was 

statistically significant between ACKMS and VCKMS (t37=3.5, cv=2.02, p<0.05). In T2 

(simple non-COC product selection), there was insufficient difference in task 

completion time between ACKMS and MCKMS (t27=0.4, cv=2.052, p>0.05), as well as 

ACKMS and VCKMS (t28=0.96, cv=2.048, p>0.05). In T3 (moderate COC-based 

product selection), it can be seen that the task completion for MCKMS and VCKMS 

were 17% and 36% slower than that for ACKMS respectively. The difference between 

ACKMS and MCKMS was significant (t38=2.04, cv=2.02, p<0.05), as well as between 

ACKMS and VCKMS (t38=5.7, cv=2.02, p<0.05), with regard to T3 completion time. In 

T4, (moderate non-COC product selection), the mean values of task accomplishment 

time for MCKMS and VCKMS were six-seventh and three-quarters that for ACKMS 

respectively. The t-test results showed a significant difference not only between 

ACKMS and MCKMS (t37=2.05, cv=2.02, p<0.05), but also between ACKMS and 

VCKMS (t38=3.7, cv=2.02, p<0.05). In T5 (moderate co-production), the mean values 
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of T5 completion time for using VCKMS and MCKMS were 9% and 25% higher than 

that for ACKMS respectively. The difference between ACKMS and MCKMS in T5 

completion time was insufficient (t37=0.7, cv=2.02, p>0.05), but it was statistically 

significant between ACKMS and VCKMS (t34=2.5, cv=2.03, p<0.05). In T6 (complex 

COC-based product selection), the mean values of task accomplishment time for 

MCKMS and VCKMS were 17% and 43% higher than that for ACKMS respectively. 

The difference in T6 accomplishment time was found significant between ACKMS and 

MCKMS (t38=2.05, cv=2.02, p<0.05), as well as ACKMS and VCKMS (t38=7.5, 

cv=2.02, p<0.05). In T7 (complex non-COC product selection), the mean value of task 

completion time for using ACKMS was four-fifth and two-third that for MCKMS and 

VCKMS respectively. The difference in T7 accomplishment speed was found 

significant between not only ACKMS and MCKMS (t29=3.2, cv=2.045, p<0.05), but 

also ACKMS and VCKMS (t28=6.1, cv=2.048, p<0.05). In T8 (complex co-production), 

it can be noticed that the mean value of T8 completion time for using ACKMS was just 

third-quarters and two-third that for MCKMS and VCKMA respectively. In addition, 

the t-test results showed a significant difference in T8 completion time between 

ACKMS and MCKMS (t33=3.1, cv=2.03, p<0.05), as well as ACKMS and VCKMS 

(t37=6.2, cv=2.02, p<0.05). In summary, there was a considerable decrease in the time 

taken to accomplish moderate and complex tasks, due to the increasing efficiency of 

ACKMS over MCKMS and VCKMS. However, the performance of ACKMS users in 

simple tasks was not as significant as it was in moderate and complex tasks, compared 

to that for MCKMS and VCKMS.  
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Figure 29: Mean values of count of mouse clicks (a) and visited pages (b) according to 
the eight common tasks using the VCKMS, MCKMS and ACKMS experimental 
systems. 

Figure 29 shows the mean values of count of mouse clicks (a) and visited pages (b) 

according to the eight common tasks using the VCKMS, MCKMS and ACKMS 

experimental systems. At a glance, there was a considerable drop in the number of 

actions required to accomplish the eight common tasks using the two multimodal 

versions in comparison with VCKMS.  

In Figure 29 (a), it can be noticed that there was a considerable reduction in the mean 

value of the number of mouse clicks required to complete tasks using ACKMS than 

MCKMS and VCKMS. In T1 (simple COC-based product selection), the mean value of 

mouse clicks needed to complete that task using ACKMS was 6% and 43% lower than 

that for MCKM and VCKMS respectively. The difference in T1 count of clicks was 

insufficient between ACKMS and MCKMS (t30=1.3, cv=2.042, p>0.05), but it was 

statistically significant between ACKMS and VCKMS (t23=9.5, cv=2.07, p<0.05). In T2 

(simple non-COC product selection), the mean value of count of mouse clicks for 

ACKMS was 13% and 43% fewer than that for MCKM and VCKMS respectively. The 

t-test results showed that there was a significant difference in count of mouse clicks 

required to complete T2 between not only ACKMS and MCKMS (t38=2.03, cv=2.02, 
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p<0.05), but also ACKMS and VCKMS (t33=7.2, cv=2.04, p<0.05). In T3 (moderate 

COC-based product selection), the mean value of count of mouse clicks for ACKMS 

was just seven-eighth and over half that for MCKM and VCKMS respectively. The 

difference between ACKMS and MCKMS in T3 count of clicks was insufficient 

(t37=1.3, cv=2.02, p>0.05), but it was significant between ACKMS and VCKMS 

(t37=10.6, cv=2.05, p<0.05). In T4 (moderate non-COC product selection), the mean 

value of count of mouse clicks for ACKMS was almost four-fifth and triple that for 

MCKM and VCKMS respectively. The t-test results showed that the difference in count 

of mouse clicks needed to accomplish T4 using ACKMS was significant, compared to 

MCKMS (t34=11.4, cv=2.03, p<0.05) and VCKMS (t38=2.06, cv=2.02, p<0.05). In T5 

(moderate co-production), the mean value of count of clicks for using ACKMS was 

five-sixth and just four-fifth that for MCKMS and VCKMS respectively. The difference 

in T5 count of clicks was found significant between not only ACKMS and MCKMS 

(t38=2.2, cv=2.02, p<0.05), but also ACKMS and VCKMS (t37=2.6, cv=2.02, p<0.05). 

In T6 (complex COC-based product selection), the mean value of number of mouse 

clicks for using ACKMS was 11% and 62% fewer than that for MCKMS and VCKMS 

respectively. The difference between ACKMS and MCKMS was significant (t34=2.3, 

cv=2.03, p<0.05), as well as ACKMS and VCKMS (t21=10.9, cv=2.08, p<0.05), with 

regard to the number of mouse clicks required for T6 completion. In T7 (complex non-

COC selection), the mean value of number of clicks for using ACKMS was almost five-

sixth and over half that for MCKMS and VCKMS respectively, and the difference was 

found significant not only between ACKMS and MCKMS (t23=2.3, cv=2.07, p<0.05), 

but also ACKMS and VCKMS (t20=8.9, cv=2.086, p<0.05). In T8 (complex co-

production), it can be noticed that the mean value of mouse clicks required to complete 

the task using ACKMS was just four-fifth and half that for MCKMS and VCKMS 
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respectively. The t-test results showed that there was a significant difference in count of 

mouse clicks required to complete T8 between not only ACKMS and MCKMS (t36=3.7, 

cv=2.02, p<0.05), but also ACKMS and VCKMS (t23=8.5, cv=2.07, p<0.05). In 

summary, the number of mouse clicks required during the task accomplishment in E-

CKMS can be cut in half, by using the metaphors of audio-visual nature.  

In Figure 29 (b), it can be noticed that patterns of ACKMS users‘ navigation were to 

some extent identical to those of MCKMS, in which participants in both groups visited 

the same number of pages during the performance of all tasks. In addition, the t-test 

results showed that the difference in count of visited pages between ACKMS and 

MCKMS was insufficient in all tasks. This included T1 (t37=1.4, cv=2.02, p>0.05), T2 

(t35=1.5, cv=2.03, p>0.05), T3 (t37=1, cv=2.02, p>0.05), T4 (t36=1.1, cv=2.02, p>0.05), 

T5 (t31=1.04, cv=2.03, p>0.05), T6 (t33=1.35, cv=2.03, p>0.05), T7 (t37=0.6, cv=2.02, 

p>0.05) and T8 (t38=0.0, cv=2.02, p>0.05). On the other hand, it can be seen that the 

navigational behaviour of ACKMS and VCKMS users showed a vey different picture. 

In general, there was a considerable reduction in the mean value of count of visited 

pages required to accomplish tasks using ACKMS, compared to VCKMS, as the 

variance exceeded 66% for all tasks, apart from the two co-production tasks. In T1 

(simple COC-based product selection), the mean value count of visited pages for 

ACKMS was just quarter that for VCKMS, and the t-test results indicated that the 

difference was significant (t21=15.2, cv=2.08, p<0.05). In T2 (simple non-COC product 

selection), the mean value of the number of pages visited during the task performance 

using ACKMS was just third that for VCKMS, and this variance was found significant 

(t22=11.5, cv=2.07, p<0.05). In T3, T4, T6 and T7 (moderate and complex product 

selection tasks), the mean value of count of visited pages for VCKMS was almost 
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tenfold that for ACKMS. In addition, the difference between ACKMS and VCKMS was 

found significant with regard to T3 (t19=13.5, cv=2.09, p<0.05), T4 (t19=14.5, cv=2.07, 

p<0.05), T6 (t19=15.7, cv=2.09, p<0.05) and T7 (t19=13.9, cv=2.09, p<0.05). In T5 and 

T8 (moderate and complex co-production), ACKMS users visited as many pages as 

VCKMS users. Additionally, the difference between the two conditions (ACKMS and 

VCKMS) was insufficient in both T5 (t37=0.47, cv=2.02, p>0.05) and T8 (t35=0.59, 

cv=2.03, p>0.05). In brief, the number of pages visited in order to accomplish tasks 

during the interaction with ACKMS dropped considerably, in comparison with VCKMS 

performance. The drop in count of visited pages was particularly significant for product 

selection tasks. 

The analysis of error occurrence showed a considerable variation between ACKMS and 

MCKMS in complex tasks only, whereas the variation between ACKMS and VCKMS 

was considerable in moderate and complex tasks. In T1 (simple COC-based product 

selection), the mean values of error rate for ACKMS (0.4), MCKMS (0.55) and 

VCKMS (0.65) were lower than one error. The difference in error rate was insufficient 

between not only ACKMS and MCKMS (t37=0.8, cv=2.02, p>0.05), but also ACKMS 

and VCKMS (t37=1.2, cv=2.02, p>0.05). Similarly, the mean value of T2 (simple non-

COC product selection) error rate for ACKMS (0.6), MCKMS (0.4) and VCKMS (0.4) 

did not exceed one error, and the difference was found insufficient between ACKMS 

and MCKMS (t36=0. 9, cv=2.02, p>0.05) and ACKMS and VCKMS (t36=0. 9, cv=2.02, 

p>0.05). In T3 (moderate COC-based product selection), the mean values of error rate 

for MCKMS (1.2) and VCKMS (1.9) were slightly higher than that for ACKMS (0.7). 

The variance in T3 error rate was found significant between ACKMS and VCKMS 

(t37=4.4, cv=2.02, p<0.05), but not between ACKMS and MCKMS (t35=1.9, cv=2.02, 
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p>0.05). In T4 (moderate non-COC product selection), the mean value of error rate for 

ACKMS (0.65) was lower than that for VCKMS (1.55), but not for MCKMS (0.7). In 

addition, the difference in T4 error rate between ACKMS and MCKMS was found 

insufficient (t35=1.9, cv=2.02, p>0.05), but it was statistically significant between 

ACKMS and VCKMS (t37=4.8, cv=2.02, p<0.05). In T5 (moderate co-production), the 

mean value of error rate for ACKMS (0.7) was lower than those for MCKMS (0.85) and 

VCKMS (1.85). The t-test results showed a significant difference in T5 error rate 

between ACKMS and VCKMS (t35=5.2, cv=2.03, p<0.05), but not between ACKMS 

and MCKMS (t35=0.5, cv=2.02, p>0.05). In the complex tasks, the picture was to a 

certain extent similar, as the mean value of error rate for ACKMS was just two-third 

and third those for MCKMS and VCKMS respectively. In T6 (complex COC-based 

product selection), the mean values of error rate for ACKMS (1.2), MCKMS (1.85) and 

VCKMS (3.35) generated statistically significant difference between not only ACKMS 

and MCKMS (t25=2.2, cv=2.06, p<0.05), but also ACKMS and VCKMS (t34=6.5, 

cv=2.03, p<0.05). In T7 (complex non-COC product selection), the mean value of error 

rate for using ACKMS (0.85) was less than one error, whereas those for MCKMS (1.3) 

and VCKMS (2.1) exceeded one error. The significance of the difference in T7 error 

rate was found between ACKMS and MCKMS (t32=2.3, cv=2.03, p<0.05), as well as 

ACKMS and VCKMS (t36=4.7, cv=2.02, p<0.05). In T8 (complex co-production), all 

mean value of error rates exceeded one error (ACKMS=1.05, MCKMS=1.6 and 

VCKMS=3.5), but the value for ACKMS was by far lower than that for VCKMS. The 

difference between ACKMS and VCKMS was found significant (t37=7.7, cv=2.03, 

p<0.05), as well as ACKMS and MCKMS (t32=2.2, cv=2.03, p<0.05) with regard to T8 

error rate. In brief, the complex tasks recorded the highest variance amongst the three 

interfaces, whereas the difference was insufficient in the simple tasks. 
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Tasks 

Efficiency variables 

Note: results with insufficient significance were suffixed by (*). 

DV 5 (TAT) DV 6 (TApT) DV 7 (ER) DV 8 (COCS) DV 9 (COVP) 

Interaction 

mode 

F=56.08, 

cv=3.16 

F=98.3, 

cv=3.16 

F=87.9,  

cv=3.16 

F=222.1, 

cv=3.16 

F=691.7, 

cv=3.16 

COC-based 

selection 

F=44.1, 

cv=3.16 

F=50.2, 

cv=3.16 

F=34.8, 

cv=3.16 

F=216.9, 

cv=3.16 

F=646.8, 

cv=3.16 

Non-COC 

selection 

F=20.1, 

cv=3.16 

F=31.7, 

cv=3.16 

F=19.7, 

cv=3.16 

F=157.5, 

cv=3.16 

F=481.1, 

cv=3.16 

Co-

production 

F=10.7, 

cv=3.16 

F=37.8, 

cv=3.16 

F=53.8, 

cv=3.16 

F=50.1, 

cv=3.16 

F=0.4,   

cv=3.16 (*) 

Simple 

tasks 

F=5.2,    

cv=3.16 

F=5,       

cv=3.16 

F=0.94,  

cv=3.16 (*) 

F=104.2, 

cv=3.16 

F=289.4, 

cv=3.16 

Moderate 

tasks 

F=30.8,  

cv=3.16 

F=59.7,   

cv=3.16 

F=18.6,  

cv=3.16 

F=82.5,   

cv=3.16 

F=293.8, 

cv=3.16 

Complex 

tasks 

F=53.1,  

cv=3.16 

F=93.4,  

cv=3.16 

F=75.9,  

cv=3.16 

F=221.2, 

cv=3.16 

F=278.3, 

cv=3.16 

T1 F=9.9, 

cv=3.16 

F=5.5, 

cv=3.16 

F=0.9, 

cv=3.16  (*) 

F=63.6 , 

cv=3.16  

F=206.3 , 

cv=3.16 

T2 F=0.6, 

cv=3.16  (*) 

F=5.9, 

cv=3.16 

F=0.6, 

cv=3.16  (*) 

F=50.5, 

cv=3.16 

F=111.2, 

cv=3.16 

T3 F=16.3, 

cv=3.16 

F=21.3, 

cv=3.16 

F=9.6, 

cv=3.16 

F=83.6, 

cv=3.16 

F=186.7, 

cv=3.16 

T4 F=7.4, 

cv=3.16 

F=9.4, 

cv=3.16 

F=14.8, 

cv=3.16 

F=85.9, 

cv=3.16 

F=206.7, 

cv=3.16 

T5 F=3.5, 

cv=3.16 

F=18.6, 

cv=3.16 

F=12.6, 

cv=3.16 

F=4.14, 

cv=3.16 

F=0.54, 

cv=3.16  (*) 

T6 F=31.7, 

cv=3.16 

F=33.2, 

cv=3.16 

F=29.9, 

cv=3.16 

F=99.9, 

cv=3.16 

F=240.1, 

cv=3.16 

T7 F=16.7, 

cv=3.16 

F=18.6, 

cv=3.16 

F=14.9, 

cv=3.16 

F=56.5, 

cv=3.16 

F=187.7, 

cv=3.16 

T8 F=14.9, 

cv=3.16 

F=18.8, 

cv=3.16 

F=42.1, 

cv=3.16 

F=51.4, 

cv=3.16 

F=0.26, 

cv=3.16  (*) 

Table 27: Results obtained from one-factor ANOVA performed at (0.05 significance 
level) according to interaction modes, three task types, three complexity levels and 
eight common tasks. 

4.7.2.5 Analysis of Variance 

Table 27 shows results obtained from on-factor ANOVA [195] performed at (0.05 

significance level) according to interaction mode, three task types, three complexity 

levels and the eight common tasks, where results with insufficient significance were 

suffixed by (*). It can be noticed from the table that the difference among the three 

interfaces with regard to the five efficiency attributes was found statistically significant, 
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apart from the count of visited pages recoded during the performance of co-production 

tasks and the occurrence of errors during simple task accomplishment. In the simple 

task level, the variance among the three experimental platforms was found significant 

with regard to all efficiency attributes, apart from the error rates in T1 and T2, T2 

completion time and the count of visited pages recoded during the performance of the 

two co-production tasks (T5 and T8). 

In this experiment, factorial ANOVA was also used to examine the interactive effect of 

three IVs on efficiency five attributes (DVs), where four sources of variance resulting 

from the three IVs were identified. The first source (IV1 and IV2) represents the 

interaction between interaction mode and task complexity (3×3 ANOVA). The second 

source results from the interaction between interaction mode and task type (3×3 

ANOVA). The third source assumes the interaction between interaction mode, task 

complexity and task type, (3×3×3 ANOVA). Table 28 shows results obtained from 

factorial ANOVA performed at (0.05 significance level) according to five efficiency 

attributes and four sources of variance. Overall, the variance reached statistical 

significance according to the effect of interaction between independent variables on the 

five efficiency factors.  

Variable (Factor) Sources of variance (Interaction between factors or IVs) 

Note: results with insufficient significance were suffixed by (*). 

IV1 and IV2 IV1 and IV3 IV2 and IV3 IV1, IV2 and IV3 

DV DV2 (TAT) F=10.1 F=5.2 F=0.35 (*) F=0.38 (*) 

DV3 (TApT) F=1.76 (*) F=3.4 F=4.5 F=2.168 

DV4 (ER) F=16.1 F=8.6 F=12.3 F=3.1 

DV5 (COCS) F=38.8 F=21.1 F=20.3 F=24.2 

DV6 (COVP) F=113.2 F=189.1 F=70.7 F=55 

 df 4 4 3 6 

Table 28: Results obtained from factorial ANOVA performed at (0.05 significance 
level) according to five efficiency attributes and four sources of variance. 
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Sources of variance MANOVA output values 

# Effect F Hypothesis df Error df Wilks‘ λ p-value Sig. 

1 IV1 (interaction mode) 86.4 10 904 0.261 p<0.05 √ 

2 IV2 (task complexity) 98.5 10 904 0.229 p<0.05 √ 

3 IV3 (task type) 143.4 10 904 0.149 p<0.05 √ 

4 IV1 and IV2 23.7 20 1500 0.402 p<0.05 √ 

5 IV1 and IV3 36.1 20 1500 0.272 p<0.05 √ 

6 IV2 and IV3 20.4 15 1248 0.573 p<0.05 √ 

7 IV1, IV2 and IV3 13 30 1810 0.458 p<0.05 √ 

Table 29: Results obtained from MANOVA performed at (0.05 significance level) 
according to seven sources of variance. 

Regarding task accomplishment time, results suggested that there was a considerable 

difference between VCKMS, MCKMS and ACKMS when tasks were designed with 

different types or an increasing complexity. However, the difference in task completion 

time between simple, moderate and complex tasks did not reach statistical significance 

when the effect of task type was taken into consideration, and even with the effect of 

interaction mode and the consideration of task type. In task accomplishment per unit of 

time, the difference in VCKMS, MCKMS and ACKMS did not reach statistical 

significance when participants performed tasks in increasing complexity; otherwise, the 

difference was found to be significance. In addition, the variance was found statistically 

significant with regard to error rate, count of mouse clicks and count of visited pages for 

all sources of variance shown in the table. In brief, the effect of sources of variance 

derived from the interaction between IV on the five efficiency factors was significant in 

most of the cases.  

Due to the multi-faceted measure of efficiency, MANOVA is also used to examine the 

multivariate difference between interaction modes. Table 29 shows results obtained 

from MANOVA statistical test, which was performed at (0.05 significance level), 

according to seven sources of variance.  
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Figure 30: Mean values of users' attitude and knowledge factors (a), which included 
user satisfaction, level of knowledge and perception of trust, and achievement test 
results (b) according to the complexity levels using the VCKMS, MCKMS, and ACKMS 
experimental systems. 

Overall, there was a multivariate difference in E-CKMS efficiency among the three 

interaction modes, which were unlikely to have resulted from sampling error alone. The 

analysis revealed that the effect of interaction between interaction mode, task 

complexity and task type on E-CKMS efficiency was statistically significant in terms of 

the seven sources of variance shown above.  

4.7.3 Users’ Attitude and Knowledge 

Figure 30 shows the mean values of users‘ attitude and knowledge factors (a), which 

included scores of users‘ satisfaction, level of knowledge and perception of trust and 

achievement test results (b) according to the three complexity levels using the VCKMS, 

MCKMS and ACKMS experimental systems. At first glance, there was a considerable 

rise in the levels of users‘ knowledge and perception of trust from interaction mode 1 to 

interaction mode 3, whereas users of the two multimodal E-CKMS showed the same 

level of satisfaction, which was by far greater than that for VCKMS. In addition, the 

score of achievement test rose steadily from complexity level 1 (simple) to level 3 

(complex) more rapidly in ACKMS than in MCKMS and VCKMS.  
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In Figure 30 (a), it can be seen that levels of users‘ knowledge and perception of trust 

showed relatively a similar picture with regard to the variance amongst the three E-

CKMS interaction modes. However, users of interaction mode 3 showed as similar 

satisfaction feelings as users of interaction mode 2, as the variance between the two 

modes did not exceed 6%. In user satisfaction, the mean value of satisfaction score for 

interaction mode 1 was just three-quarters that for interaction mode 3. Results obtained 

from t-test suggested that the difference in level of user satisfaction was significant 

between interaction mode 1 and 3 (t38=5.5, cv=2.02, p<0.05), but that between mode 2 

and 3 was insufficient (t35=1.2, cv=2.02, p>0.05). As regards the level of knowledge, 

the mean value of knowledge score rose considerably from interaction mode 1 

(VCKMS) to mode 2 (MCKMS) and mode 3 (ACKMS). The mean value for ACKMS 

was 11% and 43% higher than those for MCKMS and VCKMS respectively. The t-test 

results showed a significant difference between interaction modes 2 and 3 (t35=2.9, 

cv=2.03, p<0.05), as well as interaction modes 1 and 3 (t37=12.4, cv=2.03, p<0.05) with 

regard to the level of knowledge. In perception of trust, there was a steady rise (by 13%) 

in the mean value of trust score from interaction mode 1 (VCKMS) to mode 3 

(ACKMS). The mean values of perception of trust for MCKMS and VCKMS were 

four-fifth and just two-third that for ACKMS respectively. The difference in users‘ 

perception of trust was found significant between not only interaction mode 2 and mode 

3 (t33=3.8, cv=2.03, p<0.05), but also mode 1 and mode 3 (t31=11.4, cv=2.03, p<0.05). 

In brief, levels and trends of users‘ perception of trust and knowledge were considerably 

improved in the third mode of interaction, compared to the first and second modes. 

However, the improvement in user satisfaction was limited from mode 2 to mode 3, due 

to the very high scores recoded for interaction mode 2 that decreased the possibility of 

generating statistical significance.  
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In Figure 30 (b), it can be noticed that the levels of achievement test rose considerably 

from complexity level 1 to level 3 and more rapidly in interaction mode 3 than in 

mode2, whereas it remained virtually static in interaction mode 1. In simple tasks, it can 

be seen that the mean value of achievement test for VCKMS was over two-third that for 

ACKMS. The difference in results of achievement tests in simple tasks was found 

significant between ACKMS and VCKMS (t36=4.9, cv=2.02, p<0.05), but insufficient 

between ACKMS and MCKMS (t29=0.7, cv=2.045, p>0.05). In moderate tasks, the 

mean values of achievement test score for MCKMS and VCKMS were four-fifth and 

almost half that for ACKMS respectively. In addition, the t-test results suggested that 

there was a significant difference in achievement test results for moderate tasks between 

not only ACKMS and VCKMS (t32=3.1, cv=2.03, p<0.05), but also ACKMS and 

VCKMS (t38=9.7, cv=2.02, p<0.05). In complex tasks, the mean values of achievement 

test result for MCKMS and VCKMS were slightly lower and just half that for ACKMS 

respectively. The difference in complex task achievement result was found significant 

between ACKMS and MCKMS (t37=2.2, cv=2.02, p<0.05), as well as ACKMS and 

VCKMS (t34=14, cv=2.03, p<0.05). In summary, achievement results for interaction 

mode 1 have been static with limited fluctuation over the three complexity levels, 

whereas those for interaction modes 2 and 3 increased considerably from simple to 

complex tasks. 

Using the one-way ANOVA, an analysis of variance among the three conditions was 

performed to examine the statistical significance in the user‘s satisfaction, knowledge 

and perception of trust. It was also used to examine the statistical significance in 

achievement results amongst the three conditions according to the three complexity 

levels.  
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Interface Value 
Aspects of user satisfaction 

EOS EOC EOF EON COM 

VCKMS 

Mode 4 3 3 5 5 

Frequency 16 (80%) 11 (55%) 13 (65%) 19 (95%) 20 (100%) 

Mean 3.85 3.45 3.10 4.95 4.45 

MCKMS 

Mode 5 2 2 5 5 

Frequency 18 (90%) 14 (70%) 14 (70%) 16 (80%) 17 (85%) 

Mean 4.80 2.20 2.20 5.00 4.95 

ACKMS 

Mode 6 2 1 6 6 

Frequency 20 (100%) 10 (50%) 10 (50%) 20 (100%) 20 (100%) 

Mean 5.25 2.85 1.70 5.35 5.40 

Table 30: The mode, frequency of the mode and mean values of the five aspects of 
user satisfaction for using the three interaction modes. 

The results indicated that the difference amongst the three interaction modes was 

statistically significant as regards the users satisfaction (F=15.5, cv=3.16, p<0.05), 

knowledge (F=71.3, cv=3.16, p<0.05) and trust (F=36.4, cv=3.16, p<0.05). It suggested 

also that the difference in achievement results among the three interaction modes was 

significant in task complexity level 1 (F=8.9, cv=3.16, p<0.05), level 2 (F=31.4, 

cv=3.16, p<0.05) and level 3 (F=111.8, cv=3.16, p<0.05). In summary, it can be said 

that audio-visual E-CKMS contributes considerably toward the improvement of the 

user‗s satisfaction, knowledge and trust more than the text with graphics.  

4.7.3.1 User Satisfaction 

Table 30 shows the mode, frequency of the mode and mean values of the five aspects of 

user satisfaction for using the three interaction modes. At first glance, there was a 

general strong agreement that interaction mode 3 was easy to use, ease to navigate 

through and overall comfortable, whereas half of the sample felt confused and frustrated 

during this interaction. All ACKMS users, particularly, agreed strongly that the system 

was easy to use, compared to 90% of MCKMS users agreeing moderately and 80% of 

VCKMS agreeing slightly.  
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Interface Value 
Aspects of trust 

MOX HOV EPE ICV TOV 

VCKMS 

Mode 4 5 6 4, 5 3 

Frequency 75% 75% 50% 45% 75% 

Mean 3.70 3.60 5.40 3.65 3.05 

MCKMS 

Mode 4 5 5 4 4 

Frequency 55% 50% 30% 45% 50% 

Mean 4.10 3.55 4.20 2.90 3.85 

ACKMS 

Mode 6 5 3 4 4 

Frequency 60% 80% 56% 50% 45% 

Mean 5.60 3.85 3.30 3.05 4.55 

Table 31: The mode, frequency of the mode and mean values of the five aspects of 
user perception of trust for using three interaction modes. 

Additionally, half of ACKMS users disagreed moderately that there was a time during 

the interaction where they felt confused, in comparison with 70% of MCKMS users 

who disagreed moderately and 55% of VCKMS users who disagreed slightly. 

Furthermore, it can be seen that half of ACKMS users disagreed strongly that the 

system was frustrating, compared with 70% of MCKMS were disagreeing moderately 

and 65% of VCKMS users disagreeing slightly. It was noteworthy that the mode values 

of ease of navigation and overall comfort with the system showed relatively the same 

picture. The entire ACKMS group agreed strongly that it was easy to navigate and felt 

overall comfortable during the interaction, compared to the moderate agreement of not 

only MCKMS users about EON (85%) and COM (80%), but also VCKMS users about 

EON (95%) and COM (all the users). 

4.7.3.2 Perception of Trust 

Table 31 shows the mode, frequency of the mode and mean values of the five aspects of 

trust for using the three interaction modes. Overall, it can be seen that the three 

interaction modes differed greatly with respect to the users trust factors, apart from the 

perception of honesty (HOV). Users‘ responses suggested that ACKMS matched with 

what was expected more than the other two conditions, because 60% agreed strongly 
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that expectations were matched by ACKMS, whereas 75% and 55% agreed slightly in 

VCKMS and MCKMS respectively. The levels (mean values) of the effect of previous 

experience decreased considerably from interaction mode 1 to mode 3, as MCKMS and 

ACKMS users tended to utilise the contents provided by each condition more than their 

own experience with products, compared to VCKMS users. This observation supported 

the results, which indicated that the user knowledge increased from interaction mode 1 

to mode 3, and suggested that metaphors of audio-visual nature positively affected the 

memorability, understanding and utilisation of knowledge. In addition, the mean values 

of perceived incompetency (ICV) and honesty of the vendor (HOV) differed slightly in 

the three conditions, whereas the mean values of perceived trustworthiness of the 

vendor (TOV) rose steadily from mode 1 to 3, by approximately (0.8). It can be seen 

that 45% of VCKMS users agreed slightly and moderately that the vendor was 

unprofessional and incompetent, compared to 45% and half of the sample agreed 

slightly in MCKMS and ACKMS respectively. In all conditions, most of the users 

agreed moderately that the vendor gave the impression that it was upright and honest, 

but with different percentages (VCKMS=75%, MCKMS=50% and ACKMS=80%). The 

mean values of perceived trustworthiness of the vendor (TOV) rose steadily (by 26% 

from interaction mode 1 to 2 and 20% from mode 2 to 3). It can be noticed, also, that 

75% of VCKMS users disagreed slightly that the vendor gave the impression that it was 

trustworthy, whereas half of MCKMS and 45% of ACKMS users agreed slightly.  

4.7.3.3 Inferential Statistics 

The difference between interaction mode 3 and 2 was found insufficient with regard to 

EOS (U=140, cv=127, p>0.05), EOC (U=131, cv=127, p>0.05) and EON (U=141.5, 

cv=127, p>0.05), but it was found significant in EOF (U=127, cv=127, p<0.05) and 
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COM (U=121, cv=127, p<0.05). On the other hand, the difference between interaction 

mode 3 and mode 1 was found significant in EOS (U=140, cv=127, p<0.05), EOC 

(U=131, cv=127, p<0.05), EOF (U=127, cv=127, p<0.05), EON (U=141.5, cv=127, 

p<0.05) and COM (U=121, cv=127, p<0.05). In addition, the variance amongst the 

three modes of interaction was found significant, according to Kruskal-Wallis results, in 

EOS (H=22, df=2, p<0.01), EOC (H=15.2, df=2, p<0.01), EOF (H=16.9, df=2, p<0.01), 

EON (H=6.8, df=2, p<0.05) and COM (H=15.8, df=2, p<0.01). In summary, it can be 

said that interaction mode 3 (ACKMS) was more satisfactory than mode 1 (VCKMS) 

with regard to all user satisfaction factors. However, the satisfaction result of ACKMS 

and MCKMS appeared to be similar only in statements related to ease of the system, 

extent of confusion and ease of navigation. 

According to Mann-Whitney results, the variance between ACKMS and MCKMS was 

found insufficient in ICV (U=178, cv=127, p>0.05) and HOV (U=146, cv=127, 

p>0.05), but it was found significant in MOX (U=24, cv=127, p<0.05), EPE (U=109.5, 

cv=127, p<0.05) and TOV (U=113.5, cv=127, p<0.05). In contrast, the significant 

difference between ACKMS and MCKMS was found in MOX (U=0.0, cv=127, 

p<0.05), EPE (U=131, cv=127, p<0.05), ICV (U=127, cv=127, p<0.05), HOV 

(U=141.5, cv=127, p<0.05) and TOV (U=121, cv=127, p<0.05). Furthermore, the 

difference amongst the three interaction modes with regard to aspects of trust was 

examined using Kruskal-Wallis statistical test. Kruskal-Wallis results showed a 

significant variance in MOX (H=40, df=2, p<0.01), EPE (H=29.6, df=2, p<0.01), ICV 

(H=9.7, df=2, p<0.05) and TOV (H=27, df=2, p<0.01), but not in HOV (H=3.2, df=2, 

p>0.05). To conclude, the variance among the three conditions was found significant in 

all aspects of trust, apart from the perceived honesty of the vendor. 
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4.8 Discussion 

During the experiment phase, it was noteworthy that ACKMS users were generally 

capable of accomplishing tasks of different CKM styles and of increasing complexity 

considerably better than VCKMS and MCKMS users. The increasing accuracy of 

product selections for using ACKMS was linked to the well-interpreted information and 

knowledge, as 75% of MCKMS and VCKMS users have made inaccurate product 

selection based on misinterpreted information. Therefore, it can be said that the manner, 

in which information and knowledge were communicated by ACKMS metaphors 

provided the user with sufficient clues that facilitate fulfilling the increasing complexity 

of task requirements. This included natural recoded speech that was easy to understand, 

earcons that play in the background to convey product ranking, and facial expressions to 

communicate general trends of knowledge in parallel with speech and earcons. The 

simultaneous communication of knowledge via three different channels (speech, 

earcons and facial expressions) was particularly of help to increase the efficiency of 

ACKMS with regard to completion speed. Although ACKMS takes longer time to 

communicate product profile, the interpretation of information communicated was faster 

than that for using MCKMS, because the user utilised at least two channels at a time, 

and made evaluations and decision accordingly, without waiting for the remaining parts 

of the product profile. In other words, the user can make decisions during the course of 

information communication. In addition, the user‘s navigational behaviour for using 

ACKMS showed as similar patterns as that for MCKMS, because both were multimodal 

systems and relied on assessing product information directly from the product 

catalogue. When a difference was found between the two multimodal interaction modes 

regarding the number of actions required in order to accomplishing tasks, it was 
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certainly resulting from the misinterpretation of conveyed information, and not from 

patterns of navigation. 

In E-CKMS contexts, trustworthy web-based systems should introduce a set of features that 

compensate the absence of skilful sale representatives, who can establish a persuasive 

communication of product information and knowledge. Making E-CKMS socially rich may 

encounter several implementation obstacles, such as the large interface space located to 

the avatar and the lack of avatar ability to communicate arbitrary strings, as well as 

operational issues, such as slow video playing, the confusion resulting from the 

simultaneous communication of knowledge and the lengthy communication messages. 

However, the presence of avatars with facial expressions has been shown to be the key 

factor in the generation of positive feelings that have been linked to various noteworthy 

outcomes, such as increased user confidence, improved interface attractiveness, 

perceived trustworthiness and improved encouragement and engagement. Users of the 

E-CKMS environment that incorporated avatars appeared to be more confident, showed 

higher levels of content understanding and devoted less mental work, due to their 

exposure to a human-like character that speaks, and shows several emotions. It was also 

noticed that users were enthusiastic about the phenomena of social presence, due to the 

belief that it was an advanced technology, which is not easy to implement or manage, 

and their interest in learning how to do it in order to gain social appreciation and 

benefits. In addition, the attractiveness of avatars cannot be ignored, as all the ACKMS 

felt the system has a pleasant appearance, and obviously was very intelligent. Another 

reason behind this attractiveness was the novelty of this approach, and the consistency 

between the avatar verbal and non-verbal communications of information. Furthermore, 

it was noteworthy that incorporating avatars with facial expressions into E-CKMS 
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interface has compensated, to some extent, the absence of interpersonal interaction, and 

has been shown to be particularly useful to build and retain trust, due to the lack of 

human warmth and sociability in traditional E-CKMS. The social aspects of avatars and 

facial expressions led to several positive emissions, which has shown to be particularly 

contributing towards the improvement of user engagement on CKM related activities 

and encouraging the user to interact with the system as well. 

Having considered the disadvantages and the advantages of avatar social presence, it 

was important to regard the previous two experiments as a particular comprehensive 

study that shed more light into the usability of multimodal metaphors in the field of E-

CKMS. One advantage of this study was to examine the usability of these metaphors, 

alongside with users‘ attitude and knowledge, in a novel application domain, such as E-

CKMS. However, it is important to look at the concept of user satisfaction from a 

different angle to enrich the overall experimental programme. Similarly, it is important 

to separate beliefs from intentions in this context of trust evaluation. The measurement 

of trust is improved by the differentiation between its cognitive and behavioural views. 

Furthermore, due to the different usability levels of the three experimental platforms, it 

was important to consider carrying out the same evaluation from a different angle. For 

example, the user‘s attitudes toward the three experimental platforms can be evaluated 

under similar usability conditions. Another possible example is to allow the user to view 

the three interaction modes and rank the most and least preferred interface accordingly. 

This led to the preparation of the third experimental phase that shed more light into the 

technology acceptance models and measuring the user‘s attitudes under similar usability 

conditions. 
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4.9 Summary and Conclusion 

This section presents the summary and the conclusion. The former summarises and 

repeats the main points, while the latter synthesises and generalises to fit the main 

points together.  

4.9.1 Summary 

This chapter describes a comparative evaluation study carried out to assess the effect of 

incorporating avatars with facial expressions into E-CKMS interfaces on not only 

usability of E-CKMS, but also users‘ perception of trust and level of knowledge. In 

order to have this achieved, an additional Multimodal experimental platforms was 

implemented (ACKMS), comparing it with a control system (VCKSM) and another 

multimodal version (MCKMS). There were several similarities and differences in the 

interface implementation of ACKMS and MCKMS. Both were multimodal interfaces 

and employed earcons and speech to communicate knowledge and other product 

features audio-visually, whereas ACKMS incorporated new metaphors, together with 

rhythms, visual special effects and facial expressions. This experiment exploited the 

same experimental design and research variables used in the previous experiment, as 

further investigational phase. Having considered that that this experiment was a 

continuation of the earlier work, ACKMS was evaluated by a group of twenty users 

who carried out the eight common tasks. During the interaction, the user performance 

was observed and several factors, such as E-CKMS usability, the user‘s knowledge and 

attitudes, which were measured in order to facilitate a comparative evaluation of 

ACKMS with VCKMS and MCKMS. 
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The analysis of results revealed that ACKMS outperform MCKMS and VCKMS with 

regard to effectiveness, efficiency, user satisfaction, level of knowledge and perception 

of trust. First, there was a considerable rise in the effectiveness of the third interaction 

mode, compared to mode 2 and 1. However, the difference in effectiveness between 

ACKMS and MCKMS was by far less significant than that between MCKMS and 

VCKMS. In particular, the variance in the rate of complex task completion differed 

greatly among the three modes of interaction, whereas simple tasks have been all 

successfully completed with variance if any. It was noteworthy that co-production tasks 

showed the highest difference in effectiveness among VCKMS, MCKMS and ACKMS, 

and the least was found in non-COC product selection tasks. In addition, there was a 

steady increase in the accuracy of COC-based selections from interaction modes 1 to 

mode 3.  

Secondly, ACKMS, in general, showed a considerable rise in all aspects of efficiency, 

in comparison with VCKMS and MCKMS. In particular, the time taken to accomplish 

tasks using ACKMS dropped considerably, compared to MCKMS and VCKMS, and 

this has positively influenced the percentage of task accomplishment per time, alongside 

the increasing levels of ACKMS effectiveness. In general, there was a considerable 

decrease in the number of errors committed, mouse clicks and visited pages by ACKMS 

users, compared to those committed by MCKMS and VCKMS users. With task 

complexity taken into account, task accomplishment speed was influenced by task 

complexity, because when the task increases in complexity, ACKMS users complete it 

by far faster than MCKMS and VCKMS users. Similarly, level of task completion per 

time goes hand in hand with task complexity level, where the greatest variance among 

the three conditions was found in complex tasks, and the least was in simple tasks. 
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Furthermore, sensitivity to task complexity was lower in factors related to error rate and 

user navigational behaviours, such as mouse clicks and visited pages. It can be said that 

visited pages and the rate of error occurrence during the user interaction with ACKMS 

and MCKMS was insensitive to task complexity and was by far lower than that with 

VCKMS. Similarly, the variance in mouse clicks needed to complete tasks was not 

affected by complexity levels, as the three interfaces maintained relatively the same 

level of difference among all complexity levels. With task type taken into consideration, 

there was a considerable improvement in user performance for all task types, in favour 

of ACKMS over MCKMS and VCKMS. In particular, the significance of ACKMS 

improvement was found in the co-production performance with regard to the time taken 

to complete the task, the rate of task completion per time and the number of mouse 

clicks required to complete COC-based selections. Non-COC selections showed the 

lowest variance among the three interfaces, with respect to all efficiency attributes. It 

was also noteworthy that behavioural factors, such as count of mouse clicks and visited 

pages, were insensitive to task type, especially in the two multimodal experimental 

systems, as the three systems maintained relatively the same variance.  

Thirdly, it can be said the use of multimodal metaphors contributes considerably to the 

improvement of users‘ level of knowledge and perception of trust, compared with the 

text with graphics. In particular, there was a steady rise in the user‘s knowledge and 

perception of trust from interaction mode 1 to mode 3, caused by the multimodal 

interaction. Finally, ACKMS is satisfactory as MCKMS, but both were by far more 

satisfactory than the VCKMS. In addition, user responses obtained from satisfaction and 

trust statements provided insights into the significance of multimodal interaction in 

improving user satisfaction and perception of trust, since the highest scores were 
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associated with interfaces that utilised multimodal metaphors. Therefore, it is essential 

to designers of E-CKMS interface to be aware of the potential of, and foster multimodal 

interaction, not as an alternative approach to the visual communication of knowledge, 

but as a complementing method. 

4.9.2 Conclusion 

The use of avatars with facial expressions has shown to contribute positively toward 

interface perception and users‘ trust, satisfaction and knowledge. The idea was to 

communicate product-related knowledge and information simultaneously by 

introducing presumed sales representative (a human-like character) in the E-CKMS 

interface. The avatar communicates trends of customer opinions expressively (i.e. by 

facial expressions) and product features orally (i.e. by recorded speech), while earcons 

communicate product ranks. This experiment demonstrated the social aspects of avatars 

and proved that using avatars to communicate CK enriches the user interaction 

experience and alleviates the lack of social presence usually associated with online 

markets. The avatar-enhanced multimodal E-CKMS has shown to be more usable than 

the other two E-CKMS interaction modes (VCKMS and MCKMS), when the evaluation 

took place in different usability and complexity conditions. It is important for users to 

view three interfaces in order to rate their acceptance of each interface. Therefore, the 

next chapter describes the third phase of this experimental programme that look to the 

three systems from the user acceptance angle. The third experiment evaluates the user‘s 

acceptance under similar usability conditions and allows the user to view and rank the 

three E-CKMS interaction modes.  
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Chapter 5:  User Acceptance: Experimental Phase III 

5.1 Introduction 

In Chapters 3 and 4, comparative evaluations were carried out to investigate the use of 

multimodal metaphors to improve usability of E-CKMS and increase the user‘s trust, 

satisfaction and knowledge. This chapter is an extension of the previous chapters that 

investigated the role of multimodal metaphors from a user acceptance angle. It relied on 

an extended TAM version to extract constructs used to measure user acceptance of the 

three E-CKMS experimental platforms evaluated in Chapters 3 and 4. In addition, the 

experimental design differed from that in Chapter 3 and 4 (see Sections 3.6 and 4.6) by 

using within-participants design to allow the user to compare the three interaction 

modes and rank the most proffered one. This chapter enriches the overall experimental 

programme by looking into the use of multimodal metaphors in E-CKMS interfaces 

from a different angle.  

5.2 Aims 

This chapter is aimed at conducting a comprehensive evaluation of aspects of user 

acceptance of the texts with graphics (VCKMS), multimodal with speech, earcons and 

auditory icons (MCKMS) and avatar-enhanced multimodal platform (ACKMS). It aims 

to provide an overall picture of E-CKMS perceived usefulness, perceived ease of use, 

quality of contents, cognitive trust and behavioural intentions, with regard to user 

attitudes toward VCKMS, MCKMS and ACKMS. Another aim of this experiment was 

to assess the user‘s views about the usefulness and ease of use for the three interaction 

modes with regard to two styles of CKM: COC and co-production. It aims, also, to 

compare perception of trust with respect to cognitive and behavioural components 
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during the interaction with the three systems. Finally, the experiment is aimed at 

evaluating the rank of user preferences of the three interaction approaches. 

5.3 Objectives 

It was particularly important to pursue research aims to identify a set of objectives that 

were realistic and achievable. These objectives are listed below: 

1. To assess the three interaction modes in terms of user attitude toward the 

usefulness of metaphors and the ease of use, by providing ordinal rankings.  

2. To assess the three interaction approaches in terms of the user perception of trust 

and quality of content by providing ordinal rankings. 

3. To measure the user preferences of COC and co-production metaphors in terms 

of user numerical ratings. 

4. To measure the user overall preferences of the three approaches in terms of user 

provided numerical ratings. 

5.4 Experimental Hypotheses 

Six experimental hypotheses have been put forward to examine the differences among 

the three approaches. These were stated and listed below. 

H27: Overall, multimodal E-CKMS will be perceived as more acceptable to users 

than the text with graphics. 

a. ACKMS will be perceived as more acceptable to users than VCKMS. 

b. MCKMS will be perceived as more acceptable to users than VCKMS. 
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H28: E-CKMS interfaces that utilised multimodal metaphors will be perceived as 

more useful and easier to use than those that were based on textual and 

graphical metaphors. 

a. ACKMS will be perceived as more useful and easier to use than VCKMS. 

b. MCKMS will be perceived as more useful and easier to use than 

VCKMS. 

H29: E-CKMS interfaces that employed multimodal metaphors will be perceived as 

more trustworthy than those that relied on textual and graphical metaphors. 

a. ACKMS will be perceived as more trustworthy than VCKMS. 

b. MCKMS will be perceived as more trustworthy than VCKMS. 

H30: Content presented by audio-visual E-CKMS interfaces will be perceived as of 

higher quality than that presented by textual with graphical interfaces. 

a. The contents provided by ACKMS will be perceived as of higher quality 

than VCKMS. 

b. The contents provided by MCKMS will be perceived as of higher quality 

than VCKMS. 

H31: Multimodal co-production metaphors will be perceived as more useful, easier 

to use and more preferred than the text with graphic co-production metaphors. 

a. Co-production with ACKMS will be perceived as more useful, easier to 

use and more preferred than with VCKMS. 

b. Co-production with MCKMS will be perceived as more useful, easier to 

use and more preferred than with VCKMS. 

H32: The use of audio-visual metaphors in COC will be perceived as more useful, 

easier to use and more preferred than the text with graphic method. 
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a. ACKMS will be perceived as more useful, easier and more preferred 

than VCKMS with regard to knowledge utilisation in the context of COC. 

b. MCKMS will be perceived as more useful, easier and more preferred 

than VCKMS with regard to knowledge utilisation in the context of COC. 

5.5 Experimental Design 

The design for this experiment focused on attitude toward using the E-CKMS. This 

experiment was based on within-participants method [187] that allows users to interact 

with all metaphors used, and hence express their views about each one. The following 

sections explain the task design, research variables, sampling and data collection.  

5.5.1 Design of Tasks 

Tasks were designed based on one level of complexity and two styles of CKM. There 

were six tasks, three COC (T1, T3 and T5) and three co-production (T2, T4 and T6). 

The factors used (i.e. NOTR, NAOS and ICI) in the previous experiments (see Section 

3.6.1) to separate task complexity levels were utilised in this experiment to design tasks 

at one complexity level. Table 32 reviews the six common tasks according to CKM 

styles and complexity influential factors. The criterion time for the tasks was 6 minutes. 

Tasks Complexity factors 

Task code / Description CKM style ICI NOTR NOAS 

T1 CK utilisation (product selection) COC Low 4  20 

T2 CK utilisation and sharing Co-production Low 3 N/A 

T3 CK utilisation (product selection) COC Low 4  20 

T4 CK utilisation and sharing Co-production Low 3 N/A 

T5 CK utilisation (product selection) COC Low 4  20 

T6 CK utilisation and sharing Co-production Low 3 N/A 

Table 32: Summary of the six common tasks according to CKM style and complexity 
influential factors. 
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Reviews NOTR 

T1  > 1 √      At least 2 positive 

reviews 

4 

  OR √     

T3         Positive reviews > 

Negative reviews 

4 

   √   √  OR equal 

T5         Positive reviews <= 

Negative reviews 

4 

    (not Least) √ √   

Table 33: Summary of the task requirements for COC tasks. 

In the COC tasks, the user was provided with scenarios in which information and 

knowledge usually found in COC contexts had to be evaluated and utilised, such as 

average ratings, intelligent advice and customer reviews. In the co-production tasks, the 

scenarios instructed the user to navigate to a particular (named) product to customise it 

and provided the user with full product customisation parameters. The task complexity 

levels were kept unchanged in style of CKMS, as COC tasks were regarded as 

equivalent to level 1 and co-production tasks to level 2 in the previous experiments. In 

this experiment, both regarded as level 1 as co-production was never simple. The six 

common tasks used for this experiment is described in Appendix F-1. 

5.5.1.1 COC Tasks 

Table 33 summarises the task requirements for COC tasks. It explains the use of CK 

categories and product features to design tasks in one complexity level. Detailed COC 

task requirements were provided to the user in a scenarios form (see Appendix F-1), in 

which the user is required to select a product with CK category and product features 

marked by (√). Scenarios differ from each other in a way that kept the complexity level 
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unchanged by providing the same number of task requirements (NOTR
19

=4) and the 

number of available selection (NOAS
20

=20). In T1, the scenario assumed that the user 

was looking for a product (phone) with particular preferences (4 preferences). This 

included an average rating greater than one point and as such the product should be 

among the Top 10 (Best Rated) or intelligent advice (Recommended) lists. In addition, 

there should be at least two reviewers have expressed a positive feeling about the 

product. In T3, the user preferences were that the product should be among the 

intelligent advice list (Recommended), offering a photography feature (Camera) and the 

number of positive reviews should be greater or equal to the negative ones. In T5, the 

user preferences included that the product status in the intelligent advice list should not 

be among the (Least Recommended) list; it should offer FM radio and MP3 player and 

the number of positive reviews should be greater than the negative ones. In summary, 

there were three COC tasks designed in one complexity level based on the two 

complexity factors (NOTR and NOAS). 

5.5.1.2 Co-production Tasks 

Co-production style tasks (T2, T4 and T6) assumed that the user intended to manipulate 

the parameters of specific tariffs (Vodafone Anytime 200, T-Mobile U-Fix 50 and 

Orange Racoon £25) respectively. The selection of these three tariffs was based on the 

similarity they have in terms of billing cost and product features. In T2, the scenario 

assumed that two trials were needed to be performed and each should reduce the cost 

between 20% and 35%. The range of cost reduction should be calculated based on the 

                                                 
19

 NOTR is one of the task complexity factors proposed by this study, and represents how many task 

requirements need to be fulfilled in order to consider the task as successfully completed (more details 

about NOTR and task complexity can be found in Section 3.6.1). 
20

 NAOS is one of the task complexity factors proposed by this study, and refers to the number of 

available products so that, when selected by the user, the task is regarded as accomplished (more details 

about NOTR and task complexity can be found in Section 3.6.1). 
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last approved trial. When it was the first one, it should be calculated based on the cost of 

the original tariff. Similar scenarios were proposed in T4 and T6, but the difference was 

in the range of reduction, where it was (25% - 40%) and (30% - 45%) respectively. 

5.5.2 Research Variables 

The research variables described in this section were dependent, independent and 

control.  

5.5.2.1 Dependent Variables 

There were five dependent variables measured by a questionnaire devised especially for 

this study. A full description of items used to develop the five constructs can be found 

in Appendix F-2. The following is a brief description of each construct (variable).  

DV 10: Perceived ease of use (PEOU): this was measured by a set of five items, 

including ease of use (EOU), ease of learning (EOL), flexibility of interaction 

(FOI), clarity of interaction (COI) and ease of interaction (EOI). 

DV 11: Perceived usefulness (PU): it was assessed by a set of five items, including 

usefulness of the system (UOS), convenience (CON), benefit of time saving 

(BTS), benefit of productivity (BOP) and benefit of accuracy (BOA). 

DV 12: Quality of contents (QOC): it was measured by a set of six items, including 

decent and correct content (DCC), ease of content understanding (ECU), 

logical and integral content (LIC), sufficient and reliable content (SRC) and 

overall satisfaction with content (SWC). 

DV 13: Cognitive trust: it was measured by five items, including trustworthiness of the 

vendor (TOV), attractiveness of the system (AOS), anticipation of needs (AON), 

impartiality of advices (IOA) and existence of personal interest (EPI). 
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DV 14: Behavioural intention: it was measured be a set of six items related to user 

intentions toward purchasing from the web-based system. This included 

intention to revisit the web-based system (IRV), intention to make a purchase 

from the system (IMP), intention to provide card details (ICD), intention to 

provide personal information (IPD), Resistance to intelligent analysis (RIA) 

and intention to bookmark and recommend (IBR). 

5.5.2.2 Independent Variables 

Two dependent variables were used. These are: 

IV 1: Interaction mode: this involved the three interaction modes explained in the last 

two chapters (VCKMS, MCKMS and ACKMS). 

IV 2: CKM styles: this included two conditions (COC and co-production). 

5.5.2.3 Control Variables 

This experiment replicated the control variables used in the previous experiments (see 

section 3.6.2.3). These control variables were system familiarity (the user‘s familiarity 

with the system), perceptual context, required tasks, learning effect and the contents of 

the system. In addition, this experiment introduced an additional control variable related 

to the usability condition under which the user‘s attitudes were measured. 

CV 7: Usability condition: the user‘s attitudes were measured under similar usability 

conditions. It was noticed during the previous experiments that the difference 

amongst the three interaction modes increases, as task complexity increases and 

the usability difference affected user attitude. Therefore, the difference in task 

complexity and system usability was controlled during this experiment by 

designing tasks in one complexity level (see Section 5.6). 
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Results from the previous experiments  

E-CKMS Effectiveness E-CKMS Efficiency 

Task Comparison Completion rate Completion time 

T1 (simple 

COC-based 

selection) 

VCKMS vs. MCKMS Identical (100%) Significantly different 

ACKMS vs. MCKMS Identical (100%) Insufficiently different 

ACKMS vs. VCKMS Identical (100%) Significantly different 

T5 (moderate 

co-production) 
VCKMS vs. MCKMS Significantly different Significantly different 

ACKMS vs. MCKMS Insufficiently different Insufficiently different 

ACKMS vs. VCKMS Significantly different Significantly different 

Table 34: Summary of usability differences between the VCKMS, MCKMS and ACKMS 
experimental systems according to T1 and T5 performed during the course of the 
previous experiments (see Sections 3.7.1.4, 3.7.2.4, 4.7.1.4 and 4.7.2.4), where the 
results of significant difference were highlighted. 

5.5.3 Usability Equalisation 

The main purpose of this section is to describe the enhancements made to VCKMS in 

order to ensure that the three interfaces were at the same usability level, especially in the 

performance of simple product selection and moderate co-production tasks. In fact, 

results obtained from the usability evaluation study (see Sections 4.7.1.4 and 4.7.2.4) 

indicated that levels of ACKMS task completion rate and time were equivalent to those 

for MCKMS with regard to the two tasks (T1 and T5). This inspired the creation of the 

six common tasks performed during the course of this experiment (See Section 4.7.1.4 

for completion rate and Section 4.7.2.4 for completion time). However, VCKMS has 

shown to be less effective and efficient than MCKMS and ACKMS. Table 34 

summarises the usability differences between the VCKMS, MCKMS and ACKMS 

according to T1 and T5 performed during the course of the previous experiments where 

the results of significant difference were highlighted.  
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Figure 31: Enhancements made to VCKMS COC and co-production interfaces. 
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In order to eliminate the effect of system usability on the user‘s attitude, it was rather 

important to enhance the way in which VCKMS present information to the user in the 

contexts of COC and co-production. In the COC context, it can be noticed that VCKMS 

differed considerably from MCKMS and ACKMS platforms regarding task completion 

time. Therefore, several enhancements were made to save the user‘s time, including 

enhancements to the product catalogue (i.e. average rating was introduced to the user 

graphically) and product information page (i.e. the attitude of each review writer was 

also presented graphically). Figure 31 illustrates VCKMS enhancements in the COC 

and co-production styles. In addition, a trial was conducted to ensure the equality of 

system usability and indicated that the usability level of VCKMS was equivalent to that 

for MCKMS and ACKMS with regard to the first complexity level of product selection 

in the COC context and co-production. 

In the co-production context, several additional features were introduced to improve 

both effectiveness and efficiency, namely coloured arrows to communicate comparison 

information. In the previous version of co-production interface (see Section 3.4.3), the 

only information communicated after the trial recalculation was the difference 

calculated from the original cost, which has shown to be incompatible with user 

expectations. Therefore, a considerable space of the co-production interface was 

dedicated to communicate the difference between pairs of trials by using graphical 

symbols (coloured arrows) and textual numeric data. In Figure 31 (a), it can be seen that 

a graphical representation of average rating was introduced in the production catalogue. 

In Figure 31 (b), several symbols were presented to communicate aspects that were not 

communicated in the previous version, such as direction of the difference between two 

trials. It can be noticed also that there were two comparison spaces allocated to the 
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difference from the comparison, including difference from the original cost and that 

from a particular trial (e.g. T3 shown in Figure 31). The default difference of each trial 

was calculated from the original cost of the bill, and it was stored with each trial with its 

arrow of direction whether cheaper or more expensive, as it was illustrated in the table. 

In Figure 31 (c), to save the user‘s time, the attitude of review writer was introduced in 

the product detail page using graphical symbols, happy and sad faced, coloured by 

green and red respectively. The happy green symbol face communicates the positive 

attitude of the writer, whereas the red sad face conveys the negative opinions. In 

summary, the impact of usability on users‘ attitudes was alleviated by making several 

enhancements to the VCKMS interface and designing tasks to be simple and easy. 

Moreover, results obtained from the trial supported this view, as the difference in task 

completion rate and time was found statistically insufficient. Therefore, it can be said 

the three interfaces were at the same usability level regarding the performance of tasks 

in complexity level 1.  

5.5.4 Sampling 

This experiment targeted regular internet users who have the basic experience with 

internet shopping to enable assessing and customising a product more effectively. The 

sample consisted of forty-eight participants who were selected randomly using the non-

probability sampling strategy, in which the probability of selecting an individual is 

unknown [171]. Within this strategy, the convenience-sampling method was followed to 

select participants, which targets a captive audience, such as university students, and 

this method is commonly used [171]. A full description of the sample can be found in 

Appendix F-3. Participants were assigned to six groups and instructed to accomplish the 

six common tasks using the three interaction metaphors (VCKMS, MCKMS and 
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ACKMS). The metaphor order was rotated and counterbalanced between participants in 

order to eliminate the task learning effect. Table 35 illustrates the six metaphor rotation 

schemes and users assigned to each scheme. 

5.5.5 Data Collection 

Data was collected by a questionnaire devised for this experiment and divided into three 

sections: pre-experimental, metaphor evaluation and post experimental. First, the pre-

experimental section consisted of user profile, experience profile and user disposition to 

trust. The user profile was composed of questions about age, level of education, and the 

experience profile included questions about average internet use, average time of 

internet use and frequency of product purchase from the internet. Disposition to trust 

section involved a set of general questions about the user perception of trust and faith on 

people and humanity. Secondly, metaphor evaluation section (post-task questions) was 

a general rating questionnaire that enabled users to express feelings about five general 

areas of technology acceptance: perceived ease of use, perceived usefulness, quality of 

content, cognitive trust (beliefs) and behavioural intentions. The user was required to 

fill this section by using a seven-point rating scale, upon the completion of each 

interaction mode in order to assess its metaphors.  
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9-17 VCKMS ACKMS MCKMS 

18-25 MCKMS VCKMS ACKMS 

26-32 MCKMS ACKMS VCKMS 

33- 40 ACKMS VCKMS MCKMS 

41-48 ACKMS MCKMS VCKMS 

Table 35: Experimental groups and metaphor rotation schemes. 
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Finally, the pre-experimental section consisted of three parts: assessment of COC 

metaphors, co-production metaphors and ranking of the most preferred metaphors. In 

COC and co-production metaphor assessment, the user was instructed to rate the 

usefulness, ease of use for each metaphor and rank the most preferred one in the two 

styles of CKM. A full description of the questionnaire items can be found in Appendix 

F-2. In addition, a full description of raw data obtained from this experiment is provided 

in appendices G-1 and G-2. 

5.6 Analysis of Results 

In this section, the analysis of results utilised three types of statistics: descriptive, 

inferential and reliability statistics [191]. Descriptive statistics were utilised to reveal 

patterns of data (i.e. similar to that used in Section 3.7), and inferential statistics were 

utilised to draw conclusions about the population. However, the analysis of data 

gathered during the course of this experiment exploited and introduced further statistics, 

such as paired t-test, repeated-measures ANOVA, Wilcoxon, Friedman and Cronbach‘s 

Alpha. Paired t-test (i.e. related t-test) is used to analyse data derived from within-

participants‘ experimental design, in which the same users perform under two 

conditions [194]. The repeated-measures ANOVA is also used in the same experimental 

design, but it is usually used to examine the difference among three conditions [195]. In 

this section, Paired t-test was used to examine the difference between two modes of 

interaction regarding a parametric variable, and repeated-measures ANOVA to test the 

statistical significance among the three modes of interaction with respect to a parametric 

variable. In addition, Wilcoxon and Friedman tests are non-parametric statistical test 

usually used to examine the differences in categorical data between two and three 

conditions respectively [192]. In this section, the existence of significant differences in 
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non-parametric variables was examined by Wilcoxon and Friedman test in the 

comparison between pairs of interaction modes and the comparison amongst all modes 

respectively. In addition, Cronbach Alpha (i.e. Cronbach‘s α) represents a coefficient of 

consistency, and evaluates reliability of summated scales with a critical value of 70% 

(α=0.7) [198]. Cronbach‘s α was also used to measure reliability of research instrument, 

and found that all constructs were reliable for use as predictor variables. In summary, 

further statistical tools and tests were introduced during the analysis of data obtained 

from this experiment, including inferential and reliability statistics.  

The remainder of this Chapter was organised into four sections. Section  5.6.1 presents 

the analysis of results related to user acceptance factors, including perceived use of use, 

perceived usefulness, content quality, cognitive trust and behavioural intention. Section 

 5.6.2 provides a detailed analysis of user rankings, including ratings of COC, co-

production perception of usefulness and ease of use and rankings of the most and least 

preferred interface with regard to the COC and co-production CKM styles. Discussion 

is provided in Section  5.7 and a summary in Section  5.9.1.  

5.6.1 User Acceptance  

Figure 32 shows mean values of perceived use of use (a), perceived usefulness (b), 

quality of contents (c), cognitive trust (d), behavioural intention (e) and overall (f) 

scores for using the VCKMS, MCKMS and ACKMS experimental systems. Regarding 

the reliability of scales, Cronbach‘s α results suggested that all user acceptance variables 

derived from summated scales were reliable, including PEOU (α=0.907), PU (α=0.916), 

QOC (α=0.873), CT (α=0.856), BI (α=0.842).  
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Figure 32: mean values of perceived ease of use (a), perceived usefulness (b), quality 
of contents (c), cognitive trust (d), behavioural intention (e) and overall (f) scores for 
using the VCKMS, MCKMS and ACKMS experimental systems. 

Overall, it can be seen in Figure 32 that the three experimental platforms were ordered 

as ACKMS, VCKMS and MCKMS with regard to the five factors of user acceptance. 

In Figure 32 (a), it can be noticed that the mean score of perceived ease of use varied 

considerably amongst the three interaction modes. The mean value for VCKMS was 

considerably greater (25%) than that for MCKMS and slightly lower (12%) than that for 

ACKMS, whereas the mean value for MCKMS was over three-quarters that for 

ACKMS. The paired t-test comparison showed that the difference in the score of 

perceived ease of use was found statistically significant between VCKMS and MCKMS 

(t47=4.9, cv=2.009, p<0.05), MCKMS and ACKMS (t47=8.6, cv=2.009, p<0.05), and 

VCKMS and ACKMS (t47=5.1, cv=2.009, p<0.05). In Figure 32 (b), there was a 

considerable variation between the mean score of perceived usefulness of the three 

experimental systems. It can be seen that the mean value of perceived usefulness for 

MCKMS was just three-quarters and two-third those for VCKMS and ACKMS 

respectively, whereas the mean score for VCKMS was slightly lower than that for 

ACKMS. This difference was statistically significant between VCKMS and MCKMS 

(t47=5.4, cv=2.009, P<0.05), MCKMS and ACKMS (t47=10, cv=2.009, p<0.05), as well 

as VCKMS and ACKMS (t47=5.3, cv=2.009, p<0.05). In Figure 32 (c), the levels of 
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quality of contents showed the same picture in VCKMS and MCKMS, but it was 

improved by ACKMS. The mean score of content quality was relatively constant in 

interaction mode 1 and mode 2, whereas mode 3 showed higher levels (17%-18%) of 

perceived quality. The variance in content quality did not reach statistical significance 

between interaction mode 1 and mode 2 (t47=0.3, cv=2.009, p>0.05), but it was found 

significant between MCKMS and ACKMS (t47=4.6, cv=2.009, p<0.05), and VCKMS 

and ACKMS (t47=5.2, cv=2.009, p<0.05). In Figure 32 (d), it can be seen that levels and 

trends of cognitive trust varied slightly amongst the VCKMS, MCKMS and ACKMS 

experimental systems. The mean value of cognitive trust for MCKMS and VCKMS was 

five-sixth and six-seventh that for ACKMS respectively, whereas the mean value of 

cognitive trust for MCKMS was slightly lower than that for VCKMS. Although the 

variation between levels of cognitive trust was very low, paired t-test results showed 

that the difference was significant between VCKMS and MCKMS (t47=2.1, cv=2.009, 

p<0.05), MCKMS and ACKMS (t47=7.7, cv=2.009, p<0.05), and VCKMS and ACKMS 

(t47=5.4, cv=2.009, p<0.05). In Figure 32 (e), the mean values of behavioural intention 

for MCKMS and VCKMS was almost four-fifth and five-sixth that that for ACKMS 

respectively, whereas the mean value for MCKMS was slightly lower (12%) than that 

for VCKMS. Results obtained from t-test suggested that the difference in behavioural 

intention was significant between VCKMS and MCKMS (t47=3.2, cv=2.009, p<0.05), 

MCKMS and ACKMS (t47=7.1, cv=2.009, p<0.05), and VCKMS and ACKMS (t47=4.4, 

cv=2.009, p<0.05). In Figure 32 (f), it can be seen that the variation in user acceptance 

was in favour of ACKMS over VCKMS and MCKMS. The mean value of user 

acceptance for ACKMS was slightly higher than VCKMS and considerably greater than 

MCKMS, whereas VCKMS showed to be 14% more acceptable than VCKMS. 

Furthermore, the difference in user acceptance reached statistical significance between 
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VCKMS and MCKMS (t47=4.2, cv=2.009, p<0.05), MCKMS and ACKMS (t47=9.6, 

cv=2.009, p<0.05), and VCKMS and ACKMS (t47=7, cv=2.009, p<0.05). In addition, 

results obtained from repeated-measures ANOVA indicated that the difference amongst 

the three experimental systems was statistically significant with regard to all aspects of 

user acceptance. This included PEOU (F=41.3, cv=3.07, p<0.05), PU (F=45.1, cv=3.07, 

p<0.05), QOC (F=12.9, cv=3.07, p<0.05), CT (F=26.6, cv=3.07, p<0.05), BI (F=20.4, 

cv=3.07, p<0.05) and overall scores (F=43.1, cv=3.07, p<0.05). In summary, levels of 

user acceptance indicated that ACKMS was the most acceptable interface to users, 

whereas MCKMS was the least.  

5.6.1.1 Perceived Ease of Use 

Table 36 shows the mode, frequency of the mode and mean values of the five aspects 

PEOU for using the VCKMS, MCKMS and ACKMS experimental systems. At first 

glance, there was a general strong agreement that ACKMS was easy to use and clear to 

interact with, whereas users‘ generally agreed that VCKMS was easy to use and learn 

and easy, flexible and clear to interact with. However, there was far less agreement 

among MCKMS regarding its ease of use and interaction ease, clarity and flexibility. 

Interface Value 
Aspects of perceived ease of use (Cronbach’s α=0.907) 

EOU EOL FOI COI EOI 

VCKMS 

Mode 6 6 6 6 6 

Frequency 44% 54% 46% 33% 33% 

Mean 5.67 5.48 5.83 5.69 5.73 

MCKMS 

Mode 5 6 5 5 5 

Frequency 33% 27% 35% 35% 38% 

Mean 5.04 4.90 4.71 4.46 4.60 

ACKMS 

Mode 7 6 6 7 7 

Frequency 52% 44% 42% 46% 44% 

Mean 6.46 6.23 6.08 6.29 6.23 

Table 36: The mode, frequency of the mode and mean values of the five aspects of 
Perceived Ease of Use (PEOU) for using the VCKMS, MCKMS and ACKMS 
experimental systems. 
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In Table 36, it can be seen that over half of ACKMS users agreed strongly that it was 

easy to use, compared to 44% of VCKMS users who agreed and 33% of MCKMS users 

who somewhat agreed. In addition, there was a general agreement that it was easy to 

learn how to interact with the three experimental systems, but with different percentages 

(ACKMS=43%, MCKMS=27% and VCKMS=54%). Furthermore, analysis of 

responses indicated that 42% of ACKMS users and 46% of VCKMS users agreed that 

the two systems were flexible to interact with, whereas 35% of MCKMS somewhat 

agreed that the interaction was flexible. User responses obtained from interaction ease 

and clarity statements, in addition, indicated that the strength of user agreement declined 

from ACKMS, VCKMS and MCKMS. Users strongly agreed that it was easy (44%) 

and clear (46%) to interact with ACKMS, agreed with regard to VCKMS interaction 

ease (33%) and clarity (33%), and somewhat agreed that MCKMS interaction was easy 

(38%) and clear (35%). In brief, the general strong agreement that ACKMS was 

perceived as easier to use and interact with suggested that it was the easiest most 

flexible mode of interaction, whereas MCKMS was the least and VCKMS lay in the 

middle between them.  

5.6.1.2 Perceived Usefulness 

Table 37 shows the mode, frequency of the mode and mean values of the five aspects of 

PU for using the VCKMS, MCKMS and ACKMS experimental systems. As the 

analysis of mode values does not show the variation clearly, it can be seen from the 

mean values that ACKMS was perceived as the most useful interaction mode, whereas 

MCKMS was the least.  
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Interface Value 
Aspects of perceived usefulness (Cronbach’s α=0.916) 

UOS CON BTS BOP BOA 

VCKMS 

Mode 6 6 6 6 6 

Frequency 33% 46% 48% 46% 33% 

Mean 5.60 5.65 5.63 5.29 5.29 

MCKMS 

Mode 4 5 6 5 4 

Frequency 31% 40% 31% 27% 33% 

Mean 4.46 4.48 4.52 4.31 4.40 

ACKMS 

Mode 6 7 6 6 6 

Frequency 48% 48% 40% 50% 44% 

Mean 6.10 6.27 6.06 6.00 6.19 

Table 37: The mode, frequency of the mode and mean values of the five aspects of 
Perceived Usefulness (PU) for using the VCKMS, MCKMS and ACKMS experimental 
systems. 

Users‘ responses indicated that ACKMS was the most useful mode, because almost half 

of the sample agreed that ACKMS was useful, compared to one-third of the sample that 

agreed that the VCKMS was useful, and 31% had neutral feeling regarding the 

usefulness of MCKMS. In addition, ACKMS was perceived as the most convenient 

interface, VCKMS came next and MCKMS was the least. In fact, almost half of the 

sample agreed strongly that ACKMS was convenient, 46% agreed in VCKMS and 40% 

somewhat agreed in MCKMS. In the BTS factor, it can be noticed from the mean values 

that there was a steady increase in the BTS levels, in which the ACKMS scored the 

highest and MCKMS scored the lowest. Analysis of the mode values showed that users 

agreed that the three interaction modes were beneficiary with regard to time saving, but 

with different percentages (VCKMS=48%, ACKMS=40% and MCKMS=31%). In 

addition, it can be noticed that half of the sample agreed that productivity was improved 

by ACKMS and VCKMS, whereas 27% of the users somewhat agreed regarding the 

contribution of MCKMS toward productivity improvement. The last column in Table 

37 shows that perception of accuracy varied considerably amongst the three interaction 

modes in favour of ACKMS over VCKMS and MCKMS. It can be also noticed that 

44% and 33% of the users agreed that accuracy was supported by ACKMS and 
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VCKMS respectively, compared to 33% of the users feeling neutral about MCKMS 

accuracy improvement. In brief, it can be seen that the three interaction modes differed 

considerably with respect to all factors of usefulness perception, apart from the benefit 

of time saving between VCKMS and ACKMS.  

5.6.1.3 Quality of Contents  

Table 38 shows the mode, frequency of the mode, mean values of the five aspects of 

contents quality for using the VCKMS, MCKMS and ACKMS experimental systems. It 

can be seen that VCKMS was similar to MCKMS with regard to perception of content 

quality, whereas ACKMS was perceived to be by far of higher quality. In DCC, 48% 

and 38% of the users agreed that the content provided by VCKMS and MCKMS 

respectively was decent and correct, whereas only 42% of ACKMS agreed strongly. 

Similarly, in ECU, 48% and 35% of the users agreed that it was easy to understand the 

contents provided by VCKMS and MCKMS respectively, compared to 48% of ACKMS 

users who strongly agreed. In LIC, users agreed that the contents provided by the three 

interaction modes was logical and integral, but with a difference in agreement 

percentages (VCKMS=44%, MCKMS=52%, ACKMS=44%). 

Interface Value 
Aspects of contents quality (Cronbach’s α=0.873) 

DCC ECU LIC SRC SWC 

VCKMS 

Mode 6 6 6 5 6 

Frequency 48% 48% 44% 44% 38% 

Mean 5.48 5.56 5.40 5.08 5.21 

MCKMS 

Mode 6 6 6 6 6 

Frequency 38% 35% 52% 35% 38% 

Mean 5.38 5.06 5.44 5.29 5.27 

ACKMS 

Mode 7 7 6 7 7 

Frequency 42% 48% 44% 33% 46% 

Mean 6.06 6.21 6.17 5.83 6.10 

Table 38: The mode, frequency of the mode and mean values of the five aspects of 
content quality for using the VCKMS, MCKMS and ACKMS experimental systems. 



217 

 

Interface Value 
Aspects of cognitive trust (Cronbach’s α=0.856) 

TOV AOS AON IOA EPI 

VCKMS 

Mode 5 6 6 6 6 

Frequency 42% 54% 50% 54% 33% 

Mean 4.92 5.63 5.48 5.52 4.88 

MCKMS 

Mode 5 6 5 5 6 

Frequency 44% 44% 48% 42% 42% 

Mean 4.67 5.19 4.81 5.06 5.17 

ACKMS 

Mode 6 7 7 6 6 

Frequency 48% 50% 38% 35% 44% 

Mean 6.10 6.35 6.04 5.77 6.02 

Table 39: The mode, frequency of the mode and mean values of the five aspects of 
cognitive trust for using the VCKMS, MCKMS and ACKMS experimental systems. 

In SRC, it was perceived that the content provided by ACKMS was sufficient and 

reliable more than that provided by MCKMS and VCKMS. In particular, 33% of the 

users agreed strongly that ACKMS provided sufficient and reliable contents, compared 

to 35% of MCKMS users and 44% of VCKMS users who agreed and somewhat agreed 

respectively. In SWC, the overall satisfaction with contents provided by ACKMS was 

by far greater than that for both VCSKM and MCKMS, as 46% of the users agreed 

strongly, compared to 38% agreed in both VCKMS and MCKMS. In brief, although the 

same content was provided, it was perceived as of a higher quality in ACKMS, 

compared to VCKMS and MCKMS. 

5.6.1.4 Cognitive Trust 

Table 39 shows the mode, frequency of the mode and mean values of the five aspects of 

cognitive trust for using the VCKMS, MCKMS and ACKMS experimental systems. 

Overall, it can be seen that the three interaction modes differed considerably in favour 

of ACKMS over VCKMS and MCKMS with respect to cognitive trust factors. In TOV, 

it can be seen that VCKMS and MCKMS showed the relatively same level of 

trustworthiness, as 42% and 44% of the users somewhat agreed that the vendor gave the 

impression that it was trustworthy respectively, compared to 48% agreed in ACKMS. In 
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AOS, half of the users agreed strongly that ACKMS was attractive, compared with 54% 

and 44% of the users agreed regarding VCKMS and MCKMS interface paradigm 

respectively. In AON, it can be seen that 38% of the users agreed strongly that ACKMS 

gave the impression that it anticipated customer needs, compared to half of the sample 

agreed in VCKMS and 48% of the users somewhat agreed in MCKMS. In IOA, it can 

be noticed that ACKMS provided relatively as impartial advices as ACKMS, as the 

users agreed that the advices provided by the two systems was impartial, whereas 42% 

of the users somewhat agreed. In EPI, the users believed that there was a personal 

interest in doing business with regard to the three interaction modes, but with different 

percentages (VCKMS=33%, MCKMS=42% and ACKMS=44%). In summary, levels of 

cognitive trust involved variation amongst the three interaction modes, particularly 

supporting ACKMS over VCKMS and MCKMS.  

5.6.1.5 Behavioural Intention 

Table 40 shows the mode, frequency of the mode, mean values of the six aspects of 

behavioural intention toward using the VCKMS, MCKMS and ACKMS experimental 

systems.  

Interface Value 
Aspects of behavioural intention (Cronbach’s α=0.842) 

IRV IMP ICD IPD RIA IBR 

VCKMS 

Mode 6 6 6 6 6 6 

Frequency 52% 52% 40% 46% 40% 48% 

Mean 5.65 5.79 4.77 5.31 4.85 5.48 

MCKMS 

Mode 5 6 5 5 5 5 

Frequency 38% 40% 40% 48% 38% 48% 

Mean 4.83 4.96 4.50 4.88 4.83 5.15 

ACKMS 

Mode 7 6 6 6 6 6 

Frequency 48% 48% 40% 42% 48% 56% 

Mean 6.29 6.02 5.60 5.96 5.73 6.08 

Table 40: The mode, frequency of the mode and mean values of the six aspects of 
behavioural intention toward using the VCKMS, MCKMS and ACKMS experimental 
systems. 
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At a glance, the intention toward using ACKMS has shown to be greater than that for 

MCKMS and VCKMS. In IRV, 48% of the users agreed strongly that they were likely 

to revisit the interface in the future, compared to 38% who agreed in MCKMS and 52% 

who somewhat agreed in VCKMS. In IMP, there was a general agreement among the 

users that they were likely to make a purchase from the three systems, but with different 

percentages (VCKMS=52%, ACKMS=48% and MCKMS=40%). The analysis of mean 

values of IMP shows that ACKMS scored the highest intention, whereas MCKMS 

scored the least. In ICD, 40% of the users agreed that they were likely to provide 

ACKMS and VCKMS with their credit card details, compared to 40% who gave some 

agreement in MCKMS. In IPD, over 40% of the users agreed that it was likely that they 

would provide ACKMS and VCKMS with their personal details, in comparison with 

48% who somewhat agreed in MCKMS. In RIA, almost half of the sample agreed that it 

would not be acceptable to have their historical purchases and navigational activities 

analysed by ACKMS, compared to 40% who agreed in VCKMS and 38% somewhat 

agreed in VCKMS. In IBR, over half of the users agreed that they would be likely to 

bookmark ACKMS and recommend it to a friend, whereas 48% of the users somewhat 

agreed in MCKMS. In summary, it can be said that the greatest intention to use was 

associated with ACKMS, whereas MCKMS recoded the least.  

5.6.1.6 Inferential Statistics 

The purpose of this section is to describe results obtained from inferential statistics, like 

the Wilcoxon and Friedman statistical test. This type of tests is useful to make inference 

about the population from which the sample was drawn. Wilcoxon test was used to 

examine the difference between two conditions, whereas Friedman test was used to 

examine the difference among the three interfaces.  
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 Paired comparison - (two related samples) K related samples 

Test Wilcoxon Friedman 

(n=48, cv=1.96) (df=2, cv=5.99) 

 Note: results with insufficient significance were suffixed by (*). 

 Mode (1,2) Modes (1,3) Modes (2,3) Modes (1,2 and 3) 
P

E
O

U
 

EOU z=2.4, p<0.05 z=4.5, p<0.05 z=4.9, p<0.05 χ
2
=36.2, p<0.05 

EOL z=2.2, p<0.05 z=3.8, p<0.05 z=4.6, p<0.05 χ
2
=29.2, p<0.05 

FOI z=3.9, p<0.05 z=1.2, p>0.05 (*) z=4.9, p<0.05 χ
2
=29.9, p<0.05 

COI z=3.9, p<0.05 z=3.1, p<0.05 z=5.4, p<0.05 χ
2
=40.7, p<0.05 

EOI z=4.2, p<0.05 z=2.8, p<0.05 z=5.4, p<0.05 χ
2
=41.1, p<0.05 

P
U

 

UOS z=4.3, p<0.05 z=2.7, p<0.05 z=5.3, p<0.05 χ
2
=36.2, p<0.05 

CON z=4.5, p<0.05 z=3.6, p<0.05 z=5.5, p<0.05 χ
2
=48.7, p<0.05 

BTS z=3.8, p<0.05 z=1.8, p>0.05 (*) z=4.8, p<0.05 χ
2
=31.7, p<0.05 

BOP z=3.7, p<0.05 z=3.7, p<0.05 z=5.3, p<0.05 χ
2
=41.7, p<0.05 

BOI z=2.9, p<0.05 z=3.9, p<0.05 z=5.2, p<0.05 χ
2
=45.2, p<0.05 

Q
O

C
 

DCC z=0.6, p>0.05 (*) z=2.9, p<0.05 z=2.8, p<0.05 χ
2
=19.5, p<0.05 

ECU z=1.9, p>0.05 (*) z=3.3, p<0.05 z=4.3, p<0.05 χ
2
=25.2, p<0.05 

LIC z=0.3, p>0.05 (*) z=4.4, p<0.05 z=3.4, p<0.05 χ
2
=26.3, p<0.05 

SRC z=0.8, p>0.05 (*) z=3.1, p<0.05 z=2.3, p<0.05 χ
2
=13.6, p<0.05 

SWC z=0.5, p>0.05 (*) z=3.7, p<0.05 z=3.6, p<0.05 χ
2
=23.1, p<0.05 

C
T

 

TOV z=1.0, p>0.05 (*) z=4.5, p<0.05 z=5.6, p<0.05 χ
2
=46.9, p<0.05 

AOS z=2.2, p<0.05 z=3.6, p<0.05 z=5.6, p<0.05 χ
2
=36.5, p<0.05 

AON z=3.2, p<0.05 z=2.8, p<0.05 z=4.5, p<0.05 χ
2
=29.2, p<0.05 

IOA z=2.1, p<0.05 z=1.3, p>0.05 (*) z=3.9, p<0.05 χ
2
=10.2, p<0.05 

EPI z=1.1, p>0.05 (*) z=4.3, p<0.05 z=3.7, p<0.05 χ
2
=27.5, p<0.05 

B
I 

IRV z=3.7, p<0.05 z=3.3, p<0.05 z=5.1, p<0.05 χ
2
=38.1, p<0.05 

IMP z=3.6, p<0.05 z=1.1, p>0.05 (*) z=4.4, p<0.05 χ
2
=24.6, p<0.05 

ICD z=1.5, p>0.05 (*) z=3.2, p<0.05 z=4.1, p<0.05 χ
2
=21.2, p<0.05 

IPD z=2.2, p<0.05 z=2.3, p<0.05 z=4.6, p<0.05 χ
2
=28.4, p<0.05 

RIA z=0.4, p>0.05 (*) z=3.5, p<0.05 z=3.9, p<0.05 χ
2
=21.9, p<0.05 

IBR z=1.5, p>0.05 (*) z=3.7, p<0.05 z=4.3, p<0.05 χ
2
=26.9, p<0.05 

Table 41: Results obtained from Wilcoxon and Friedman statistical test according to 
PEOU, PU, QOC, CT and BI factors.  

Table 41 shows results obtained from Wilcoxon and Friedman statistical test according 

to PEOU, PU, QOC, CT and BI. The paired comparison between pairs of interaction 

modes utilised Wilcoxon statistical test, whereas the overall difference among the three 

modes of interaction was examined by Friedman statistical test. Overall, it can be 

noticed that the paired comparison between interaction mode 2 and 3, as well as the 

overall comparison amongst the three modes has shown to be statistically significant 
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with regard to all aspect of PEOU, PU, QOC, CT and BI. However, in some of the 

paired comparisons between Interaction modes 1 and 2, as well as modes 1 and 3 did 

not reach statistical significance regarding a few aspects of PEOU, PU, QOC, CT and 

BI. In PEOU, the difference reached statistical significance amongst all interaction 

modes with regard to all aspects of PEOU, except in the flexibility of interaction 

between VCKMS and ACKMS. In PU, the paired and overall comparisons showed 

statistical significance in terms of the five PU factors, apart from the perception of time 

saving between VCKMS and ACKMS.  

In QOC, there was a significant difference between ACKMS and the other two 

platforms, i.e. both VCKMS and MCKMS, which was relatively consistent with each 

other regarding the user perception of content quality. In CT, the comparison between 

the systems regarding aspects of CT showed significant differences, apart from those 

between VCKMS and MCKMS regarding TOV and EPI, as well as VCKMS and 

ACKMS regarding IOA. 

 
Figure 33: Mean values of overall score, perceived usefulness (PU) and perceived 
ease of use (PEOU) according to the COC (a) and co-production (b) CKM styles, with 
the value for using the VCKMS, MCKMS and ACKMS experimental systems. 
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In BI, apart from the differentiation between VCKMS and MCKMS as regards ICD, 

RIA and IBR as well as between VCKMS and ACKMS regarding IMP, the variance in 

aspects of behavioural intention was significant in the pair and overall comparisons. In 

summary, it can be said that the statistical significance was found in the paired 

comparison between modes 2 and 3, as well as the overall comparison with respect of 

all factors of user acceptance and its related items. However, still there were several 

paired comparisons, especially those for VCKMS, which did not reach statistical 

significance with regard to the few items related to PEOU, PU, QOC, CT and BI. 

5.6.2 User Ranking 

Figure 33 shows the mean ranking values of overall score, perceived usefulness (PU) 

and perceived ease of use (PEOU) according to COC (a) and co-production (b) CKM 

styles using the VCKMS, MCKMS and ACKMS experimental systems. At first glance, 

ACKMS can be considered as the most useful and easiest interface in the contexts of 

both co-production and COC, whereas VCKMS was the next preferred and MCKMS 

was perceived as the least.  

In Figure 33 (a), it can be seen that the mean value of overall COC score for MCKMS 

was almost four-fifth that for VCKMS and just two third that for ACKMS, whereas the 

mean value for ACKMS was slightly higher (15%) than that for VCKMS. In fact, the 

mean value of PU in the context of COC for MCKMS was 19% and 42% lower than 

that for VCKMS and ACKMS respectively. In addition, the mean value of COC PU for 

ACKMS was higher (19%) than that for VCKMS. In PEOU, the mean value of PEOU 

in the context of COC for MCKMS was three-quarters that for VCKMS and almost 

50% lower than that for ACKMS, whereas the mean value for ACKMS was slightly 

higher (12%) than that for VCKMS. In addition, the difference in overall score was 
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found significant not only in the paired comparison between VCKMS and MCKMS 

(t47=5.2, cv=2.009, p<0.05), VCKMS and ACKMS (t47=5.5, cv=2.009, p<0.05) and 

MCKMS and ACKMS (t47=12.1, cv=2.009, p<0.05), but also in the overall comparison 

amongst all interfaces (F=6.4, cv=3.07, p<0.05). In summary, it can be said that 

ACKMS was the most useful and easiest COC interface, while MCKMS was ranked as 

the least. 

In Figure 33 (b), levels of overall score, PU and PEOU in the context of co-production 

showed relatively identical variation to that for COC. The mean value of overall score 

for MCKMS was almost three quarters that for VCKMS and just two third that for 

ACKMS, whereas the mean value of VCKMS score was five-sixth that for ACKMS. In 

fact, the mean value of PU in the context of co-production for ACKMS was 56% and 

15% higher than that for MCKMS and VCKMS respectively, whereas the mean value 

for MCKMS was three-quarters that for VCKMS. In PEOU of the co-production 

interface, the mean value for VCKMS was considerably greater (33%) than that for 

MCKMS and slightly lower (13%) than that for ACKMS, whereas the mean value for 

ACKMS was 53% higher than that for MCKMS. Furthermore, the difference has 

reached a statistical significance not only during the paired comparisons of VCKMS 

and MCKMS (t47=6.7, cv=2.009, p<0.05), VCKMS and ACKMS (t47=5.7, cv=2.009, 

p<0.05) and MCKMS and ACKMS (t47=11.3, cv=2.009, p<0.05), but also in the overall 

comparison amongst all modes of interaction (F=73.7, cv=3.07, p<0.05). In summary, 

ACKMS has shown to be the most useful and easiest among the three modes with 

regard to COC and co-production styles, followed by VCKMS in the second place, 

whereas MCKMS was perceived as the least. 
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 Statistical tests 

Wilcoxon (Paired comparison) Friedman 

Critical values n=48, cv=1.96 df=2, cv=5.99 

 Note: results with insufficient significance were suffixed by (*). 

Comparison Modes (1, 2) Modes (1, 3) Modes (2, 3) Modes (1, 2, 3) 

COC PU z=3.3, p<0.05 z=4.9, p<0.05 z=5.4, p<0.05 χ
2
=51.2, p<0.05 

PEOU z=4.4, p<0.05 z=3.2, p<0.05 z=5.5, p<0.05 χ
2
=47.1, p<0.05 

Co-

Production 
PU z=4.9, p<0.05 z=4.3, p<0.05 z=5.7, p<0.05 χ

2
=60.8, p<0.05 

PEOU z=4.3, p<0.05 z=4.0, p<0.05 z=5.5, p<0.05 χ
2
=50.9, p<0.05 

Table 42: Results obtained from Wilcoxon and Friedman statistical test for PU and 
PEOU according to COC and co-production styles  

Table 42 shows the results obtained from Wilcoxon and Friedman statistical test for PU 

and PEOU according to COC and co-production styles. It can be seen from the table 

that the paired comparisons (i.e. Wilcoxon results) showed a significant difference 

amongst the three systems with respect to PU and PEOU according to the two styles of 

CKMS (i.e. COC and co-production). In addition, the overall comparisons (Friedman 

results) suggested that the three experimental platforms differed considerably in terms 

of COC PU and PEOU, and co-production PU and PEOU.  

Figure 34 shows the mean values of user preference according to the COC (a) and co-

production (b) CKM styles for using the VCKMS, MCKMS and ACKMS experimental 

systems. Overall, it can be seen that ACKMS was ranked as the most preferred 

interfaces for both COC and co-production styles whereas MCKMS was ranked as the 

third. In Figure 34 (a), it can be said that 90% of the users preferred ACKMS the most 

as a COC interface, compared to 10% to VCKMS. VCKMS was actually ranked to be 

the second preferred COC interface after ACKMS by 71% of the users, compared to 

19% to MCKMS and 10% to ACKMS. In addition, the least preferred COC interface 

was ranked to be MCKMS by 81% of the users, in comparison with 19% to VCKMS.  
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Figure 34: Mean values of user preference ranking according to the COC (a) and co-
production (b) CKM styles for using the VCKMS, MCKMS and ACKMS experimental 
systems. 

In Figure 34 (b), it can be seen that 90% of the users have selected ACKMS as the most 

preferred co-production interface, in comparison with 10% given to VCKMS. In the 

second preferred interface, 77% of the users ranked VCKMS in the second place after 

ACKMS, compared to 13% to MCKMS and 10% to ACKMS. In the third preferred 

interface, 88% of the users ranked MCKMS as the least preferred interfaces, compared 

with 13% given to VCKMS. In summary, it can be concluded that ACKMS was the 

most preferred interface (by 90% of the users) for both COC and co-production, and 

VCKMS became the next preferred interface for COC (71%) and co-production (77%). 

On the other hand, MCKMS was ranked as the least proffered platform for both COC 

(81%) and co-production (88%).  

5.7 Discussion 

The main purpose of this section is to review the acceptance and rejection status of 

experimental hypotheses. The acceptance of a hypothesis relied on inferential statistics 

presented in Sections 5.6.1 and 5.6.2. By reviewing the experimental hypothesis 

examined in this experiment (see Section 5.4), the hypotheses (H27-H32) were divided 

into two parts: part (a) and part (b). The former refers to the comparison between 
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ACKMS and VCKMS, and the latter refers to the comparison between MCKMS and 

VCKMS.  

The sub-hypothesis H27 (a), which states that ACKMS will be perceived as more 

acceptable to users than VCKMS, was accepted at 0.05 significance level and the null 

hypothesis was rejected (see Section 5.6.1). However, the sub-hypothesis H27 (b), 

which states that MCKMS will be perceived as more acceptable to users than VCKMS, 

was rejected at 0.05 significance level and the null hypothesis was accepted (see Section 

5.6.1). Similarly, the sub-hypothesis H28 (a), which states that ACKMS will be 

perceived as more useful and easier to use than VCKMS, was accepted at 0.05 

significance level and the null hypothesis was rejected (see Section 5.6.1). However, the 

sub-hypothesis H28 (b), which states that MCKMS will be perceived as more useful 

and easier to use than VCKMS was rejected at 0.05 significance level and the null 

hypothesis was accepted (see Section 5.6.1). Furthermore, the sub-hypothesis H29 (a), 

which states that ACKMS will be perceived as more trustworthy than VCKMS, was 

accepted at 0.05 significance level and the null hypothesis was rejected (see Section 

5.6.1). However, the sub-hypothesis H29 (b), which states that MCKMS will be 

perceived as more trustworthy than VCKMS, was rejected at 0.05 significance level and 

the null hypothesis was accepted (see Section 5.6.1). Regarding the quality of contents, 

the sub-hypothesis H30 (a), which states that the contents provided by ACKMS will be 

perceived as of higher quality than VCKMS, was accepted at 0.05 significance level and 

the null hypothesis was rejected (see Section 5.6.1). However, the sub-hypothesis H29 

(b), which states that the contents provided by MCKMS will be perceived as of higher 

quality than VCKMS, was rejected at 0.05 significance level and the null hypothesis 

was accepted (see Section 5.6.1). In summary, the ACKMS was perceived as the most 
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accepted to users interface with regard to every single measurement element included in 

this study as opposed to VCKMS and MCKMS. In addition, the VCKMS was perceived 

to be more acceptable than MCKMS with regard to the majority of evaluation factors. 

The sub-hypothesis H30 (a), which states that Co-production with ACKMS will be 

perceived as more useful, easier to use and preferred than with VCKMS, was accepted 

at 0.05 significance level and the null hypothesis was rejected (see Section 5.6.2). 

However, the sub-hypothesis H30 (b), which states that Co-production with MCKMS 

will be perceived as more useful, easier to use and preferred than with VCKMS, was 

rejected at 0.05 significance level and the null hypothesis was accepted (see Section 

5.7.2). Similarly, the sub-hypothesis H31 (a), which states that ACKMS will be 

perceived as more useful, easier to use and more preferred than VCKMS with regard to 

knowledge utilisation in the context of COC, was accepted at 0.05 significance level 

and the null hypothesis was rejected (see Section 5.6.2). However, the sub-hypothesis 

H30 (b), which states that MCKMS will be perceived as more useful, easier to use and 

more preferred than VCKMS with regard to knowledge utilisation in the context of 

COC, was rejected at 0.05 significance level and the null hypothesis was accepted (see 

Section 5.6.2). In summary, the ACKMS was ranked to be the most acceptable and 

preferred interface amongst the interfaces with regard to perceived usefulness and ease 

of use. In addition, the VCKMS was ranked to be more acceptable and preferred than 

MCKMS in this regard. 

It can be noticed from the review of experimental hypotheses that the part (a) sub-

hypotheses were accepted and the part (b) sub-hypotheses were rejected. The reasons 

behind rejecting the sub-hypotheses that compare MCKMS with VCKMS are that they 

were formulated based on two key assumptions: usability effect and intuitive ideas. In 
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the first assumption, it was proved in the first two experiments (see Chapters 3 and 4) 

that the user‘s attitudes toward using MCKMS were more positive than those for 

VCKMS, due to usability considerations. In the second assumption, it was intuitively 

true that reinforcing the visual metaphors with additional auditory metaphors will enrich 

and improve the interaction experience. It can be noticed that MCKMS incorporated 

visual metaphors (i.e. text and graphics) already used in VCKMS with an additional 

reinforcement of audio-visual stimuli (speech, earcons and auditory icons). Therefore, it 

can be said that angles from which the three experimental platforms were evaluated in 

this chapter were different from those in the previous two chapters. The usability study 

(Chapters 3 and 4) assumed a prolonged interaction between the user and MCKMS 

under any circumstance (usability attitude), whereas the user acceptance study 

investigated the user‘s first impression (initial attitude). In real life situations, both 

initial and usability attitudes are important, but the user tends to abandon interfaces of 

initial negative impression. In MCKMS, the first impression of users indicated that it 

was noisy and confusing, but with the frequent use, users became more adapted. This 

adaptation improves knowledge utilisation, and hence tasks are completed, particularly 

the more complex tasks. In summary, this experiment measured user acceptance which 

reflects initial user attitudes.  

5.8 Overall Discussion of Experimental Work 

The main purpose of this empirical investigation was to assess the effect of 

incorporating multimodal interaction metaphors into E-CKMS interfaces in terms of 

usability, user trust, knowledge and acceptance. In order to address this aim, two 

multimodal experimental platforms were implemented and compared to a control 

visual-only (text with graphics) system in terms of effectiveness, efficiency, users‘ 
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satisfaction, perception of trust, knowledge and acceptance. This study contributes to 

the literature of CKM, especially to the manner in which knowledge is communicated to 

the user and introduces CKM as a new application domain of multimodal metaphors. 

Typically, the implementation of E-CKMS encounters knowledge hoarding, lack of 

trust and information overload, but the introduction of multimodal E-CKMS interfaces 

had the potential to address these issues, because the multimodal approach has been 

shown to be useful in other disciplines [3, 4, 13, 28, 31, 170]. This hypothesis was 

examined and the investigation demonstrated that the use of multimodal metaphors 

contributes positively toward effectiveness, efficiency, users‘ satisfaction, trust, 

knowledge and acceptance. The work carried out to investigate the impact of 

multimodal metaphors on E-CKMS usability and user attitudes and knowledge was 

divided into two main studies. The first study evaluated usability of three E-CKMS 

interaction modes, alongside with aspects related to user trust and knowledge, whereas 

the second study assessed user acceptance of the three interaction modes under similar 

usability conditions. Evaluation of user attitudes was a common aspect of the two 

studies, but the latter evaluated it more extensively and under similar usability 

conditions. In fact, results suggested that using multimodal metaphors to communicate 

knowledge improved usability of E-CKMS. Combining facial modalities alongside with 

speech and earcons to communicate product related knowledge and information, has a 

positive effect on both E-CKMS usability and user attitudes, due to the role of its social 

presence. Therefore, it is essential to designers of E-CKMS interface to be aware of the 

potential of, and foster multimodal interaction, not as an alternative approach to the 

visual communication of knowledge, but as a complementing method. 
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 Metaphors Ranking 

Evaluation Domain VCKMS MCKMS ACKMS 

Ability to recall (Knowledge) 3 2 1 

Ability to use knowledge effectively (Effectiveness) 3 2 1 

Ability to use knowledge efficiently (Efficiency) 3 2 1 

Extended usability user attitudes 3 2 1 

User acceptance (Application of TAM) 2 3 1 

Table 43: Summary of experimental ranking results according to the five evaluation 
domains using the VCKMS, MCKMS and ACKMS experimental systems. 

5.8.1 Interaction Mode 

Table 43 summarises the experimental ranking results according to five evaluation 

domains using the VCKMS, MCKMS and ACKMS experimental systems. The 

evaluation coved five basic domains: ability to recall, ability to use knowledge 

effectively, ability to use knowledge efficiently, extended usability user attitudes and 

user acceptance. It can also be seen that the three interaction modes were ranked from 

one to three in which the former refers to the best suitable, and the latter denotes the 

least suitable interface, particularly within the scope of this study. The method of 

metaphor ranking relied on the inferential statistics to determine the significance and the 

descriptive statistics to perform comparisons between the levels of the three interaction 

modes regarding the factor under consideration [67]. At a glance, it can be noticed that 

the MCKMS was ranked as the second and the VCKMS as the third in all evaluation 

domains, apart from the evaluation of user acceptance. What was interesting is that 

there was a consistency among the five evaluation domains with regard to the ACKMS 

ranking as the first interaction mode.  

First, the evaluation of user ability to recall measured the memorability of knowledge 

communicated by different metaphors, and found that the two multimodal platforms 

(ACKM and MCKMS) were ranked to have a higher influence on user ability to recall. 



231 

 

In fact, the multimodal approach relied on the communication of knowledge using more 

than one channel (auditory and visual channel), which has been demonstrated to be 

useful to strengthen the short or working memory. Therefore, it can be concluded that 

the use of multimodal metaphors contributed positively to the ability to recall (see 

Sections 3.7.3 and 4.7.3). In particular, the effect of ACKMS on user knowledge was 

ranked to be higher than MCKMS, due to the use of avatars with facial expressions and 

simultaneous communication of knowledge and information. Therefore, it can be also 

concluded that the multimodal combination of speech, earcons and avatars with facial 

expressions outperformed the combination of speech, earcons and auditory icons with 

regard to aiding user ability to recall (see Section 4.7.3). In summary, the user‘s ability 

to recall was improved by the use of audio-visual metaphors, especially avatar-enhanced 

multimodal metaphors. 

Secondly, the user‘s ability of using knowledge effectively reflected the analysis of E-

CKMS effectiveness, in which the task completion and accuracy was linked to the 

utilisation of communicated knowledge to generate accurate outcomes. It can be seen 

from Table 43 that the two multimodal systems were ranked as higher than the visual-

only system with regard to supporting the effective use of knowledge (see Sections 

3.7.1.1 and 4.7.1.1). Therefore, it can be concluded that the use of multimodal 

metaphors contributed positively to the effectiveness of knowledge application. In 

particular, using expressive avatar alongside with speech and earcons has been shown to 

be particularly contributing toward the accuracy of user performance, compared to 

MCKMS (see Section 4.7.1.1). Therefore, it can be concluded that ACKMS aided users 

to utilise knowledge more effectively than MCKMS. In brief, the user‘s ability to use 
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knowledge effectively was improved by the use of multimodal metaphors, especially 

avatar-enhanced multimodal metaphors. 

Thirdly, it can be noticed from Table 43 that the two multimodal systems outperformed 

the visual-only knowledge representation system with respect to the efficient use of 

knowledge. In fact, the use of multimodal metaphors reduced the mental workload, the 

use of resources required for task accomplishment, such as number of actions, user 

effort, time, committed errors and computing capabilities (see Table 17 and Sections 

3.7.2 and 4.7.2). The two multimodal modes communicated knowledge directly from 

product catalogues (see Section 4.4.2), which considerably reduced the effort and time 

required to evaluated knowledge. On the other hand, knowledge was evaluated in the 

visual-only knowledge representation approach from multiple sources (see Section 

4.4.2), which required further mental workload to gather, interpret and integrate product 

related knowledge and information (see Sections 3.7.2). In addition, the ACKMS was 

ranked to support knowledge application more efficiently than MCKMS (see Sections 

4.7.2), due to the simultaneous communication of knowledge (see Section 4.4.3). 

Although knowledge communication in ACKMS was slower than MCKMS, users who 

used ACKMS were able to evaluate faster than their counterparts who used MCKMS 

(see Section 4.7.2.1). That reflected more efficient knowledge utilisation, because the 

user was liberated from the need to evaluate the entire audio-visual massage that was 

observed during the communication by serial combination of speech, earcons and 

auditory icons. Therefore, it can be concluded that communicating knowledge 

simultaneously was more efficient than doing so serially. In brief, the user‘s ability to 

use knowledge efficiently was enhanced by the use of multimodal interaction, especially 

when avatar enhancements were included. 
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Fourthly, the three previous factors focused on the user‘s ability to recall and the 

effective and efficient use of knowledge communicated by multimodal metaphors. In 

fact, additional analysis of user views towards the metaphors used and its effect on 

perception of trust and user acceptance enriches the investigation. The evaluation of 

extended usability attitudes showed that the two multimodal platforms were ranked as 

the first satisfactory interfaces, whereas VCKMS was the third (see Sections 3.7.3 and 

4.7.3). However, the analysis of trust perception suggested that ACKMS was ranked as 

the first trustworthy interface and MCKMS as the next, whereas VCKMS was ranked as 

the third trustworthy interaction mode (see Sections 3.7.3 and 4.7.3). In addition, 

putting all user attitude factors in one construct showed that the overall user attitude 

picture was aligned with trust levels. This indicated that the first positive attitude was 

found towards ACKMS, the next towards MCKMS and the third towards VCKMS 

(Sections 3.7.3 and 4.7.3). What was interesting is that this conclusion was fully aligned 

with the usability observations which led to the assumption that usability had an effect 

on user attitudes and hence promoted the need for further investigation into the user‘s 

acceptance (see section 3.8). In brief, the use of multimodal metaphors generated 

positive feelings and attitudes towards using E-CKMS and the use of avatars with facial 

expression enriched the user interaction experience.  

Finally, the evaluation of user attitudes under similar usability conditions indicated that 

ACKMS was ranked as the first accepted interaction mode, VCKMS was the next and 

MCKMS was the third (see section 5.7.1). In particular, this conclusion was supported 

by user perception of usefulness, ease of use and the trust dimensions (beliefs and 

intentions). However, results obtained from the quality of content factor suggested that 

ACKMS was ranked as the first interaction mode and both VCKMS and MCKMS came 
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next (see section 5.7.1 and 5.7.1.3). In summary, ACKMS was ranked as the first 

interaction mode regarding ability to recall, ability to use knowledge effectively and 

efficiently and extended usability attitudes and user acceptance. In addition, MCKMS 

came next and VCKMS was ranked third, apart from the evaluation of user acceptance. 

5.8.2 Task Complexity 

Table 44 summarises the experimental ranking results of ability to recall ability to use 

knowledge effectively and ability to use knowledge effectively efficiently according to 

the three complexity levels using the VCKMS, MCKMS and ACKMS experimental 

systems. It is worth noting that the analysis of user ability to use knowledge efficiently 

excluded error rate and count of visited pages, due to the large difference found between 

the levels of these two factors and other efficiency factors. A graphical representation of 

experimental ranking results that separate error rate and count of clicks from efficiency 

factors is presented in Appendix H-1  

 Metaphor Ranking 

Evaluation Domain VCKMS MCKMS ACKMS 

Ability to recall (User Knowledge) Simple 3 1 1 

Moderate 3 2 1 

Complex 3 2 1 

Ability to use knowledge effectively 

(Effectiveness) 
Simple 1 1 1 

Moderate 3 2 1 

Complex 3 2 1 

Ability to use knowledge efficiently 

(Efficiency) 
Simple 3 1 1 

Moderate 3 2 1 

Complex 3 2 1 

Table 44: Summary of experimental ranking results of ability to recall, ability to use 
knowledge effectively and ability to use knowledge efficiently according to the three 
complexity levels using the VCKMS, MCKMS and ACKMS experimental systems. 
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At first glance, it can be noticed that the two multimodal interaction modes were ranked, 

particularly in moderate and complex tasks, as the first influential modes on ability to 

recall, and use knowledge effectively and efficiently. First, the role of multimodal 

metaphors was ranked first in supporting the user‘s ability to recall, whereas the visual-

only approach was the third. In simple tasks, ACKMS and MCKMS showed that they 

have the same impact on user knowledge, whereas VCKMS effect was ranked to be 

lower (see Sections 3.7.4 and 4.7.3). In moderate and complex tasks, VCKMS was still 

ranked as the third mode, but ACKMS has been shown to have a positive effect that was 

more influential than that of MCKMS on the user‘s ability to recall (see Sections 3.7.4 

and 4.7.3). Secondly, levels and trends of the role of visual and audio-visual metaphors 

in aiding the effective use of knowledge showed as similar a picture as ability to recall 

in all complexity levels, apart from simple tasks. In simple tasks, the contribution of the 

three metaphors to support the effective use of knowledge was identical (see Sections 

3.7.1.2 and 4.7.1.2), because the problems of information overload and complexity were 

not encountered during the simple task performance, as observed during the user‘s 

performance. However, it was noticed that the more complex the task was, the more 

effective the multimodal metaphors became. In moderate and complex tasks, it appeared 

that the user‘s ability to use knowledge effectively was affected by the ability to recall 

because the two domains showed similar ranking of the metaphors, in which ACKMS 

was ranked as the first, MCKMS came next and VCKMS was ranked as the third (see 

Sections 3.7.1.2 and 4.7.1.2). Finally, the efficiency ranking of the three metaphors 

showed similar patterns as ranking of ability to recall with regard to simple, moderate 

and complex tasks. It can be noticed that VCKMS efficiency in simple task 

performance was ranked lower than its effectiveness, because the visual knowledge 

representation was as effective as the multimodal approach, but less efficient in this 
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regard. The difference in simple task performance can be linked to the need of the visual 

approach for further resources, such as additional actions, user effort and time in order 

to accomplish tasks. The experience gained from this experiment suggested that this 

difference rose as task complexity increased as well as the difference between the two 

multimodal conditions (see Sections 3.7.2.2 and 4.7.2.2). In particular, the variance in 

efficiency factors between MCKMS and ACKMS could be linked to the way by which 

knowledge was communicated and user behaviour (see Section 4.7.2.2). In ACKMS, 

the user was liberated from the need to evaluate the entire audio-visual message, due to 

the simultaneous communication of knowledge that allowed the use to evaluate part of 

the message and take action accordingly, as it was observed during the user 

performance. In summary, the use of multimodal metaphors resulted in several positive 

outcomes related to improving the user‘s ability to recall and use knowledge effectively 

and efficiently, especially in complex task performance. 

5.8.3 Task and CKM Style 

Table 45 summarises the experimental ranking results of the user‘s ability to use 

knowledge effectively and efficiently and user acceptance according to the task and 

CKM styles using the VCKMS, MCKMS and ACKMS experimental systems. It was 

noteworthy that evaluation of user ability to use knowledge efficiently did not take into 

account the analysis of error rate and count of visited pages, due to the large difference 

found between the levels of these two variables and other efficiency attributes. A 

graphical representation of experimental ranking results that separate the error rate and 

the count of clicks from efficiency factors is presented in Appendix H-1.  
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 Metaphor Ranking 

Evaluation Domain VCKMS MCKMS ACKMS 

Ability to use knowledge 

effectively (effectiveness) 
COC-based selection 3 2 1 

Non-COC selection 2 2 1 

Co-production 3 1 1 

Ability to use knowledge 

efficiently (Efficiency) 
COC-based selection 3 2 1 

Non-COC selection 3 2 1 

Co-production 3 2 1 

User acceptance 

(Application of TAM) 
COC-based selection 2 3 1 

Non-COC selection N/A N/A N/A 

Co-production 2 3 1 

Table 45: Summary of experimental ranking results of ability to use knowledge 
effectively and efficiently and user acceptance according to task and CKM styles 
using the VCKMS, MCKMS and ACKMS experimental systems. 

Overall, it can be seen that the two multimodal conditions were ranked as the first 

interfaces with regard to its effect on the ability to use knowledge effectively and 

efficiently and user acceptance. Additionally, VCKMS was ranked as more acceptable 

than MCKMS. First, the role of multimodal metaphors to support the user‘s ability to 

use knowledge effectively was ranked higher than the visual knowledge representation 

approach with regard to product selection tasks in the presence of COC contexts (see 

Sections 3.7.1.3 and 4.7.1.3). In fact, ACKMS was ranked as the first supportive to the 

effective use of knowledge followed by MCKMS which came next, whereas VCKMS 

was ranked as the third in this regard. However, the VCKMS and MCKMS metaphors 

showed that they have a similar impact on the effective use of knowledge in the absence 

of COC contexts, whereas the ACKMS effect was ranked to be higher (see Sections 

3.7.1.3 and 4.7.1.3). In co-production, the contribution of the multimodal conditions to 

support the effective use of knowledge was identical, because patterns of co-production 

knowledge utilisation have been shown to be similar with regard to its support to task 

effectiveness (see Sections 3.7.1.3 and 4.7.1.3). In addition, the VCKMS did not 

support the co-production effectiveness as opposed to the multimodal approach (see 
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Sections 3.7.1.3 and 4.7.1.3), due to the lack of basic communication of comparison 

information and knowledge (see Section 3.4.3).  

Secondly, levels and trends of the role of the three interaction modes to aid the efficient 

use of knowledge have shown to have similar ranking picture. ACKMS was ranked as 

the first contributing metaphors, MCKMS came next and VCKMS was ranked as the 

third (see Sections 3.7.2.3 and 4.7.2.3). It was noteworthy that levels of the efficient use 

of knowledge for task styles were aligned with those for the interaction mode presented 

in Section 5.8.1. Therefore, it can be concluded that the use of multimodal metaphors 

has a positive effect on the efficiency of knowledge application in all tasks and CKM 

styles. In particular, using a combination of avatars, speech and earcons has been shown 

to be particularly contributing toward the efficient use of knowledge in all task styles 

(see Section 4.7.2.3). Therefore, it can also be concluded that ACKMS aided users to 

utilise knowledge more efficiently than MCKMS.  

Finally, results of user acceptance of the interaction modes indicated that ACKMS was 

ranked to be the first acceptable metaphors, VCKMS came next and MCKMS was the 

third with regard to COC and co-production styles (see Section 5.7.2). It was also 

noteworthy that levels of use acceptance for CKM styles were aligned with those for 

interaction mode presented in Section 5.8.1. It can also be seen that the acceptance 

ranking differed from that for the effective and efficient use of knowledge shown in 

Table 45, due to the measurement of user acceptance under similar usability conditions 

(see Section 5.6). Therefore, it can be concluded that the ACKMS was ranked to be 

more supportive to the effective and efficient use of knowledge and more acceptable 

interface than MCKMS and VCKMKS, with regard to the three task types. In addition, 

it can be also concluded that the MCKMS contribution was higher than VCKMS in 
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supporting the efficient and effective use of knowledge with regard to at least two task 

types, whereas users felt that VCKMS were more acceptable than MCKMS in the 

communication of COC and co-production knowledge.  

5.9 Summary and Conclusion 

This section presents the summary and the conclusion. The former summarises and 

repeats the main points, while the latter synthesises and generalises to fit the main 

points together.  

5.9.1 Summary 

This chapter described an investigation into the user‘s acceptance of the three E-CKMS 

interaction modes: VCKMS, MCKMS and ACKMS in terms of perceived ease of use, 

perception of usefulness, quality of contents, cognitive trust and behavioural intention. 

In order to have these aims achieved, several objectives were set, including an 

assessment of the user‘s attitudes toward using the system and a measurement of user 

preferences. According to the aims and objectives, several experimental hypotheses 

were put forward to examine the variance between the modes of interaction. The 

preparation for this experiment was made based on ―within-participants‖ method in 

order to facilitate comprehensive investigation of the users‘ attitude. Forty-eight users 

took part in this experiment by performing six common tasks of two CKM style (i.e. 

COC and co-production) and one complexity level (i.e. simple tasks). However, to 

neutralise the task learning effect, the order of tasks was counterbalanced between 

participants. Upon the completion of task performance, participants were instructed to 

fill in a questionnaire devised to measure five basic outcomes (i.e. PEOU, PU, QOQ, 
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CT and BI), according to two manipulated variables (i.e. interaction mode and CKM 

style). 

The analysis of results utilised descriptive statistics to reveal patterns of data, and 

inferential statistics to make inferences concerning the data. The results therein revealed 

that the three modes of interaction differed considerably with regard to the five factors 

of user acceptance in favour of ACKMS over MCKMS and VCKMS, whereas MCKMS 

was the least accepted. In fact, ACKMS was considered to be the most useful and 

easiest interface with regard to the co-production and COC styles, whereas VCKMS 

was the next preferred. In particular, there was a general strong agreement among the 

users that ACKMS was the easiest, most flexible and most useful interaction mode, with 

VCKMS becoming next, whereas MCKMS was the least. In addition, it can be 

concluded that both VCKMS and MCKMS were of an equivalent content quality, with 

ACKMS contents was perceived as of higher quality. It can be concluded also that the 

greatest cognitive trust and behavioural intention were associated with ACKMS, due to 

its social capabilities, followed by VCKMS as the next while MCKMS was located at 

the tail of the list. Moreover, it is becoming evident that ACKMS is the most preferred 

interface in the contexts of both COC and co-production, with VCKMS becoming next, 

while MCKMS was ranked as the least proffered platform for the two CKM styles. 

5.9.2 Conclusion 

User acceptance reflects the user‘s first impression toward the appearance of E-Business 

initiatives [67]. In E-CKMS, it is important to consider multimodal interaction for 

designing acceptable user interfaces. In particular, using multimodal metaphors of social 

presence has a significant effect on user acceptance and enhancing the interaction 

experience. It can be said that the positive effect of expressive avatars is linked to the 
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lack of human warmth and sociability in the online environments. The pleasant 

appearance of user interfaces has shown to be a major contributor toward enhancing the 

perception of usefulness, ease of use, quality of contents and trustworthiness, which 

causes increasing intentions to use the system. In addition, the socially rich user 

interface improves the relationship with prospective customers, who usually rely on 

their first impression whether to continue browsing a web-based system or shift to a 

competitor one. With great emphasis put on trust beliefs and intentions, it is important 

to consider other affecting factors that may undermine or improve trust, such as 

familiarity with the system and reputation of the E-Business system. With the 

investigation into user acceptance regarded as a basis, evaluating the effect of 

familiarity and reputation merits further experimental work. The next chapter presents 

the conclusions of the overall experimental programme, various empirically derived 

guidelines, and sheds more light into further directions of research.  
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Chapter 6:  Conclusions: Empirically Derived Guidelines 

6.1 Introduction 

The three previous chapters (chapters 3, 4 and 5) described the investigation into the use 

of multimodal metaphors in E-CKMS. Chapter 3 investigated the use of a combination 

of speech, earcons and auditory icons to communicate product related information and 

knowledge as opposed to text with graphics in terms of usability extended attributes. 

Chapter 4 extended the work carried out in Chapter 3 by introducing a third interaction 

mode in order to evaluate the role multimodal metaphors of social presence (avatars) to 

improve the usability of E-CKMS. Chapter 5 demonstrated aspects related to user 

acceptance of technology with regard to the three interaction modes evaluated in 

chapters 3 and 4 in order to investigate user acceptance of the experimental platforms. 

This chapter presents the conclusions drawn, inferences and generalisations, together 

with the empirically derived guidelines. It is part of the aim of for this research to 

produce empirically derived guidelines in order to aid the design of usable and user-

acceptable multimodal E-CKMS.  

6.2 Addressing the Overall Hypothesis 

This section reviews the acceptance and rejection of overall research hypotheses that 

guided all the steps of this research. Table 46 reviews the acceptance and rejection 

status with the probability level of the overall research hypothesis according to its five 

parts and ten sub-hypotheses. The overall hypothesis states that the use of multimodal 

interaction will improve usability of E-CKMS and increase the user’s trust, knowledge 

and acceptance, in comparison with using the text with graphics. 
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Hypothesis 
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Reference 

Overall Hypothesis     

(a) Ability to recall √  95%  

(a.1) ACKMS users will be able to recall more 

than VCKMS users. 

√  95% Section 3.7.3  

(a.2) ACKMS users will be able to recall more 

than VCKMS users. 

√  95% Section 4.7.3 

(b) Ability to use knowledge effectively √  99%  

(b.1) MCKMS users will be able to use knowledge 

more effectively than their counterparts who 

used VCKMS. 

√  99% Section 3.7.1.1  

(b.2) ACKMS users will be able to use knowledge 

more effectively than their counterparts who 

used VCKMS 

√  99% Section 4.7.1.1 

(c)  Ability to use knowledge efficiently √  95%  

(c.1) MCKMS users will be able to use knowledge 

more efficiently than their counterparts who 

used VCKMS. 

√  95% Section 3.7.2.1 

and Table 17 

(c.2) ACKMS users will be able to use knowledge 

more efficiently than their counterparts who 

used VCKMS 

√  95% Section 4.7.2.1 

(d)  Extended usability user attitudes √  95%  

(d.1) MCKMS users will express more positive 

attitudes than VCKMS users, when the two 

systems have different usability levels. 

√  95% Section 3.7.3 

(d.2) ACKMS users will show more positive 

attitudes than VCKMS users, when the two 

systems have different usability levels. 

√  95% Section 4.7.3 

(e)  User acceptance     

(e.1) MCKMS will be more acceptable than 

VCKMS under similar usability conditions. 

 √ 95% Section 5.7.1 

(e.2) ACKMS will be more acceptable than 

VCKMS under similar usability conditions. 

√  95% Section 5.7.1 

Table 46: Review of overall hypothesis acceptance and rejection status according to 
the five hypothesis parts and ten sub-hypotheses. 

The improvement was sought in five areas: ability to recall, ability to use knowledge 

effectively and efficiently, extended usability attitudes and user acceptance. Overall, it 

can be seen that the sub-hypotheses related to usability study were accepted, whereas 

one sub-hypothesis related to user acceptance was rejected. In fact, it can be said there 
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is at least a 95% probability that the difference in the user‘s ability to recall among 

VCKMS, MCKMS and ACKMS resulted from the use of multimodal metaphors in E-

CKMS interfaces. There is also at least 99% likelihood that the use of multimodal 

metaphors in E-CKMS interfaces positively affects the user‘s ability to use knowledge 

effectively. In addition, the probability is at least 95% that the use of multimodal 

metaphors has a positive effect on the efficient use of knowledge and extended usability 

user attitudes. Regarding user acceptance, with at least a 5% chance of error, MCKMS 

was less acceptable than VCKMS under similar usability conditions, which refutes the 

sub-hypothesis (e.1). Nevertheless, it is at least 95% probability that ACKMS is more 

acceptable than VCKMS under similar usability levels, which supports the sub-

hypothesis (e.2). In summary, it can be said that nine out of ten sub-hypotheses were 

accepted, whereas one related to user acceptance was rejected, due to the lack statistical 

significance. 

6.3 General Conclusion 

This section states succinctly the general conclusion of this research. Before stating the 

general conclusion, it is important to consider that this experimental programme was 

carried out in the context of CKM and significant results were found in the complex and 

knowledge-intensive tasks. With these two factors considered, two main conclusions 

can be stated: 

 It can be concluded that the multimodal combination of avatars with facial 

expressions, speech and earcons was useable and acceptable more than the 

multimodal combination of speech, earcons and auditory icons and the use of the 

text with graphics. 
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 It can be concluded that although the multimodal combination of speech, 

earcons and auditory icons was usable more than the use of text with graphics, it 

was found to be less acceptable. 

6.4 Research Significant Contribution 

This research contributes to literature of IS, especially in the interface design field. It 

fills a gap in the knowledge that recognised the significant of multimodal interaction in 

the context of CKM, but not addressed it. It is unique due to its multi-faceted nature that 

opens new direction for further research. For example, the experimental programme 

(see Chapter 3, 4 and 5) investigated the use of a multimodal combination of avatars 

with facial expressions, speech and earcons to communicate CK. This investigation was 

carried out in a new context, namely CKM, and measure two main aspects: usability 

and user acceptance. With this contribution, this research has not been adapted by any 

institute or research yet and the three systems were only used in an extensive laboratory-

based experimental environment. 

6.5 Empirically Derived Guidelines 

This section describes five empirically derived guidelines built upon existing guidelines 

[110, 114, 115, 124, 125, 160] to be used as a basis for designing multimodal E-CKMS 

interfaces. In particular, five critical areas were identified and a description of each 

point was provided in order to facilitate the implementation roadmap of usable and 

acceptable E-CKMS interfaces. These guidelines are seen not only as conclusion points, 

but also as interpretations of results obtained from the overall experimental programme. 

A list of the empirically derived guidelines is presented below and followed by a full 

description of each guideline in the subsequent sections. 
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1. Knowledge Communication from a Single Point of Contact. 

2. Audio-visual Metaphors to Tackle Information Overload. 

3. Serial or Simultaneous Audio-visual Communication of CK. 

4. Task Complexity and Knowledge-Intensity as Key Factors. 

5. Socially Rich Presence Allows First Impression to Last Longer. 

6.5.1 Knowledge Communication from a Single Point of Contact 

The typical product catalogue communicates a few details about product information, in 

which the user was required to perform further actions to evaluate knowledge related to 

customer opinions and intelligent advices. Therefore, the experimental platforms used 

enhanced product catalogues to provide customers with a combination of product 

related information and knowledge gathered and integrated from different sources, and 

communicated from a single point of contact (see Section 3.4.2). The experience gained 

from this study revealed that communicating knowledge from one customer contact 

point was vital for time saving and further action avoidance (see Sections 3.7.2 and 

4.7.2). It related positively to E-CKMS efficiency, and hence to effectiveness, especially 

with the increasing task and information complexity. The results from efficiency 

analysis indicated that time and effort required to complete tasks were reduced even in 

simple tasks (see Sections 3.7.2.2 and 4.7.2.2), whereas effectiveness analysis showed a 

considerable improvement in moderate and complex tasks (see Sections 3.7.1.2 and 

4.7.1.2). One advantage of this approach was that it does not replace the traditional 

information representation, but it used the auditory channel to reinforce information 

communicated visually. In this context, the user can carry on normal information 

evaluation using the visual channel, and have the choice to evaluate information audio-

visually. However, the single point approach might overwhelm the user with irrelevant 
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information and knowledge, especially when the user was searching for very specific 

information. In summary, it can be concluded that communicating information and 

knowledge from a single point of contact can be linked to several positive outcomes, 

such as time saving and effort avoidance, and hence to improvement of efficiency and 

effectiveness. This argument is in agreement with other work in literature [28, 38, 39, 

41].  

6.5.2 Audio-visual Metaphors to Tackle Information Overload 

When a combination of product related information and knowledge was communicated 

visually, the visual channel was overwhelmed and the user encountered information 

overload. To address this issue, the experimental platforms introduced additional 

features that allow the user to assess information and knowledge with the aid of 

multimodal metaphors (see Sections 3.4.1, 4.4.1 and 4.4.2). In the MCKMS mode, a 

combination of speech, environmental sound and rising pitch metaphors was used to 

convey product information and customer knowledge (see Sections 3.4.1). In the 

ACKMS experimental system, a combination of speech, earcons and avatars with facial 

expressions was used for the audio-visual knowledge communication (see Sections 

4.4.1 and 4.4.2). In fact, associating knowledge representation with multimodal 

metaphors can aid users to find targets faster and perform more accurate co-production, 

with fewer actions compared to the text with graphics (see Sections 3.7.1, 3.7.2, 4.7.1 

and 4.7.2). Participants expressed interest in using audio-visual interface (see Sections 

3.7.3 and 4.7.3), but found it difficult when audio messages were first communicated, as 

it was observed during the course of the experiment. However, when users adapted to 

the structure of audio-visual messages, it appeared to be useful to communicate 

knowledge and support customer decisions, as it was observed during the user 
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performance. Furthermore, it was noteworthy that the extent to which multimodal 

metaphors contribute to knowledge communication involved variation. Auditory icons, 

for example, showed a considerable contribution in aiding user performance when it 

was used to present knowledge that has a well-known association with environmental 

sounds in real life (see Section 3.4.1). On the other hand, earcons appeared to be, to 

some extent, less useful because it could not be interpreted as naturally as auditory 

icons, but it was very helpful to communicate knowledge that has relatively a low range 

of values, like ratings (see Section 3.4.1). In addition, recorded and synthesised speech 

metaphors have been shown to be useful modalities to convey short and longer 

messages respectively (see Section 3.4.1). With emphasis on combining recorded 

speech with other modalities, the social aspects of expressive avatars led to several 

positive emissions (see Sections 4.4.2 and 4.7.3), which have been shown to be 

particularly contributing towards the improvement of user engagement on CKM related 

activities and the promotion of the further user-system interaction. In brief, using 

multimodal metaphors can maximise the volume of communicated knowledge and 

improve E-CKMS usability. This argument is aligned with previous guidelines found in 

the field of software engineering, browsing of internet search results and E-Commerce 

[114, 115, 160]. 

6.5.3 Serial or Simultaneous Audio-visual Communication of CK  

Standardising the format of auditory metaphors helped to increase the recall rate and 

accuracy of knowledge interpretation. This standardised message communicated a 

combination of product related knowledge and information, reviews and COC trends 

which reflected different levels of knowledge intensity. The message was divided into 

several parts separated by a 0.5 seconds silence period for parts identification and the 
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length was dependent on the availability of knowledge communicated in each part (see 

Section 3.4.4). The first experiment used a standardised auditory message to 

communicate knowledge, product information and knowledge about customer reviews 

(see Section 3.4.4), and this standard has demonstrated to be useful (see Sections 3.7.1 

and 3.7.2). However, the user was required to evaluate all parts of the message in order 

to take an appropriate action, due to the serial order of auditory cues. Therefore, the 

second experiment proposed that the same knowledge and information were 

communicated in parallel (see Section 4.4.3), and found to be contributing toward 

usability (see Sections 4.7.1 and 4.7.2). In this context, the user was liberated from the 

need to evaluate the entire message, and could assess trends in customer overall opinion 

and other types of CK as soon as the human-like character starts explaining product 

features aurally (observed during the user‘s performance). The serial communication 

approach has been demonstrated to be more useful than the traditional visual-only 

information representation (see Sections 3.7.1 and 3.7.2), but it was found less usable 

than the simultaneous approach (see Sections 4.7.1 and 4.7.2), especially in efficiency. 

In brief, it can be concluded that standardising the metaphor order was helpful to 

increase recall rate and comprehension, and the simultaneous standardised approach 

outperforms the serial multimodal and traditional visual-only knowledge representation 

methods. This argument is in addition to previous guidelines was related to earcons 

creation [124] and structure of auditory message [110], but the present thesis extended 

the concept beyond this notation to cover aspects related to the combination of several 

multimodal metaphors.  
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6.5.4 Task Complexity and Knowledge-Intensity as Key Factors 

The role of multimodal metaphors to improve usability differed between tasks of 

increasing complexity and knowledge-intensity. During the usability study, it was worth 

noting that the difference between the experimental systems and the control condition 

rose as task complexity and knowledge-intensity increased. In complex tasks, the 

difference resulted from either knowledge complexity, repetitive communication of 

knowledge or a combination of both. In particular, knowledge can be seen as complex, 

and hence not easy to be perceived visually or conveyed more rapidly and needs to be 

communicated via additional channel (e.g. auditory). In effectiveness analysis, simple 

tasks, for example, showed similar effectiveness levels of the three interaction modes, 

whereas there was a considerable increase in the effectiveness difference as task 

complexity increased (see Sections 3.7.1.2 and 4.7.1.2). With regard to efficiency, the 

simple task performance showed that the two multimodal conditions outperformed the 

control condition, whereas the moderate and complex task performance showed that the 

more complex the interaction of the task involves, the more efficient the multimodal 

interaction becomes (see Sections 3.7.2.2 and 4.7.2.2). 

Knowledge intensity was also differentiated by providing task scenarios that involved 

product selections in the absence and presence of COC contexts (see Section 3.6.1). The 

two types of product selection tasks reflected two knowledge intensity levels. The 

analysis of usability results suggested that the more knowledge-intensive the task is, the 

more contributing the multimodal metaphors becomes. In fact, the three interaction 

modes differed significantly with regard to the effectiveness of product selection tasks 

in the presence of COC contexts, compared to the absence of COC (see Sections 3.7.1.3 

and 4.7.1.3). During the experiment, it was noteworthy that the visual knowledge 



251 

 

representation undermined user performance of tasks of comparative nature, due to the 

need to evaluate intensive knowledge visually (see Sections 3.7.1.3 and 4.7.1.3). 

Analysis of task requirement showed that the VCKMS users did not fulfil comparative 

requirements, compared to their counterparts using MCKMS and ACKMS, due to the 

effect of knowledge intensity (see Sections 3.7.1.4 and 4.7.1.4). In addition, the 

efficiency analysis showed that there was a significant difference amongst the three 

systems with regard to the absence and presence of COC contexts (see Sections 3.7.2.2 

and 4.7.2.2). Therefore, it can be concluded that the use of multimodal metaphors to 

improve usability, particularly with the increasing task complexity and knowledge 

intensity. This guideline is aligned with previous guidelines found in different fields of 

study [115, 125], in which applying the same concepts in the field of E-CKMS yielded a 

context specific guideline that included not only task complexity as a key factor for 

multimodal metaphor contribution, but also knowledge-intensity. 

6.5.5 Socially Rich Presence Allows First Impression to Last Longer  

The lack of human warmth and interpersonal interaction was one of the key factors that 

explained why the social aspects of avatars were very important for E-Business settings. 

The experience gained from this study indicated that incorporating expressive avatars 

into E-CKMS interface has compensated the absence of human warmth and sociability 

and has been shown to be particularly useful to build and retain trust. The main idea of 

ACKMS was to present a presumed sales representative who introduces a combination 

of information and knowledge related to product and customer experience (see Section 

4.4). The avatar presented product features orally and conveyed knowledge about trends 

of customer opinions expressively (i.e. with facial expressions), alongside with earcons 

playing in the background to communicate knowledge about product rankings, such as 
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worst or top rated and most or least recommended (see Section 4.4.3). Analysis of user 

attitude results showed that avatar-enhanced multimodal platform (ACKMS) was 

perceived as very intelligent and with a pleasant appearance, which can be linked to the 

generation of several positive feelings and outcomes, such as increased user confidence, 

improved interface friendliness and perceived trustworthiness (see section 4.8). Not 

only that, the evaluation of user acceptance showed that the avatar-enhanced condition 

(ACKMS) was the only interface that maintained the same position as the first preferred 

and accepted to users, because it was socially rich (see Section 5.7.1). The position of 

the other two systems (VCKMS and MCKMS), however, varied amongst the two 

evaluations (usability and user acceptance). In the usability study, MCKMS was 

perceived as the next trustworthy and among the top satisfactory conditions, whereas 

VCKMS was perceived as the third satisfactory and trustworthy condition (see Sections 

3.7.3 and 4.7.3). The user acceptance evaluation showed that MCKMS was perceived as 

the least acceptable and proffered, whereas VCKMS came next to the ACKMS in this 

regard (see Section 5.7.1). Therefore, it can be said that the user‘s acceptance or the 

user‘s first impression can last longer, when the system was designed with a socially 

rich interface. Although this guideline is newly generated by the present thesis, it relates 

to E-Commerce more than CKM literature, because its concept and generation process 

relied on previous studies in E-Commerce field [67, 114]. 

6.6 Lessons Learnt 

The purpose of this section is to list the final thought and describe lessons learnt during 

the course this experimental programme.  
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6.6.1 The Generation of Ideas 

The initial though of any research starts with a personal interest into the field. With 

more reading, the arguments proposed in the literature generated new ideas and insights. 

During this study, I started with initial thoughts about the overall CKM driven by my 

interest. I was then motivated to explore more in the role of multimodal interaction due 

to its recognised potential. Because there was a gap in the knowledge, the initial though 

of experiments emerged. During the course of experiments, my thoughts were driven by 

the results obtained whether from the trials, initial experiments or main experiments. 

Therefore, I think that the generation of ideas starts with interest, is formulated by 

argument and driven by results. 

6.6.2 Prior to the Experiment 

When the system is ready to be evaluated, it is important to consider several factors, 

such as compilations, trials and experiment setups. The System should be free of 

compilation errors to avoid any intrusion during the course of the experiment. It is also 

important for the researcher to perform the experimental tasks in order to test the 

experiment. This will allow the researcher to look at the experimental systems from the 

user‘s point of view. In addition, it is useful to do a little trial prior to the experiment to 

identify any potential improvements. I found that the trial saves time and effort, because 

the cost of trial failure is by far less than that of an experiment. If the trial was 

successful, the researcher then can allow the experiment to take place and the users to 

user the systems. The users will need a short training session depending on the nature of 

the experiment. While the users involved in the training, the researcher can setup the 

experiment by preparing the material and setting up the video recoding software, if 

observation is used as a data collection method.  
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6.6.3 The Selection of Appropriate Metaphors 

The selection of appropriate metaphors is very important for successful multimodal 

interaction. As a starting point, the interface designer can utilise the literature to review 

which metaphor was selected to present which information. Literary and experimental 

research offers a verity of metaphors selections that have proven to be useful. It is also 

possible for the designer to benchmark the best practices, like Amazon.com, to improve 

the metaphor mapping. With this synergy between the theory and practice of metaphor 

selection, a little pilot study will be very useful to examine the validity and recognition 

of the metaphors. 

6.6.4 Coding with Avatars 

It was rich experience to program an animated character with facial expressions. It was 

noteworthy that the audio-lips synchronisation is straightforward process, as several 

software components can generate it automatically. The problem encountered was the 

creation of facial expressions that are recognised and natural. In real life, it is easy to 

recognise the mode of a human, e.g. sad or happy, without having strong or extensive 

expressions. However, in virtual environments, the exaggeration of expression is useful 

to improve its recognition, but it inhibits the expression naturalness and leads to the lose 

of audio-lip synch. Therefore, it is rather important for avatar programmers to strike a 

balance between the expression recognition and naturalness without losing the lip 

synchronisation. 

6.7 Future work 

This work revealed that the inclusion of multimodal metaphors into E-CKMS interfaces 

has demonstrated to be useful with regard to usability and user acceptance, but there are 
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potentially other influential factors. Hence, a further investigation is needed to examine 

the role of multimodal interaction in experienced user performance, different interface 

reputation status and in a combination of personalisation and customisation features. 

The next sections describe the new directions of future research opened by this study.  

6.7.1 Experienced User Performance 

The pervious experiments in Chapters 3, 4 and 5 were aimed at evaluating the 

performance of users who were inexperienced or unfamiliar with the experimental 

platform. However, a further evaluation of the effect of users‘ familiarity and 

experience with the system on systems usability and user attitudes is needed. The term 

familiar or experienced refers to the status in which the user is well trained and familiar 

with the environment under investigation. The experimental design, including tasks and 

research variables should be compatible with that of the previous experiments in order 

to facilitate comparative evaluation between experienced and inexperienced user 

performance. Experience user performance evaluation is important to investigate the 

changing performance over long time-scales. However, it was suitable to do it in the 

future work because of the many difficulties and constraints it involves, such as 

participants time and availability, especially over long period.  

6.7.2 The Effect of Interface Reputation 

The pervious experiments in Chapters 3, 4 and 5 were aimed at investigating the effect 

of multimodal metaphors under similar interface reputation conditions. Therefore, a 

further investigation into the effect of reputation is needed. One example of such future 

work is to use ACKMS as a basis for comparison with avatar-enhanced multimodal 

version of amazon.com. The main aim will be to investigate whether the reputation 

undermines or promotes system usability and user attitudes. Another example is to take 
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the evaluation beyond the repudiated / not repudiated notation to introduce more than 

one interface (e.g. four interfaces with an increasing reputation) and measure the impact 

of interface reputation at multiple levels.  

6.7.3 Using Customisation and Personalisation Features 

The previous experiments in Chapters 3, 4 and 5 investigated the use of a combination 

of multimodal metaphors to communicate product related information and knowledge in 

a static environment, in which the user catering and control features are lacking. The 

combination of multimodal metaphors, personalisation and customisation features 

merits further investigation. One example of such combination is to use the adaptable 

approach that allows the user to customise the audio-visual metaphors to accommodate 

particular needs. Another example is to use the adaptive approach that relies on pre-

defined or intelligently extracted user preferences to offer interface adaptation on behalf 

of the user. The two approaches can be used to customise or personalise audio-visual 

metaphors or the entire interfaces. More advanced approach is to use a combination of 

personalisation, customisation and multimodal metaphors. 

6.8 Epilogue 

This thesis has demonstrated a direct link between the use of multimodal metaphors and 

usability and user acceptance aspects of E-CKMS. It is becoming evident that the 

multimodal E-CKMS was usable more than the text with graphics in terms of the 

usability attributes (effectiveness, efficiency and user satisfaction). The experience 

gained from this research suggested that the more complex the task is, the more usable 

the audio-visual metaphors become. The usability evaluation provided insights into the 

role of multimodal metaphors in improving E-CKMS effectiveness and user 
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performance in complex and knowledge-intensive tasks. Regarding user acceptance, it 

is noteworthy that the socially rich multimodal E-CKMS was the only condition that 

was more acceptable than the text with graphics. It was ranked as the most acceptable 

and usable interface, due to its social aspect that relates positively to user attitudes, and 

simultaneous communication of knowledge that improves usability.  

In fact, the vision was to facilitate browsing web-based E-CKMS with the aid of 

multimodal interaction. However, the design of such systems should be following 

guidelines that ensure usability and acceptance of metaphors used. This thesis has 

provided a set of empirically derived guidelines for the implementation of usable and 

acceptable E-CKMS interfaces that utilise the visual and auditory channels. The 

experiments, results and guidelines provided in this thesis contribute to the literature by 

creating a bridge between CKM and multimodal interaction fields. It enriched the 

literature to CKM by explaining the way in which knowledge can be presented using 

more than one channel of communication, and demonstrated that CKM is another 

domain, in which multimodal interaction can be useful. This opens further direction of 

research into new application areas of multimodal interaction, or other modalities to 

contribute to the success of E-CKMS. 
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Appendices 

Appendix A-1: Summary of CKM Issues and Solutions 

CKM issue Area of interest Proposed solutions 

CRM KM 

Multi-channel customer interaction 
√  

Establishing Centre for Customer 

Communication (CCC) 

Consistent flow of knowledge 
√  

Application and process integration 

The isolation of customer care 

centres. 
√  

Using central customer feedback and 

complaint repository 

Data diversity 
√  

Using ODBC, XML 

Customer classification based on 

profitability 
√  

Adding another classification of 

customers based on knowledge 

Customers‘ diversity and changing 

preferences over time 
√  

Using data mining for customer 

classification 

Complexity of customer decision 

making process 
√  

Using data mining for discovering 

customer temporal patterns 

Development of loyalty schemes 
√  

Building them from the first for CK 

Information complexity and 

uncertainty 
√  

Performing more analysis tasks 

Knowledge ambiguity and 

equivocality 
 √ 

Performing more negotiation and 

discussion tasks 

Content problems (document 

heterogeneity and information 

overload) 

 √ 

Using DMS, automatic HTML content 

generation systems, templates and 

standards. 

Context problem and common 

language issues 
 √ 

COP and COC 

Competence problems 
 √ 

Using e-learning systems 

Collaboration problems 
 √ 

Using E-mail and instant messaging 

systems 

Project and team management 
 √ 

Web knowledge portal 

Integrated competences to serve 

customers 
 √ 

Employee rotation techniques 

CK hoarding 

 √ 

Customer motivation and reward 

systems, designing interactive 

multimedia systems 

Identification of relevant knowledge 
 √ 

Using visualisation maps and 

identification of lead user 

Trust 
 √ 

designing interactive multimedia 

systems 

Repeated knowledge 
 √ 

Human involvement in codifying 

knowledge 

Intensification of customer 

engagement in co-production 
 √ 

Fostering COC, and interactive 

website 
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Appendix B-1: Scenarios of The Eight Common Tasks 

T1 Scenario (Simple COC-based Product Selection) 

Assume that you are looking for a mobile phone, which should be compatible with particular preferences 

you have. Say that your preferences are: The phone price is less than £ 82. The average customer rating is 

greater than one. The phone has MP3 player. It is also a camera phone (with camera capacity > 1.0). The 

phone should be a 3G phone. At least two reviews are positive.  

 

T1 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 The phone price must be evaluated. (Price < £ 82) 

(Tip: see product catalogue or your mobile phone details page). 

 The phone average rating must be evaluated. (Rating is greater than one point) 

(Tip: from the phones list, see your phone details page and then ―rating image‖). 

 The phone features must be evaluated. (MP3, camera > 1.0, and 3G phone) 

(Tip: see your mobile phone details page, and see underneath the phone description). 

 The phone reviews must be utilised. (at least 2 positive reviews)  

(Tip: see your mobile phone details page, and then click ―read reviews‖, then click ―read‖). 

 

T1 ( Simple COC-based Product Selection ) 

C 
 Knowledge presented  Product Features Reviews 

Price Rating Top10 Recommended FM MP3 Camera 3G # of Reviews 

1 < £ 82 > 1    √ > 1.0 √ At least 2 Positive 

 

T2 Scenario (Simple non-COC Product Selection) 

Assume that you are looking for a tariff, which should be compatible with particular preferences you 

have. Say that your tariff preferences are: The monthly line rental should not exceed £35 exclusively. It 

offers more than 100 free minutes, and 50 free texts. If applied to your current bill, the total cost should 

be less than £107. 

 

T2 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 The tariff features must be evaluated. (Minutes > 100 and texts > 50) 

(Tip: see your tariff details page). 

 The tariff costs must be evaluated. (Line rental < £35, bill cost < £107) 

(Tip: see your tariff details page for line rental, click ―customise this‖ to apply to your bill). 

 

T2 ( Simple non-COC Product Selection ) 

C 

Knowledge Presented  Product Features Billing Information 

Rating Top10 Recommended Line rental Free minutes Free texts Bill total 
Extra 

charges 

1    < £ 35 > 100 > 50 < £ 107  
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T3 Scenario (Moderate COC-based Product Selection) 

Assume that you are looking for a mobile phone. The phone should be among the Top10 or website 

advice (Recommended) lists. The phone should be a camera phone (capacity between 0.5 and 3MP 

exclusive), and a 3G phone. The number of positive reviews should greater than the negative ones, and 

one customer at most has written a negative review.  

 

T3 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 The phone position in the top 10 and website advice must be evaluated. (Top10 or Recommended) 

(Tip: see your phone details page, then ―top10‖ and ―website advice‖ images). 

 The phone features must be evaluated. (Camera between 0.5MP and 3MP, 3G phone) 

(Tip: see your mobile phone details page, and see underneath the phone description). 

 The phone reviews must be utilised. (The positive are more than the negative) 

(Tip: see your mobile phone details page, and then click ―read reviews‖, then click ―read‖). 

 At least one negative review was written about the phone. (At most one negative) 

 

T3 (Moderate COC-based Product selection) 

C 
 Knowledge presented  Product Features Reviews 

Price Rating Top10 Recommended FM MP3 Camera 3G # of Reviews 

1   √    > 0.5 √ Positive > Negative 

2    √   < 3.0  At most 1 negative 

 

T4 Scenario (Moderate non-COC Product Selection) 

Assume that you are looking for a tariff. The tariff should offer more than 50 free texts and 380 free 

minutes. If this tariff applied to the current bill, the total bill cost should not exceed £49, and you will be 

charged for the extra usage (bill total is not equal to line rental).  

 

T4 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 The tariff features must be evaluated. (Minutes > 380 and texts > 50) 

(Tip: see your tariff details page). 

 The cost must be evaluated. (Bill cost does not exceed £49 and not equal to line rental) 

(Tip: see your tariff details page for line rental, click ―customise this‖ to apply to your bill). 

 

T4 ( Moderate non-COC Product Selection ) 

C 

Knowledge Presented  Product Features Billing Information 

Rating Top10 Recommended Line rental Free minutes Free texts Bill total 
Extra 

charges 

1     > 380 > 50 < 49 √ 
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T5 Scenario (Moderate Co-production) 

Assume that you want to manipulate parameters of the tariff selected in T4. Say that you want to do two 

trials. Each should reduce the bill total cost between 20% and 30%. The range of cost reduction should be 

calculated based on the last approved trial (added to my customised tariffs list). If it is the first one, then it 

should be calculated based on the cost of the original tariff.  

 

T5 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 Two trials must be added to the list of customised tariffs. (2 co-production trials) 

(Tip: click ―add to my trials‖, when you finish from manipulating parameters of the tariff). 

 The difference between each trial and the other should fall into a range of (20% - 30%). 

(Tip1: Trial 1 should be 20% - 30% cheaper than the original tariff). 

(Tip2: Trial 2 should be 20% - 30% cheaper than Trial 1). 

 

T5 (Moderate Co-production) 

C 
Trials information Cost reduction Difference calculated based on the cost of 

# of trials Trial number Reduction range Original tariff T1 T2 

1 = 2      

2  Trial 1 (T1) 20% – 30% √   

3  Trial 2 (T2) 20% – 30%  √  

 

T6 Scenario (Complex COC-based Product Selection) 

Assume that you are looking for a mobile phone. In this phone search, the price should fall between £25 

and £61 exclusively. The average rating should not exceed five points. The phone should not be among 

the website advice list (Not Recommended). The phone should be a camera phone (camera capacity > 1.0 

MP), and offers FM radio feature. It should not be a 3G phone. The number of negative reviews should be 

greater or equal the positive ones.  

 

T6 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 The phone price must be evaluated. (£25 < Price < £61) 

(Tip: see your mobile phone details page). 

 The phone average rating must be evaluated. (Less than five) 

(Tip: see your phone details page and then ―rating image‖). 

 The phone position in the website advice list must be evaluated, (Not recommended).  

(Tip: see your phone details page, then ―website advice‖ images). 

 The phone features must be evaluated. (Camera > 1.0MP, FM radio, Not 3G)  

(Tip: see your mobile phone details page, and see underneath the phone description). 

 The phone reviews must be utilised. (the negative >= the positive) 

(Tip: see your mobile phone details page, and then click ―read reviews‖, then click ―read‖). 

 

T6 (Complex COC-based Product Selection) 

C 
 Knowledge presented  Product Features Reviews 

Price Rating Top10 Recommended FM MP3 Camera 3G # of Reviews 

1 > £ 25 < 5  Not √  > 1.0 Not Positive <= Negative 

2 < £ 61         
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T7 Scenario (Complex non-COC Product Selection) 

Assume that you are looking a tariff. The tariff should offer from 200 to 300 free minutes exclusively. 

Assume that you do not need more than 50 free texts. If this tariff applied to your current usage, you will 

be charged for the extra usage (Bill total is not equal to line rental). 

 

T7 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 The tariff details must be seen. (Minutes between 200 & 300, texts < 50) 

(Tip: see your tariff details page). 

 The tariff line rental must be evaluated. (Line rental <> Bill cost) 

(Tip: see your tariff details page for line rental, click customise ―this‖ to apply to your bill). 

 

T7 ( Complex non-COC Product Selection ) 

 

Knowledge Presented  Product Features Billing Information 

Rating Top10 Recommended Line rental Free minutes Free texts Bill total 
Extra 

charges 

1     > 200 < 50  √ 

     < 300    

 

T8 Scenario (Complex Co-production) 

Assume that you want to manipulate parameters of the tariff selected in T7. Say that you want to do five 

trials. Each should reduce the bill total cost between 10% and 15%. The range of cost reduction should be 

calculated based on the last approved trial (or added to my trials list). If it is the first one, then it should be 

calculated based on the cost of the original tariff.  

 

T8 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 Five trials must be added to the list of customised tariffs. (5 co-production trials) 

(Tip: click ―add to my trials‖, when you finish from manipulating parameters of the tariff). 

 The difference between each trial and the other should fall into a range of (10% - 15%). 

(Tip1: Trial 1 should be 10% - 15% cheaper than the original tariff). 

(Tip2: Trial 2 should be 10% - 15% cheaper than Trial 1). 

(Tip3: Trial 3 should be 10% - 15% cheaper than Trial 2). 

(Tip4: Trial 4 should be 10% - 15% cheaper than Trial 3). 

(Tip5: Trial 5 should be 10% - 15% cheaper than Trial 4). 

 

T8 (Complex Co-production) 

C 
Trials information Cost reduction Difference calculated based on the cost of 

# of trials Trial number Reduction range Original tariff T1 T2 T3 T4 T5 

1 = 5         

2  Trial 1 (T1) 10% – 15% √      

3  Trial 2 (T2) 10% – 15%  √     

4  Trial 3 (T3) 10% – 15%   √    

5  Trial 4 (T4) 10% – 15%    √   

6  Trial 5 (T5) 10% – 15%     √  
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Appendix B-2: Questionnaire items (Experimental Phase I & II) 

Pre-Experimental Questions 

Q1) What is you age? 

(1) 17 and under.   

(2) 18 - 24.   

(3) 25 - 34.   

(4) 35 - 44.   

(5) 45 - 54.   

(6) 55 +.  

 

Q2) What is level of education? 

(1) High school.  

(2) 1
st
 year under-graduate.  

(3) Under-graduate.    

(4) Post-graduate (Courses).  

(5) Post-graduate (Research).   

 

Q3) How often you use the internet (average)?   

(1) Never. 

(2) Rarely (1-2 times in 3 month).       

(3) Occasionally (1-2 times a month).   

(4) 1-2 times a week.   

(5) 3-5 times a week.   

(6) More than 5 times a week. 

 

Q4) How many hours you use the internet (average) per week?   

(1) Never.    

(2) Less than 1 hour.    

(3) 1-5 hours.    

(4) 6-10 hours.   

(5) More than 10 hours.   

 

Q5) How often you purchase a product over the internet?   

(1) Never. 

(2) Rarely (1-2 times in 3 month).       

(3) Occasionally (1-2 times a month).   

(4) 1-2 times a week.   

(5) 3-5 times a week.   

(6) More than 5 times a week. 

 

Post-Task Questions for Achievement Test (Weight = 8 points) 

Q1- (weight = 2 point) - What was the average rating of your selected phone? 

 [  ] 1 (Awful), [  ] 2 (Poor), [  ] 3 (Fair), [  ] 4 (Good), [  ] 5 (Excellent) 

 

Q2- (weight = 2 points) - How many negative and positive reviews have been written about your phone? 

[  ] Positive > Negative, [  ] Positive < Negative, [  ] Equal number  

 

Q3- (weight = 2 point) - Which of the following features offered by your selected mobile phone? 

 [  ] FM radio, [  ] MP3 Player, [  ] Camera, [  ] 3G service 

 

Q4- (weight = 2 point) - Write down one of the pros and one of the cons of your selected phone:  

     ………………………………………………………………………………………………… 
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Post-experimental Statements 

Scale (Six-point Likert Scale for Obtaining Forced Answer) 

Please indicate you agreement with the next set of statements using the following rating scale. 

 

 Strongly 

Agree 

Moderately 

Agree 

Slightly 

Agree 

Slightly 

Disagree 

Moderately 

Disagree 

Strongly 

Disagree 

 [6]  [5] [4] [3] [2] [1] 

 

Questionnaire Statements 

Construct Measurement items Code 
Adapted 

from 

Disposition 

to trust 

I feel the people are generally trustworthy. DT1 [90, 199, 

200] 

I generally trust other people unless they give me reason not to. DT2 [90, 199, 

200] 

    

Satisfaction I think the website was easy to use. (Ease of the system) EOS [200] 

I think the website is confusing. (Extent of Confusion) EOC [200] 

There have been times while interacting with the website where I 

felt nervous. (Extent of Frustration) 

EOF New 

Going from one part to another was easy. (Ease of Navigation) EON [200] 

Overall, I feel comfortable with the website. (Overall Comfort) COM [200] 

    

Trust The features offered by the website matched what I expected. 

(Mach of Expectation) 

MOX [2, 200] 

In product selection, I would rely on my previous experience more 

than website contents. (Effect of Previous Experience) 

EPE New 

I felt this website vendor was unprofessional and incompetent. 

(Incompetency of the Vendor) 

ICV [64] 

I believe that this website vendor gave the impression that it is 

upright and honest. (Honesty of the Vendor) 

HOV [90] 

I felt that this website vendor was trustworthy. (Trustworthiness of 

the Vendor) 

TOV [90, 199, 

200] 
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Appendix B-3: Characteristics of the Sample (Phase I & II)  

Demographic Profile 

 

Age What is you age? 

 
 

Education What is level of education? 
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Experience Profile 

Internet use (Frequency) How often you use the internet (average)?  

 
Internet use (hours per week) How often you use the internet (average)?  

 
Internet Purchase (Frequency) How often you purchase a product over the internet? 
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Disposition to Trust 

 

Disposition to trust 1 I feel the people are generally trustworthy. 

 
Disposition to trust 2 I generally trust other people unless they give me reason not to. 
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Appendix C-1: Raw Data of Task Completion Rate for Experimental Phase I and II 

Raw data of Task Completion Rate for Using VCKMS (Experimental Phase I) 

TCS à Tasks Completed Successfully, 0àUncompleted Task, 1à Successfully completed Task 

User The Eight Common Tasks Task Complexity Task Type TCS 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All score 

U01 V123-01 1 1 0 1 1 0 1 0 2 2 1 1 3 1 5 63% 

U02 V132-01 1 1 0 1 1 0 0 0 2 2 0 1 2 1 4 50% 

U03 V213-01 1 1 1 0 1 0 1 0 2 2 1 2 2 1 5 63% 

U04 V231-01 1 1 1 1 0 0 1 0 2 2 1 2 3 0 5 63% 

U05 V312-01 1 1 0 1 1 1 0 0 2 2 1 2 2 1 5 63% 

U06 V321-01 1 1 0 1 1 0 1 1 2 2 2 1 3 2 6 75% 

U07 V123-02 1 1 1 1 0 0 1 1 2 2 2 2 3 1 6 75% 

U08 V132-02 1 1 0 1 1 1 0 0 2 2 1 2 2 1 5 63% 

U09 V213-02 1 1 1 0 1 0 1 0 2 2 1 2 2 1 5 63% 

U10 V231-02 1 1 0 1 0 0 0 1 2 1 1 1 2 1 4 50% 

U11 V312-02 1 1 0 1 0 0 1 1 2 1 2 1 3 1 5 63% 

U12 V321-02 1 1 0 1 1 1 0 0 2 2 1 2 2 1 5 63% 

U13 V123-03 1 1 1 1 0 1 0 0 2 2 1 3 2 0 5 63% 

U14 V132-03 1 1 1 1 0 0 1 0 2 2 1 2 3 0 5 63% 

U15 V213-03 1 1 0 1 0 1 0 1 2 1 2 2 2 1 5 63% 

U16 V231-03 1 1 1 0 1 0 0 0 2 2 0 2 1 1 4 50% 

U17 V312-03 1 1 1 1 1 1 1 0 2 3 2 3 3 1 7 88% 

U18 V321-03 1 1 0 1 0 1 0 0 2 1 1 2 2 0 4 50% 

U19 V123-04 1 1 0 1 1 1 0 1 2 2 2 2 2 2 6 75% 

U20 V132-04 1 1 1 1 0 0 1 1 2 2 2 2 3 1 6 75% 

Number of TCS 20 20 9 17 11 8 10 7 40 37 25 37 47 18 102 64% 

TCS Percentage 100% 100% 45% 85% 55% 40% 50% 35% 100% 62% 42% 62% 78% 45% 64% 
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Raw Data of Task Completion Rate for Using MCKMS (Experimental Phase I) 

TCS à Tasks Completed Successfully, 0àUncompleted Task, 1à Successfully completed Task 

User The Eight Common Tasks Task Complexity Task Type TCS 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All Score 

U01 M123-01 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U02 M132-01 1 1 0 1 1 1 0 0 2 2 1 2 2 1 5 63% 

U03 M213-01 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U04 M231-01 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U05 M312-01 1 1 1 1 1 1 0 1 2 3 2 3 2 2 7 88% 

U06 M321-01 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U07 M123-02 1 1 1 1 1 0 1 1 2 3 2 2 3 2 7 88% 

U08 M132-02 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U09 M213-02 1 1 0 1 1 0 1 0 2 2 1 1 3 1 5 63% 

U10 M231-02 1 1 1 1 1 1 1 0 2 3 2 3 3 1 7 88% 

U11 M312-02 1 1 1 1 0 1 1 1 2 2 3 3 3 1 7 88% 

U12 M321-02 1 1 1 1 0 1 1 0 2 2 2 3 3 0 6 75% 

U13 M123-03 1 1 0 1 1 0 1 1 2 2 2 1 3 2 6 75% 

U14 M132-03 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U15 M213-03 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U16 M231-03 1 1 1 1 1 1 0 1 2 3 2 3 2 2 7 88% 

U17 M312-03 1 1 0 1 1 1 1 1 2 2 3 2 3 2 7 88% 

U18 M321-03 1 1 1 1 1 1 0 1 2 3 2 3 2 2 7 88% 

U19 M123-04 1 1 1 1 1 0 1 0 2 3 1 2 3 1 6 75% 

U20 M132-04 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

Number of TCS 20 20 16 20 18 16 16 15 40 54 47 52 56 33 141 88% 

TCS Percentage 100% 100% 80% 100% 90% 80% 80% 75% 100% 90% 78% 87% 93% 83% 88% 
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Raw Data of Task Completion Rate for Using ACKMS (Experimental Phase II) 

TCS à Tasks Completed Successfully, 0àUncompleted Task, 1à Successfully completed Task 

User The Eight Common Tasks Task Complexity Task Type TCS 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All Score 

U01 A123-01 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U02 A132-01 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U03 A213-01 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U04 A231-01 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U05 A312-01 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U06 A321-01 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U07 A123-02 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U08 A132-02 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U09 A213-02 1 1 1 1 1 1 1 0 2 3 2 3 3 1 7 88% 

U10 A231-02 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U11 A312-02 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U12 A321-02 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U13 A123-03 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U14 A132-03 1 1 1 1 1 1 1 0 2 3 2 3 3 1 7 88% 

U15 A213-03 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U16 A231-03 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U17 A312-03 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U18 A321-03 1 1 1 1 1 1 1 0 2 3 2 3 3 1 7 88% 

U19 A123-04 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

U20 A132-04 1 1 1 1 1 1 1 1 2 3 3 3 3 2 8 100% 

Number of TCS 20 20 20 20 20 20 20 17 40 60 57 60 60 37 157 98% 

TCS Percentage 100% 100% 100% 100% 100% 100% 100% 85% 100% 100% 95% 100% 100% 93% 98% 
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Appendix D-1: Raw Data of Task Completion Time for Experimental Phase I and II 

Raw Data of Task Completion Time for Using VCKMS (Experimental Phase I) 

TAT à Task Accomplishment Time  

User The Eight Common Tasks Task Complexity Task Type TAT 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 V123-01 194 158 405 270 225 495 405 300 352 900 1200 1094 833 525 2452 

U02 V132-01 267 202 348 203 296 513 327 360 469 847 1200 1128 732 656 2516 

U03 V213-01 165 130 244 297 220 382 299 278 295 761 959 791 726 498 2015 

U04 V231-01 182 174 444 321 135 360 495 255 356 900 1110 986 990 390 2366 

U05 V312-01 86 76 328 289 163 427 521 252 162 780 1200 841 886 415 2142 

U06 V321-01 134 129 262 361 185 362 262 186 263 808 810 758 752 371 1881 

U07 V123-02 155 143 213 203 187 258 267 235 298 603 760 626 613 422 1661 

U08 V132-02 197 175 360 259 217 362 499 302 372 836 1163 919 933 519 2371 

U09 V213-02 135 125 278 398 169 536 372 226 260 845 1134 949 895 395 2239 

U10 V231-02 144 183 342 341 130 414 414 305 327 813 1133 900 938 435 2273 

U11 V312-02 221 196 348 283 198 356 435 249 417 829 1040 925 914 447 2286 

U12 V321-02 138 133 211 257 262 326 265 332 271 730 923 675 655 594 1924 

U13 V123-03 156 122 234 234 156 398 397 265 278 624 1060 788 753 421 1962 

U14 V132-03 191 162 253 411 209 430 263 218 353 873 911 874 836 427 2137 

U15 V213-03 247 178 308 390 132 423 332 264 425 830 1019 978 900 396 2274 

U16 V231-03 173 188 261 360 164 524 379 240 361 785 1143 958 927 404 2289 

U17 V312-03 224 208 317 220 289 294 423 385 432 826 1102 835 851 674 2360 

U18 V321-03 129 105 325 245 232 346 457 229 234 802 1032 800 807 461 2068 

U19 V123-04 165 141 313 338 142 394 362 251 306 793 1007 872 841 393 2106 

U20 V132-04 157 145 322 334 163 405 388 198 302 819 991 884 867 361 2112 

Average TAT 173.0 153.7 305.8 300.7 193.7 400.3 378.1 266.5 326.7 800.2 1044.9 879.1 832.5 460.2 2171.7 
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Raw Data of Task Completion Time for Using MCKMS (Experimental Phase I) 

TAT à Task Accomplishment Time  

User The Eight Common Tasks Task Complexity Task Type TAT 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 M123-01 109 133 286 393 180 320 443 202 242 859 965 715 969 382 2066 

U02 M132-01 148 196 351 234 315 468 312 420 344 900 1200 967 742 735 2444 

U03 M213-01 142 180 250 260 208 229 239 190 322 718 658 621 679 398 1698 

U04 M231-01 126 132 157 208 80 278 369 182 258 445 829 561 709 262 1532 

U05 M312-01 108 121 139 294 108 196 417 153 229 541 766 443 832 261 1536 

U06 M321-01 83 79 222 362 103 272 446 265 162 687 983 577 887 368 1832 

U07 M123-02 111 103 184 162 169 234 208 217 214 515 659 529 473 386 1388 

U08 M132-02 115 130 161 284 239 214 381 320 245 684 915 490 795 559 1844 

U09 M213-02 130 141 213 282 202 254 338 241 271 697 833 597 761 443 1801 

U10 M231-02 156 198 320 272 104 419 358 258 354 696 1035 895 828 362 2085 

U11 M312-02 160 142 340 313 173 301 278 153 302 826 732 801 733 326 1860 

U12 M321-02 157 151 276 254 158 276 255 158 308 688 689 709 660 316 1685 

U13 M123-03 110 159 211 227 130 277 302 172 269 568 751 598 688 302 1588 

U14 M132-03 99 117 169 300 89 216 385 211 216 558 812 484 802 300 1586 

U15 M213-03 85 116 185 216 180 255 300 248 201 581 803 525 632 428 1585 

U16 M231-03 99 108 236 217 175 286 265 214 207 628 765 621 590 389 1600 

U17 M312-03 104 139 185 244 203 234 312 256 243 632 802 523 695 459 1677 

U18 M321-03 130 160 231 292 169 209 266 303 290 692 778 570 718 472 1760 

U19 M123-04 156 184 308 273 102 248 221 173 340 683 642 712 678 275 1665 

U20 M132-04 169 183 275 215 86 253 199 222 352 576 674 697 597 308 1602 

Average TAT 124.9 143.6 235.0 265.1 158.7 272.0 314.7 227.9 268.5 658.7 814.6 631.8 723.4 386.6 1741.7 
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Raw Data of Task Completion Time for Using ACKM (Phase II) 

TAT à Task Accomplishment Time  

User The Eight Common Tasks Task Complexity Task Type TAT 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 A123-01 111 278 211 178 188 199 225 266 389 577 690 521 681 454 1656 

U02 A132-01 60 183 178 217 106 299 248 145 243 501 692 537 648 251 1436 

U03 A213-01 194 99 155 237 333 182 242 198 293 725 622 531 578 531 1640 

U04 A231-01 175 307 224 311 105 231 338 173 482 640 742 630 956 278 1864 

U05 A312-01 87 76 138 365 92 178 194 181 163 595 553 403 635 273 1311 

U06 A321-01 230 121 141 253 141 208 281 137 351 535 626 579 655 278 1512 

U07 A123-02 121 195 289 231 83 216 245 192 316 603 653 626 671 275 1572 

U08 A132-02 83 82 149 243 136 227 262 135 165 528 624 459 587 271 1317 

U09 A213-02 105 118 240 283 111 192 206 129 223 634 527 537 607 240 1384 

U10 A231-02 184 93 165 176 105 191 213 165 277 446 569 540 482 270 1292 

U11 A312-02 87 111 223 200 88 205 312 247 198 511 764 515 623 335 1473 

U12 A321-02 112 88 130 189 97 163 232 157 200 416 552 405 509 254 1168 

U13 A123-03 205 95 190 355 146 220 272 157 300 691 649 615 722 303 1640 

U14 A132-03 124 131 163 166 76 337 211 164 255 405 712 624 508 240 1372 

U15 A213-03 94 105 188 202 289 211 293 224 199 679 728 493 600 513 1606 

U16 A231-03 66 250 299 214 99 188 275 136 316 612 599 553 739 235 1527 

U17 A312-03 75 103 154 167 252 481 326 85 178 573 892 710 596 337 1643 

U18 A321-03 126 98 355 152 110 180 251 220 224 617 651 661 501 330 1492 

U19 A123-04 70 125 167 183 112 234 230 156 195 462 620 471 538 268 1277 

U20 A132-04 107 83 132 236 204 187 205 193 190 572 585 426 524 397 1347 

Average TAT 120.8 137.1 194.6 227.9 143.7 226.5 253.1 173.0 257.9 566.1 652.5 541.8 618.0 316.7 1476.5 
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Appendix D-2: Raw Data of Task completion per Time for Experimental Phase I and II 

Raw Data of Task completion per Time for using VCKMS (Experimental Phase I) 

TApT à Task Accomplishment per Unit of Time  

User The Eight Common Tasks Task Complexity Task Type TApT 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 V123-01 63% 52% 0% 37% 30% 0% 25% 11% 28% 6% 4% 3% 12% 10% 38% 

U02 V132-01 50% 37% 0% 49% 34% 0% 0% 9% 21% 8% 1% 3% 9% 10% 30% 

U03 V213-01 77% 61% 41% 0% 30% 0% 33% 6% 34% 7% 4% 8% 9% 8% 45% 

U04 V231-01 57% 55% 23% 31% 0% 0% 20% 13% 28% 7% 4% 7% 10% 4% 40% 

U05 V312-01 132% 116% 0% 35% 41% 23% 0% 0% 62% 7% 3% 8% 8% 8% 72% 

U06 V321-01 78% 75% 0% 28% 54% 0% 38% 45% 38% 8% 8% 4% 13% 25% 54% 

U07 V123-02 70% 65% 47% 49% 18% 0% 37% 35% 34% 13% 8% 11% 16% 14% 55% 

U08 V132-02 57% 51% 0% 39% 46% 28% 0% 6% 27% 8% 3% 7% 7% 11% 38% 

U09 V213-02 80% 74% 36% 0% 39% 0% 27% 7% 38% 7% 3% 7% 7% 11% 48% 

U10 V231-02 55% 69% 0% 29% 26% 0% 0% 16% 31% 5% 1% 4% 7% 10% 38% 

U11 V312-02 51% 45% 0% 35% 0% 0% 23% 27% 24% 4% 5% 4% 11% 7% 33% 

U12 V321-02 75% 72% 0% 39% 38% 31% 0% 0% 37% 9% 4% 10% 10% 8% 50% 

U13 V123-03 82% 64% 43% 43% 0% 25% 0% 13% 36% 11% 4% 13% 9% 4% 51% 

U14 V132-03 62% 52% 40% 24% 0% 0% 38% 8% 28% 8% 4% 8% 12% 2% 40% 

U15 V213-03 56% 40% 0% 26% 0% 24% 0% 32% 24% 4% 6% 7% 7% 11% 34% 

U16 V231-03 53% 58% 38% 0% 41% 0% 0% 7% 28% 7% 0% 7% 4% 10% 35% 

U17 V312-03 48% 45% 32% 45% 23% 34% 24% 0% 23% 11% 6% 12% 12% 5% 40% 

U18 V321-03 95% 78% 0% 41% 0% 29% 0% 15% 43% 4% 4% 8% 8% 4% 51% 

U19 V123-04 71% 61% 0% 30% 70% 25% 0% 40% 33% 8% 7% 8% 8% 25% 48% 

U20 V132-04 69% 64% 31% 30% 0% 0% 26% 34% 33% 8% 6% 8% 12% 9% 47% 

Average TApT 69% 62% 16% 30% 25% 11% 15% 16% 32% 8% 4% 7% 10% 10% 44% 
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Raw Data of Task Completion per Time for MCKMS (Experimental Phase I) 

TApT à Task Accomplishment per Unit of Time  

User The Eight Common Tasks Task Complexity Task Type TApT 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 M123-01 92% 75% 35% 25% 37% 31% 23% 41% 41% 10% 10% 14% 10% 20% 61% 

U02 M132-01 68% 51% 0% 43% 32% 21% 0% 0% 29% 7% 3% 7% 9% 7% 39% 

U03 M213-01 70% 56% 40% 38% 32% 44% 42% 26% 31% 12% 13% 16% 15% 15% 56% 

U04 M231-01 79% 76% 64% 48% 125% 36% 27% 55% 39% 22% 12% 18% 14% 38% 73% 

U05 M312-01 93% 83% 72% 34% 62% 51% 0% 44% 44% 16% 7% 23% 8% 26% 67% 

U06 M321-01 120% 127% 45% 28% 97% 37% 22% 19% 62% 15% 8% 17% 11% 20% 85% 

U07 M123-02 90% 97% 54% 62% 39% 0% 48% 31% 47% 17% 8% 13% 21% 17% 72% 

U08 M132-02 87% 77% 62% 35% 28% 47% 26% 21% 41% 13% 10% 20% 13% 12% 64% 

U09 M213-02 77% 71% 0% 35% 50% 0% 30% 14% 37% 10% 5% 6% 13% 15% 52% 

U10 M231-02 64% 51% 31% 37% 96% 24% 28% 6% 28% 14% 7% 11% 12% 16% 50% 

U11 M312-02 63% 70% 29% 32% 0% 33% 36% 44% 33% 8% 12% 12% 14% 10% 53% 

U12 M321-02 64% 66% 36% 39% 21% 36% 39% 21% 32% 11% 11% 14% 15% 11% 55% 

U13 M123-03 91% 63% 0% 44% 77% 0% 33% 58% 37% 12% 9% 6% 15% 33% 58% 

U14 M132-03 101% 85% 59% 33% 75% 46% 26% 32% 46% 16% 11% 21% 12% 22% 73% 

U15 M213-03 118% 86% 54% 46% 37% 39% 33% 34% 50% 15% 12% 19% 16% 18% 77% 

U16 M231-03 101% 93% 42% 46% 38% 35% 0% 31% 48% 14% 7% 16% 11% 17% 70% 

U17 M312-03 96% 72% 0% 41% 49% 43% 32% 26% 41% 11% 11% 13% 14% 18% 63% 

U18 M321-03 77% 63% 43% 34% 39% 48% 0% 33% 34% 13% 9% 18% 9% 18% 56% 

U19 M123-04 64% 54% 32% 37% 98% 0% 45% 0% 29% 15% 5% 9% 15% 18% 49% 

U20 M132-04 59% 55% 36% 47% 78% 40% 50% 30% 28% 15% 13% 14% 17% 22% 57% 

Average TApT 84% 73% 37% 39% 56% 31% 27% 28% 39% 13% 9% 14% 13% 19% 62% 
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Raw Data of Task Completion per Time for ACKMS (Experimental Phase II) 

TApT à Task Accomplishment per Unit of Time  

User The Eight Common Tasks Task Complexity Task Type TApT 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 A123-01 90% 36% 47% 56% 53% 50% 44% 38% 26% 17% 14% 19% 15% 22% 58% 

U02 A132-01 167% 55% 56% 46% 94% 33% 40% 69% 41% 20% 14% 19% 15% 40% 76% 

U03 A213-01 52% 101% 65% 42% 30% 55% 41% 42% 34% 14% 15% 19% 17% 17% 63% 

U04 A231-01 57% 33% 45% 32% 64% 43% 30% 58% 21% 14% 13% 16% 10% 30% 48% 

U05 A312-01 115% 132% 72% 27% 109% 56% 52% 37% 61% 17% 16% 25% 16% 31% 94% 

U06 A321-01 43% 83% 71% 40% 71% 48% 36% 49% 28% 19% 14% 17% 15% 30% 61% 

U07 A123-02 83% 51% 35% 43% 120% 46% 41% 43% 32% 17% 14% 16% 15% 33% 63% 

U08 A132-02 120% 122% 67% 41% 74% 44% 38% 74% 61% 19% 16% 22% 17% 37% 96% 

U09 A213-02 95% 85% 42% 35% 90% 52% 49% 26% 45% 16% 15% 19% 16% 28% 75% 

U10 A231-02 54% 108% 61% 57% 95% 52% 47% 61% 36% 22% 18% 19% 21% 37% 76% 

U11 A312-02 115% 90% 45% 50% 114% 49% 32% 27% 51% 20% 12% 19% 16% 25% 82% 

U12 A321-02 89% 114% 77% 53% 69% 61% 43% 64% 50% 21% 18% 25% 20% 33% 89% 

U13 A123-03 49% 105% 53% 28% 68% 45% 37% 42% 33% 14% 14% 16% 14% 28% 62% 

U14 A132-03 81% 76% 61% 60% 132% 30% 47% 20% 39% 25% 11% 16% 20% 28% 75% 

U15 A213-03 106% 95% 53% 50% 35% 47% 34% 45% 50% 15% 14% 20% 17% 19% 79% 

U16 A231-03 152% 40% 33% 47% 101% 53% 36% 61% 32% 16% 16% 18% 14% 39% 64% 

U17 A312-03 133% 97% 65% 60% 40% 21% 31% 78% 56% 17% 10% 14% 17% 25% 84% 

U18 A321-03 79% 102% 28% 66% 61% 56% 40% 15% 45% 14% 12% 15% 20% 15% 71% 

U19 A123-04 143% 80% 60% 55% 89% 43% 43% 43% 51% 22% 14% 21% 19% 31% 87% 

U20 A132-04 93% 120% 76% 42% 49% 53% 49% 43% 53% 17% 16% 23% 19% 23% 86% 

Average TApT 96% 86% 56% 47% 78% 47% 40% 47% 42% 18% 14% 19% 17% 29% 74% 
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Appendix D-3: Raw Data of Error Rate for Experimental Phase I and II 

Raw Data of Error Rate for Using VCKMS (Experimental Phase I) 

 

ER à Error Rate 

User The Eight Common Tasks Task Complexity Task Type ER 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 V123-01 0 0 1 1 2 3 2 5 0 4 10 4 3 7 14 

U02 V132-01 0 0 2 1 3 3 2 4 0 6 9 5 3 7 15 

U03 V213-01 0 0 1 1 2 4 2 3 0 4 9 5 3 5 13 

U04 V231-01 0 0 2 2 2 3 4 4 0 6 11 5 6 6 17 

U05 V312-01 1 0 1 1 1 2 3 3 1 3 8 4 4 4 12 

U06 V321-01 1 0 3 2 2 2 2 1 1 7 5 6 4 3 13 

U07 V123-02 2 1 2 2 2 2 1 3 3 6 6 6 4 5 15 

U08 V132-02 0 0 2 2 2 3 4 4 0 6 11 5 6 6 17 

U09 V213-02 0 1 1 1 1 4 1 2 1 3 7 5 3 3 11 

U10 V231-02 1 1 1 1 1 4 2 4 2 3 10 6 4 5 15 

U11 V312-02 1 0 1 2 3 2 1 3 1 6 6 4 3 6 13 

U12 V321-02 1 1 3 2 2 3 2 3 2 7 8 7 5 5 17 

U13 V123-03 2 0 4 2 1 4 1 4 2 7 9 10 3 5 18 

U14 V132-03 1 0 2 2 2 4 1 2 1 6 7 7 3 4 14 

U15 V213-03 0 1 1 1 2 4 2 4 1 4 10 5 4 6 15 

U16 V231-03 1 0 1 1 1 5 3 4 1 3 12 7 4 5 16 

U17 V312-03 1 2 2 2 2 4 3 5 3 6 12 7 7 7 21 

U18 V321-03 0 1 3 2 2 3 2 5 1 7 10 6 5 7 18 

U19 V123-04 1 0 2 1 2 4 2 4 1 5 10 7 3 6 16 

U20 V132-04 0 0 3 2 2 4 2 3 0 7 9 7 4 5 16 

Average ER 0.7 0.4 1.9 1.6 1.9 3.4 2.1 3.5 1.1 5.3 9.0 5.9 4.1 5.4 15.3 
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Raw Data of Error Rate for Using MCKMS (Experimental Phase I) 

ER à Error Rate 

User The Eight Common Tasks Task Complexity Task Type ER 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 M123-01 0 0 2 1 2 3 1 2 0 5 6 5 2 4 11 

U02 M132-01 0 0 3 2 3 1 1 2 0 8 4 4 3 5 12 

U03 M213-01 0 0 2 1 2 2 2 1 0 5 5 4 3 3 10 

U04 M231-01 1 0 0 0 0 2 2 2 1 0 6 3 2 2 7 

U05 M312-01 1 0 1 1 0 2 1 1 1 2 4 4 2 1 7 

U06 M321-01 1 0 0 1 0 2 1 2 1 1 5 3 2 2 7 

U07 M123-02 1 0 1 0 1 2 2 2 1 2 6 4 2 3 9 

U08 M132-02 0 1 1 1 1 2 1 1 1 3 4 3 3 2 8 

U09 M213-02 1 1 2 1 2 2 1 1 2 5 4 5 3 3 11 

U10 M231-02 1 2 0 0 0 1 1 2 3 0 4 2 3 2 7 

U11 M312-02 0 0 3 1 2 1 1 2 0 6 4 4 2 4 10 

U12 M321-02 0 0 2 1 1 2 2 2 0 4 6 4 3 3 10 

U13 M123-03 0 1 1 1 0 1 1 1 1 2 3 2 3 1 6 

U14 M132-03 1 0 1 0 0 2 1 1 1 1 4 4 1 1 6 

U15 M213-03 1 0 1 1 0 2 2 1 1 2 5 4 3 1 8 

U16 M231-03 1 0 1 0 1 2 1 3 1 2 6 4 1 4 9 

U17 M312-03 0 1 1 1 1 2 1 1 1 3 4 3 3 2 8 

U18 M321-03 1 1 1 1 1 2 1 1 2 3 4 4 3 2 9 

U19 M123-04 0 1 0 0 0 2 1 2 1 0 5 2 2 2 6 

U20 M132-04 1 0 1 0 0 2 2 2 1 1 6 4 2 2 8 

Average ER 0.6 0.4 1.2 0.7 0.9 1.9 1.3 1.6 1.0 2.8 4.8 3.6 2.4 2.5 8.5 
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Raw Data of Error Rate for Using ACKMS (Experimental Phase II) 

ER à Error Rate 

User The Eight Common Tasks Task Complexity Task Type ER 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 A123-01 1 1 1 0 1 0 2 1 2 2 3 2 3 2 7 

U02 A132-01 0 0 0 1 1 3 0 0 0 2 3 3 1 1 5 

U03 A213-01 1 0 0 0 0 0 1 2 1 0 3 1 1 2 4 

U04 A231-01 0 2 1 0 1 0 1 1 2 2 2 1 3 2 6 

U05 A312-01 1 1 2 0 1 2 2 0 2 3 4 5 3 1 9 

U06 A321-01 0 0 2 2 1 1 1 1 0 5 3 3 3 2 8 

U07 A123-02 0 0 0 0 0 2 1 0 0 0 3 2 1 0 3 

U08 A132-02 1 0 0 0 0 3 0 0 1 0 3 4 0 0 4 

U09 A213-02 0 2 0 0 1 0 1 1 2 1 2 0 3 2 5 

U10 A231-02 0 0 1 0 2 1 2 3 0 3 6 2 2 5 9 

U11 A312-02 2 1 1 1 1 1 1 0 3 3 2 4 3 1 8 

U12 A321-02 0 1 1 1 3 3 1 0 1 5 4 4 3 3 10 

U13 A123-03 0 0 0 1 1 0 0 1 0 2 1 0 1 2 3 

U14 A132-03 0 2 2 1 0 0 0 1 2 3 1 2 3 1 6 

U15 A213-03 0 1 0 1 1 1 1 1 1 2 3 1 3 2 6 

U16 A231-03 1 0 2 2 0 2 1 2 1 4 5 5 3 2 10 

U17 A312-03 1 0 1 1 0 2 0 3 1 2 5 4 1 3 8 

U18 A321-03 0 0 0 0 0 0 0 2 0 0 2 0 0 2 2 

U19 A123-04 0 1 0 1 0 3 2 1 1 1 6 3 4 1 8 

U20 A132-04 0 0 0 1 0 0 0 1 0 1 1 0 1 1 2 

Average ER 0.4 0.6 0.7 0.7 0.7 1.2 0.9 1.1 1.0 2.1 3.1 2.3 2.1 1.8 6.2 
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Appendix D-4: Raw Data of Count of Mouse Clicks for Experimental Phase I and II 

Raw Data of Count of Mouse Clicks for Using VCKMS (Experimental Phase I) 

COCS à Count of Mouse Clicks 

User The Eight Common Tasks Task Complexity Task Type COCS 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 V123-01 19 12 50 38 19 68 63 54 31 107 185 137 113 73 323 

U02 V132-01 17 10 49 31 26 26 19 20 27 106 65 92 60 46 198 

U03 V213-01 27 15 18 16 17 54 50 55 42 51 159 99 81 72 252 

U04 V231-01 19 14 55 39 15 64 36 40 33 109 140 138 89 55 282 

U05 V312-01 11 9 54 44 26 76 40 58 20 124 174 141 93 84 318 

U06 V321-01 20 10 44 32 28 26 16 18 30 104 60 90 58 46 194 

U07 V123-02 17 17 32 30 24 35 48 33 34 86 116 84 95 57 236 

U08 V132-02 19 14 38 28 22 52 50 40 33 88 142 109 92 62 263 

U09 V213-02 17 10 42 28 19 44 41 42 27 89 127 103 79 61 243 

U10 V231-02 17 14 38 36 20 60 45 56 31 94 161 115 95 76 286 

U11 V312-02 18 14 48 40 24 52 30 44 32 112 126 118 84 68 270 

U12 V321-02 17 14 44 34 27 54 26 36 31 105 116 115 74 63 252 

U13 V123-03 14 14 35 29 19 52 35 42 28 83 129 101 78 61 240 

U14 V132-03 19 11 54 38 21 42 31 32 30 113 105 115 80 53 248 

U15 V213-03 24 10 50 36 17 48 35 40 34 103 123 122 81 57 260 

U16 V231-03 20 12 62 44 16 60 36 36 32 122 132 142 92 52 286 

U17 V312-03 25 11 40 28 22 55 43 39 36 90 137 120 82 61 263 

U18 V321-03 16 10 41 31 30 49 37 41 26 102 127 106 78 71 255 

U19 V123-04 20 12 26 24 14 45 33 36 32 64 114 91 69 50 210 

U20 V132-04 19 14 52 30 19 47 37 30 33 101 114 118 81 49 248 

Average COCS 18.8 12.4 43.6 32.8 21.3 50.5 37.6 39.6 31.1 97.7 127.6 112.8 82.7 60.9 256.4 
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Raw Data of Count of Mouse Clicks for Using MCKMS (Experimental Phase I) 

COCS à Count of Mouse Clicks 

User The Eight Common Tasks Task Complexity Task Type COCS 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 M123-01 9 7 22 19 25 32 13 27 16 66 72 63 39 52 154 

U02 M132-01 14 10 35 29 34 17 31 23 24 98 71 66 70 57 193 

U03 M213-01 12 10 16 21 19 17 15 14 22 56 46 45 46 33 124 

U04 M231-01 11 7 14 7 15 19 18 30 18 36 67 44 32 45 121 

U05 M312-01 10 5 14 11 16 26 16 20 15 41 62 50 32 36 118 

U06 M321-01 11 6 16 14 22 19 32 24 17 52 75 46 52 46 144 

U07 M123-02 8 9 13 12 16 20 15 18 17 41 53 41 36 34 111 

U08 M132-02 12 6 19 15 22 26 25 19 18 56 70 57 46 41 144 

U09 M213-02 14 9 19 13 26 18 25 16 23 58 59 51 47 42 140 

U10 M231-02 15 8 18 10 18 21 17 23 23 46 61 54 35 41 130 

U11 M312-02 13 8 29 19 25 22 15 26 21 73 63 64 42 51 157 

U12 M321-02 11 11 20 18 25 18 16 27 22 63 61 49 45 52 146 

U13 M123-03 9 9 13 14 17 21 17 20 18 44 58 43 40 37 120 

U14 M132-03 11 6 15 10 18 21 16 31 17 43 68 47 32 49 128 

U15 M213-03 9 7 12 13 20 24 19 20 16 45 63 45 39 40 124 

U16 M231-03 8 9 16 15 21 20 18 28 17 52 66 44 42 49 135 

U17 M312-03 11 8 22 15 15 23 17 21 19 52 61 56 40 36 132 

U18 M321-03 12 10 20 15 18 29 12 22 22 53 63 61 37 40 138 

U19 M123-04 15 8 12 12 23 19 16 28 23 47 63 46 36 51 133 

U20 M132-04 12 7 17 12 19 23 17 22 19 48 62 52 36 41 129 

Average COCS 11.4 8.0 18.1 14.7 20.7 21.8 18.5 23.0 19.4 53.5 63.2 51.2 41.2 43.7 136.1 
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Raw Data of Count of Mouse Clicks for Using ACKMS (Experimental Phase II) 

COCS à Count of Mouse Clicks 

User The Eight Common Tasks Task Complexity Task Type COCS 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 A123-01 13 8 18 13 23 18 17 21 21 54 56 49 38 44 131 

U02 A132-01 10 6 14 16 17 21 16 18 16 47 55 45 38 35 118 

U03 A213-01 11 9 11 12 14 24 17 15 20 37 56 46 38 29 113 

U04 A231-01 12 8 13 11 10 19 18 28 20 34 65 44 37 38 119 

U05 A312-01 11 8 15 25 16 22 14 17 19 56 53 48 47 33 128 

U06 A321-01 12 5 12 6 12 17 14 14 17 30 45 41 25 26 92 

U07 A123-02 10 6 22 15 21 19 17 23 16 58 59 51 38 44 133 

U08 A132-02 11 9 17 10 20 20 16 19 20 47 55 48 35 39 122 

U09 A213-02 12 9 21 6 11 16 18 17 21 38 51 49 33 28 110 

U10 A231-02 10 7 18 12 17 18 16 17 17 47 51 46 35 34 115 

U11 A312-02 9 4 13 14 31 17 14 21 13 58 52 39 32 52 123 

U12 A321-02 10 5 10 15 19 17 16 13 15 44 46 37 36 32 105 

U13 A123-03 10 6 15 9 11 23 15 18 16 35 56 48 30 29 107 

U14 A132-03 12 8 16 11 24 19 13 18 20 51 50 47 32 42 121 

U15 A213-03 9 8 19 7 15 17 15 14 17 41 46 45 30 29 104 

U16 A231-03 11 7 12 17 21 21 18 21 18 50 60 44 42 42 128 

U17 A312-03 9 5 10 12 16 26 13 17 14 38 56 45 30 33 108 

U18 A321-03 12 7 17 7 13 18 13 19 19 37 50 47 27 32 106 

U19 A123-04 10 7 13 6 19 17 17 14 17 38 48 40 30 33 103 

U20 A132-04 9 8 31 8 14 16 14 18 17 53 48 56 30 32 118 

Average COCS 10.7 7.0 15.9 11.6 17.2 19.3 15.6 18.1 17.7 44.7 52.9 45.8 34.2 35.3 115.2 
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Appendix D-5: Row Data of Count of Visited Pages for Experimental Phase I and II 

Raw Data of Count of Visited Pages for Using VCKMS (Experimental Phase I) 

COVP à Count of Visited Pages 

User The Eight Common Tasks Task Complexity Task Type COVP 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 V123-01 8 7 33 17 1 28 33 1 15 51 62 69 57 2 128 

U02 V132-01 6 7 28 14 2 14 9 1 13 44 24 48 30 3 81 

U03 V213-01 9 10 10 7 1 28 26 1 19 18 55 47 43 2 92 

U04 V231-01 10 5 24 26 1 33 19 1 15 51 53 67 50 2 119 

U05 V312-01 6 3 23 26 1 39 29 2 9 50 70 68 58 3 129 

U06 V321-01 6 7 23 15 1 14 8 1 13 39 23 43 30 2 75 

U07 V123-02 9 7 17 14 1 19 24 1 16 32 44 45 45 2 92 

U08 V132-02 10 6 15 18 1 21 25 1 16 34 47 46 49 2 97 

U09 V213-02 6 6 22 13 1 23 20 1 12 36 44 51 39 2 92 

U10 V231-02 9 6 20 17 1 31 27 1 15 38 59 60 50 2 112 

U11 V312-02 9 6 21 23 2 27 21 1 15 46 49 57 50 3 110 

U12 V321-02 7 7 23 16 1 28 17 1 14 40 46 58 40 2 100 

U13 V123-03 8 5 22 19 1 27 20 1 13 42 48 57 44 2 103 

U14 V132-03 6 8 34 18 1 17 20 1 14 53 38 57 46 2 105 

U15 V213-03 9 9 26 17 1 21 23 1 18 44 45 56 49 2 107 

U16 V231-03 7 8 32 21 1 29 19 2 15 54 50 68 48 3 119 

U17 V312-03 12 6 15 19 1 25 25 1 18 35 51 52 50 2 104 

U18 V321-03 7 4 17 19 1 22 28 1 11 37 51 46 51 2 99 

U19 V123-04 8 7 14 11 1 29 18 1 15 26 48 51 36 2 89 

U20 V132-04 9 7 27 23 1 24 22 1 16 51 47 60 52 2 114 

Average COVP 8.1 6.6 22.3 17.7 1.1 25.0 21.7 1.1 14.6 41.1 47.7 55.3 45.9 2.2 103.4 
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Raw Data of Count of Visited Pages for Using MCKMS (Experimental Phase I) 

COVP à Count of Visited Pages 

User The Eight Common Tasks Task Complexity Task Type COVP 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 M123-01 2 3 3 2 1 4 4 1 5 6 9 9 9 2 20 

U02 M132-01 2 2 2 3 2 3 4 1 4 7 8 7 9 3 19 

U03 M213-01 3 4 3 2 1 5 4 1 7 6 10 11 10 2 23 

U04 M231-01 2 2 2 2 1 2 2 1 4 5 5 6 6 2 14 

U05 M312-01 2 2 2 2 1 3 2 1 4 5 6 7 6 2 15 

U06 M321-01 2 3 3 2 1 2 3 1 5 6 6 7 8 2 17 

U07 M123-02 2 2 2 2 1 3 2 1 4 5 6 7 6 2 15 

U08 M132-02 2 3 3 2 1 3 2 1 5 6 6 8 7 2 17 

U09 M213-02 3 3 2 3 1 4 4 1 6 6 9 9 10 2 21 

U10 M231-02 3 2 2 3 1 2 2 1 5 6 5 7 7 2 16 

U11 M312-02 3 2 3 2 1 4 3 2 5 6 9 10 7 3 20 

U12 M321-02 3 2 2 3 1 3 4 1 5 6 8 8 9 2 19 

U13 M123-03 2 3 2 2 1 3 3 1 5 5 7 7 8 2 17 

U14 M132-03 2 2 2 2 1 3 2 1 4 5 6 7 6 2 15 

U15 M213-03 2 2 2 2 1 3 2 1 4 5 6 7 6 2 15 

U16 M231-03 3 2 2 3 1 3 2 1 5 6 6 8 7 2 17 

U17 M312-03 2 3 3 2 1 3 3 1 5 6 7 8 8 2 18 

U18 M321-03 2 3 3 2 1 4 2 1 5 6 7 9 7 2 18 

U19 M123-04 3 3 2 2 1 2 2 1 6 5 5 7 7 2 16 

U20 M132-04 3 2 2 3 1 2 3 1 5 6 6 7 8 2 17 

Average COVP 2.4 2.5 2.4 2.3 1.1 3.1 2.8 1.1 4.9 5.7 6.9 7.8 7.6 2.1 17.5 

 

 

 

 

 



299 

 

Raw Data of Count of Visited Pages for Using ACKMS (Experimental Phase II) 

COVP à Count of Visited Pages 

User The Eight Common Tasks Task Complexity Task Type COVP 

# Code T1 T2 T3 T4 T5 T6 T7 T8 
Simple 

tasks 

Moderate 

tasks 

Complex 

tasks 

COC 

selection 

Non-COC 

selection 

Co-

production 
All 

U01 A123-01 3 2 2 3 1 3 3 1 5 6 7 8 8 2 18 

U02 A132-01 2 2 3 2 1 2 2 1 4 6 5 7 6 2 15 

U03 A213-01 2 3 2 2 1 2 2 1 5 5 5 6 7 2 15 

U04 A231-01 2 2 2 2 1 3 4 1 4 5 8 7 8 2 17 

U05 A312-01 2 2 2 2 1 3 3 1 4 5 7 7 7 2 16 

U06 A321-01 2 2 2 2 1 3 2 1 4 5 6 7 6 2 15 

U07 A123-02 3 3 2 2 2 2 4 2 6 6 8 7 9 4 20 

U08 A132-02 2 3 2 2 1 3 3 1 5 5 7 7 8 2 17 

U09 A213-02 2 2 3 2 1 3 2 1 4 6 6 8 6 2 16 

U10 A231-02 2 2 2 2 1 4 3 1 4 5 8 8 7 2 17 

U11 A312-02 2 2 2 3 1 3 2 1 4 6 6 7 7 2 16 

U12 A321-02 2 2 2 2 2 3 2 1 4 6 6 7 6 3 16 

U13 A123-03 2 2 3 2 1 2 3 1 4 6 6 7 7 2 16 

U14 A132-03 3 3 2 2 1 3 2 1 6 5 6 8 7 2 17 

U15 A213-03 2 2 2 2 1 3 2 1 4 5 6 7 6 2 15 

U16 A231-03 2 2 2 3 2 2 4 1 4 7 7 6 9 3 18 

U17 A312-03 3 2 2 2 1 3 2 1 5 5 6 8 6 2 16 

U18 A321-03 2 2 3 2 1 2 2 1 4 6 5 7 6 2 15 

U19 A123-04 2 2 2 2 1 3 2 1 4 5 6 7 6 2 15 

U20 A132-04 2 3 2 2 1 3 3 1 5 5 7 7 8 2 17 

Average COVP 2.2 2.3 2.2 2.2 1.2 2.8 2.6 1.1 4.5 5.5 6.4 7.2 7.0 2.2 16.4 
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Appendix E-1: Raw Data of the User’s Attitudes for Experimental Phase I and II 

Raw Data of the User’s Attitudes toward Using VCKMS (Experimental Phase I) 

6à Strongly Agree, 5àModerately Agree, 4àSlightly Agree, 3àSlightly Disagree,2àModerately Disagree, 1àStrongly Disagree  

EOSàEase of the System, EOCàExtent of Confusion, EOFàExtent of Frustration, COMàComfort, MOXàMatch of Expectations  

EPEàEffect of Previous Experience, ICVàIncompetency of Vendor, HOVàHonesty of Vendor, TOVàTrustworthiness of Vendor 
 

SUS à System Usability Scale,  

USàUser Satisfaction, 

UPTàUser Perception of Trust 

 
User Responses 

 
SUS Scores 

User Aspects of User Satisfaction Aspects of User Trust 
 

The user‘s Attitudes 

# Code EOS EOC EOF EON COM MOX EPE ICV HOV TOV 
 

US UPT ALL 

U01 V123-01 2 5 5 5 4 4 6 5 4 3 
 

10 9 19 

U02 V132-01 4 3 1 5 5 4 6 3 4 3 
 

19 11 30 

U03 V213-01 5 2 2 5 5 4 6 3 4 4 
 

20 12 32 

U04 V231-01 3 5 5 4 2 2 4 4 4 2 
 

8 9 17 

U05 V312-01 5 2 4 5 5 4 6 3 4 4 
 

18 12 30 

U06 V321-01 3 4 1 6 5 4 5 3 1 3 
 

18 9 27 

U07 V123-02 5 3 4 5 5 4 5 4 4 3 
 

17 11 28 

U08 V132-02 4 3 3 5 5 4 6 4 2 3 
 

17 8 25 

U09 V213-02 4 4 3 5 4 3 5 3 4 3 
 

15 11 26 

U10 V231-02 4 3 4 5 4 4 5 3 4 3 
 

15 12 27 

U11 V312-02 4 4 4 5 4 4 6 4 4 3 
 

14 10 24 

U12 V321-02 4 3 3 5 5 3 5 3 4 3 
 

17 11 28 

U13 V123-03 5 4 3 5 5 4 6 3 4 3 
 

17 11 28 

U14 V132-03 3 4 2 5 5 4 6 4 3 3 
 

16 9 25 

U15 V213-03 4 4 3 4 5 4 6 4 3 4 
 

15 10 25 

U16 V231-03 3 3 3 5 4 3 5 4 4 3 
 

15 10 25 

U17 V312-03 4 4 3 5 4 4 6 5 3 3 
 

15 8 23 

U18 V321-03 4 3 4 5 4 4 5 3 4 2 
 

15 11 26 

U19 V123-04 3 3 2 5 4 3 5 4 4 3 
 

16 10 26 

U20 V132-04 4 3 3 5 5 4 4 4 4 3 
 

17 12 29 

The Mean value 3.85 3.45 3.1 4.95 4.45 3.7 5.4 3.65 3.6 3.05 
 

15.7 10.3 26.0 
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Raw Data of the User’s Attitudes toward Using MCKMS (Experimental Phase I) 

6à Strongly Agree, 5àModerately Agree, 4àSlightly Agree, 3àSlightly Disagree,2àModerately Disagree, 1àStrongly Disagree  

EOSàEase of the System, EOCàExtent of Confusion, EOFàExtent of Frustration, COMàComfort, MOXàMatch of Expectations  

EPEàEffect of Previous Experience, ICVàIncompetency of Vendor, HOVàHonesty of Vendor, TOVàTrustworthiness of Vendor 
 

SUS à System Usability Scale,  

USàUser Satisfaction, 

UPTàUser Perception of Trust 

 
User Responses 

 
SUS Scores 

User Aspects of User Satisfaction Aspects of User Trust 
 

The user‘s Attitudes 

# Code EOS EOC EOF EON COM MOX EPE ICV HOV TOV 
 

US UPT ALL 

U01 M123-01 6 2 1 6 6 5 6 3 4 4 
 

24 13 37 

U02 M132-01 5 2 2 5 5 4 3 3 2 4 
 

20 13 33 

U03 M213-01 5 1 2 5 6 5 5 2 4 5 
 

22 16 38 

U04 M231-01 5 2 1 6 5 5 2 2 5 5 
 

22 20 42 

U05 M312-01 6 1 2 6 5 4 2 2 4 4 
 

23 17 40 

U06 M321-01 3 4 2 5 4 4 4 3 4 3 
 

15 13 28 

U07 M123-02 5 1 1 5 5 4 6 2 3 4 
 

22 12 34 

U08 M132-02 3 3 4 4 4 4 4 4 3 3 
 

13 11 24 

U09 M213-02 5 3 3 5 5 3 6 4 4 2 
 

18 8 26 

U10 M231-02 5 4 3 3 4 2 5 5 3 4 
 

14 8 22 

U11 M312-02 5 2 2 5 6 5 5 3 3 4 
 

21 13 34 

U12 M321-02 5 2 2 5 5 5 3 2 4 5 
 

20 18 38 

U13 M123-03 5 1 2 5 5 5 3 2 4 5 
 

21 18 39 

U14 M132-03 5 2 2 6 5 4 3 3 3 4 
 

21 14 35 

U15 M213-03 5 2 2 5 5 4 4 2 3 4 
 

20 14 34 

U16 M231-03 4 3 2 5 5 4 5 3 4 3 
 

18 12 30 

U17 M312-03 4 2 3 5 5 4 5 3 4 3 
 

18 12 30 

U18 M321-03 5 3 3 4 4 3 5 4 3 3 
 

16 9 25 

U19 M123-04 5 2 3 5 5 4 4 3 3 4 
 

19 13 32 

U20 M132-04 5 2 2 5 5 4 4 3 4 4 
 

20 14 34 

The Mean value 4.8 2.2 2.2 5 4.95 4.1 4.2 2.9 3.55 3.85 
 

19.35 13.4 32.75 

The Mode Value 5 2 2 5 5 4 5 3 4 4  20 13 34 

The Median Value 5 2 2 5 5 4 4 3 4 4  20 13 34 
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Raw Data of the User’s Attitudes toward Using ACKMS (Experimental Phase II) 

6à Strongly Agree, 5àModerately Agree, 4àSlightly Agree, 3àSlightly Disagree,2àModerately Disagree, 1àStrongly Disagree  

EOSàEase of the System, EOCàExtent of Confusion, EOFàExtent of Frustration, COMàComfort, MOXàMatch of Expectations  

EPEàEffect of Previous Experience, ICVàIncompetency of Vendor, HOVàHonesty of Vendor, TOVàTrustworthiness of Vendor 
 

SUS à System Usability Scale,  

USàUser Satisfaction, 

UPTàUser Perception of Trust 

 
User Responses 

 
SUS Scores 

User Aspects of User Satisfaction Aspects of User Trust 
 

The user‘s Attitudes 

# Code EOS EOC EOF EON COM MOX EPE ICV HOV TOV 
 

US UPT ALL 

U01 A123-01 5 2 2 5 6 5 3 3 2 6 
 

21 16 37 

U02 A132-01 6 4 1 6 5 6 3 3 4 6 
 

21 19 40 

U03 A213-01 6 2 1 5 6 6 3 2 4 5 
 

23 19 42 

U04 A231-01 5 4 2 6 6 6 3 3 4 5 
 

20 18 38 

U05 A312-01 6 2 1 5 5 6 3 2 4 5 
 

22 19 41 

U06 A321-01 4 2 2 5 5 6 4 5 5 4 
 

19 15 34 

U07 A123-02 5 4 1 6 6 5 2 2 4 5 
 

21 19 40 

U08 A132-02 4 2 3 5 6 5 5 4 3 4 
 

19 12 31 

U09 A213-02 5 2 2 6 5 5 4 4 4 4 
 

21 14 35 

U10 A231-02 6 3 1 6 5 5 4 3 4 4 
 

22 15 37 

U11 A312-02 5 2 1 6 5 5 3 3 4 4 
 

22 16 38 

U12 A321-02 4 4 2 3 3 6 3 3 4 4 
 

13 17 30 

U13 A123-03 6 2 2 6 6 6 3 2 4 5 
 

23 19 42 

U14 A132-03 5 3 1 5 6 6 3 3 4 5 
 

21 18 39 

U15 A213-03 5 5 4 6 6 5 3 3 3 5 
 

17 16 33 

U16 A231-03 6 2 2 6 5 6 3 4 4 4 
 

22 16 38 

U17 A312-03 6 3 1 6 6 6 4 3 4 4 
 

23 16 39 

U18 A321-03 6 4 1 5 6 5 4 4 4 3 
 

21 13 34 

U19 A123-04 4 3 3 4 4 6 3 2 4 5 
 

15 19 34 

U20 A132-04 6 2 1 5 6 6 3 3 4 4 
 

23 17 40 

The Mean value 5.25 2.85 1.7 5.35 5.4 5.6 3.3 3.05 3.85 4.55 
 

20.45 16.65 37.1 

The Mode Value 6 2 1 6 6 6 3 3 4 4  21 19 40 

The Median Value 5 2.5 1.5 5.5 6 6 3 3 4 4.5  21 16.5 38 
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Appendix E-2: Raw Data of Achievement Test for Experimental Phase I and II 

Raw Data of Achievement Test for VCKMS and MCKMS (Experimental Phase I) 

ATà Achievement Test, AT1à Achievement Test for Simple tasks, AT2à Achievement Test for Moderate tasks, AT3à Achievement Test for Complex tasks 

VCKMS  MCKMS 

User Results 
 

Scores  User Results  Scores 

# Code AT1 AT2 AT3 AT 
 

AT1 AT2 AT3 AT  # Code AT1 AT2 AT3 AT  AT1 AT2 AT3 AT 

U01 V123-01 4 2 3 9 
 

50% 25% 38% 38%  U01 M123-01 6 7 6 19  75% 88% 75% 79% 

U02 V132-01 3 2 3 8 
 

38% 25% 38% 33%  U02 M132-01 7 4 5 16  88% 50% 63% 67% 

U03 V213-01 3 4 3 10 
 

38% 50% 38% 42%  U03 M213-01 2 3 5 10  25% 38% 63% 42% 

U04 V231-01 3 2 3 8 
 

38% 25% 38% 33%  U04 M231-01 3 6 6 15  38% 75% 75% 63% 

U05 V312-01 5 4 4 13 
 

63% 50% 50% 54%  U05 M312-01 2 5 6 13  25% 63% 75% 54% 

U06 V321-01 2 3 3 8 
 

25% 38% 38% 33%  U06 M321-01 3 5 4 12  38% 63% 50% 50% 

U07 V123-02 3 4 3 10 
 

38% 50% 38% 42%  U07 M123-02 3 5 5 13  38% 63% 63% 54% 

U08 V132-02 2 2 2 6 
 

25% 25% 25% 25%  U08 M132-02 5 1 4 10  63% 13% 50% 42% 

U09 V213-02 2 3 2 7 
 

25% 38% 25% 29%  U09 M213-02 4 3 5 12  50% 38% 63% 50% 

U10 V231-02 2 3 3 8 
 

25% 38% 38% 33%  U10 M231-02 5 4 5 14  63% 50% 63% 58% 

U11 V312-02 3 2 3 8 
 

38% 25% 38% 33%  U11 M312-02 5 5 5 15  63% 63% 63% 63% 

U12 V321-02 2 3 3 8 
 

25% 38% 38% 33%  U12 M321-02 4 4 5 13  50% 50% 63% 54% 

U13 V123-03 4 4 3 11 
 

50% 50% 38% 46%  U13 M123-03 2 5 6 13  25% 63% 75% 54% 

U14 V132-03 2 2 2 6 
 

25% 25% 25% 25%  U14 M132-03 3 5 5 13  38% 63% 63% 54% 

U15 V213-03 2 3 3 8 
 

25% 38% 38% 33%  U15 M213-03 3 5 5 13  38% 63% 63% 54% 

U16 V231-03 3 2 2 7 
 

38% 25% 25% 29%  U16 M231-03 4 4 4 12  50% 50% 50% 50% 

U17 V312-03 3 2 3 8 
 

38% 25% 38% 33%  U17 M312-03 4 3 5 12  50% 38% 63% 50% 

U18 V321-03 2 3 3 8 
 

25% 38% 38% 33%  U18 M321-03 5 3 5 13  63% 38% 63% 54% 

U19 V123-04 4 4 3 11 
 

50% 50% 38% 46%  U19 M123-04 5 4 5 14  63% 50% 63% 58% 

U20 V132-04 3 2 3 8 
 

38% 25% 38% 33%  U20 M132-04 4 4 5 13  50% 50% 63% 54% 

Average AT 2.85 2.80 2.85 8.50 
 

36% 35% 36% 35%  Average AT 3.95 4.25 5.05 13.25  49% 53% 63% 55% 
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Raw data of Achievement Test for ACKMS (Experimental Phase II) 

ATà Achievement Test, AT1à Achievement Test for Simple tasks, AT2à Achievement Test for 

Moderate tasks, AT3à Achievement Test for Complex tasks 

ACKMS 

User Results 
 

Scores 

# Code AT1 AT2 AT3 AT 
 

AT1 AT2 AT3 AT 

U01 A123-01 4 6 7 17 

 

50% 75% 88% 71% 

U02 A132-01 5 6 6 17 

 

63% 75% 75% 71% 

U03 A213-01 4 4 5 13 

 

50% 50% 63% 54% 

U04 A231-01 4 4 5 13 

 

50% 50% 63% 54% 

U05 A312-01 5 6 6 17 

 

63% 75% 75% 71% 

U06 A321-01 4 4 5 13 

 

50% 50% 63% 54% 

U07 A123-02 3 6 6 15 

 

38% 75% 75% 63% 

U08 A132-02 3 5 5 13 

 

38% 63% 63% 54% 

U09 A213-02 4 6 5 15 

 

50% 75% 63% 63% 

U10 A231-02 5 6 5 16 

 

63% 75% 63% 67% 

U11 A312-02 4 5 6 15 

 

50% 63% 75% 63% 

U12 A321-02 3 6 5 14 

 

38% 75% 63% 58% 

U13 A123-03 5 6 6 17 

 

63% 75% 75% 71% 

U14 A132-03 4 4 5 13 

 

50% 50% 63% 54% 

U15 A213-03 3 6 6 15 

 

38% 75% 75% 63% 

U16 A231-03 5 5 5 15 

 

63% 63% 63% 63% 

U17 A312-03 4 5 5 14 

 

50% 63% 63% 58% 

U18 A321-03 4 6 7 17 

 

50% 75% 88% 71% 

U19 A123-04 5 5 5 15 

 

63% 63% 63% 63% 

U20 A132-04 4 5 5 14 

 

50% 63% 63% 58% 

 Average AT 4.10 5.30 5.50 14.90 

 

51% 66% 69% 62% 
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Appendix F-1: Six Common Tasks for Experimental Phase III 

Scenario 1 - Knowledge Utilisation in the Communities of Customers (COC) 

Assume that you are looking for a mobile phone, which should be compatible with particular preferences 

you have. Say that your preferences are as the following. The average customer rating is greater than one. 

The phone should be among the Top 10 (Best Rated) OR website advice (Recommended) lists. In 

addition, at least two reviewers have expressed a positive feeling about the mobile phone.  

 

Please utilise (Scenario 1) to accomplish this task (T1).  

 

T1 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 The phone average rating must be evaluated (Rating is greater than one point).  
(Tip: from the phones list, see your phone details page and then ―rating image‖). 

 The phone position in the top 10 or website advice lists must be evaluated, as being in one of 

them is adequate (Top10 OR Recommended).  
(Tip: see your phone details page and then ―top10‖and ―website advice‖ images). 

 The phone reviews must be utilised (at least two positive reviews).  
(Tip: see your mobile phone details page, and then click ―read reviews‖, then click ―read‖). 

 

T1- Knowledge Utilisation in the Communities of Customers (COC) 

C 
 Knowledge presented  Product Features Reviews 

Price Rating Top10 Recommended FM MP3 Camera 3G # of Reviews 

1  > 1 √      At least 2 Positive 

   OR √      

 

 

Scenario 2- Knowledge Sharing and Utilisation in Co-Production 

Assume that you want to manipulate parameters of T-Mobile tariff (U-Fix 50). Say that you want to do 

two trials. Each should reduce the bill total cost between 15% and 30%. The range of cost reduction 

should be calculated based on the last approved trial (added to my customised tariffs list). If it is the first 

one, then it should be calculated based on the cost of the original tariff.  

 

Please utilise (Scenario 2) to accomplish this task (T2). 

 

T2 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 Two trials must be added to the list of customised tariffs (2 co-production trials). 
(Tip: click ―add to my trials‖, when you finish from manipulating parameters of the tariff). 

 The difference between each trial and the other should fall into a range of (15% - 30%). 
(Tip1: Trial 1 should be 15% - 30% cheaper than the original tariff). 

(Tip2: Trial 2 should be 15% - 30% cheaper than Trial 1). 

 

T2- Knowledge Sharing and Utilisation in Co-Production 

C 
Trials information Cost reduction Difference calculated based on the cost of 

# of trials Trial number Reduction range Original tariff Trial 1 Trial 2 

1 = 2      

2  Trial 1 15% – 30% √   

3  Trial 2 15% – 30%  √  
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Scenario 3- Knowledge Utilisation in the Communities of Customers (COC) 

Assume that you are looking for a mobile phone, which should be compatible with particular preferences 

you have. Say that your preferences are as the following. The phone should be among the website advice 

list (Recommended). The phone offers a photography feature (Camera Phone). In addition, the number of 

positive reviews should be greater OR equal the negative ones. 

 

Please utilise (Scenario 3) to accomplish this task (T3). 

 

T3 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 The phone position in the website advice list must be evaluated. (Recommended) 
(Tip: see your phone details page and then ―website advice‖ image). 

 The phone features must be evaluated. (Camera Phone) 
(Tip: see your mobile phone details page, and see underneath the phone description). 

 The phone reviews must be utilised. (The positive >= The negative) 
(Tip: see your mobile phone details page, and then click ―read reviews‖, then click ―read‖). 

 

T3- Knowledge Utilisation in the Communities of Customers (COC) 

C 
 Knowledge presented  Product Features Reviews 

Price Rating Top10 Recommended FM MP3 Camera 3G # of Reviews 

1    √   √  Positive > Negative 

         OR Equal 

 

 

Scenario 4- Knowledge Sharing and Utilisation in Co-Production 

Assume that you want to manipulate parameters of Vodafone tariff (Anytime 200). Say that you want to 

do two trials. Each should reduce the bill total cost between 20% and 35%. The range of cost reduction 

should be calculated based on the last approved trial (added to my customised tariffs list). If it is the first 

one, then it should be calculated based on the cost of the original tariff.  

 

Please utilise (Scenario 4) to accomplish this task (T4). 

 

T4 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 Two trials must be added to the list of customised tariffs (2 co-production trials). 
(Tip: click ―add to my trials‖, when you finish from manipulating parameters of the tariff). 

 The difference between each trial and the other should fall into a range of (20% - 35%). 
(Tip1: Trial 1 should be 20% - 35% cheaper than the original tariff). 
(Tip2: Trial 2 should be 20% - 35% cheaper than Trial 1). 

 

T4- Knowledge Sharing and Utilisation in Co-Production 

C 
Trials information Cost reduction Difference calculated based on the cost of 

# of trials Trial number Reduction range Original tariff Trial 1 Trial 2 

1 = 2      

2  Trial 1 20% – 35% √   

3  Trial 2 20% – 35%  √  
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Scenario 5- Knowledge Utilisation in the Communities of Customers (COC) 

Assume that you are looking for a mobile phone, which should be compatible with particular preferences 

you have. Say that your preferences are as the following. The status of the mobile phone in the website 

advice list should not be (Least Recommended). The phone offers FM radio and MP3 player. In addition, 

the number of positive reviews should be greater than the negative ones. 

 

Please utilise (scenario 5) to accomplish this task (T5). 

 

T5 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 The phone average rating must be evaluated. (Rating is greater than two points) 
(Tip: from the phones list, see your phone details page and then ―rating image‖). 

 The phone position in the website advice lists must be evaluated. (Not Least Recommended) 
(Tip: see your phone details page and then ―website advice‖ images). 

 The phone features must be evaluated. (FM radio and MP3 player) 
(Tip: see your mobile phone details page, and see underneath the phone description). 

 The phone reviews must be utilised. (Positive reviews > Negative ones) 
(Tip: see your mobile phone details page, and then click ―read reviews‖, then click ―read‖). 

 

T5- Knowledge Utilisation in the Communities of Customers (COC) 

C 
 Knowledge presented  Product Features Reviews 

Price Rating Top10 Recommended FM MP3 Camera 3G # of Reviews 

1    (Not Least) √ √   Positive > Negative 

 

 

Scenario 6- Knowledge Sharing and Utilisation in Co-Production 

Assume that you want to manipulate parameters of Orange tariff (Racoon £25). Say that you want to do 

two trials. Each should reduce the bill total cost between 25% and 40%. The range of cost reduction 

should be calculated based on the last approved trial (added to my customised tariffs list). If it is the first 

one, then it should be calculated based on the cost of the original tariff.  

 

Please utilise (Scenario 6) to accomplish this task (T6). 

 

T6 Requirements 

To accomplish this task, the following requirements need to be fulfilled:  

 Two trials must be added to the list of customised tariffs (2 co-production trials). 
(Tip: click ―add to my trials‖, when you finish from manipulating parameters of the tariff). 

 The difference between each trial and the other should fall into a range of (25% - 40%). 
(Tip1: Trial 1 should be 25% - 40% cheaper than the original tariff). 

(Tip2: Trial 2 should be 25% - 40% cheaper than Trial 1). 
 

T4 (Knowledge Sharing and Utilisation in Co-Production) 

C 
Trials information Cost reduction Difference calculated based on the cost of 

# of trials Trial number Reduction range Original tariff Trial 1 Trial 2 

1 = 2      

2  Trial 1 25% – 40% √   

3  Trial 2 25% – 40%  √  
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Appendix F-2: Questionnaire Items for Experimental Phase III 

Scale (Seven-Point Likert Scale) 

Please indicate you agreement with the next set of statements using the following rating scale. 

 

 Agree 

Strongly  Agree 

Somewhat 

Agree Neutral Disagree  

Somewhat 

Disagree 

Disagree 

Strongly 

 [7] AS [6] A [5] SA [4] N [3] D [2] SD [1] DS 

 

 

Pre-experimental Questions (Experimental Phase III) 

Q1) What is you age? 

(1) 17 and under.   

(2) 18 - 24.   

(3) 25 - 34.   

(4) 35 - 44.   

(5) 45 - 54.   

(6) 55 +.  

 

Q2) What is level of education? 

(1) High school.  

(2) 1
st
 year under-graduate.  

(3) Under-graduate.    

(4) Post-graduate (Courses).  

(5) Post-graduate (Research).   

 

Q3) How often you use the internet (average)?   

(1) Never. 

(2) Rarely (1-2 times in 3 month).       

(3) Occasionally (1-2 times a month).   

(4) 1-2 times a week.   

(5) 3-5 times a week.   

(6) More than 5 times a week. 

 

Q4) How many hours you use the internet (average) per week?   

(1) Never.    

(2) Less than 1 hour.    

(3) 1-5 hours.    

(4) 6-10 hours.   

(5) More than 10 hours.   

 

Q5) How often you purchase a product over the internet?   

(1) Never. 

(2) Rarely (1-2 times in 3 month).       

(3) Occasionally (1-2 times a month).   

(4) 1-2 times a week.   

(5) 3-5 times a week.   

(6) More than 5 times a week. 

 

 

 

 

 



309 

 

Q6) Please indicate you agreement with the next set of statements using the following rating scale. 

 

Construct Measurement items Code Adapted from 

Disposition 

to trust 

I feel the people are generally trustworthy. DT1 [90, 199, 200] 

I generally trust other people unless they give me reason not 

to. 

DT2 [90, 199, 200] 

I generally have faith in humanity. DT3 [90, 199, 200] 

 

 

Post- Task Questionnaire Statements (Experimental Phase III) 

It consisted of statements for perceived ease of use, perceived usefulness, perceived quality of content and 

trust beliefs and intentions. 

 

Statements for PEOU, PU and PQOC 

Q7, 8 & 9) Please indicate you agreement with the next set of statements using the following rating scale. 

 

Construct Measurement items Code 
Adapted 

from 

Perceived 

Ease of Use 

(PEOU) 

The website was easy to use. (Ease of use) EOU [200] 

It was ease to become skilful at operating and using this 

website. (Ease of Learning) 

EOL [200] 

I found this website flexible to interact with. (Flexibility of 

Interaction) 

FOI [200] 

The interaction with this website was clear and understandable. 

(Clarity of Interaction) 

COI [200] 

It was ease to interact with this website. (Ease of Interaction) EOI [200] 

    

Perceived 

Usefulness 

(PU)  

/ 

 Perceived 

Benefit 

This website was useful for searching for and customising 

products. (Usefulness of the system) 

UOS [90] 

I felt that this website was convenient (Convenience) CON [90] 

The website allowed me to complete tasks more quickly. 

(Benefit of Time Saving) 

BOTS [90] 

Using this website increased my productivity. (Benefit of 

Productivity) 

BOP [90] 

Using this website increased my accuracy of completing tasks. 

(Benefit of Accuracy) 

BOI [90] 

    

Quality of 

Content 

(QOC) 

The website provided decent and correct information about 

products. (Decent and Correct Content) 

DCC [90, 91] 

The information provided by the website was easy to 

understand. (Ease to Content Understanding) 

ECU [91] 

The website communications appeared consistent, stable and 

not contradictory. (Logical and Integral Content) 

LIC [91] 

The website provided sufficient and reliable information about 

products. (Sufficient and Reliable Content) 

SRC [90] 

Overall, I felt satisfied with the information provided by the 

website. (Satisfaction with Content) 

SWC [90] 
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Statements for Perception of Trust (Experimental Phase III) 

 Construct Measurement items Code Adapted from 

Cognitive 

Trust (CT) 

I believe that the website vendor is trustworthy. 

(Trustworthiness of the Vendor) 

TOV [90, 199, 200] 

The website seems attractive, entertaining and positive. 

(Attractiveness of the System) 

AOS  

The website seems to anticipate customer needs 

(Anticipation of needs) 

AON [2, 200] 

The website advice seems impartial and objective. 

(Impartiality of Advices) 

IOA [64] 

The vendor seems to have a personal interest in doing 

business with me. (Existence of Personal Interest) 

EPI [64] 

    

Behavioural 

Intention 

(BI) 

I am likely to re-visit this website, when searching for 

another product online. (Intention to Re-Visit) 

IRV [200] 

I am likely to purchase from this website, if it would offer 

the product I am looking for. (Intention to Make a Purchase) 

IMP [200] 

I would provide this website with my credit card details to 

make a purchase. (Intention to provide Card Details) 

ICD [90] 

I am likely to provide this website with my personal details 

and email address to be informed about further offers. 

(Intention to provide Personal Details) 

IPD [90] 

I would not like this website to analyze my historical 

purchase and navigational activities. (Resistance to 

intelligent analysis) 

RIA [90] 

I am likely to bookmark this page and recommend it to a 

friend. (Intention to Bookmark and Recommend) 

IBR [90] 
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Post-Experimental Questions (Experimental Phase III) 

Scale (Five-point Likert scale) 

Please, use the scale (Five-point scale) to indicate levels of usefulness and ease of ease for each question. 

 

Usefulness Very Useful Useful Neutral Not Vey Useful Not Useful 

Ease of use Very Ease Ease Neutral Not Vey Ease Not Ease 

Scale [5] [4] [3] [2] [1] 

 

Assessment of Knowledge Utilisation in Communities of Customers (COC) 

Q10) Please, rate the usefulness of communicating product features and knowledge with the aid of each 

metaphor, using the following rating scale. 

 
VU U N NVU NU 

Text with graphics only (VCKMS) [5] [4] [3] [2] [1] 

Speech with musical notes and environmental sounds (MCKMS) [5] [4] [3] [2] [1] 

Speech with musical notes, and facial expressions (ACKMS) [5] [4] [3] [2] [1] 

 

Q11) Please, rate the ease of utilising product features and knowledge with the aid of each metaphor, 

using the following rating scale. 

 
VE E N NVE NE 

Text with graphics only (VCKMS) [5] [4] [3] [2] [1] 

Speech with musical notes and environmental sounds (MCKMS) [5] [4] [3] [2] [1] 

Speech with musical notes, and facial expressions (ACKMS) [5] [4] [3] [2] [1] 

 

Q12) Please rank you preference (1-3) of the three approaches, where number [One] is given to the most 

preferred interface and number [Three] for the least. 

 Text with graphics only VCKMS:     [ ] 

 Speech with musical notes and environmental sounds MCKMS: [ ] 

 Speech with musical notes, and facial expressions ACKMS:  [ ] 

 

Assessment of Knowledge Sharing and Utilisation in Co-Production 

Q13) Please, rate the usefulness of communicating knowledge about trial comparison with the aid of each 

metaphor, using the following rating scale 

 
VU U N NVU NU 

Text with graphics only (VCKMS) [5] [4] [3] [2] [1] 

Speech with musical notes and environmental sounds (MCKMS) [5] [4] [3] [2] [1] 

Speech with musical notes, and facial expressions (ACKMS) [5] [4] [3] [2] [1] 

 

Q14) Please, rate the ease of utilising knowledge about trial comparison with the aid of each metaphor, 

using the following rating scale. 

 
VE E N NVE NE 

Text with graphics only (VCKMS) [5] [4] [3] [2] [1] 

Speech with musical notes and environmental sounds (MCKMS) [5] [4] [3] [2] [1] 

Speech with musical notes, and facial expressions (ACKMS) [5] [4] [3] [2] [1] 

 

Q15) Please rank you preference (1-3) of the three approaches, where number [One] is given to the most 

preferred interface and number [Three] for the least. 

 Text with graphics only VCKMS:     [ ] 

 Speech with musical notes and environmental sounds MCKMS: [ ] 

 Speech with musical notes, and facial expressions ACKMS:  [ ] 
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Appendix F-3: Characteristics of the Sample (Experimental Phase III) 

 

 
 

Age 

 
Average Internet use (Frequency) Education Average Internet use (Hours per week) 
 

 

Age (25 
- 34), 
63%

Age (35 
- 44), 
38%

Under-
graduate, 6% Post-graduate 

(Courses), 6%

Post-graduate 
(Research), 

88%

1-5 hours 
per week, 

4%

More than 
10 hours 

per week, 
96%

More 
than 5 
times a 

week, 
100%
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Frequency of Internet Purchase Disposition to Trust 

  

 

 

Rarely (1-2 
times in 3 

month), 44%

Occasionally 
(1-2 times a 
month), 50%

More than 5 
times a week, 

6%

8
%

4
2

%

3
1

%

0
%

6
%

1
3

%

0
%

2
5

% 2
7

%

2
5

%

1
7

%

6
%

0
%

0
%

3
6

%

3
1

%

1
9

%

4
% 6

%

0
%

4
%

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

Agree 
Strongly 

Agree Somewhat 
Agree

Neutral Somewhat 
Disagree 

Disagree Disagree 
Strongly

I feel the people are generally trustworthy

I generally trust other people unless they give me reason not to

I generally have faith in humanity
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Appendix G-1: Raw Data of User Acceptance Factors for Experimental Phase III 

Raw Data of User Acceptance Factors for Using VCKMS (Experimental Phase III) 

7 à Agree strongly (AS), 6 à agree (A), 5 à Somewhat Agree (SA), 4 à Neutral (N), 3 à Somewhat Disagree (SD), 2 à Disagree (D), 1 à Disagree Strongly (DS). 

 PEOU PU QOC CT BI 

U
C

 

E
O

U
 

E
O

L
 

F
O

I 

C
O

I 

E
O

I 

U
O

S
 

C
O

N
 

B
T

S
 

B
O

P
 

B
O

I 

D
C

C
 

E
C

U
 

L
IC

 

S
R

C
 

S
W

C
 

T
O

V
 

A
O

S
 

A
O

N
 

IO
A

 

E
P

I 

IR
V

 

IM
P

 

IC
D

 

IP
D

 

R
IA

 

IB
R

 

U01 7 6 6 7 7 6 6 6 6 6 6 6 6 2 6 5 6 6 6 6 6 6 6 6 6 6 

U02 7 7 7 7 7 6 7 7 6 6 6 7 6 6 6 4 6 6 6 6 6 6 4 6 6 6 

U03 6 6 7 6 5 7 6 6 5 7 7 6 4 6 7 6 5 6 6 5 6 7 6 7 6 6 

U04 6 6 6 6 7 6 6 7 6 6 2 6 6 6 6 4 6 6 6 6 6 6 2 2 6 6 

U05 5 6 6 4 5 6 5 6 6 6 6 6 6 5 6 5 6 6 5 5 4 5 5 6 6 6 

U06 7 6 7 7 7 6 6 7 6 6 6 7 6 6 6 6 6 6 6 6 7 6 6 6 2 6 

U07 6 5 7 7 7 6 5 7 6 6 6 6 5 5 5 4 5 5 5 5 5 7 5 5 4 5 

U08 6 6 6 7 7 7 6 7 6 6 7 7 7 7 7 7 6 7 7 6 7 7 7 7 7 6 

U09 6 5 6 4 7 7 7 6 5 7 6 6 5 6 7 5 6 5 6 5 5 6 5 6 6 6 

U10 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 4 5 5 1 5 6 2 2 3 5 

U11 7 6 7 7 7 7 7 6 6 7 7 7 6 7 7 7 5 3 7 7 7 7 7 7 6 7 

U12 6 7 6 6 5 4 5 7 6 5 5 7 6 3 6 5 6 6 6 6 7 6 3 6 2 7 

U13 7 6 7 7 7 7 7 7 7 6 5 6 7 5 6 4 5 6 6 6 6 6 2 6 2 6 

U14 6 6 6 6 7 5 6 6 5 6 5 6 6 5 6 4 6 5 5 5 5 6 4 5 4 5 

U15 6 4 3 4 4 4 3 3 4 3 5 3 4 5 3 4 3 3 3 4 3 4 4 4 3 3 

U16 5 5 6 5 6 6 6 5 6 5 6 6 6 6 6 4 5 5 6 6 6 6 6 6 3 5 

U17 6 5 6 7 5 6 5 6 6 5 5 5 4 4 4 3 4 5 5 2 6 6 4 5 7 5 

U18 6 5 6 6 5 6 5 6 5 5 6 6 5 5 4 6 6 6 6 6 6 6 6 6 6 5 

U19 6 6 5 4 4 4 5 3 5 4 6 5 6 5 4 5 6 5 6 6 6 7 6 6 6 6 

U20 5 6 5 6 6 6 6 6 6 5 5 4 4 3 3 4 7 6 3 5 6 5 5 7 6 5 

U21 5 6 5 5 6 6 7 4 4 6 6 5 6 5 4 4 6 6 6 4 6 6 6 7 7 6 

U22 5 5 5 6 5 5 6 6 7 6 6 6 5 6 6 6 5 5 6 4 6 6 6 5 6 6 
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U23 4 3 4 6 6 5 5 6 6 5 5 4 6 6 6 6 7 6 6 6 6 5 6 6 6 6 

U24 6 6 6 5 6 6 5 3 5 6 6 5 5 4 4 5 6 5 6 4 6 7 6 5 6 6 

U25 6 6 6 4 4 5 5 4 4 3 6 5 5 5 5 5 6 6 5 4 4 6 5 5 5 5 

U26 6 6 4 5 5 5 6 6 6 5 5 5 5 4 3 5 7 5 5 5 6 7 5 6 5 5 

U27 5 4 5 7 5 4 5 4 5 4 6 6 5 5 6 5 5 5 5 4 4 5 5 6 5 5 

U28 6 6 6 4 5 7 6 6 5 7 5 5 6 5 6 4 6 6 6 3 6 6 6 6 6 6 

U29 5 5 5 6 6 6 7 3 3 4 5 4 5 4 4 5 7 7 6 4 6 6 6 7 7 6 

U30 5 5 6 7 6 7 5 5 4 4 6 7 5 6 5 5 6 6 4 4 6 3 6 6 7 6 

U31 6 6 6 4 5 5 5 6 5 5 5 6 5 4 4 5 6 6 6 5 7 5 6 6 6 6 

U32 5 4 4 5 6 4 5 7 6 7 6 6 5 4 5 5 7 5 5 4 6 7 6 5 6 6 

U33 5 6 6 7 6 6 6 4 5 6 6 6 5 5 5 4 6 6 6 4 6 6 5 6 6 5 

U34 5 6 5 6 5 7 6 7 5 5 5 6 6 6 5 5 6 5 3 5 5 4 5 5 5 5 

U35 7 5 7 6 6 5 6 6 6 6 5 5 5 5 6 5 5 5 5 4 6 6 6 5 5 5 

U36 5 4 5 6 6 5 5 5 4 4 6 6 5 5 4 4 5 6 6 3 6 7 4 6 6 5 

U37 6 6 7 6 5 5 4 7 6 7 6 6 6 7 6 4 6 6 5 6 5 4 6 5 6 6 

U38 5 7 6 6 7 7 6 6 6 7 5 6 6 6 5 5 6 5 7 5 6 7 5 5 4 5 

U39 5 6 7 7 6 5 5 4 3 4 7 6 6 5 5 6 6 6 7 6 5 6 6 6 3 5 

U40 5 3 4 5 4 4 6 6 5 4 6 5 5 4 5 7 5 5 6 7 6 6 6 6 2 6 

U41 5 5 6 5 5 5 6 6 4 4 6 5 5 6 6 5 6 6 6 6 7 6 2 6 2 6 

U42 5 6 7 5 4 5 5 5 6 5 5 6 6 5 5 6 6 6 6 5 6 4 2 2 5 6 

U43 6 5 5 4 5 5 6 6 5 5 3 4 4 5 5 5 4 3 5 1 3 5 4 4 3 3 

U44 5 5 6 4 5 4 6 6 6 6 5 4 6 5 5 5 5 6 6 5 5 6 4 5 4 5 

U45 5 4 7 6 6 5 5 5 6 5 6 6 6 5 6 7 5 7 6 6 5 6 2 2 3 5 

U46 6 6 6 7 6 5 5 5 3 3 3 5 4 5 5 4 6 6 6 6 7 6 3 6 2 7 

U47 5 6 6 5 7 7 6 6 5 4 4 5 5 4 4 4 6 5 5 5 5 5 3 3 5 5 

U48 6 6 7 5 6 6 6 6 5 4 5 4 5 5 4 3 4 4 3 5 4 4 2 2 3 3 

 
Avg. 5.7 5.5 5.8 5.7 5.7 5.6 5.6 5.6 5.3 5.3 5.5 5.6 5.4 5.1 5.2 4.9 5.6 5.5 5.5 4.9 5.6 5.8 4.8 5.3 4.9 5.5 

Mod. 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 5 6 6 6 6 6 6 6 6 6 6 

Med. 6 6 6 6 6 6 6 6 6 5 6 6 5 5 5 5 6 6 6 5 6 6 5 6 6 6 
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Raw Data of User Acceptance Factors for Using MCKMS (Experimental Phase III) 

7 à Agree strongly (AS), 6 à agree (A), 5 à Somewhat Agree (SA), 4 à Neutral (N), 3 à Somewhat Disagree (SD), 2 à Disagree (D), 1 à Disagree Strongly (DS). 

 PEOU PU QOC CT BI 

U
C

 

E
O

U
 

E
O

L
 

F
O

I 

C
O

I 

E
O

I 

U
O

S
 

C
O

N
 

B
T

S
 

B
O

P
 

B
O

I 

D
C

C
 

E
C

U
 

L
IC

 

S
R

C
 

S
W

C
 

T
O

V
 

A
O

S
 

A
O

N
 

IO
A

 

E
P

I 

IR
V

 

IM
P

 

IC
D

 

IP
D

 

R
IA

 

IB
R

 

U01 6 5 6 4 6 3 5 5 4 2 6 6 6 6 6 5 5 5 6 3 2 6 6 6 6 3 

U02 6 6 6 5 6 6 6 6 6 6 5 6 6 6 6 4 6 5 6 7 6 5 4 6 6 7 

U03 5 6 5 5 5 4 5 4 4 6 7 7 5 6 6 4 4 5 5 6 5 6 6 6 6 7 

U04 6 6 6 6 6 4 6 6 6 4 6 6 6 6 6 6 6 6 6 6 6 6 2 2 6 6 

U05 5 5 5 6 6 5 5 6 6 5 6 5 6 5 6 5 6 5 5 6 5 6 6 6 5 6 

U06 5 4 5 3 4 4 3 4 3 4 3 3 4 3 3 4 4 3 4 4 4 4 2 3 5 4 

U07 6 6 5 5 5 7 6 6 6 7 4 6 6 5 6 5 7 6 6 5 6 6 6 5 4 6 

U08 5 3 3 1 2 7 6 7 7 7 7 7 6 7 7 3 5 5 5 5 5 6 6 6 6 5 

U09 4 5 3 5 4 5 4 3 4 4 5 2 7 5 5 5 4 4 5 5 4 3 3 5 5 7 

U10 3 3 3 3 3 3 3 3 3 3 4 4 4 3 4 3 5 2 2 3 2 1 1 3 3 2 

U11 5 4 4 3 3 4 3 3 3 4 7 3 3 6 3 4 4 4 3 3 3 4 3 3 4 3 

U12 5 6 5 5 5 5 5 5 5 4 4 5 3 3 5 5 6 5 5 5 7 6 2 7 2 7 

U13 7 7 7 6 6 7 6 6 6 5 5 5 6 5 6 7 7 6 6 7 7 7 2 6 2 6 

U14 2 2 2 2 2 2 1 2 2 1 3 2 2 2 1 3 2 3 3 2 2 2 1 1 1 1 

U15 5 4 5 4 5 5 4 4 5 5 5 3 5 5 4 5 4 5 4 5 4 4 4 4 4 4 

U16 7 7 6 7 7 6 6 4 5 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 4 6 

U17 3 5 3 3 3 3 4 3 2 2 3 4 6 5 5 5 3 4 6 6 4 3 3 5 5 5 

U18 5 6 6 6 5 6 5 6 5 5 6 5 7 7 7 5 6 5 5 6 5 6 5 4 5 5 

U19 5 7 6 6 5 6 6 6 5 6 6 7 6 7 7 5 6 6 6 6 6 5 6 5 5 7 

U20 6 5 6 5 5 3 2 4 2 4 7 5 4 5 5 6 5 2 6 6 6 5 5 4 6 5 

U21 4 6 5 4 4 4 5 2 3 4 7 7 6 6 6 5 6 6 5 6 6 6 6 6 5 5 

U22 6 3 4 5 5 6 5 6 6 6 6 6 6 6 6 5 5 6 5 3 5 6 5 5 4 5 

U23 5 7 6 4 5 5 5 4 4 4 7 6 6 6 6 6 6 6 5 6 6 4 6 6 4 6 

U24 3 5 4 3 3 3 2 2 3 2 5 5 6 5 5 5 5 5 5 4 4 6 5 5 5 5 

U25 4 6 5 4 4 4 5 5 4 4 6 6 5 6 6 4 6 4 6 6 4 5 5 5 6 5 
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U26 6 6 6 5 6 6 5 6 6 5 6 5 6 7 7 4 6 5 5 6 3 4 5 5 6 5 

U27 5 7 6 5 5 4 4 4 5 5 5 6 6 5 5 5 5 5 5 6 5 4 5 5 4 5 

U28 6 4 5 4 5 6 5 4 5 6 6 6 6 5 6 6 6 6 4 6 6 6 5 5 5 5 

U29 2 3 3 4 4 3 5 6 6 5 6 6 7 7 7 5 6 5 6 6 6 6 6 5 5 5 

U30 5 4 4 5 5 5 2 4 2 3 7 6 7 7 7 5 5 6 6 5 5 5 5 5 6 5 

U31 6 5 5 6 5 4 4 3 3 2 5 5 7 6 6 5 6 5 6 5 6 5 5 5 6 6 

U32 3 2 3 3 3 2 3 3 3 4 6 5 6 6 5 6 6 5 5 4 5 6 5 5 6 5 

U33 4 4 4 5 4 3 5 5 6 5 6 5 5 6 5 4 5 5 6 5 5 4 6 5 4 5 

U34 5 5 6 5 5 6 3 6 5 5 5 5 6 5 5 4 5 5 5 6 4 5 5 5 5 5 

U35 6 5 5 5 5 4 6 5 4 4 6 6 6 5 5 4 6 5 5 6 5 4 5 5 5 6 

U36 7 6 5 6 5 4 5 6 5 6 6 6 6 6 6 5 6 6 6 6 5 6 6 6 6 5 

U37 2 3 2 3 2 2 3 3 2 3 3 3 3 4 3 5 4 4 4 4 4 5 4 4 3 3 

U38 5 4 4 3 4 4 3 4 4 4 5 4 5 4 4 4 4 3 4 5 5 5 6 6 5 5 

U39 7 5 5 4 6 6 5 6 5 5 6 5 6 6 6 3 4 4 3 4 4 6 5 6 6 6 

U40 6 6 5 4 5 4 6 4 4 3 5 4 5 5 4 5 4 5 5 5 6 6 4 5 6 7 

U41 5 7 6 5 6 6 6 4 4 4 5 5 4 4 6 5 6 5 5 7 5 6 5 5 6 6 

U42 6 3 4 5 4 3 5 6 5 5 6 6 6 5 5 3 5 5 5 6 5 5 3 4 5 5 

U43 5 5 5 4 4 4 4 3 3 3 5 5 5 4 4 3 6 5 5 4 4 4 2 4 3 4 

U44 2 2 2 3 3 2 4 3 3 4 3 3 4 3 4 4 6 5 6 6 5 5 5 5 5 5 

U45 6 3 4 5 4 4 5 4 5 4 5 4 6 6 6 6 6 6 6 5 5 5 5 5 5 6 

U46 7 6 6 5 5 4 5 5 4 6 6 6 5 6 5 4 4 3 4 4 4 3 3 5 5 5 

U47 6 6 5 4 6 6 4 6 5 6 5 6 6 5 5 5 4 4 5 6 5 4 5 4 6 5 

U48 7 5 5 6 6 5 5 5 4 4 4 4 5 5 4 4 5 5 6 5 5 5 5 5 5 5 

 

Avg. 5.0 4.9 4.7 4.5 4.6 4.5 4.5 4.5 4.3 4.4 5.4 5.1 5.4 5.3 5.3 4.7 5.2 4.8 5.1 5.2 4.8 5.0 4.5 4.9 4.8 5.1 

Mod. 5 6 5 5 5 4 5 6 5 4 6 6 6 6 6 5 6 5 5 6 5 6 5 5 5 5 

Med. 5 5 5 5 5 4 5 4 4 4 6 5 6 5 6 5 5 5 5 5 5 5 5 5 5 5 
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Raw Data of User Acceptance Factors for Using ACKMS (Experimental Phase III) 

7 à Agree strongly (AS), 6 à agree (A), 5 à Somewhat Agree (SA), 4 à Neutral (N), 3 à Somewhat Disagree (SD), 2 à Disagree (D), 1 à Disagree Strongly (DS). 

 PEOU PU QOC CT BI 

U
C

 

E
O

U
 

E
O

L
 

F
O

I 

C
O

I 

E
O

I 

U
O

S
 

C
O

N
 

B
T

S
 

B
O

P
 

B
O

I 

D
C

C
 

E
C

U
 

L
IC
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R

C
 

S
W

C
 

T
O

V
 

A
O

S
 

A
O

N
 

IO
A

 

E
P

I 

IR
V

 

IM
P

 

IC
D

 

IP
D

 

R
IA

 

IB
R

 

U01 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

U02 7 7 7 7 7 7 7 7 6 6 6 7 7 6 6 7 6 7 6 7 7 6 5 6 6 7 

U03 7 6 6 7 7 6 7 7 6 4 4 7 5 4 5 5 5 4 5 4 5 6 5 5 4 6 

U04 6 6 6 6 6 6 6 6 6 6 4 6 6 4 6 6 6 6 6 6 6 6 2 2 6 6 

U05 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

U06 7 7 6 7 7 6 7 7 6 7 7 6 7 7 6 6 6 6 6 6 7 6 5 6 4 6 

U07 6 6 5 7 7 6 7 6 7 7 6 6 5 6 6 6 7 6 5 6 6 6 6 6 5 6 

U08 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

U09 7 7 7 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 7 7 7 7 7 7 7 7 

U10 7 7 7 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 7 7 7 7 6 7 5 7 

U11 7 7 7 7 6 7 6 6 7 7 6 7 7 7 7 7 7 7 6 7 7 7 7 6 7 7 

U12 6 6 5 6 6 6 5 5 6 6 5 7 7 5 5 6 6 5 5 6 7 6 5 7 5 7 

U13 7 7 7 6 7 7 7 7 7 7 2 6 7 7 7 7 7 7 7 7 7 6 2 7 2 7 

U14 5 5 3 5 4 4 5 4 3 3 4 5 4 4 4 4 4 4 3 4 4 3 3 3 3 3 

U15 6 5 6 5 5 6 5 6 5 5 6 2 6 5 6 6 6 5 6 6 5 5 6 5 6 5 

U16 6 6 6 6 7 6 6 7 6 6 6 7 6 6 7 6 6 6 6 5 6 6 6 6 2 7 

U17 6 6 7 7 7 6 7 6 7 7 6 7 6 6 7 5 6 7 5 3 6 4 5 6 5 5 

U18 6 6 6 7 7 7 7 6 6 6 6 6 7 6 7 6 6 6 5 6 5 5 5 6 6 6 

U19 6 6 5 6 7 7 6 6 6 6 7 7 7 7 7 6 7 6 6 6 7 6 6 7 7 6 

U20 6 5 6 6 7 6 6 5 5 6 7 7 6 6 7 7 7 7 6 7 7 5 6 6 6 6 

U21 7 7 7 7 7 6 7 7 7 6 7 7 6 6 7 6 7 7 6 7 6 6 6 6 6 6 

U22 7 6 7 7 6 7 7 7 6 7 7 7 7 7 7 6 7 6 6 6 6 6 6 6 7 6 

U23 7 7 6 6 7 7 7 6 7 7 7 7 6 6 6 7 7 7 5 7 6 6 6 6 7 6 

U24 6 6 7 7 5 6 7 6 6 6 5 6 6 5 5 5 6 5 5 5 5 7 5 6 6 5 

U25 7 6 7 7 6 7 7 7 6 7 6 5 7 5 5 6 6 6 6 5 6 6 6 6 6 6 
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U26 7 7 7 7 6 7 7 6 6 6 7 6 6 6 6 6 6 5 5 6 6 5 5 6 6 6 

U27 7 7 7 7 6 6 7 7 6 6 6 6 7 6 5 6 6 6 5 5 7 6 6 5 7 6 

U28 7 6 6 6 5 6 5 6 6 7 7 6 7 7 7 7 7 6 6 7 6 7 7 7 7 6 

U29 6 7 6 6 5 6 6 7 6 6 7 7 6 6 7 7 7 6 5 7 6 7 7 7 6 6 

U30 6 5 5 5 4 5 4 5 4 4 5 4 5 4 4 5 5 5 6 5 5 4 4 5 5 5 

U31 6 5 6 5 5 6 6 5 6 6 7 5 6 5 5 7 7 7 6 7 6 6 6 6 6 6 

U32 7 6 6 6 6 6 7 7 6 7 7 7 7 7 7 6 7 6 6 6 7 7 6 7 7 6 

U33 6 5 6 6 5 6 6 5 5 7 6 6 5 5 6 6 6 6 5 6 6 7 6 6 6 6 

U34 7 7 7 6 6 7 6 6 7 7 6 6 6 6 7 6 6 5 5 6 6 7 7 6 6 6 

U35 6 7 7 5 6 7 7 6 6 6 6 7 7 7 7 6 6 6 5 6 7 6 6 7 6 6 

U36 7 7 7 6 6 6 7 6 6 6 7 7 6 7 7 6 7 5 5 6 7 5 5 7 6 6 

U37 7 6 6 6 7 6 6 6 7 7 6 7 7 6 6 7 7 7 6 6 7 7 6 7 6 7 

U38 7 6 4 5 7 6 5 6 5 5 6 5 5 6 5 5 6 5 6 6 6 5 3 3 6 6 

U39 6 6 5 6 6 5 4 5 5 6 4 5 5 3 3 4 4 4 5 4 4 5 5 5 5 4 

U40 6 6 5 6 6 5 6 5 6 6 6 6 6 5 6 7 7 6 7 7 6 6 6 6 6 7 

U41 5 5 6 7 6 5 6 6 6 5 6 6 6 5 6 6 7 6 5 6 6 6 4 4 5 6 

U42 7 6 6 5 6 6 7 6 5 6 5 6 7 5 6 6 6 7 6 7 6 6 5 5 6 6 

U43 6 6 5 6 7 6 6 6 6 7 7 7 6 7 7 5 6 6 6 6 7 6 5 5 6 6 

U44 5 6 6 7 6 5 6 5 5 7 7 6 6 6 5 6 7 7 7 6 7 6 6 6 5 6 

U45 7 7 6 7 7 6 6 7 7 6 7 7 6 7 7 5 5 4 5 4 7 6 6 6 5 5 

U46 7 7 6 6 6 5 6 5 6 6 6 6 5 5 6 6 6 6 6 6 7 7 7 7 6 7 

U47 6 6 6 7 6 5 6 4 4 5 5 4 5 4 5 7 7 7 7 7 7 6 7 7 6 7 

U48 6 5 4 5 6 4 5 5 6 6 6 6 6 5 5 6 7 7 6 6 7 7 7 7 6 6 

 

Avg. 6.5 6.2 6.1 6.3 6.2 6.1 6.3 6.1 6.0 6.2 6.1 6.2 6.2 5.8 6.1 6.1 6.4 6.0 5.8 6.0 6.3 6.0 5.6 6.0 5.7 6.1 

Mod. 7 6 6 7 7 6 7 6 6 6 7 7 6 7 7 6 7 7 6 6 7 6 6 6 6 6 

Med. 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 
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Appendix G-2: Raw Data of User Ranking and Preferences for Experimental Phase III 

Raw Data of User Ranking for PU, PEOU, and Preferences (Experimental Phase III) 

5 à Very Useful (VU) or Very Easy (VE), 4 à Useful (U) or Easy (E), 3 à Neutral, 2 à Not Very Useful (NVU) or 

Not very easy (NVE), 1 à Not Useful (NU) or Not Easy (NE), CP stands for co-production. 

 1 à the most preferred, 2 à the next 

preferred, 3 à the least preferred 

 
VCKMS MCKMS ACKMS  User Preferences 

 
COC CP COC CP COC CP  VCKMS MCKMS ACKMS 

UC PU PEOU PU PEOU PU PEOU PU PEOU PU PEOU PU PEOU  COC CP COC CP COC CP 

U01 4 4 2 4 4 1 2 1 4 5 4 5  3 2 2 3 1 1 

U02 4 4 4 4 3 3 3 3 5 5 5 5  2 2 3 3 1 1 

U03 3 4 4 3 2 3 4 3 4 5 5 4  3 2 2 3 1 1 

U04 5 5 4 4 4 5 4 4 4 5 4 4  1 1 3 3 2 2 

U05 4 4 4 4 3 3 3 3 5 5 5 5  2 2 3 3 1 1 

U06 4 4 4 4 3 3 3 3 5 5 5 5  2 2 3 3 1 1 

U07 4 5 4 5 4 5 4 5 5 5 5 5  3 3 2 2 1 1 

U08 4 4 4 3 5 3 1 1 5 5 5 5  2 2 3 3 1 1 

U09 4 5 5 5 4 2 2 1 5 4 5 5  2 2 3 3 1 1 

U10 4 5 4 5 2 3 2 3 5 4 5 4  2 2 3 3 1 1 

U11 4 5 4 5 2 3 2 3 5 4 5 4  2 2 3 3 1 1 

U12 4 4 4 4 3 4 4 4 5 5 5 5  2 2 3 3 1 1 

U13 2 2 4 4 4 4 2 2 5 5 5 5  3 2 2 3 1 1 

U14 4 5 5 5 2 2 2 2 4 4 4 4  1 1 3 3 2 2 

U15 4 4 4 4 3 2 3 2 5 4 5 4  2 2 3 3 1 1 

U16 5 4 5 4 5 4 5 3 5 5 5 5  2 2 3 3 1 1 

U17 4 4 4 4 3 5 2 2 5 5 5 5  2 2 3 3 1 1 

U18 4 4 5 4 5 4 4 4 5 5 5 5  2 2 3 3 1 1 

U19 4 4 4 4 3 3 3 3 5 4 5 5  3 3 2 2 1 1 

U20 4 5 4 4 2 2 2 2 5 5 5 5  2 2 3 3 1 1 

U21 4 5 4 4 3 4 2 3 4 4 4 4  2 2 3 3 1 1 
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U22 5 5 5 4 5 3 3 3 5 5 5 5  2 2 3 3 1 1 

U23 4 4 4 4 4 4 4 4 5 5 5 5  2 2 3 3 1 1 

U24 5 5 5 5 4 2 2 1 5 4 4 4  1 1 3 3 2 2 

U25 3 3 4 3 4 3 3 4 5 5 5 5  2 2 3 3 1 1 

U26 4 4 4 4 4 3 3 3 5 5 5 5  3 3 2 2 1 1 

U27 5 4 4 4 3 3 3 2 5 5 5 5  2 2 3 3 1 1 

U28 4 4 5 4 4 3 4 3 5 4 5 4  2 2 3 3 1 1 

U29 4 4 4 4 2 2 4 3 4 4 4 4  2 2 3 3 1 1 

U30 4 4 5 4 2 1 3 2 5 5 5 5  2 2 3 3 1 1 

U31 5 5 5 4 3 4 3 4 5 4 5 4  2 2 3 3 1 1 

U32 4 4 4 4 4 3 4 4 5 5 5 5  2 2 3 3 1 1 

U33 4 4 4 4 4 3 2 2 5 5 5 5  2 2 3 3 1 1 

U34 4 4 5 5 4 5 4 5 4 4 4 4  2 2 3 3 1 1 

U35 4 5 4 5 3 2 3 3 5 5 5 5  2 2 3 3 1 1 

U36 3 3 3 2 4 3 3 2 4 5 4 5  3 3 2 2 1 1 

U37 4 4 5 4 2 2 3 4 5 5 5 5  2 2 3 3 1 1 

U38 5 5 5 4 2 1 2 1 4 5 4 4  1 1 3 3 2 2 

U39 5 5 5 4 3 3 4 4 5 4 5 4  1 1 3 3 2 2 

U40 4 4 4 4 3 3 3 3 5 5 5 5  2 2 3 3 1 1 

U41 4 5 4 4 3 4 4 5 4 4 4 4  2 2 3 3 1 1 

U42 4 4 4 4 2 3 2 3 4 5 5 4  2 2 3 3 1 1 

U43 4 4 4 5 3 3 3 3 5 5 5 5  2 2 3 3 1 1 

U44 4 4 4 4 3 4 3 4 5 5 5 5  2 2 3 3 1 1 

U45 4 4 5 4 5 5 5 5 5 5 5 5  2 2 3 3 1 1 

U46 3 4 3 4 3 4 3 4 5 4 5 4  2 2 3 3 1 1 

U47 2 2 2 2 4 3 3 4 5 5 5 5  3 3 2 2 1 1 

U48 4 4 4 4 5 4 5 4 4 5 4 5  3 3 2 2 1 1 

   

Avg. 4.00 4.19 4.17 4.04 3.35 3.15 3.06 3.04 4.75 4.69 4.77 4.65  2.08 2.81 1.10 2.02 2.88 1.10 

Mode. 4 4 4 4 3 3 3 3 5 5 5 5  2 3 1 2 3 1 

Med. 4 4 4 4 3 3 3 3 5 5 5 5  2 3 1 2 3 1 
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Scores for Aspects of User acceptance and Ranking (Experimental Phase III) 

CP stands for Co-production 

 

Scores for User Acceptance 
 

Scores for User Ranking 

VCKMS MCKMS ACKMS 
 

VCKMS VCKMS VCKMS 

U
C

 

P
E

O
U

 

P
U

 

Q
O

C
 

C
T

 

B
T

 

O
V

 

P
E

O
U

 

P
U

 

Q
O

C
 

C
T

 

B
T

 

O
V

 

P
E

O
U

 

P
U

 

Q
O

C
 

C
T

 

B
T

 

O
V

 

 

C
O

C
 

C
P

 

C
O

C
 

C
P

 

C
O

C
 

C
P

 

U01 28 25 21 24 30 128 22 14 25 19 23 103 30 30 30 30 36 156 
 

8 6 5 3 9 9 

U02 30 27 26 23 28 134 24 25 24 23 28 124 30 28 27 28 31 144 
 

8 8 6 6 10 10 

U03 25 26 25 23 32 131 21 18 26 19 30 114 28 25 20 18 25 116 
 

7 7 5 7 9 9 

U04 26 26 21 23 22 118 25 21 25 25 22 118 25 25 21 25 22 118 
 

10 8 9 8 9 8 

U05 21 24 24 22 26 117 22 22 23 22 28 117 30 30 30 30 36 156 
 

8 8 6 6 10 10 

U06 29 26 26 25 27 133 16 13 11 14 16 70 29 28 28 25 28 138 
 

8 8 6 6 10 10 

U07 27 25 22 19 25 118 22 27 22 24 27 122 26 28 24 25 29 132 
 

9 9 9 9 10 10 

U08 27 27 30 28 35 147 9 29 29 18 28 113 30 30 30 30 36 156 
 

8 7 8 2 10 10 

U09 23 27 25 22 28 125 16 15 19 18 21 89 30 30 29 30 36 155 
 

9 10 6 3 9 10 

U10 25 25 25 15 17 107 10 10 14 10 6 50 30 30 29 30 33 152 
 

9 9 5 5 9 9 

U11 29 28 29 24 35 145 14 12 17 13 14 70 29 28 29 29 35 150 
 

9 9 5 5 9 9 

U12 25 22 22 24 25 118 21 19 15 21 25 101 24 23 24 23 31 125 
 

8 8 7 8 10 10 

U13 29 29 24 22 22 126 28 25 22 28 24 127 29 30 24 30 25 138 
 

4 8 8 4 10 10 

U14 26 23 23 20 23 115 5 3 5 8 2 23 17 14 16 14 13 74 
 

9 10 4 4 8 8 

U15 16 12 15 12 15 70 18 18 17 18 18 89 22 22 20 24 26 114 
 

8 8 5 5 9 9 

U16 22 23 25 21 26 117 29 22 25 24 28 128 26 26 27 24 27 130 
 

9 9 9 8 10 10 

U17 24 23 17 14 27 105 12 9 18 19 19 77 28 28 27 21 25 129 
 

8 8 8 4 10 10 

U18 23 22 21 25 29 120 23 22 27 22 24 118 27 27 27 24 27 132 
 

8 9 9 8 10 10 

U19 20 16 21 23 31 111 24 24 28 24 28 128 25 26 30 26 33 140 
 

8 8 6 6 9 10 

U20 23 24 14 20 28 109 22 10 21 20 25 98 25 23 28 29 30 135 
 

9 8 4 4 10 10 

U21 22 22 21 21 32 118 18 13 27 23 28 109 30 28 28 28 30 144 
 

9 8 7 5 8 8 

U22 21 25 24 21 29 120 18 24 25 19 24 110 28 29 30 26 31 144 
 

10 9 8 6 10 10 

U23 18 22 22 26 29 117 22 17 26 24 26 115 28 29 27 28 31 143 
 

8 8 8 8 10 10 
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U24 24 20 19 21 30 114 13 7 21 19 24 84 26 26 22 21 28 123 
 

10 10 6 3 9 8 

U25 21 16 21 21 24 103 18 17 24 21 24 104 28 29 23 24 30 134 
 

6 7 7 7 10 10 

U26 21 23 17 22 28 111 24 23 26 21 22 116 29 27 26 23 28 133 
 

8 8 7 6 10 10 

U27 21 17 23 19 24 104 23 17 22 21 22 105 29 27 25 23 31 135 
 

9 8 6 5 10 10 

U28 22 26 22 20 30 120 19 21 24 23 26 113 25 25 29 28 34 141 
 

8 9 7 7 9 9 

U29 22 18 17 24 32 113 11 20 28 23 27 109 25 26 28 27 33 139 
 

8 8 4 7 8 8 

U30 24 20 24 20 28 116 18 11 29 22 25 105 20 17 17 21 22 97 
 

8 9 3 5 10 10 

U31 22 21 19 23 30 115 22 11 24 22 27 106 22 24 23 29 30 128 
 

10 9 7 7 9 9 

U32 19 24 21 21 30 115 9 10 23 21 26 89 26 28 30 26 34 144 
 

8 8 7 8 10 10 

U33 25 22 22 21 28 118 16 19 22 20 23 100 23 24 23 24 31 125 
 

8 8 7 4 10 10 

U34 22 25 23 19 23 112 21 20 21 20 23 105 28 28 26 23 32 137 
 

8 10 9 9 8 8 

U35 26 24 21 19 27 117 21 18 23 21 24 107 26 27 29 24 32 138 
 

9 9 5 6 10 10 

U36 21 18 21 19 28 107 24 21 25 24 28 122 28 26 29 24 30 137 
 

6 5 7 5 9 9 

U37 25 24 26 22 26 123 7 8 11 16 17 59 27 27 27 28 34 143 
 

8 9 4 7 10 10 

U38 26 27 23 23 26 125 15 14 17 15 26 87 24 22 22 23 23 114 
 

10 9 3 3 9 8 

U39 26 16 24 26 25 117 22 22 24 13 27 108 24 20 15 16 22 97 
 

10 9 6 8 9 9 

U40 16 20 20 25 26 107 21 16 18 19 28 102 24 23 24 29 31 131 
 

8 8 6 6 10 10 

U41 21 20 23 24 23 111 24 19 19 23 27 112 24 23 24 25 25 121 
 

9 8 7 9 8 8 

U42 22 21 22 24 19 108 17 19 23 19 21 99 25 25 24 27 28 129 
 

8 8 5 5 9 9 

U43 20 22 16 13 16 87 18 12 18 18 15 81 25 26 29 24 29 133 
 

8 9 6 6 10 10 

U44 20 23 20 22 23 108 7 11 12 22 24 76 25 23 25 28 30 131 
 

8 8 7 7 10 10 

U45 23 21 24 26 17 111 17 17 22 24 25 105 29 27 29 18 29 132 
 

8 9 10 10 10 10 

U46 26 16 17 23 25 107 24 19 23 14 19 99 27 23 23 25 35 133 
 

7 7 7 7 9 9 

U47 24 23 17 20 20 104 22 22 22 19 23 108 26 19 18 30 34 127 
 

4 4 7 7 10 10 

U48 25 22 18 14 12 91 24 18 17 20 24 103 21 21 23 27 34 126 
 

8 8 9 9 9 9 

   

Avg. 23 22 22 21 26 115 19 17 21 20 23 100 26 26 25 25 30 132  8 8 7 6 9 9 

 

 

 



324 

 

Appendix H-1: Experimental Ranking Results 

Interaction Mode 

User 

Acceptance
Extended 

usability 

attitudes 

Scope

1st

Ability to use 

knowledge 

efficiently

R
a

n
k

Ability to use 

knowledge 

effectively

2nd

3rd

Ability to 

recall

Low

High

Multiple 

modes

ACKMS

MCKMS

VCKMS

 
Experimental ranking results of ability to recall, ability to use knowledge effectively, ability to use 

knowledge efficiently, extended usability attitudes, and user acceptance using the VCKMS, MCKMS, 

and ACKMS experimental systems 

 

 

Task Complexity 

1st

Ability to use knowledge 

efficiently

R
a

n
k

Ability to use knowledge 

effectively

2nd

3rd

ACKMS 

and 

MCKMS

Ability to recall 

knowledge

S
im

p
le

M
o

d
e

ra
te

C
o

m
p

le
x

S
im

p
le

M
o

d
e

ra
te

C
o

m
p

le
x

S
im

p
le

M
o

d
e

ra
te

C
o

m
p

le
x

ACKMS, 

MCKM, 

and 

VCKMS

ACKMS 

and 

MCKMS

Scope
Low

High

Multiple 

modes

ACKMS

MCKMS

VCKMS

 
Experimental ranking results of ability to recall, ability to use knowledge effectively, and ability to use 

knowledge efficiently, according to the three task complexity levels using the VCKMS, MCKMS, and 

ACKMS experimental systems 
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Task and CKM style 

1st

Ability to use knowledge 

efficiently

R
a

n
k

Ability to use knowledge 

effectively

2nd

3rd

MCKMS 

and 

VCKMS

C
O

C
-b

a
s
e

d
 

S
e

le
c
ti
o

n

N
o

n
-C

O
C

 

S
e

le
c
ti
o

n

C
o

-

P
ro

d
u

c
ti
o

n

ACKMS 

and 

MCKMS

Scope

Extended usability 

attitudes

C
O

C
-b

a
s
e

d
 

S
e

le
c
ti
o

n

N
o

n
-C

O
C

 

S
e

le
c
ti
o

n

C
o

-

P
ro

d
u

c
ti
o

n

C
O

C
-b

a
s
e

d
 

S
e

le
c
ti
o

n

N
o

n
-C

O
C

 

S
e

le
c
ti
o

n

C
o

-

P
ro

d
u

c
ti
o

n

N/A

N/A

N/A

Multiple 

modes

ACKMS

MCKMS

VCKMS

Low

High

 
Experimental ranking results of ability to recall, ability to use knowledge effectively, and ability to use 

knowledge efficiently, according to the three task and CKM styles using the VCKMS, MCKMS, and 

ACKMS experimental systems 

 

 

Efficiency Excluded Attributes 

(a) Error Rate 

1st

Task Type

R
a

n
k

Task Complexity

2nd

3rd

S
im

p
le

M
o

d
e

ra
te

C
o

m
p

le
x

ACKMS 

and 

MCKMS

Error Rate

C
O

C
-b

a
s
e

d
 

S
e

le
c
ti
o

n

N
o

n
-C

O
C

 

S
e

le
c
ti
o

n

C
o

-

P
ro

d
u

c
ti
o

n

Multiple 

modes

ACKMS

MCKMS

VCKMS

Low

High

ACKM, 

MCKMS, 

and 

VCKMS

ACKMS 

and 

MCKMS

ACKMS 

and 

MCKMS

Interaction mode

 
Experimental ranking results of error rate according to Interaction mode, the three task complexity levels, 

and the task types for using the VCKMS, MCKMS, and ACKMS experimental systems 
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(b) Count of Visited pages 

1st

Task Type

R
a

n
k

Task Complexity

2nd

3rd

S
im

p
le

M
o

d
e

ra
te

C
o

m
p

le
x

ACKMS 

and 

MCKMS

Visited Pages

C
O

C
-b

a
s
e

d
 

S
e

le
c
ti
o

n

N
o

n
-C

O
C

 

S
e

le
c
ti
o

n

C
o

-

P
ro

d
u

c
ti
o

n

Multiple 

modes

ACKMS

MCKMS

VCKMS

Low

High

ACKM, 

MCKMS, 

and 

VCKMS

ACKMS 

and 

MCKMS

Interaction mode

ACKMS 

and 

MCKMS

ACKMS 

and 

MCKMS

ACKMS 

and 

MCKMS

 
Experimental ranking results of count of visited pages according to Interaction mode, the three task 

complexity levels, and the task types for using the VCKMS, MCKMS, and ACKMS experimental 

systems 
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Appendix H-2: List of Tools 

 

Tool Provider Version Description 

CrazyTalk Pro Realusion 5.1 

CrazyTalk Pro was used to create Avatars with 

facial expressions. It has automatic Audio lips 

synchronisation features. 

Visual Studio Microsoft 2005 

Microsoft Visual studio ASP.NET 2.0 was 

used to implement the web-based system. 

Visual basic was used as an object-oriented 

server-side programming language. 

MS Agent Microsoft 2.0 

Microsoft Speech agent 2.0 was used to enable 

synthesised speech. A mixture of Visual basic 

script and java script was utilised as a client-

side scripting language. 

Access Microsoft 2003 

Microsoft Access database was used as a 

back-end component to store and retrieve 

information and data. 

Easy MP3 Sound 

Recorder 
KYDsoft 3.1 

This software was used to record speech and 

musical notes. Speech was recorded by a 

microphone. The musical notes were played 

by the Visual Music 1.1 and recoded by the 

MP3 sound recorder. 

Visual Music Shah 1.1 
This multi-timbre synthesiser was used to 

create single earcons. 

Audacity Audacity 1.2.6 

This software was used to edit sounds and 

convert sound to different formats. It was 

particularly useful to create compound earcons 

from the single earcons created by Visual 

Music 1.1. 
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