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Abstract  

 

As the growth of rapid prototyping techniques shortens the development life cycle of 

software and electronic products, usability inquiry methods can play a more significant role 

during the development life cycle, diagnosing usability problems and providing metrics for 

making comparative decisions. A need has been realized for questionnaires tailored to the 

evaluation of electronic mobile products, wherein usability is dependent on both hardware and 

software as well as the emotional appeal and aesthetic integrity of the design.  

This research followed a systematic approach to develop a new questionnaire tailored to 

measure the usability of electronic mobile products. The Mobile Phone Usability Questionnaire 

(MPUQ) developed throughout this series of studies evaluates the usability of mobile phones for 

the purpose of making decisions among competing variations in the end-user market, alternatives 

of prototypes during the development process, and evolving versions during an iterative design 

process. In addition, the questionnaire can serve as a tool for identifying diagnostic information 

to improve specific usability dimensions and related interface elements. 

Employing the refined MPUQ, decision making models were developed using Analytic 

Hierarchy Process (AHP) and linear regression analysis. Next, a new group of representative 

mobile users was employed to develop a hierarchical model representing the usability 

dimensions incorporated in the questionnaire and to assign priorities to each node in the 

hierarchy. Employing the AHP and regression models, important usability dimensions and 

questionnaire items for mobile products were identified. Finally, a case study of comparative 

usability evaluations was performed to validate the MPUQ and models.  

A computerized support tool was developed to perform redundancy and relevancy 

analyses for the selection of appropriate questionnaire items. The weighted geometric mean was 

used to combine multiple numbers of matrices from pairwise comparison based on decision 

makers’ consistency ratio values for AHP. The AHP and regression models provided important 

usability dimensions so that mobile device usability practitioners can simply focus on the 

interface elements related to the decisive usability dimensions in order to improve the usability 
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of mobile products. The AHP model could predict the users’ decision based on a descriptive 

model of purchasing the best product slightly but not significantly better than other evaluation 

methods. Except for memorability, the MPUQ embraced the dimensions included in the other 

well-known usability definitions and almost all criteria covered by the existing usability 

questionnaires. In addition, MPUQ incorporated new criteria, such as pleasurability and specific 

tasks performance.  



 iv

ACKNOWLEDGEMENTS 
 

I would like to express my utmost appreciation to my advisor, Dr. Tonya L. Smith-

Jackson, for her time, patience and advice. She has provided me with valuable guidance for 

various research projects, including this dissertation, as well as a model of a true professor, 

teacher, and advisor. I also would like to thank Dr. Kari Babski-Reeves, who has supported me 

as a dissertation committee member and a faculty mentor for my Future Professoriate Program. I 

am very grateful to Dr. Maury A. Nussbaum, who took the time to listen to me and provided me 

with creative ideas to make my dissertation research better. Also, I would like to extend my 

gratitude to Dr. Robert C. Williges for his valuable comments and suggestions as well as his 

service on my dissertation committee even after his retirement.  

I would also like to thank Vanessa Y. Van Winkle, Erik Olsen, and Don Fergerson for 

their endless support during my time in Blacksburg. I express my gratitude to members of the 

Korean ISE graduate student association, my colleagues in the ACE and HCI labs, as well as all 

the members of the HFES VT student chapter, who worked and enjoyed all the classes and 

projects of my doctoral program with me.  

I owe many thanks to Mira, Siwon, Donghyun, Sukwoo, Jaemin, Juho and all the others, 

who are my best friends in Blacksburg. They spent much time with me for everyday living as 

well as supported me through all the years in the town.  

Although they are not here beside me, I would like to thank to my high school buddies, 

Hyunsik, Wanjoon, Changik, Sungmin, and Yooho. They are the people from whom I have 

gotten all the passion and energy to pursue my adventure of studying abroad. Also, I wish good 

luck to each of them in their careers ahead. 

I am grateful to my sister, her husband and their beloved two children. Finally, I would 

like to dedicate this dissertation to my beloved parents, who supported and cared for me 

throughout my life. I know I could have not done all this work without their willing sacrifice, 

boundless support, and unending love. 



 v

 

TABLE OF CONTENTS 
 
 
1. INTRODUCTION .................................................................................................................. 1 

1.1. Motivation....................................................................................................................... 1 

1.2. Research Objectives........................................................................................................ 3 

1.3. Approach......................................................................................................................... 4 

1.4. Organization of the Dissertation ..................................................................................... 6 

2. LITERATURE REVIEW ....................................................................................................... 8 

2.1. Subjective Usability Assessment .................................................................................... 8 

2.1.1. Definitions and Perspectives of Usability............................................................... 8 

2.1.2. Usability Measurements........................................................................................ 11 

2.1.3. Subjective Measurements of Usability ................................................................. 13 

2.1.4. Usability Questionnaires....................................................................................... 16 

2.1.4.1. Definition of Questionnaire .............................................................................. 16 

2.1.4.2. Questionnaires and Usability Research ............................................................ 17 

2.2. Mobile Device Usability ............................................................................................... 18 

2.2.1. Definition of Electronic Mobile Products............................................................. 18 

2.2.2. Usability Concept for Mobile Device ................................................................... 19 

2.2.3. Mobile Device Interfaces...................................................................................... 21 

2.2.4. Usability Testing for Mobile Device .................................................................... 23 

2.3. Decision Making and Analytic Hierarchy Process (AHP) ........................................... 25 

2.3.1. Descriptive and Normative Models of Decision Making ..................................... 25 

2.3.2. Rationale for AHP................................................................................................. 26 

2.3.3. Definition of AHP................................................................................................. 29 

2.3.4. How AHP Works .................................................................................................. 30 

2.3.4.1. Scales for Pairwise Comparison ....................................................................... 31 

2.3.4.2. Hierarchical Structures...................................................................................... 32 

2.3.4.3. Data Analysis .................................................................................................... 33 

2.3.4.4. Computational Example of AHP ...................................................................... 36 

2.3.5. Limitations of the AHP......................................................................................... 39 

2.3.6. AHP and Usability ................................................................................................ 41 

3. PHASE I : DEVELOPMENT OF ITEMS AND CONTENT VALIDITY .......................... 43 

3.1. Need for a New Scale ................................................................................................... 43 

3.2. Study 1: Conceptualization and Development of Initial Items Pool ............................ 45 

3.2.1. Conceptualization ................................................................................................. 45 

3.2.2. Survey on Usability Dimensions and Criteria ...................................................... 47 

3.2.2.1. Usability Dimensions by Early Studies ............................................................ 47 

3.2.2.2. Usability Dimensions in Existing Usability Questionnaires............................. 47 

3.2.2.3. Usability Dimensions for Consumer Products.................................................. 49 

3.2.2.4. Items from a Usability Questionnaire for a Specific Product ........................... 51 

3.2.3. Creation of an Items Pool ..................................................................................... 52 

3.2.4. Choice of Format .................................................................................................. 54 

3.3. Study 2: Subjective Usability Assessment Support Tool and Item Judgment.............. 56 

3.3.1. Method .................................................................................................................. 56 



 vi

3.3.1.1. Design ............................................................................................................... 56 

3.3.1.2. Equipment ......................................................................................................... 56 

3.3.1.3. Participants........................................................................................................ 57 

3.3.1.4. Procedure .......................................................................................................... 58 

3.3.2. Result .................................................................................................................... 60 

3.3.2.1. Part 1. Redundancy Analysis ............................................................................ 60 

3.3.2.2. Part 2. Relevancy Analysis ............................................................................... 62 

3.3.3. Discussion ............................................................................................................. 65 

3.4. Outcome of Studies 1 and 2 .......................................................................................... 66 

4. PHASE II : REFINING QUESTIONNAIRE ....................................................................... 71 

4.1. Study 3: Questionnaire Item Analysis .......................................................................... 72 

4.1.1. Method .................................................................................................................. 72 

4.1.1.1. Design ............................................................................................................... 72 

4.1.1.2. Participants........................................................................................................ 72 

4.1.1.3. Procedure .......................................................................................................... 74 

4.1.2. Results................................................................................................................... 74 

4.1.2.1. User Information............................................................................................... 74 

4.1.2.2. Factor Analysis ................................................................................................. 75 

4.1.2.3. Scale Reliability ................................................................................................ 80 

4.1.2.4. Known-group Validity ...................................................................................... 82 

4.1.3. Discussion ............................................................................................................. 85 

4.1.3.1. Eliminated Questionnaire Items........................................................................ 85 

4.1.3.2. Normative Patterns............................................................................................ 87 

4.1.3.3. Limitations ........................................................................................................ 88 

4.2. Outcome of Study 3 ...................................................................................................... 89 

5. PHASE III : DEVELOPMENT OF MODELS..................................................................... 93 

5.1. Study 4: Development of AHP Model.......................................................................... 93 

5.1.1. Part 1: Development of Hierarchical Structure..................................................... 93 

5.1.1.1. Design ............................................................................................................... 93 

5.1.1.2. Participants........................................................................................................ 93 

5.1.1.3. Procedure .......................................................................................................... 94 

5.1.1.4. Results............................................................................................................... 94 

5.1.2. Part 2: Determination of Priorities........................................................................ 97 

5.1.2.1. Design ............................................................................................................... 97 

5.1.2.2. Participants........................................................................................................ 98 

5.1.2.3. Procedure .......................................................................................................... 98 

5.1.2.4. Results............................................................................................................... 99 

5.2. Study 5: Development of Regression Models ............................................................ 105 

5.2.1. Method ................................................................................................................ 105 

5.2.1.1. Design ............................................................................................................. 105 

5.2.1.2. Equipment ....................................................................................................... 105 

5.2.1.3. Participants...................................................................................................... 105 

5.2.1.4. Procedure ........................................................................................................ 106 

5.2.2. Results................................................................................................................. 106 

5.3. Discussion ................................................................................................................... 111 

5.4. Outcome of Studies 4 and 5 ........................................................................................ 112 



 vii

6. PHASE IV : VALIDATION OF MODELS ....................................................................... 113 

6.1. Study 6: Comparative Evaluation with the Models .................................................... 113 

6.1.1. Method ................................................................................................................ 113 

6.1.1.1. Design ............................................................................................................. 113 

6.1.1.2. Equipment ....................................................................................................... 114 

6.1.1.3. Participants...................................................................................................... 114 

6.1.1.4. Procedure ........................................................................................................ 114 

6.1.2. Results................................................................................................................. 116 

6.1.2.1. Mean Rankings ............................................................................................... 116 

6.1.2.2. Preference Data Format .................................................................................. 118 

6.1.2.3. Friedman Test for Minimalist ......................................................................... 122 

6.1.2.4. Friedman Test for Voice/Text Fanatics .......................................................... 130 

6.1.2.5. Comparisons Among the Methods.................................................................. 137 

6.1.2.6. Important Usability Dimensions ..................................................................... 138 

6.1.3. Discussion ........................................................................................................... 142 

6.1.3.1. Implication of Each Evaluation Method ......................................................... 142 

6.1.3.2. PSSUQ and the MPUQ................................................................................... 144 

6.1.3.3. Validity of MPUQ........................................................................................... 146 

6.1.3.4. Usability and Actual Purchase ........................................................................ 147 

6.1.3.5. Limitations ...................................................................................................... 148 

6.2. Outcome of Study 6 .................................................................................................... 149 

7. CONCLUSION................................................................................................................... 150 

7.1. Summary of the Research ........................................................................................... 150 

7.2. Contribution of the Research ...................................................................................... 153 

7.3. Future Research .......................................................................................................... 156 

BIBLIOGRAPHY....................................................................................................................... 159 

APPENDIX A Protocol for Studies from Phases II to IV .......................................................... 167 

APPENDIX B Pre-determined Set of Tasks............................................................................... 173 

APPENDIX C Frequency of Each Keyword in Initial Items Pool ............................................. 174 

APPENDIX D Frequency of Content Words in Initial Items Pool ............................................ 180 

APPENDIX E Factor Analysis Output ....................................................................................... 184 

APPENDIX F Cronbach Coefficient Alpha Output ................................................................... 189 

APPENDIX G Pairwise Comparison Forms for AHP................................................................ 192 

VITA........................................................................................................................................... 195 

 



 viii

 
LIST OF TABLES 

 
 
Table 1. Research goals and approach............................................................................................ 5 

Table 2. Comparison of usability dimensions from the usability definitions............................... 10 

Table 3. Example measures of usability (ISO 9241-11, 1998)..................................................... 13 

Table 4. Interface elements categorization of mobile device adapted from Ketola (2002).......... 22 

Table 5. Classification of decision making models (Bell, Raiffa, & Tversky, 1988a; Dillon, 1998)
............................................................................................................................................... 25 

Table 6. Linear scale for quantifying pairwise comparison (Saaty, 1980) ................................... 31 

Table 7. Random Index values according to matrix size (Saaty, 1980) ....................................... 36 

Table 8. Pairwise comparison of the decision criteria with respect to overall usability............... 37 

Table 9. Relative weights for three-level absolute measurement AHP ........................................ 40 

Table 10. The specification of target construct for the questionnaire development..................... 46 

Table 11. Usability dimensions by usability questionnaires......................................................... 47 

Table 12. Usability dimensions according to the stages of human information processing (Lin et 
al., 1997) ............................................................................................................................... 48 

Table 13. Comparison of subjective usability criteria among the existing usability questionnaires 
adapted from Keinonen (1998) ............................................................................................. 49 

Table 14. Performance dimension for consumer electronic products (Kwahk, 1999) ................. 50 

Table 15. Image/impression dimension for consumer electronic products (Kwahk, 1999) ......... 51 

Table 16. The summary list of user satisfaction variables for assistive technology devices 
(Demers et al., 1996) ............................................................................................................ 52 

Table 17. Summary information of the sources constituting initial items pool............................ 54 

Table 18. Participants’ profiles for relevancy analysis................................................................. 58 

Table 19. Summary of redundant items in the existing usability questionnaires and other sources 
used for the initial items pool................................................................................................ 60 

Table 20. Frequency of content words used in the existing usability questionnaires................... 61 

Table 21. The reduced set of questionnaire items for mobile phones and PDA/Handheld PCs... 67 

Table 22. Categorization of mobile users (IDC, 2003) quoted by Newman (2003)..................... 73 

Table 23. User categorization of the participants. ........................................................................ 74 

Table 24. Varimax-rotated factor pattern for the factor analysis using six factors (N.B., boldface 
type in the table highlights factor loadings that exceeded .40)............................................. 77 

Table 25. Summary and interpretation of the items in the factor groups ..................................... 79 

Table 26. Re-arrangement of items between the factor groups after items reduction .................. 80 

Table 27. Coefficient alpha values for each factor group and all items. ...................................... 81 

Table 28. Complete list of the questionnaire items of MPUQ...................................................... 90 

Table 29. Rephrased titles of factor groups used to develop hierarchical structure ..................... 94 

Table 30. Overall votes for the relationship between the upper levels of the hierarchy............... 95 

Table 31. Analysis of variance result of the regression model for Minimalists ......................... 109 

Table 32. Analysis of variance result of the regression model for Voice/Text Fanatics ............ 109 

Table 33. Parameter estimates of the regression model for Minimalists.................................... 110 

Table 34. Parameter estimates of the regression model for Voice/Text Fanatics....................... 110 

Table 35. Ranked data format example from the evaluation by first impression ....................... 117 

Table 36. Summary of the preference data from each evaluation method (Minimalists)........... 119 



 ix

Table 37. Summary of the preference data from each evaluation method (Voice/Text Fanatics)
............................................................................................................................................. 119 

Table 38. Preference proportion between pairs of phones by Minimalists................................. 120 

Table 39. Preference proportion between pairs of phones by Voice/Text Fanatics ................... 121 

Table 40. Winner selection methods and results for Minimalists............................................... 121 

Table 41. Winner selection methods and results for Voice/Text Fanatics ................................. 122 

Table 42. Rankings of the four phones based on first impression .............................................. 122 

Table 43. Summary of significant findings from Friedman test for Minimalist......................... 129 

Table 44. Summary of significant findings from Friedman test for Voice/Text Fanatics.......... 136 

Table 45. Spearman rank correlation among evaluation methods for Minimalist...................... 137 

Table 46. Spearman rank correlation among evaluation methods for Voice/Text Fanatics....... 138 

Table 47. Spearman rank correlation among evaluation methods for both user groups............. 138 

Table 48. Priority vectors of Level 3 on Level 2 in the AHP hierarchy for Minimalists ........... 141 

Table 49.  Decisive usability dimensions for each user group identified by the AHP and 
regression models................................................................................................................ 142 

Table 50.  Correlation between the subscales of the two questionnaires completed by Minimalists
............................................................................................................................................. 145 

Table 51.  Correlation between the subscales of the two questionnaires completed by Voice/Text 
Fanatics ............................................................................................................................... 146 

Table 52. Validities of MPUQ supported by the research .......................................................... 147 

Table 53. Comparison of usability dimensions from the usability definitions with those the 
MPUQ covers...................................................................................................................... 154 

Table 54. Comparison of subjective usability criteria MPUQ with the existing usability 
questionnaires ..................................................................................................................... 155 

Table 55.  Summary of the research contributions ..................................................................... 156 

 
 
 



 x

 
LIST OF FIGURES 

 
 
Figure 1. Conceptual summary of the usability questionnaire models........................................... 6 

Figure 2. Organization of the dissertation....................................................................................... 7 

Figure 3. Mobile and wireless device scope diagram adapted from Gorlenko and Merrick (2003)
............................................................................................................................................... 19 

Figure 4. Illustration of usability factors and interface features in a mobile product adapted from 
Ketola (2002) ........................................................................................................................ 21 

Figure 5. A hierarchical structure representation.......................................................................... 32 

Figure 6. Internet instant messenger selection hierarchy.............................................................. 37 

Figure 7. Interface hierarchy of mobile devices described by Ketola (2002)............................... 46 

Figure 8. Main menu of the subjective usability assessment support tool.................................... 57 

Figure 9. Scree plot to determine the number of factors............................................................... 76 

Figure 10. Mean scores of each factor group respect to user groups............................................ 84 

Figure 11. Mean scores for each factor group of LG VX6000..................................................... 85 

Figure 12. Illustration of hierarchical structure established.......................................................... 95 

Figure 13. Examples of hierarchical structure by previous studies .............................................. 97 

Figure 14. An example format of pairwise comparison ............................................................... 98 

Figure 15. Normalized priorities of Level 2 nodes on Level 1 with regard to each user group . 102 

Figure 16. Normalized priorities of Level 3 nodes on Level 2 for Minimalist group ................ 102 

Figure 17. Normalized priorities of Level 3 nodes on Level 2 for Voice/Text Fanatics group.. 103 

Figure 18. Mean scores of the dependent variable and independent variables for Minimalists. 108 

Figure 19. Mean scores of the dependent variable and independent variables for Voice/Text 
Fanatics ............................................................................................................................... 108 

Figure 20. Mean rankings for Minimalists ................................................................................. 117 

Figure 21. Mean rankings for Voice/Text Fanatics .................................................................... 118 

Figure 22. Distribution of phone rankings based on FI .............................................................. 123 

Figure 23. Distribution of PT rankings ....................................................................................... 124 

Figure 24. Distribution of PQ rankings....................................................................................... 125 

Figure 25. Distribution of transformed rankings from the mean score of PSSUQ..................... 126 

Figure 26. Distribution of transformed rankings from the mean score of mobile questionnaire 127 

Figure 27. Distribution of transformed rankings from the mobile questionnaire model using AHP
............................................................................................................................................. 128 

Figure 28. Distribution of transformed rankings from the regression model of mobile 
questionnaire ....................................................................................................................... 129 

Figure 29. Distribution of phone rankings based on FI .............................................................. 130 

Figure 30. Distribution of PT rankings ....................................................................................... 131 

Figure 31. Distribution of PQ rankings....................................................................................... 132 

Figure 32. Distribution of transformed rankings from the mean score of PSSUQ..................... 133 

Figure 33. Distribution of transformed rankings from the mean score of mobile questionnaire 134 

Figure 34. Distribution of transformed rankings from the mobile questionnaire model using AHP
............................................................................................................................................. 135 

Figure 35. Distribution of transformed rankings from the regression model score of the mobile 
questionnaire ....................................................................................................................... 136 



 xi

Figure 36. Mean scores on each factor group of MPUQ for Minimalists .................................. 139 

Figure 37. Mean scores on each factor group of MPUQ for Voice/Text Fanatics ..................... 140 

Figure 38. Illustration of the normalized priority vector of Level 3 on overall usability of Level 1
............................................................................................................................................. 141 

Figure 39. Positioning of each evaluation method on the classification map of decision models
............................................................................................................................................. 144 

Figure 40. Illustration of methodology used to develop MPUQ and comparative evaluation ... 151 

 
 
 
 
 



 

1 

1. INTRODUCTION 

1.1. Motivation 
Usability has been an important criterion of decision making for end-users, consumers, 

product designers and software developers for their respective purposes. In addition to the effort 

of defining usability concepts and dimensions to be evaluated and quantified, many usability 

evaluation methods and measurements have been developed and proposed. However, each 

method has advantages and disadvantages such that some usability measurements are difficult to 

apply, and some others are overly dependent on the evaluators’ levels of expertise.  

As one of the effective methods of evaluating usability, various usability questionnaires 

have been developed by the Human Computer Interaction (HCI) research community. While 

these questionnaires are intended for the evaluation of computer software applications running 

on desktop computers, the need for a usability questionnaire for electronic consumer products 

has increased for various reasons1. One of the reasons is that the interface of electronic consumer 

products is different from that of the software products. For example, mobile products are made 

up of both hardware (e.g., built-in displays, keypads, cameras, and aesthetics) and software (e.g., 

menus, icons, web browsers, games, calendars, and organizers) components. Importantly, the 

design of electronic consumer products has been crafted by industrial designers and design artists 

who emphasize the emotional appeal and aesthetic integrity of the design (Ulrich & Eppinger, 

1995). As a result, electronic consumer products are much more recent subjects of analysis 

among the HCI community than are software products.  

For these reasons, a distinct approach and questionnaire would be helpful for the 

evaluation of electronic consumer products, even though some usability questionnaires claim to 

be relevant to products other than computer software. Current usability questionnaires also seem 

to measure various usability dimensions, but the dimensions are not necessarily identical across 

questionnaires. Thus, the exploration of the available questionnaires provides a sound 

background to the development of the questionnaire items for this study.  

                                                 
1 Need for a new questionnaire scale is discussed in detail in Chapter 3. 
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For the purposes of this study, the term electronic mobile products refers to mobile 

phones, smart phones, Personal Digital Assistants (PDAs), and Handheld Personal Computers 

(PCs), all of which support wireless connectivity and mobility in the user’s hands. Electronic 

mobile products have become personal appliances, similar to TVs or watches, and representative 

of users’ identities because the usage of the product involves personal meanings and private 

experiences (Sacher & Loudon, 2002; Vnnen-Vainio-Mattila & Ruuska, 2000). According to a 

recent survey from International Data Corporation (IDC), personal use of mobile devices, 

technology, applications, and services is on the rise and mobile phones continue to be a big part 

of consumers' lifestyles (PrintOnDemand.com, 2003). The survey indicated that 36% of the 

respondents’ personal calls are made from their mobile phones, and that they spend more on 

cellular service per month than on broadband, cable/satellite TV, and landline telephone services 

(PrintOnDemand.com, 2003). In addition to the importance and popularity of mobile devices in 

consumers’ life styles, mobile products introduce new usability requirements or dimensions such 

as mobility and portability not possible with desktop computers. Thus, electronic mobile 

products were chosen here as the target products among electronic consumer products to develop 

a subjective usability assessment method. 

As one of the usability questionnaires focusing on a specific group of products, the 

Quebec User Evaluation of Satisfaction with assistive Technology (QUEST) (Demers, Weiss-

Lambrou, & Ska, 1996) considers absolute degrees of importance on each satisfaction variable 

item judged by each respondent. The purpose in considering degrees of importance on each item 

was to extract important variables so that evaluators could focus on finding the sources of 

significant dissatisfaction corresponding to the identified important variables. However, there has 

been no effort to combine usability questionnaire items in a compensatory 2  manner by 

considering the relative importance of each item for the comparative evaluation among 

alternatives, which is one of the prominent characteristics of normative models for decision 

making strategy. 

Since multiple usability questionnaire items and categories of the items are necessary to 

represent all relevant sub-dimensions of usability in a questionnaire aimed at generating 

                                                 
2 Definitions of compensatory and normative models are described in Chapter 2. 
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composite scores, assigning relative weights of importance to them relating to a target construct 

can be regarded as a multi-criteria decision making (MCDM) problem. There are several MCDM 

methods3, such as weighted sum model (WSM), weighted product model (WPM), and analytic 

hierarchy process (AHP) (Triantaphyllou, 2000). Among those MCDM methods, AHP has been 

known as the most popular across various fields because of superior capability in dealing with 

complexity and inter-dependency among criteria, and its dissimilar criteria units using a ratio 

scale. Thus, there have been a few efforts to apply AHP in the decision making stage of usability 

evaluation (Mitta, 1993; Park & Lim, 1999; Stanney & Mollaghasemi, 1995), but those studies 

considered a small number of usability criteria or used AHP in an aggregational manner.  

Following the rationale described above, this research developed comparative usability 

evaluation methods for electronic mobile products. The methods were developed based on the 

construction of a new usability questionnaire scale tailored to evaluate mobile products and the 

application of MCDM methods (i.e., AHP combined with linear regression analysis) to the 

questionnaire scale in order to provide composite usability scores for the comparative evaluation. 

1.2. Research Objectives 
The primary objective of this research is to develop a valid and reliable4 method for the 

comparison of (1) competing electronic mobile products in the end-user market, (2) evolving 

versions of the same product during an iterative design process, and (3) alternatives of prototypes 

to be selected during the development process. The method was based primarily on subjective 

usability assessments using questionnaires. Thus, the output was a set of questionnaire items 

integrating existing usability questionnaires adapted especially for electronic mobile products 

and therefore connected systematically with relevant usability attributes and dimensions for 

electronic mobile products. Another major output was mathematical models derived from the 

AHP method and linear regression analysis to generate a composite score of usability based on 

the response data from the usability questionnaire. Also, reliability and validity tests of the 

questionnaire and models were important parts of the study. The objectives are summarized 

below: 

                                                 
3 Details of the MCDM methods are described in Chapter 2.  
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 Identify usability attributes and dimensions covered and not covered by existing 

usability questionnaires and generate measurement items relevant for the evaluation 

of electronic mobile products. 

 Develop a set of items for a questionnaire according to the identified usability 

dimensions and expert reviews.  

 Refine the set of items using factor analysis and identify the underlying structure of 

the usability dimensions to be usable as input for AHP application. 

 Assess the reliability and validity of the usability questionnaire so that the 

questionnaire is refined based on the psychometric properties.   

 Develop a hierarchical structure incorporating all of the identified usability 

dimensions and assign relative priorities for each element of the hierarchical structure 

to generate a composite score of overall usability. 

 Test the applicability and validity of the developed usability questionnaire model by 

conducting a case study of comparative usability evaluation. 

1.3. Approach 
The research framework was abstracted from subjective usability assessments using 

questionnaires and the AHP method as the major components. In accordance with these methods, 

the research reviewed literature to provide a theoretical framework and employs usability experts 

to make critical decisions through the research, as well as reflect the user’s point of view to 

evaluate and validate the outcome of the research. Table 1 summarizes the research goals and 

approaches of the research. In addition, Figure 1 illustrates the conceptual summary of the 

usability questionnaire models, consisting of two major components of the research framework 

(i.e., subjective usability assessment and MCDM methods). As illustrated in Figure 1, the 

resulting methods combining the usability questionnaire and AHP and regression models 

generate composite usability scores from users’ response data as output for comparative usability 

evaluation.  

                                                                                                                                                             
4 The definition of these terms and the relevance to this research are described in Chapter 4. 
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Table 1. Research goals and approach 

Phase Goal Approach 

I Generate and judge 
measurement items 
for the usability 
questionnaire for 
electronic mobile 
products 

Consider construct definition and content domain to develop the 
questionnaire for the evaluation of electronic mobile products based 
on an extensive literature review: 

• Generate potential questionnaire items based on essential 
usability attributes and dimensions for electronic mobile products 

• Judge items by consulting a group of experts and users focusing 
on the content and face validity of the items 

II Design and conduct 
studies to develop 
and refine the 
questionnaire 

Administer the questionnaire to collect data in order to refine the items 
by  

• Conducting item analysis via factor analysis 

• Testing reliability using alpha coefficient  

• Testing construct validity using known-group validity 

III Develop AHP and 
regression models to 
provide a single 
measure of overall 
usability  

Employ the refined mobile phone usability questionnaire from the 
Phase II, and complete the usability questionnaire model through 

• Developing a hierarchical model representing dimensions 
incorporated in the questionnaire and assigning priorities to each 
node of the model 

• Developing linear regression models predicting usability scores 
from the response of mobile phone usability questionnaire 

IV Validate the mobile 
phone usability 
questionnaire and 
decision making 
methods developed 
through Phase III 

Conduct a case study of comparative usability evaluation to validate 
the questionnaire and decision making models by 

• Evaluating competing mobile products using various subjective 
usability assessment methods and decision making models based 
on the mobile phone usability questionnaire 
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Figure 1. Conceptual summary of the usability questionnaire models. 

1.4. Organization of the Dissertation 
The literature review of subjective usability assessment, mobile usability, and the 

application of AHP appears in Chapter 2. The literature review serves as the essential 

background to provide the rationale for the following phases of overall research. Figure 2 

illustrates the research process and organization of the dissertation, along with direct outputs 

from research activities and indirect outputs developed to support research activities.  
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Figure 2. Organization of the dissertation 
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2. LITERATURE REVIEW 

2.1. Subjective Usability Assessment 

2.1.1. Definitions and Perspectives of Usability 

Usability has been defined by many researchers in many ways. One of the first definitions 

of usability was “the quality of interaction which takes place” (Bennett, 1979, p. 8). Because the 

definitions of usability can give us guidelines for measurement, the most well-known and often-

referenced definitions are introduced briefly.  

Shackel (1991) proposed an approach to define usability by focusing on the perception of 

the product and regarding acceptance of the product as the highest level of the usability concept. 

Considering usability in the context of acceptance, Shackel provides a definition stating that 

“usability of a system or equipment is the capability in human functional terms to be used easily 

and effectively by the specified range of users, given specified training and user support, to 

fulfill the specified range of tasks, within the specified range of environmental scenarios” 

(Shackel, 1991, p.24). However, Shackel acknowledged that this definition was still ambiguous 

and went on to provide a set of usability criteria. Those are 

 

 Effectiveness: level of interaction in terms of speed and errors; 

 Learnability: level of learning needed to accomplish a task; 

 Flexibility: level of adaptation to various tasks; and 

 Attitude: level of user satisfaction with the system. 

 

Shackel’s (1991) idea of usability fits very well with other product attributes and higher 

level concepts treated by other researchers, and has gained wide respect so that both Booth 

(1989) and Chapanis (1991) adopted and improved his approach. Shackel also collaborated on a 

later definition, stating that usability derives from “the extent to which an interface affords an 

effective and satisfying interaction to the intended users, performing the intended tasks within 

the intended environment at an acceptable cost” (Sweeney, Maguire, & Shackel, 1993, p. 690). 
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Another well-accepted definition of usability which received attention from the Human 

Computer Interaction (HCI) community was offered by Nielsen (1993). He also considers factors 

which may influence product acceptance. Nielsen does not provide any descriptive definition of 

usability; however, he provides the operational criteria to define clearly the concept of usability: 

 

 Learnability: ability to reach a reasonable level of performance  

 Memorability: ability to remember how to use a product 

 Efficiency: trained users’ level of performance 

 Satisfaction: subjective assessment of how pleasurable it is to use 

 Errors: number of errors, ability to recover from errors, existence of serious errors 

 

These criteria are quite similar to the ones established by Shneiderman (1986). However, Nielsen 

elaborated with comprehensive scales.  

Finally, attempts to establish standards on usability have been made by the International 

Organization for Standardization (ISO). ISO 9241-11 (1998) is an international standard for the 

ergonomic requirements for office work with visual display terminals and defines usability as 

“the extent to which a product can be used by specified users to achieve specified goals with 

effectiveness, efficiency, and satisfaction in a specified context of use” (p. 2). Additionally, ISO 

9241-11 classifies the dimensions of usability to account for the definition: 

 

 Effectiveness: the accuracy and completeness with which users achieve goals 

 Efficiency: the resources expended in relation to the accuracy and completeness 

 Satisfaction: the comfort and acceptability of use 

 

ISO/IEC 9126 elaborates on three different ways to assess usability. Part 1 (ISO/IEC 

9126-1, 2001) provides the definition of usability which distinguishes clearly between the 

interface and task performance by designating usability as “the capability of the software to be 

understood, learned, used and liked by the user, when used under specified conditions” (p. 9). 
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The definition of ISO/IEC 9126-1 presents usability as quality-in-use. With the perception of 

usability as the product quality, the dimensions of usability indicated in ISO/IEC 9126-1 became  

 

 Understandability, 

 Learnability, 

 Operability, and 

 Attractiveness. 

 

Part 2 (ISO/IEC 9126-2, 2003) includes external metrics using empirical research. Part 3 

(ISO/IEC 9126-3, 2003) describes internal metrics which measure interface properties. 

As described above, the definition of usability has been shaped and evolved by various 

researchers in the HCI and usability engineering community. However, their definitions still 

share a few common constructs regarding usability (Table 2). 

 

Table 2. Comparison of usability dimensions from the usability definitions 

Usability Dimensions Shackel (1991) Nielsen (1993) ISO 9241 and 9126 
(1998; 2001) 

Effectiveness ●  ● 

Learnability ● ●  

Flexibility  ●   

Attitude ●   

Memorability  ●  

Efficiency  ● ● 

Satisfaction  ● ● 

Errors  ●  

Understandability   ● 

Operability   ● 

Attractiveness   ● 

 

In this research, the descriptive definition by ISO 9241-11 (1998), which states “the 

extent to which a product can be used by specified users to achieve specified goals with 
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effectiveness, efficiency, and satisfaction in a specified context of use” (p.2), is the basis of the 

usability concept. Given the descriptive definition of usability, new usability dimensions 

suggested by recent studies (e.g., aesthetic appeals and emotional dimensions) were blended in as 

the research progressed to develop the usability questionnaire for mobile products. For example, 

aesthetic appeal can be considered a sub-dimension of satisfaction, which is one of the main 

dimensions of ISO 9241-11. The definition and scope of usability were revisited for clarifying 

the target construct of the usability questionnaire development for mobile products in Chapter 3. 

Based on the different definitions and perspectives of usability, the efforts to quantify and 

measure the usability concept established by the HCI community are discussed in following 

sections. 

2.1.2. Usability Measurements 

Keinonen (1998) categorized different approaches to defining usability, including 

usability as a design process and usability as product attributes, which contribute to the 

establishment of design guidelines. From the perspective of usability as a design process, 

usability engineering (UE) and user-centered design (UCD) have been defined and recognized as 

a process whereby the usability of a product is specified quantitatively (Tyldesley, 1988). Thus, 

usability has been regarded as a part of the product development process and has employed the 

participatory design5 concept into the product development process, since participatory design is 

rather compatible with UCD concept.  

To pursue the approach of usability as product attributes, numerous sets of usability 

principles and guidelines have been developed by the HCI community, including computer 

companies, standard organizations, and well-known researchers. Some well-known principles 

and guidelines they have developed include Shneiderman’s (1986) eight golden rules of dialogue 

design, Norman’s (1988) seven principles of making tasks easy, human interface guidelines by 

Apple Computer (1987), usability heuristics by Nielsen (1993), ISO 9241-10 (1996) for dialogue 

principles, and the evaluation check list by Ravden and Johnson (1989). These references cover 

                                                 
5 Participatory design (PD) is a set of theories, practices, and studies related to end-users as full participants in 
design or development activities leading to software and hardware computer products (Greenbaum & Kyng, 1991; 
Schuler & Namioka, 1993). 
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many major dimensions of usability including consistency, user control, appropriate presentation, 

error handling, memory load, task matching, flexibility, and guidance (Keinonen, 1998).  

Many research frameworks have been introduced as measures of usability at an 

operational level according to various usability dimensions (Nielsen, 1993; Rubin, 1994). 

However, most attempts have been aimed at the interaction between users and products. There 

are three different categories of methods to obtain measurements known as the usability 

inspection method, the testing method, and the inquiry method (Avouris, 2001).  

First, the usability inspection method involves having usability experts examine interfaces 

of the products. Nielsen and Mack (1994) published a book focusing only on this method 

explaining that usability inspection aims at finding usability problems, the severity of the 

usability problems and the overall usability of an entire system. The major methods in this 

category are heuristic evaluation, heuristic estimation, cognitive walkthrough, pluralistic 

walkthrough, feature inspection, consistency inspection, standards inspection, formal usability 

inspection, and a guidelines checklist. One advantage of the inspection method is that it can be 

used in the early stages of the product development cycle, since it is possible for many inspection 

methods to be based on usability specifications that have not been implemented during the early 

stages. 

Second, usability testing methods usually measure system performance based on well-

defined usability criteria. Those criteria can be defined according to the definitions of usability, 

usability attributes following standards, and empirical metrics. Typically, data on a measured 

performance are collected based on the observation of individual users performing specific tasks 

with the product (e.g., completion time and number of errors). Most empirical research design 

methods in the human factors research field, such as the testing of a well defined-hypothesis by 

measuring participant’s behavior while an experimenter manipulates independent variables, may 

fit into this category when the topic focuses on usability. The most widely employed usability 

testing methods are think-aloud protocol, co-discovery, performance measurement, and field 

studies, all of which are techniques available not only for usability studies but also for numerous 

other fields of study. To provide for the validity of this type of evaluation, the proper design of 

tasks and organization of the testing laboratory are essential (Preece, Rogers, Sharp, Benyon, 
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Holland, & Carey, 1994). Among the techniques mentioned above, performance measurement is 

the one that can present objective data clearly, thus ISO 9241-11 provides example metrics for 

the three different usability criteria (Table 3).  

 
Table 3. Example measures of usability (ISO 9241-11, 1998) 

Effectiveness Efficiency Satisfaction 

Percentage of goal achieved 
Percentage of tasks completed 
Accuracy of completed task 

Time to complete a task 
Monetary cost of 
     performing the task 

Rating scale for satisfaction 
Frequency of discretionary use 
Frequency of complaints 

 

 

The usability inquiry method involves communication between the users and the 

evaluators in the evaluation, usually by means of questions and interviews. The evaluators 

question users about their thoughts on the interface or prototype of the system and the users’ 

ability to answer questions plays a significant role in the evaluation. Commonly used techniques 

are focus groups, interviews, field observations, and questionnaires. Inquiry methods can be used 

to measure various usability dimensions and attributes; however, the most common usage of 

inquiry methods is for the measurement of user satisfaction. Thus, inquiry methods support the 

user’s point of view, the fourth perspective listed by Keinonen (1998), through the measurement 

of user satisfaction.   

2.1.3. Subjective Measurements of Usability 

Subjective usability measurements focus on an individual’s personal experience with a 

product or system. As mentioned in the previous section, subjective usability assessment can be 

applied through any of the three types of usability measurement methods (e.g., inspection 

methods, testing methods, and inquiry methods). However, inquiry methods can play a major 

role in subjective measurements since the methods imply questioner- and interviewer-based 

protocols, which depend on the subjective judgments or opinions of respondents and 

interviewees. Several usability questionnaires were developed by the HCI community, such as 

Software Usability Measurement Inventory (SUMI) (Kirakowski, 1996; Kirakowski & Corbett, 

1993; Porteous, Kirakowski, & Corbett, 1993), the Questionnaire for User Interaction 
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Satisfaction (QUIS) (Chin, Diehl, & Norman, 1988; Harper & Norman, 1993; Shneiderman, 

1986), and the Post-Study System Usability Questionnaire (PSSUQ) (Lewis, 1995).  

SUMI is the best-known usability questionnaire to measure user satisfaction and assess 

user-perceived software quality. SUMI is a 50-item questionnaire, each item of which is 

answered with “agree”, “undecided”, or “disagree”, and is available in various languages to 

provide an international standard. Each set of the questionnaire (50 items) takes approximately 

10 minutes to complete and needs only a small number of subjects, although at least ten subjects 

are recommended for the results to be used effectively (Kirakowski & Corbett, 1993). Based on 

the answers collected, scores are calculated and analyzed into five subscales (Kirakowski & 

Corbett, 1993): 

 

 Affect: degree to which the product engages the user’s emotional responses; 

 Control: degree to which the user sets the pace; 

 Efficiency: degree to which the user can achieve the goals of interaction with the 

product; 

 Learnability: degree to which the user can easily initiate operations and learn new 

features; and 

 Helpfulness: extent to which user obtains assistance from the product. 

 

The SUMI subscales are referenced in ISO standards on usability (ISO 9241-10, 1996) 

and software product quality (ISO/IEC 9126-2, 2003). The primary advantages of SUMI over 

other usability evaluation methods are noted as ease of application and relatively low costs to 

conduct for both evaluators and participants. Several researchers argue that SUMI is the best 

validated subjective assessment for usability (Annett, 2002; van Veenendaal, 1998) and that it 

has been known to be reliable and to discriminate between different kinds of software products 

(van Veenendaal, 1998). However, some disadvantages exist. For example, SUMI can only be 

used at relatively late stages during the product development process since a running version of 

the product should be available. Also, SUMI is generic so that the accuracy and level of detail of 
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the problems or successes detected through its use are limited (Keinonen, 1998; Konradt, 

Wandke, Balazs, & Christophersen, 2003; van Veenendaal, 1998).  

QUIS was developed at the Human Computer Interaction Laboratory at the University of 

Maryland, College Park (Chin et al., 1988; Harper & Norman, 1993) based on the scale for 

“User evaluation of interactive computer systems” introduced by Shneiderman (1986). QUIS has 

been updated in many versions in terms of scales, items of focus, and level of reliability. The 

most recent publication of QUIS, version 7, incorporates ten different dimensions of usability:  

 

 Overall user reactions, 

 Screen factors, 

 Terminology and system information, 

 Learning factors, 

 System capabilities, 

 Technical manuals and online help, 

 Online tutorials, 

 Multimedia, 

 Teleconferencing, and 

 Software installation. 

 

Unlike other usability questionnaires, many items in QUIS are closer to a checklist 

evaluation performed by an expert, although some questions measure user satisfaction. Therefore, 

there is a criticism (Keinonen, 1998) that users may not evaluate those items or attributes 

effectively unless they have expert knowledge. That criticism can lead to the conclusion that 

QUIS lies between the designer domain of concrete product attributes and the user domain of 

subjective experience (Keinonen, 1998). Since QUIS questionnaires refer mostly to concrete 

software product attributes, its use on products other than computer software in which screen 

displays are used is very challenging.  

According to the survey of the use of objective and subjective measures in the HCI 

community conducted by Nielsen and Levy (1994), 25% of 405 studies measured subjective 
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aspects and 14% measured both objective and subjective aspects. Additionally, they argue that 

subjective assessment of usability can approximate objective usability as a usability evaluation. 

In a commentary paper in the special issue of Ergonomics journal for subjective evaluation of 

ergonomics, Salvendy (2002) listed various contexts in human factors engineering where 

subjective measures are effectively used, including workload, fatigue, stress, motivation, 

satisfaction, preference, performance, usability, comfort, and comparison. Since usability 

assessment may integrate satisfaction, preference, performance, comfort, and usability from the 

list, subjective measures may play an important role in establishing measurements for usability 

assessment. Also, Annett (2002) indicates that comparative evaluation of competing designs 

rarely needs precise quantitative predictions, so subjective rating scales are good enough to 

support at least the comparative usability evaluation. 

2.1.4. Usability Questionnaires 

2.1.4.1. Definition of Questionnaire 

Questionnaires are often regarded as an inexpensive and convenient way to gather data 

from a large number of participants. A well-designed questionnaire can gather information about 

the overall performance of a product or system, as well as information on specific components. 

Demographic questions about the participants in questionnaires can be analyzed to provide 

additional information linking user performance or satisfaction to groups of users with different 

characteristics. 

According to Kirakowski (2003), a questionnaire is defined as “a method for the 

elicitation, the recording and the collecting of information” (p. 2). Method in this definition 

implies that a questionnaire is a tool rather than an end in itself. Elicitation means the bringing 

out of information from respondents through questioning. The answers or responses of the 

participants to the questionnaire are usually recorded in various ways, such as written text, voice, 

or video. Collecting implies that by administering them to more than one respondent, evaluators 

of questionnaires usually expect a compilation of the outcome of the questionnaires. In order to 

achieve higher validity in the outcome of the questionnaires, higher numbers of collections are 

generally recommended.  



 

17 

Questionnaire types are either closed-ended or open-ended (Czaja & Blair, 1996; 

Kirakowski, 2003). The former usually has restricted ranges of answers so that there exists a 

limitation to the participants’ responses. This may be helpful to avoid an extreme bias among the 

participants. The latter type of questionnaire may allow some level of bias, however, it is useful 

for gathering creative information or information that pre-designed closed-ended questionnaires 

cannot cover.  

As another way of classifying types of questions, Czaja and Blair (1996) summarized 

three types of questionnaires. Those are the so-called factual-type questionnaires, opinion-type 

questionnaires, and attitude-type questionnaires. As indicated by the name, “factual-type” 

questionnaires usually ask about public or observable information, such as number of years of 

computer experience, education level, and so on. Opinion-type questionnaires ask what 

respondents think about something, which can be interpreted as opinion. The last type of 

questionnaire, attitude questionnaire, tries to gather respondents’ internal response to events, 

situations, or usage of products. As adopted by many HCI and usability engineering practitioners, 

the attitude questionnaire can be transformed into a so-called satisfaction questionnaire.  

2.1.4.2. Questionnaires and Usability Research 

One of the single greatest advantages of using questionnaires in usability research is that 

questionnaires can provide evaluators with feedback from the users’ point of view (Annett, 2002; 

Baber, 2002; Kirakowski, 2003). Since user-centered and participatory design is one of the most 

important aspects in the usability engineering process (Keinonen, 1998), questionnaires can be 

an essential method, assuming that the respondents are validated as representative of the whole 

user population. Another big advantage insisted on by Kirakowski (2003) is that the measures 

from a questionnaire can provide comparable measures or scores across applications, users, and 

various tasks being evaluated. As indicated in Section 2.1.2 Usability Measurements, the 

questionnaire is a quick and cost-effective method to conduct and measure scores compared with 

other inquiry methods. Thus, evaluators usually gather great amounts of data using 

questionnaires as surveys.  

Another advantage is that there are many usability aspects or dimensions for which no 

established objective measurements exist, and those may only be measured by subjective 
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assessment. New usability concepts suggested for the evaluation of consumer electronic products 

such as attractiveness (Caplan, 1994), emotional usability (Logan, 1994), sensuality (Hofmeester, 

Kemp, & Blankendaal, 1996), pleasure and displeasure in product use (Jordan, 1998) seem to be 

quantified effectively by subjective assessment and those usability concepts are proving to be 

important for software products these days.  

2.2. Mobile Device Usability 

2.2.1. Definition of Electronic Mobile Products 

Mobile devices connected by wireless technology have changed the ways in which people 

communicate with each other as well as interact with computers, and the change will continue 

with the introduction of new mobile devices and services. Existing mobile devices include 

mobile phones, Personal Digital Assistants (PDAs), and smart phones. 

The names and scopes for mobile devices vary across nations and researchers. The mobile 

phone is referred to a cell phone or a mobile handset in the US, a wireless phone in Asia, a hand 

phone in Korea, and a mobile phone in Europe. For PDAs, although many people use PDA as a 

common name to designate the product group, in this study PDA designates a device using Palm 

OS, and Handheld Personal Computer (PC) designates one using Windows CE operating system. 

Another name for a mobile device is a smart phone, the original name for a digital mobile phone 

that can browse the Internet, and send and receive emails and text messages. However, most 

mobile phones can perform those functions these days, as well as integrate a digital camera so 

that the term smart phone currently implies more of an integration of PDAs, MP3 players, and 

digital cameras into the phone. 

Another term for the mobile devices provided by Weiss (2002) is ”Handheld devices,” 

which is defined as “extremely portable, self-contained information management and 

communication devices” (p. 2). These devices are also small, lightweight, and best operated 

while held in the user’s hand, such as PDAs, pagers, and mobile phones. Since computers are 

getting smaller, such as notebook computers and palmtop computers, Weiss (2002) suggests that 

a computer must meet three conditions to be considered a handheld device: 
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 It must be used in one’s hands, not on a table, 

 It must operate without cables, and 

 It must allow the addition of new applications or support Internet connectivity. 

 

In summary, the definition of electronic mobile products that this research focuses on 

includes mobile phones, smart phones, PDAs, and Handheld PCs, all of which support wireless 

connectivity and mobility in the user’s hands. Gorlenko and Merrick (2003) provide a diagram 

(Figure 3) to establish the scope of what is classified as mobile devices; the intersection area 

between the two circles in the diagram matches the scope of electronic mobile products 

discussed in this section.  

Unconnected
mobiles
(organizers,
games, players)

Mobile devices
with wired
connectivity

                           Desktops &
                           laptops with
                           wireless
                           connectivity

Mobile Devices Wireless Devices

Mobile
devices with

wireless
connectivity

 

Figure 3. Mobile and wireless device scope diagram adapted from Gorlenko and Merrick (2003) 

 

2.2.2. Usability Concept for Mobile Device 

New perspectives on usability for mobile devices have been suggested by several 

researchers. In one research for integrating usability in mobile phone development, Ketola and 

Roykkee (2001) suggest a designer’s point of view on a mobile device as an interactive system. 

ISO 13407 (1999) defines an interactive system as “a combination of hardware and software 

components that receive input from and communicate output to a human user in order to support 

his or her performance or a task” (p. 1). From the user’s point of view, a mobile device can be 

regarded as “an information appliance designed to perform a specific activity, such as music, 
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photography, or writing” (Bergman, 2000, p. 3). Bergman (2000) also emphasizes that ”the 

distinguishing feature of an information appliance is the ability to share information” (p. 4) .  

As discussed in Section 2.1, most usability research has been done in the area of computer 

software applications and interest is growing in relation to electronic consumer products. In this 

sense, electronic mobile products can be regarded as electronic consumer products that can 

incorporate computer software applications (e.g., Internet browser and personal organizer) as a 

component of the product. Therefore, the characteristics of both sides (e.g., computer software 

application and electronic consumer products) should be considered when evaluating electronic 

mobile products. Assuming that software usability is a part of electronic product usability, 

Kwahk (1999) suggests two different branches of usability dimensions for the evaluation of 

audiovisual electronic consumer products: the performance dimension and the image dimension. 

A mobile device is a personal communication device (performance) and has aesthetic appeal 

(image). According to Ketola (2002), recent studies have shown that a mobile phone can reflect a 

person’s emotional identity. As mobile devices have become consumer products, consideration 

of image, design, or aesthetic appeal has begun to reign over performance or function (Steinbock, 

2001). The importance of aesthetic appeal, not only for mobile products but also for consumer 

electronic products in general, has been indicated through newly suggested concepts such as 

emotional usability (Logan, 1994), Kansei engineering (Nagamachi, 1995), aesthetics of use 

(Dunne, 1999), and pleasurable products (Jordan, 2000).  

Ketola (2002) indicates two major trends of mobile phone design including varieties of 

products and user groups. Product variety means that technical complexity and number of 

functions is constantly increasing as new products are put on the market. Variety among user 

groups indicates that mobile phones are becoming available to increasing numbers of users in 

various cultures and ages. Although the number of functions and types of user groups is 

increasing, the interface remains limited, such as a small screen display or numeric keypad as the 

input method to provide mobility in the hand or adherence to the traditional phone design 

(especially for mobile phones). Weiss (2002) also indicates that the display screen size and input 

method are the most challenging limitations for the usability of handheld devices in terms of 

function or performance.  
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2.2.3. Mobile Device Interfaces 

A mobile device interface is an entity built from several hardware and software 

interaction components that define the aesthetic appeal (image or design) and performance 

(function) of a mobile device (Ketola & Roykkee, 2001). Ketola and Roykkee also divide those 

interaction components into three different categories, namely user interface, external interface, 

and service interface (Figure 4 and Table 4).  

 

Figure 4. Illustration of usability factors and interface features in a mobile product adapted from 
Ketola (2002) 

 

The user interface category includes most interface factors that are covered in typical 

usability studies. However, the external interface category covers what is supplementary to the 
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main product and helps users operate the main product. This category, especially for manuals 

and documentation items, is believed to be an important part of overall usability (Keinonen, 

1998), but it is often neglected in many usability studies. Unlike the user and external interface 

categories, the service interface is dependent not only upon the product, but also on the 

characteristics of the service itself provided by the service provider. Currently, service providers 

provide Internet browsing service using wireless application protocols (WAP) and text 

messaging services. The text messaging service, usually called short message service (SMS), is 

relatively popular, but WAP service is not yet prevalent due to slowness of use, failure of 

connection, and limited space in which to browse sufficient information efficiently.  

 

Table 4. Interface elements categorization of mobile device adapted from Ketola (2002) 

Interface Category Items 

Input tools (functionality, 
industrial and mechanical 
design) 

Navigation tool, Softkeys, Keypad/Keyboard, Special keys 
(Power, Call management, Voice) 

Display Icons, Indicators, Language, Familiarity, Localization 

Audio, Voices Ringing tones, Quality, Interruption 

Ergonomics Touch and feeling, Slide, one-hand operating, Balance, 
Weight, Size 

Detachable parts SIM card, Battery, Snap-on (Color) cover 

Communication method Radio link, Bluetooth, Infrared, Cable 

User 
Interface 

Applications Fun, Utility, Usability 

User Support Local help, Manuals, Documentation 

Accessories Charger, Hands-free sets, Loopset, External keyboard 

External 
Interface 

 
Supporting software PC software, Downloadable application 

Service 
Interface 

Services Availability, Utility, Interoperability 
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2.2.4. Usability Testing for Mobile Device 

As there are obvious limitations and challenges for mobile device interfaces due to the 

size of small screens, non-traditional input methods, low resolutions of the displays, and a wide 

range of user environments, much research on usability testing methods has been performed to 

overcome these limitations. The usability of small screens has a considerable history of usability 

testing. For example, the readability and comprehensibility of information displayed on ATM 

machines or photocopiers were studied in the 1980s and early 1990s (Buchanan, Farrant, Jones, 

Marsden, Pazzani, & Thimbleby, 2001). Especially for PDAs and Handheld PCs, several 

research studies have been conducted as well on the efficiency of information display on small 

screens. Even before wireless web service was available, the small screen display issue was the 

focus of usability studies because PDAs and Handheld PCs have tried to inherit most standalone 

software applications from the desktop computer. For example, Buchanan et al. (2001) 

performed user testing to compare different interface methods such as horizontal scroll, vertical 

scroll, and paging to access additional information. Hubscher-Younger, Younger and Chapman 

(2001) compared two popular PDAs (Microsoft Pocket PC and Palm Computing PalmOS) in an 

experiment presenting a sequence of six different tasks that exercised personal information 

management (PIM) functionality of the built-in application. Their results show that a Palm OS 

device is significantly faster in completing the tasks (i.e., objective measure), and the majority of 

the participants also preferred the PalmOS device (i.e., subjective rating).  

Since mobile phones have smaller screen displays with lower graphical capabilities than 

PDAs and Handheld PCs, early usability studies for mobile phones focused on the presentation 

of menu interfaces to perform basic functions and facilitate services, such as making calls, 

receiving calls, diverting calls, setting up message boxes, and changing ringing sounds, rather 

than on how to present large blocks of complex information (e.g., web pages) on the limited 

screens. Thus, empirical studies to measure task completion time and error rate based on the 

different styles of interfaces (e.g., voice command) or menu (various menu hierarchies) 

(Buchanan et al., 2001) were performed to improve mobile phone function access.  

In the mid to late 1990s, the demand for new services such as mobile web service was 

raised, in addition to the voice communication service and short message service. The usability 
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testing of Jones et al. (1999) found that only half as many small-screen users were successful in 

completing information tasks as were large-screen users. In addition, small-screen users 

committed many more errors while navigating the web pages. The significant difficulties of 

browsing web pages on the small displays of mobile devices inspired many researchers to 

develop new tools, such as WebTwig (Jones, Marsden, Mohd-Nasir, & Buchanan, 1999), 

PowerBrowser (Buyukkokten, Garcia-Molina, Paepcke, & Winograd, 2000), WebThumb 

(Wobbrock, Forlizzi, Hudson, & Myers, 2002), and the other interaction techniques (Kamba, 

Elson, Harpold, Stamper, & Piyawadee, 1996; Sugiura, 1999).  

Weiss, Kevil, and Martin (2001) performed an overall usability assessment of a mobile 

phone which supported wireless web applications. In their study, they combined interview and 

empirical testing methods, so that a moderator interviewed each participant for sixty minutes and 

asked them to perform pre-defined tasks while an analyst recorded the performance actions. Thus, 

overall usability was determined by task-based empirical testing. The task element groups 

selected were categorized into key functions, text entry, and navigation. The specific tasks were 

to activate the browser to go to the Internet, to find weather information, to complete investor 

tasks such as finding stock market information, to check movie times, to check and send email 

messages, and to exit the browser. In addition, participants’ opinions about overall impression 

and nomenclature were collected. The tasks used in their study were incorporated into the initial 

items pool to develop the usability questionnaire for electronic mobile products in Chapter 3.  

While the research of Weiss et al. (2001) was done for only one mobile product 

(NeoPoint 1000), Hastings Research Inc. (2002) performed usability research on various 

emerging mobile products including mobile phones, PDAs, and Handheld PCs. They preferred 

qualitative-based testing to quantitative, although the usability tests they conducted were also 

based on the performance of various tasks. Those tasks included using a search engine, reading 

an HTML web page and identifying hyperlinks, locating a phone number, reading news, sending 

email messages, and using the calculator. These tasks were also considered in the initial items 

pool for the usability questionnaire (see Section 3.1). 

Up to this stage, subjective usability assessment as a usability measurement and usability 

of mobile devices as target products have been reviewed and discussed to develop a usability 
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questionnaire tailored to mobile products. Once the usability questionnaire was developed, the 

last effort in this research was aimed at enhancing the questionnaire to provide methods for 

comparative evaluation. To develop the methods or models for comparative usability evaluation, 

decision making strategies used across various fields were reviewed and integrated in the 

following sections. 

2.3. Decision Making and Analytic Hierarchy Process (AHP) 

2.3.1. Descriptive and Normative Models of Decision Making 

The manner in which humans make decisions varies considerably across fields and 

situations. Early research on decision making theory focused on the way humans were observed 

to make decisions (descriptive) and the way humans should make decisions theoretically 

(normative). As an outcome of the research, decision making models have emerged that can be 

classified as either descriptive or normative models. Although the distinction between descriptive 

and normative models has become fuzzy, it is important to distinguish between them clearly 

because the distinction can be a useful reference point in attempting to improve decision making 

processes (Dillon, 1998). In addition, a third classifier, called the prescriptive model, has been 

introduced and it is based on the theoretical foundation of normative theory in combination with 

the observations of descriptive theory. However, some researchers use “normative” and 

“prescriptive” interchangeably (Bell, Raiffa, & Tversky, 1988b). As a way of distinguishing the 

three different models of decision making, Table 5 shows the taxonomy for classification. 

 

Table 5. Classification of decision making models (Bell, Raiffa, & Tversky, 1988a; Dillon, 1998) 

Classifier Definitions 

Descriptive 
What people actually do, or have done  
Decisions people make 
How people decide 

Normative 
What people should and can do 
Logically consistent decision procedures 
How people should decide 

Prescriptive 
What people should do in theory 
How to help people to make good decisions 
How to train people to make better decisions 
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The most prominent distinction among different decision making theories or models is the 

extent to which they make trade-offs among attributes (Payne, Bettman, & Johnson, 1993). That 

means the models can be classified as non-compensatory or compensatory. A non-compensatory 

model is any model in which “surpluses on subsequent dimensions cannot compensate for 

deficiencies uncovered at an early stage of the evaluation process; since the alternative will have 

already been eliminated” (Schoemaker, 1980, p. 41), while a compensatory model occurs when 

“a decision maker will trade-off between a high value on one dimension of an alternative and a 

low value on another dimension” (Payne, 1976, p. 367). In terms of the three different models 

(Table 5), the descriptive models are considered non-compensatory, while the normative and 

prescriptive models are typically regarded as compensatory (Dillon, 1998).  

As briefly mentioned in Chapter 1, the usability questionnaire model using AHP 

developed in this research is a normative compensatory model for comparative usability 

evaluation. Since normative decision making models are relevant for comparative evaluation and 

choice among competing alternatives (Fishburn, 1988), one of the decision making tools to 

develop normative models, AHP, was selected as the purpose of this research.  

2.3.2. Rationale for AHP 

One of the goals of this research is to present a model or method to provide usability 

scores for comparative evaluation. As specified in Chapter 1, the usability questionnaire tailored 

to mobile products was developed through Phase II. Usability is a multidimensional phenomenon, 

as discussed in section 2.1, and the questionnaire items may represent the multiple dimensions 

and criteria. Assuming that different users may have various priorities on each usability 

dimension to make comparative decisions; in other words, that they may use compensatory 

models, the usability score should be provided in a way other than simply taking the mean scores 

of all the questionnaire items, as other existing usability questionnaires do. 

Thus, the goal of the usability questionnaire model using AHP provides relative weights 

to the questionnaire items or categories of the items to generate composite usability scores. 

Assigning relative weights to multiple items under multiple criteria in order to make a decision is 

a typical problem of the decision making field, referred to as Multi-Criteria Decision Making 
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(MCDM). While there are many MCDM methods available in the literature, the most popular 

MCDM methods used today are the weighted sum model (WSM), the weighted product model 

(WPM), and the analytic hierarchy process (AHP) (Triantaphyllou, 2000).  

The WSM is the earliest method and proclaimed as the most commonly used approach 

(Triantaphyllou, 2000), but its appropriateness is generally limited to single dimensional 

problems (Fishburn, 1967). If there are m alternatives and n criteria, the WSM score to choose 

the best alternative is expressed as  

 

∑
=

− =
n

j
jijiscoreWSM waA

1

* ,max    for i = 1, 2, 3, ..., m. 

(Fishburn, 1967) 

 

where ija  is the actual value of the i-th alternative in terms of j-th criterion, and jw  is the weight 

of importance of the j-th criterion. To apply this method, all the units of ija  across criteria should 

be the same in order to be added and still be meaningful for comparison. Thus, WSM may not be 

the best method to apply when combining different dimensions (consequently, different 

measurement units) is desired. 

WPM can be considered as a modification of WSM and is very similar to WSM except 

for employing multiplication instead of addition. If there are m alternatives and n criteria, the 

WSM score to choose the best alternative is expressed as 

 

∏
=

− =
n

j

w
ijscoreWPM
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(Bridgeman, 1992) 

 

where ija  is the actual value of the i-th alternative in terms of j-th criterion, and jw  is the weight 

of importance of the j-th criterion. In general, the comparison of two alternatives with WPM can 

be expressed as  
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(Bridgeman, 1992; Miller & Starr, 1969) 

 

If the )/( LK AAR  is greater than or equal to one, then it can be concluded that alternative 

KA  is more desirable than alternative LA . Because WPM calculates ratios, which eliminate the 

units, to compare alternatives, the units across the criteria do not have to be same. Thus, WPM 

can be used in both single- and multi-dimensional MCDM problems.  

As described above, WSM and WPM provide formulas to generate scores of multiple 

alternatives by considering multiple decision criteria. However, a clear method to determine the 

relative weights (i.e., jw ) is provided by neither the WSM or WPM method. To provide decision 

makers with a way to determine the relative weights, the pairwise comparison method as a part 

of AHP was proposed by Saaty (1977; 1980).  

The pairwise comparison method makes the tasks of assigning relative weights simple by 

comparing one pair at a time. The synthesis of the comparisons can be calculated systematically 

by the framework of AHP, which are described in detail later in this chapter. It provides a 

flexible and realistic way for estimating qualitative data, so that AHP has long been attractive to 

many different fields and referenced in more than 1,000 research papers (Saaty, 1994). The AHP 

score can be expressed as  

 

∑
=
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* ,max    for i = 1, 2, 3, ..., m. 

(Triantaphyllou, 2000) 

 

The formula conveys a form almost identical to that of WSM method. However, ija  for AHP are 

relative values generated by pairwise comparison instead of actual values, unlike the formula in 

WSM, so that AHP can be used for multi-dimensional MCDM problems. 



 

29 

In conclusion, AHP provides approaches not only to generate scores of multiple 

alternatives by considering multiple decision criteria but also to determine the relative weights 

systematically among the criteria for each alternative. Thus, AHP is selected as the MCDM 

method to support comparative usability evaluation for this research and the details of the 

method are introduced in the following sections. 

2.3.3. Definition of AHP 

Analytical AHP is a decision making technique for managing problems that involve the 

consideration of multiple criteria simultaneously (Saaty, 1980). Since the development and 

introduction of AHP, it has been used in various areas such as economics, social sciences, 

politics, and industry as a decision making tool. Applications in those areas include business 

administration, cost-benefit analysis, future planning, resolution of conflicts, determining 

requirements, allocating resources, measuring performance, designing systems and ensuring 

system stability (Henderson & Dutta, 1992; Triantaphyllou, 2000).   

In one of the first applications of AHP in technological areas, Roper-Lowe and Sharp 

(1990) supported AHP as a valuable tool for selecting information technology (IT) in MCDM 

situations. They not only selected IT as one of the MCDM problems to which AHP can be 

applied, but they also indicated that AHP could provide documentation regarding how and why a 

particular decision was made. Furthermore, the process was easy to understand and their decision 

makers felt comfortable with the method. Additionally, several human factors researchers 

attempted to use AHP in ergonomic analysis (Henderson & Dutta, 1992) and user interface 

evaluation (Mitta, 1993) and found it a useful method for their studies. 

AHP is viewed as “a flexible model that allows individuals or groups to shape ideas and 

define problems by making their own assumptions and deriving the desired solution from them” 

(Saaty, 1982, p. 22). Because of its flexibility, ease of use, and ability to provide a built-in 

measure of the consistency of the decision maker’s judgment (see section 2.3.4.3), AHP has been 

widely studied and applied across various fields (Saaty, 1994; Triantaphyllou, 2000).  

AHP uses a multi-level hierarchical structure of objectives, criteria, sub-criteria, and 

alternatives, and provides a quantitative computational method for generating priorities based on 

pairwise judgment of the criteria. Thus, a decision-maker can choose among the alternatives 
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based on the relative worth of each alternative. In this way, AHP organizes multiple factors to be 

considered in a systematic way and provides a structured solution to decision making problems.  

2.3.4. How AHP Works 

AHP is based on the principles of decomposition, comparative judgments, and synthesis 

of priorities. The three principles of the AHP described by Saaty (1982) are as follows: 

 

1. Hierarchic representation and decomposition, which is called hierarchic structuring – 

that is, breaking down the problem into separate elements; 

2. Priority discrimination and synthesis, which is called priority setting – that is, ranking 

the elements by relative importance; and 

3. Logical consistency – that is, ensuring that elements are grounded logically and 

ranked consistently according to logical criteria. (Saaty, 1982, p.26) 

 

The typical steps of applying AHP can be summarized as follows:  

 

1. Define the problem or decision issues and determine their scope and goal. 

2. Identify the criteria that affect the behavior of the problem. 

3. Structure a hierarchy of the factors contributing to a decision from the highest to the 

lowest level. This step allows a complex decision to be structured into a hierarchy 

from an overall objective to various criteria, sub-criteria, and so on until the lowest 

level. According to Saaty (2000), creative thinking, recollection, and various 

perspectives should be used to construct a hierarchy. 

4. Given that the hierarchy has been structured, construct pairwise comparison matrices 

for each level using relative scale measurements (See section 2.3.4.1). The pairwise 

comparisons are performed in terms of how much more important element A is than 

element B. When a group participates in the judgment process, the group may need to 

reach consensus on issues. However, when they do not reach an agreement, a 

geometric mean of their judgment is recommended for use (Aczel & Saaty, 1983).  
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5. Calculate the relative worth of each element using the eigenvector method. Priorities 

of alternatives and weights of criteria are synthesized into an overall rating.  

6. Perform a consistency check on the completed hierarchy of weights.  

 

2.3.4.1. Scales for Pairwise Comparison 

In terms of the scales for quantifying pairwise comparisons, several approaches are 

available, although Saaty’s (1980) linear scale (Table 6) was the first proposed and has been used 

pervasively. Based on the fact that most humans cannot simultaneously compare more than 

seven objects (plus or minus two) (Miller, 1956), Saaty (1980) established 9 as the upper limit of 

the scale and 1 as the lower limit. 

 

Table 6. Linear scale for quantifying pairwise comparison (Saaty, 1980) 

Intensity of 
Importance Definition Explanation 

1 Equal importance Two activities contribute equally to the objective 

3 Weak importance of one over 
another 

Experience and judgment slightly favor one 
activity over another 

5 Essential or strong importance Experience and judgment strongly favor one 
activity over another  

7 Demonstrated importance An activity is strongly favored and its dominance 
demonstrated in practice 

9 Absolute importance The evidence favoring one activity over another 
is of the highest possible order of affirmation 

2,4,6,8 Intermediate values between 
the two adjacent judgments When compromise is needed 

Reciprocals of 
above nonzero 

If activity i has one of the above nonzero numbers assigned to it when compared 
with activity j, then j has the reciprocal value when compared with i. 

 

Another approach, namely the exponential scale, has been introduced by Lootsma (1988; 

1993), based on different observations in psychology about stimulus perception (denoted as ie ). 
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According to the measurement theory (Roberts, 1979), the difference 1+ne  - ne  should be greater 

than or equal to the smallest perceptible difference, which is proportional to ne . These 

exponential scales are recommended for psychophysics problems relating to sensory systems 

regarding the perception of taste, smells, touch, sound, size, and lights that follows the power law 

with exponents (Triantaphyllou, 2000). 

The most distinct steps of using the AHP that distinguish it from other MCDM methods 

(see Section 2.3.1) are building the hierarchy of elements and computing their relative weights. 

To explain the process effectively, a simple example is introduced in the following sections. 

2.3.4.2. Hierarchical Structures 

Suppose there is a hierarchical structure (Figure 5). Nodes in the hierarchy represent 

criteria, sub-criteria, or alternatives to be prioritized, and arcs reflect relationships between the 

nodes in different levels. Each relationship (arc) represents a relative weight or importance of a 

node at Level L relating to a node at Level L-1, where L = 2, 3, …, N-1, N. The nodes at Level L 

do not necessarily connect to all the nodes at Level L-1, where L = 2, 3, …, N-1, N. 

 

Figure 5. A hierarchical structure representation 

Level N 

Level N-1 

Level 2 

Level 1 

.    .    .   

.    .    .   

.   .   .

.    .    .   

.   .   .
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The computation of weights is performed in the following way. Suppose there is a set of n 

criteria C = { }nLLL ccc ,2,1, ,...,,  located at a hierarchical Level L. Assuming that all the criteria at 

Level L are comparable with each other, n(n-1)/2 paired comparisons of the n criteria at Level L 

are performed. For each pair of comparisons, a decision maker (individual or group) uses the 

nine-point scale described in Table 6 to reflect the degree of preference. The final AHP result is 

an assignment of weights to the criteria or alternatives at the lowest Level N.  

For the research, the word “criteria” may represent any one of three conceptual levels: 

identified usability dimensions, sub-dimensions, and individual questionnaire items. For example, 

in the lowest level (Level N), criteria can represent the set of individual questionnaire items, and 

criteria can represent the set of sub-dimensions in the Level N-1. The top level node represents 

construct of overall usability which should ultimately be measured. 

2.3.4.3.  Data Analysis 

Using any of the scales discussed in section 2.3.4.1, the preference or dominance 

measures of paired comparisons are placed in a matrix form in the following manner: 

 

M = 
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Each ijm of the matrix represents the ratio by which criteria i  dominates criteria j . As 

mentioned in the previous section, criteria can be usability dimensions, sub-dimensions, or 

questionnaire items. Since M is a reciprocal matrix, in which each element of the lower-left 

diagonal part is the inverse of each element of upper-right diagonal part, each ijm follows the 

specifications such as 
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jim =1/ ijm , for ijm ≠ 0              

ijm =1, for i = j  and i , j =1, 2, . . ., n . 

 

To calculate weights based on the pairwise judgments, it is assumed that exact 

measurement was made so that each element can be decomposed into a ratio of weights as 

follows: 

 

ijm  = 
j

i

w
w

 

 

Then the matrix M is expressed as  
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Since ijm =
j

i

w
w

 as defined above, iw = ijm jw . For all j, iw  can take the general form of 

∑
=

=
n

j
jiji wm

n
w

1

1 , which leads to ∑
=

=
n

j
jiji wmnw

1

. This expression can be denoted in matrix form 

as 

ji Awnw =   (or xAx λ= ) , 

 

where n (or λ ) is the eigenvalue and w  is the eigenvectors. However, this is not solvable since 

there exist multiple eigenvalues and eigenvectors. Since iim =1 for all i, then n
n

i
i =∑

=1

λ . If M is a 
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consistent matrix (see the next paragraph), small variations of ijm  keep the largest eigenvalue 

close to n, and the remaining eigenvalues close to zero. Therefore, the priority vector can be 

obtained from a vector w  that satisfies  

 

wAw maxλ=  

 

The vector w  is the eigenvector corresponding to the maximum eigenvalue. To obtain relative 

weights, the sum of which is equal to one, the eigenvector should be normalized in the following 

manner: 
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Since the pairwise comparison judgments are subjective, there is a concern regarding 

consistency. For example, if A is twice as preferable as B and B is three times preferable to C, 

then A should be six times more preferable than C. This is perfectly consistent according to logic 

but it is likely that the judgment matrix is not consistent in some level because of human nature. 

Thus, the Consistency Index (C.I.) was suggested to see what degree of inconsistency the AHP 

model can tolerate such that the judgment is still useful.  

When the decision maker’s judgment is perfectly consistent in each comparison, 

ijm = ikm kjm for all i , j , and k . In this case, the matrix M is referred to as a consistent matrix. If 

M is perfectly consistent, then maxλ = n . Thus, the algebraic difference between maxλ and n is a 

measure of consistency, and Saaty (1980) suggests the following C.I., Random Index (R.I.), and 

consistency ratio (C.R.): 
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..

....
IR
ICRC = , 

 

in which R.I. is obtained from Table 7 based on the C.I. of a randomly generated reciprocal 

matrix from the scale 1 to 9, using a sample size of 100. If the C.R. is less than 0.1, the 

judgments are reasonably consistent and therefore acceptable. If the C.R. is greater than 0.10, 

then the judgments should be revised.  

 
Table 7. Random Index values according to matrix size (Saaty, 1980) 

Matrix 
Size 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R.I. 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59

 

2.3.4.4. Computational Example of AHP 

Assuming that a novice user wants to choose an instant messenger among three options in 

terms of usability, six different decision criteria are selected. Those are effectiveness, efficiency, 

learnability, satisfaction, affect, and helpfulness (see Figure 6). Those criteria are selected 

arbitrarily to create an example of the usability dimensions from various sources (Shackel, 1991; 

Nielsen, 1993; ISO 9241-11, 1998; ISO/IEC 9126-1, 2001).  
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Effectiveness Efficiency Learnability Satisfaction HelpfulnessAffect

Usability

Instant
Messenger A

Instant
Messenger B

Instant
Messenger C

 
Figure 6. Internet instant messenger selection hierarchy 

 
Table 8. Pairwise comparison of the decision criteria with respect to overall usability 

 Effective-
ness Efficiency Learnability Satisfaction Affect Helpfulness

Effectiveness 

Efficiency 

Learnability 

Satisfaction 

Affect 

Helpfulness 

1 

1/7 

1/8 

1/8 

1/3 

1/6 

7 

1 

1 

1 

5 

3 

8 

1 

1 

4 

5 

4 

8 

1 

1/4 

1 

5 

4 

3 

1/5 

1/5 

1/5 

1 

1 

6 

1/3 

1/4 

1/4 

1 

1 

* These data are fabricated numbers to create an example. 

 

The pairwise comparisons of the decision criteria are shown (Table 8). If the table is 

transformed into a matrix, the matrix M will be as follows: 
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    11     4      4      3      1/6 
    1    1        5       5      5      1/3 

1/4      1/5    1       4      1      1/8 
1/4      1/51/4      1       1      1/8 

    1/3      1/5    1       1       1      1/7 
   6    3    8       8      7       1   

M  

 
maxλ , the maximum eigenvalue of M, is 6.3921, which is supposed to be close to 6 to be 

perfectly consistent, and 
1

.. max

−
−

=
n

n
IC

λ
 = 

16
63921.6

−
−   = 0.0784. The eigenvector w  

corresponding to maxλ (=6.3921) is given by (3.2112, 0.3161, 0.2461, 0.4069, 1.2852, 1.0000), 

which is the priority given to the six criteria that constitute overall usability. In order to make the 

sum of each element of w  equal to one, the normalized vector of the eigenvector 'w  is calculated 

as (0.4964, 0.0488, 0.0380, 0.0633, 0.1986, 0.1545), which will be used for the computation of 

final score later. The novice user performs another set of pairwise comparisons to produce an 

index for each software package that is multiplied by the priority vector 'w  so that the final score 

for each software package is generated.  

Once the priority vector (i.e., relative weights for each usability criteria) is established, 

the next step is to get actual usability scores for each product for each criterion. It is reasonable 

to assume that users make subjective ratings for the three products (i.e. messenger A, B, and C) 

based on each criterion (i.e., six usability criteria). Then the ratings are normalized across the 

products so that the 3 (products A, B, and C) by 6 (usability criteria—effectiveness, efficiency, 

learnability, satisfaction, affect, and helpfulness) matrix X is obtained. 

 
















=

0.170.330.220.250.250.45
0.050.330.090.590.500.09
0.770.330.690.160.250.45

X  

 
Thus, the final score of each product can be computed by the multiplication of the normalized 

eigenvector 'w  and matrix X.  
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C
B
A

0.3508
0.1704
0.4698

0.1545
0.1986
0.0633
0.0380
0.0488
0.4964

0.170.330.220.250.250.45
0.050.330.090.590.500.09
0.770.330.690.160.250.45

'* wX  

 
This shows that instant messenger A (0.4698) receives the greatest preference in the decision 

while messenger B (0.1704) is the least preferable choice in terms of usability. 

2.3.5. Limitations of the AHP 

In order to apply AHP effectively to the research, criticisms of the method should be 

identified and discussed. A number of limitations of AHP have been indicated and discussed by 

various researchers (Dyer, 1990a, 1990b; Harker & Vargas, 1987, 1990; Mitta, 1993) since 

Saaty’s (1977) introduction of it, which is discussed briefly below. 

In terms of the formulation of the decision hierarchy, it is obvious that as the number of 

levels increases, the amount of data to be obtained also increases. In addition to that, as the 

number of levels increases, the aggregation of paired comparison data becomes more complex 

(Mitta, 1993). It also increases the number of alternatives to be compared so that it becomes very 

difficult for decision makers to distinguish among and compare the alternatives. According 

Olson and Courtney (1992), a maximum of seven alternatives can be considered at a time. To 

overcome this limitation for the current dissertation research, absolute measurement AHP (Saaty, 

1989) was used in the event that there are too many—more than seven—alternatives to be 

compared at the lower level of the hierarchy. Absolute measurement AHP is comprised of 

indicator categories (e.g., excellent, good, poor, etc) or grades (e.g., A, B, C, etc.) at the lowest 

level for each criterion (e.g., individual questionnaire item) so that each criterion is assigned as 

one of the values of indicator categories or grades. To convert these values into the relative 

weights for each criterion, pairwise comparisons were performed using the eigenvector approach. 

Table 9 shows the relative weights for the three-level absolute measurements used in several 

studies (Mullens & Armacost, 1995; Park & Lim, 1999). The assumption of the pairwise 
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comparison to get the weights in Table 9 is that a higher level grade is two times more important 

than the next lower level grade. In other words, A is two times more important than B and four 

times more important than C. Because the decision maker does not have to perform pairwise 

comparison for all the combinations of criteria using 1 to 9 scales (Table 6), absolute 

measurement AHP can manage the large number of criteria to be compared and reduce the 

complexity of the data. 

 
Table 9. Relative weights for three-level absolute measurement AHP  

Grade Description Weight 

A Excellent 0.56 

B Good 0.31 

C Poor 0.13 

 

Another criticism focuses on Saaty’s nine-point linear scale. Saaty insisted that the scale 

appropriately captures individual preferences documented by experiments (Saaty, 1980). 

However, Mitta (1993) proposed that the scale could be modified to include an unbounded scale 

rather than placing an upper limit on the scale. In contrast, Harker and Vargas (1987) advised 

that as concepts of infinity and infinite preference are so abstract that the abstract nature can 

confuse decision makers, limit their abilities to comprehend the paired comparison procedure, 

and prevent them from providing appropriate estimates of preference strength.  

The most controversial issue of AHP is referred to as rank reversal, presented by Belton 

and Gear (1983) and Dyer (1990a; 1990b). According to them, the AHP may reverse the ranking 

of the alternatives when an alternative seeming identical to one of the existing alternatives is 

introduced. To solve this problem, they suggested a revised AHP. However, the issue of rank 

reversal is not a concern in this research, unless new criteria or nodes in the levels other than the 

lowest level are introduced into the hierarchy. In the original AHP, the alternatives are placed on 

the lowest level of the hierarchy and the scores for alternatives are calculated as relative weights 

based on pairwise comparisons. The alternatives were excluded from the hierarchy and the score 

for each product was based on the users’ subjective rating of the questionnaire items, which was 
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the input to the sets of relative weights from the AHP model. In other words, the AHP model 

constitutes only the sets of coefficients to be applied to the scores from questionnaire items so 

that the introduction of new alternatives would not affect the AHP hierarchy or model. 

2.3.6. AHP and Usability 

A decade passed after the introduction of the AHP before it was used in engineering fields, 

although the method was very popular for social sciences such as business and politics. Many 

industrial engineering researchers started to use AHP for their application areas, such as 

computer integrated manufacturing (CIM) (Putrus, 1990), flexible manufacturing systems (FMS) 

(Wabalickis, 1988), and facility layout design (Cambron & Evans, 1991) and their efforts 

showed applicability of the AHP to the engineering fields. Human factors and ergonomics 

researchers have also taken advantage of AHP in their applications; one of the earliest works was 

done by Henderson and Dutta (1992), which applied AHP in decision making and conflict 

resolution for ergonomic evaluation and selection of manual material handling guidelines. 

As a usability evaluation study using AHP, Mitta (1993) described her use of AHP on 

computer interfaces evaluation to rank the order of the interfaces based on multiple evaluation 

criteria including usability, learnability, and ease of use once mastered. In addition, she provided 

a tutorial for AHP to introduce the AHP method to the human factors research community in a 

Human Factors journal paper (Mitta, 1993). The structuring decision hierarchy in the study is 

vulnerable to criticism, however, because participants (i.e., decision makers) were placed in a 

level of the hierarchy by the experimenter according to their abilities to provide sound pairwise 

comparison judgments. This participant-ranking procedure seems to be arbitrary in nature, 

although she believed that the experimenter had an extensive knowledge of each one’s 

performance capability. This approach can be acknowledged as a new way to synthesize various 

participants’ judgments, while most AHP studies suggest consensus, vote or compromise, 

geometric mean, and separate models as the group decision making strategy (Dyer & Forman, 

1992) .  

In order to improve the participant-ranking procedure used by Mitta (1993) to synthesize 

multiple participants’ judgments, a systematic procedure was suggested in this dissertation 

research. Mitta’s approach let the experimenter rate the participants’ ability to make sound 



 

42 

decisions, which is subjective in nature. To convey participants’ ability into the synthesis of 

judgments in an objective manner, the C.R. of each participant was considered. This can be 

implemented by using a weighted geometric mean technique. The weight will be produced based 

on the C.R. of the decision matrix of each decision maker. In other words, the judgment that 

shows higher consistency will contribute more to the synthesis of group judgments. This concept 

would provide a consistent philosophy of AHP by considering relative priorities even on the 

decision makers’ judgment. This procedure is described thoroughly in Chapter 5.  

Park and Lim (1999) suggested a structured model consisting of two phases—a 

prescreening phase and an evaluation phase for usability evaluation using multiple criteria and 

measures. In the first phase, they used absolute measurement AHP to screen out many alternative 

interfaces and arrive at a smaller set of alternatives. The second phase was then devoted to 

evaluating the subset of alternatives using objective measures to select the best alternative. To 

select relevant usability criteria for their study, they enlisted a group of experts to review and 

compare various usability criteria from ISO 9241-10 (1996), Holcomb and Tharp (1991), Ravden 

and Johnson (1989), and Scapin (1990). However, it is not specified how the eight criteria were 

actually chosen by the group of experts, although the selection of criteria is one of the most 

critical steps to build hierarchical structures for AHP. Since it is believed that the criteria should 

be independent of each other, a systematic procedure for implementing the independence of the 

criteria would be necessary. To allay this concern in the dissertation study, psychometric 

validations6 using statistical techniques such as factor analysis helped to provide independence 

among questionnaire items or groups of items. 

                                                 
6 See Chapter 4 for the detail. 
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3. PHASE I : 

DEVELOPMENT OF ITEMS AND CONTENT VALIDITY 

3.1. Need for a New Scale 
As described in Chapter 2, there have been many efforts to develop usability 

questionnaires and scales for software product evaluation. However, there have been indications 

that existing questionnaires and scales such as the Software Usability Measurement Inventory  

(SUMI), Questionnaire for User Interaction Satisfaction (QUIS), and Post-Study System 

Usability Questionnaire (PSSUQ) are too generic (Keinonen, 1998; Konradt et al., 2003). The 

developers of those questionnaires advise that deficiencies in their questionnaires can be taken 

care of by the establishment of a context of use, characterization of end user population, and 

understanding of tasks for the system to be evaluated (van Veenendaal, 1998). To integrate those 

considerations into the usability questionnaire, the need for more specific questionnaires tailored 

to particular groups of software products has increased. As consequences of the need, 

questionnaires tailored to particular groups of software have been developed, such as Website 

Analysis and Measurement Inventory (WAMI) (Kirakowski & Cierlik, 1998) for website 

usability, Measuring Usability of Multi Media Systems (MUMMS) for the evaluation of 

multimedia products, and the Usability Questionnaire for Online Shops (UFOS) (Konradt et al., 

2003) for measuring usability in online purchasing behavior. Since the existing questionnaires 

focus on software products, they may not be applicable to electronic consumer products because 

the hardware (e.g., built-in displays, keypads, cameras, and aesthetics) is a major component in 

addition to the integrated software (e.g., menus, icons, web browsers, games, calendars, and 

organizers). 

In the meantime, definitions and concepts of usability have evolved along with the 

increased interest in the usability of consumer products. As introduced in Chapter 2, the 

definition of usability for electronic consumer products should be expanded to include an image, 

impression, or aesthetic appeal of the products in addition to their performance (Dunne, 1999; 

Kwahk, 1999). Also, new emotional dimensions for usability measurement , such as pleasure to 
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use, have been introduced for consumer products (Jordan, 2000; Logan, 1994). Thus, the need 

for new usability questionnaires for consumer products is inevitable in terms not only of the new 

domain of target products but also in terms of the evolving definitions and concepts of usability. 

However, the development of a questionnaire for general consumer products would carry a 

deficiency similar to those of existing questionnaires for software products because there are 

numerous types of consumer products in the market such as audio-video product (e.g., TV and 

VCR), healthcare products (e.g., glucose monitor and heart rate monitor), and mobile products. 

Thus, a questionnaire tailored to a specific product group would be more meaningful.  

As a relatively new group of consumer products, mobile products have become one of the 

most popular products in consumers’ life styles because they are suffused with personal 

meanings and individual experiences, are carried from home to work and to leisure places, and 

not only provide communication whenever needed but have also become a primary tool for life 

management (Ketola, 2002; Sacher & Loudon, 2002; Vnnen-Vainio-Mattila & Ruuska, 2000). 

Also, they have been recognized as an important indicator of consumers’ tastes for buying other 

groups of products (PrintOnDemand, 2003). At the same time, mobile products clearly consist of 

two components (e.g., hardware and software), and aesthetic appeal and image may play an 

important role in their usability evaluation. Thus, mobile products are selected as worthwhile 

target products for the development of a new usability questionnaire.  

The goals of this phase are to clarify the construct definition and content domain in order 

to develop a questionnaire for the evaluation of electronic mobile products and generate 

measurement items for a usability questionnaire. Phase I consisted of two studies. The first study 

conducted an extensive survey of usability literature to collect usability dimensions and potential 

items for electronic mobile products. According to Clark and Watson (1995) and Loevinger 

(1957), the initial pool should be broad and comprehensive and even include unrelated items to 

the target construct to develop a questionnaire. Thus, although the target products (electronic 

mobile products) of this research are relatively specific, usability dimensions and criteria from 

various literature were examined regardless of the target product. Before conducting the 

literature review, the conceptualization (i.e., specification) of the target construct and content 

domain was clarified. The second study involved a group of people knowledgeable in the content 
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area to review and judge the collected items pool from Study 1. According to DeVillis (1991), 

the expert review serves to enhance content validity.  

3.2. Study 1: Conceptualization and Development of Initial Items Pool  

3.2.1. Conceptualization 

According to various guidelines for the development of questionnaires (Clark & Watson, 

1995; DeVillis, 1991; Netemeyer, Bearden, & Sharma, 2003), the critical first step of 

questionnaire development is to conceptualize a precise target construct and its context. They 

found that writing a brief and formal description of the construct is very useful for this step.  

As stated in Section 2.2, Mobile Device Usability, the target products are electronic 

mobile products including mobile phones, smart phones, PDAs, and Handheld PCs that support 

wireless connectivity and mobility in the user’s hand. The target components and interface 

features of mobile devices should also be specified, since the mobile devices are interactive 

systems involving users and service providers. As shown in Figure 7 and Table 4, there are three 

different aspects of mobile device interfaces—the external interface, user interface, and service 

interface. To develop the questionnaire for usability of the mobile devices in this research, the 

service interface aspects, such as availability of connection or service and interoperability were 

not considered. User interface components comprise the target construct, but the external 

interface, defined in Table 4, was also be regarded as an important one, since documentation, 

such as manuals, is one of the essential parts of usability dimensions from the consumers’ point 

of view according to Keinonen (1998).  
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Figure 7. Interface hierarchy of mobile devices described by Ketola (2002) 

 

The scope of the usability concept should be established for the clarity of the target 

construct definition. The selected definition of usability is the one by ISO 9241-11 (1998, p. 2), 

as discussed in Chapter 2: “the extent to which a product can be used by specified users to 

achieve specified goals with effectiveness, efficiency, and satisfaction in a specified context of 

use.” This definition was given to all the participants through this research to clarify the meaning 

of usability. Based on the descriptive definition, aesthetic appeal (image or design) (Ketola, 

2002; Kwahk, 1999) and emotional dimensions (Jordan, 2000; Logan, 1994) were added as 

important sub-dimensions since the target products are consumer products, not software products. 

The summary for the conceptualization of the target construct is provided in Table 10. This 

specification is referred to throughout this dissertation as the target construct. 

 

Table 10. The specification of target construct for the questionnaire development 

Target Products Product Components Scope of Product Usability 

Mobile phones,  

Smart phones,  

PDAs, & Handheld PCs 

User interface 

External interface 

ISO 9241-11 definition 

Aesthetic appeal (image or design) 

Emotional dimensions (e.g., pleasure) 

 

Having established the concept of the target construct, it is necessary to review the 

relevant literature in order to articulate the construct. An extensive survey of usability 

Service Interface 

User Interface 3. Phone UI 

4. Accessories

 

2. Services 

1. Network & Infrastructure 

External Interface 

Is
 D

ep
en

de
nt

 



 

47 

dimensions and criteria encompasses measures of related constructs at various levels, and the 

initial pool of measurement items can be found in the following sections. 

3.2.2. Survey on Usability Dimensions and Criteria 

3.2.2.1. Usability Dimensions by Early Studies 

As described in Chapter 2, several pioneers in the HCI research community have 

identified diverse usability dimensions based on usability definitions. Shackel (1991) named 

effectiveness, learnability, flexibility, and attitude as the primary dimensions, and Nielsen (1993) 

designated learnability, memorability, efficiency, satisfaction, and errors. Subsequently, the ISO 

released standards for usability with two different views on usability, namely ease-of-use (ISO 

9241-11, 1998) and quality-in-use (ISO/IEC 9126-1, 2001). ISO 9241-11 established 

effectiveness, efficiency, and satisfaction as the fundamental dimensions, while ISO/IEC 9126-1 

defined them as understandability, learnability, operability, and attractiveness.   

3.2.2.2. Usability Dimensions in Existing Usability Questionnaires 

In chapter 2, usability dimensions that apply subjective usability measurement employing 

questionnaires, such as SUMI and QUIS, are described. While the dimensions in SUMI follow 

concepts of usability similar to those found in earlier studies and ISO standards, QUIS provides 

different dimensions as the components essential to assessment in a VDT-based software product. 

Table 11 shows the summary. 

 

Table 11. Usability dimensions by usability questionnaires. 

Source Usability Dimensions 

SUMI (Kirakowski & Corbett, 1993) Affect, Control, Efficiency, Learnability, Helpfulness 

QUIS (Chin et al., 1988; Harper & 
Norman, 1993; Shneiderman, 
1986) 

User reactions, Screen factors, Learning factors, Terminology 
and system information, System capabilities, Technical 
manuals, Multimedia, System installation 

 

Lin, Choong and Salvendy (1997) adopted a new approach to identifying usability 

dimensions in the development of a usability index for the evaluation of software products. The 
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approach considered three different stages of human information processing theory to derive 

eight human factors considerations on which their Purdue Usability Testing Questionnaire 

(PUTQ) was established. To validate their proposed questionnaire, an experiment was performed 

to show the correlation between PUTQ and QUIS. They believe that PUTQ showed better 

performance in differentiating user performance between two interface systems than did QUIS. 

However, the developers of PUTQ acknowledge that their questionnaire items focus on 

conventional graphical user interface software with visual display, keyboard and mouse and are 

limited to traditional dimensions of usability, excluding pleasure and enjoyment. Table 12 

summarizes the usability dimensions along with the stages of human information processing.  

 

Table 12. Usability dimensions according to the stages of human information processing (Lin et 
al., 1997) 

Dimensions \ HIP Perceptual stage Cognitive stage Action stage 

Compatibility ● ● ● 

Consistency ● ● ● 

Flexibility  ●  

Learnability  ●  

Minimal action   ● 

Minimal memory load  ●  

Perceptual limitation ●   

User guidance  ●  

 

In a comprehensive investigation of the subjective usability criteria, Keinonen (1998) 

provided a summary of the usability criteria covered by various subjective usability 

measurements including SUMI, QUIS, and PSSUQ (Table 13). He designated those criteria as 

independent variables on usability. He indicated there are other subjective questionnaires such as 

the End-User Computing Satisfaction Instrument (EUCSI), Technology Acceptance Model 

(TAM), and NASA Task Load Index (TLX); but the dependent variables (i.e., dependent 

measures) for those tools are not directly intended for usability measurement. Mental effort, 

flexibility, and accuracy are the variables (i.e., dimensions) that none of the three usability 

questionnaires (i.e., SUMI, QUIS, and PSSUQ) cover. However, it can be noted that mental 
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effort and flexibility are addressed in PUTQ. This list of independent variables can summarize 

the sub-dimensions of usability comprised of individual questionnaire items from the existing 

questionnaires. 

 

Table 13. Comparison of subjective usability criteria among the existing usability questionnaires 
adapted from Keinonen (1998) 

Independent variables SUMI QUIS PSSUQ 

Satisfaction  ●  

Affect ●  ● 

Mental effort    

Frustration   ● 

Perceived usefulness   ● 

Flexibility    

Ease of use ●  ● 

Learnability ● ● ● 

Controllability ●   

Task accomplishment ●  ● 

Temporal efficiency ●  ● 

Helpfulness ●   

Compatibility ●   

Accuracy    

Clarity of presentation  ●  

Understandability ● ● ● 

Installation  ●  

Documentation ●   

Feedback  ●  

 

3.2.2.3. Usability Dimensions for Consumer Products 

In Kwahk’s dissertation (1999), a comprehensive survey on usability dimensions was 

performed based on an extensive literature review of various resources. In addition to the 

traditional usability dimensions for software products, a new definition of usability for the 

evaluation of electronic consumer products was introduced in the study and a structured 
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hierarchy of usability dimensions was provided. Two branches of usability dimensions, the 

performance dimension and the image/impression dimension, exist as the highest levels of the 

hierarchy. She provided classification criteria under the branch of performance or 

image/impression dimensions (Table 14 and Table 15) (e.g., perception, learning/memorization, 

action, basic sense, descriptive image, and evaluative feeling). Those grouping criteria are almost 

identical to the human information processing stages (e.g., perceptual, cognitive, and action 

stage) used by Lin et al. (1997) for their classification of usability dimensions (Table 12). Under 

the grouping criteria, a total of 48 individual dimensions are provided, 23 for the performance 

dimension and 25 for the image/impression dimension. However, her study was not intended for 

questionnaire construction, but for the development of an overall usability assessment strategy, 

so that there was no validation study for the usability dimensions and hierarchy in terms of 

subjective usability questionnaire and scale development. 

 
Table 14. Performance dimension for consumer electronic products (Kwahk, 1999) 

Grouping criteria Dimension 

Perception Directness, 
Explicitness, 
Modelessness 

Observability, 
Responsiveness, 

Consistency,  
Simplicity, and 

Learning/memorization Learnability, 
Memorability,  

Familiarity, 
Informativeness,  

Predictability,  
and Helpfulness 

Action Controllability, 
Accessibility, 
Adaptability, 
Effectiveness, and  

Efficiency, 
Efficiency, 
Flexibility,  
Multithreading 

Task conformance, 
Error prevention, 
Recoverability, 

 

Performance-related dimensions have been the focus of most usability studies in the HCI 

community, based on empirical testing methods using objective measures. Thus, many 

dimensions under this category overlap with the dimensions discussed in previous sections. 

However, image/impression-related dimensions focus mostly on the subjective aspect of 

usability which has not been treated as extensively. Since the dimensions in this category are 

quite compatible with subjective assessment, a usability questionnaire would be an appropriate 

measurement method to quantify these usability dimensions. 
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Table 15. Image/impression dimension for consumer electronic products (Kwahk, 1999) 

Grouping criteria Dimension 

Basic sense Shape,  
Color,  
Balance, and 

Texture, 
Translucency,  
Brightness 

Heaviness,  
Volume, 

Description of image Elegance,  
Granularity,  
Dynamicity,  
Metaphoric image 

Harmoniousness, 
Luxuriousness, 
Magnificence, 

Neatness,  
Rigidity,  
Salience, and  

Evaluative feeling Preference,  
Satisfaction, 

Acceptability, 
Comfort, and 

Convenience, 
Reliability 

 

Another study that examined the usability of consumer products (Keinonen, 1998) 

provides a different structure of usability attributes and dimensions. In a study using a heart rate 

monitor as an example of a consumer product, Keinonen developed a usability attribute reference 

model to define usability from the point of view of consumers’ product evaluation and tried to 

match the model to consumers’ actual behavior. The model is based on the theories of usability 

and consumer decision-making, and it suggests that seven different sub-dimensions of usability 

underlie three different dimensions. The dimensions are user interface attributes, interaction 

attributes, and emotional attributes and the sub-dimensions under them are functionality, logic, 

presentation, documentation, usefulness, ease of use, and affect. Keinonen also developed a 

usability questionnaire scale tailored to the evaluation of hear rate monitors (HRM) based on the 

classification of usability dimensions. Since his usability questionnaire, unlike other existing 

questionnaires described in previous sections, is one of the few targeting a particular group of 

consumer products, the classification of usability dimensions and questionnaire items was 

considered as an important source of initial items.  

3.2.2.4. Items from a Usability Questionnaire for a Specific Product 

As mentioned briefly in Chapter 1, QUEST (Demers et al., 1996) is a usability 

questionnaire designed to evaluate user satisfaction for a specific group of products assistive 

technology devices (ATD). Although they specify the construct of the questionnaire as a measure 
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of user satisfaction, the concept of the construct is not different from that of general usability 

since some of the satisfaction variables are related to product attributes as well as functional 

performance variables. They categorize the variables into three different groups: ATD (product), 

user, and environment. There are 27 items to be administered (Table 16). QUEST uses Likert-

type scales (0 = dissatisfied to 5 = extremely satisfied) for each satisfaction variable and allows 

each respondent to decide the degree of importance of the variable on a 4-point ordinal scale (0 = 

of no importance, 1 = of little importance, 2 = quite important, 3 = very important).  

 

Table 16. The summary list of user satisfaction variables for assistive technology devices 
(Demers et al., 1996) 

Grouping criteria Dimension 

ATD Usefulness, 
Repairs/servicing, 
Adjustments, 
Transportability, 
Flexibility, and 

Durability, Comfort, 
Dimensions,  
Installation, 
Cost 

Simplicity of use, 
Maintenance, Weight, 
Effectiveness, 

User Training,  
Functional performance 

Effort,  
Appearance 

Personal acceptance 

Environment Support from family/peers/employer,  
Follow-up service,  
Professional assistance, 
Safety, and 

Accommodation by others,  
Compatibility,  
Reaction of others,  
Service delivery 

 

3.2.3. Creation of an Items Pool 

After the scope and range of the target constructs were identified and an extensive 

literature review on the content domain was performed, the actual task of creating the items pool 

was initiated. According to several guidelines for the development of questionnaire scales (Clark 

& Watson, 1995; DeVillis, 1991; Netemeyer et al., 2003), the creation of an initial pool is a 

crucial stage in the questionnaire development process. The goal of this step was to sample all 

the potential contents and items that are relevant to the target construct. Because the subsequent 

steps in developing the questionnaire can identify weak and unrelated items that should be 
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eliminated, the initial pool should be broad and comprehensive, and even include items unrelated 

to the core construct (Clark & Watson, 1995; Loevinger, 1957).  

Primarily based on the literature review in section 3.2.2, the items pool was generated. If 

actual questionnaire items corresponding to the dimensions and criteria were identified from the 

sources, they were inserted into the pool. Those sources include existing usability questionnaires 

surveyed (e.g., SUMI, QUIS, PSSUQ, PUTQ, and QUEST) and comprehensive usability studies 

for electronic consumer products (Keinonen, 1998; Kwahk, 1999) and mobile devices 

(About.com, 2003; Ketola, 2002; Szuc, 2002). Also, items for the measurement of pleasure in 

using the product (Jordan, 2000) were added as well as interface feature-based questions based 

on critical features of mobile devices (Lindholm, Keinonen, & Kiljander, 2003). Moreover, 

typical tasks using mobile phones (Klockar, Carr, Hedman, Johansson, & Bengtsson, 2003; 

Weiss et al., 2001) were created and included. The initial items pool of 512 questionnaire items 

was gathered from the various sources (Table 17).  
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Table 17. Summary information of the sources constituting initial items pool 

Source Number of items and category names 

SUMI (Kirakowski & Corbett, 
1993) 

50 items. Affect, Control, Efficiency, Learnability, Helpfulness 

PSSUQ (Lewis, 1995) 19 items. System usefulness, Information quality, and Interface 
quality 

QUIS (Chin et al., 1988) 127 items. User reactions, Screen factors, Learning factors, 
Terminology and system information, System capabilities, Technical 
manuals, Multimedia, System installation 

PUTQ (Lin et al., 1997) 100 items. Compatibility, Consistency, Flexibility, Learnability, 
Minimal action, Minimal memory load, Perceptual limitation, User 
guidance 

QUEST (Demers et al., 1996) 27 items. User, Environment, ATD 

Keinonen’s (1998) usability 
inquiry for HRM 

42 items. 1st level: User interface attributes, Interaction attributes, 
Emotional attributes. 2nd level: Affect , Ease of use, Usefulness, 
Presentation, Logic, Functionality 

Kwahk’s (1999) usability 
dimensions for electronic 
audio-visual products 

48 items. 1st level: Performance, Image 
2nd level: Perception, Learning/memorization, Action, Basic sense, 
Description of image, Evaluative feeling 

Jordan’s (2000) measure for 
product pleasurability 

14 items. No categorization 

Szuc’s (2002) usability issues 
for mobile devices 

21 items. No categorization 

Cellular phone test by 
About.com (2003) 

20 items. No categorization 

Critical Features for mobile 
devices (Lindholm et al., 2003) 

19 items. No categorization 

Typical tasks using mobile 
phones (Klockar et al., 2003; 
Weiss et al., 2001) 

25 items. No categorization 

 

3.2.4. Choice of Format 

The response format should be decided when creating an initial items pool because the 

wording of each questionnaire item is dictated by the type of format chosen. The most frequently 

used response formats are Likert-type rating scales and the dichotomous format (e.g., true-false 

and yes-no). There are other formats such as checklists and visual analog measures; however, 

those are out of favor for various reasons (Clark & Watson, 1995; Comrey, 1973, 1988). For 

example, checklists—scales that let respondents scan a list and check only the applicable items—
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are regarded as problematic because they are more likely to bias responses than formats that 

require a score for every item (Bentler, 1969; Clark & Watson, 1995; Green, Goldman, & 

Salovey, 1993). The format preferred by the developers of existing usability questionnaires can 

be identified easily, because QUIS, PSSUQ, and PUTQ use Likert-type rating scales while 

SUMI uses a dichotomous scale. 

There are many considerations in choosing between Likert-type formats and a 

dichotomous format (Comrey, 1988; Loevinger, 1957; Watson, Clark, & Harkness, 1994). 

Comrey (1988) criticizes the dichotomous format, arguing that “multiple-choice item formats are 

more reliable, give more stable results and produce better scales” (p. 758). The theoretical 

evidence of the criticism is that the dichotomous format creates statistical difficulties when the 

data are analyzed such that the scale does not generate sufficient variances in numerical scores, 

and correlation between items may be subject to extreme distortions (Comrey, 1973, 1988). 

Further, he recommends at least five numerical response categories to avoid statistical 

difficulties, and a seven-choice scale as optimal based on his own experiences. In terms of 

reliability, the dichotomous format often makes it difficult to choose between the two extreme 

alternatives (e.g., yes or no) because respondents cannot decide the severity or frequency of the 

construct the item defines (Comrey, 1988).  

In addition to those arguments, the Likert-type scale seems to be appropriate for this study 

of synthesizing a number of individual scores into a single composite score. With Likert-type 

scales, the representative score for a group of questionnaire items can be provided easily by 

averaging the scores of each item. Thus, the score for a group of items can be compared with the 

score for another group in a simple manner. Practically speaking, averaging the scores of items 

enhances the flexibility of the questionnaire because if users choose not to answer an item, the 

questionnaire is still useful and the data can stay in the sample with the unanswered item. Also, 

averaging items to obtain scale scores standardizes the range of the scale scores, which makes 

the scale scores easier to interpret and compare (Lewis, 1995). Representative scores for a 

dichotomous scale should be provided by summing up the scores of each item (e.g., no=0, 

yes=1), because the mean value is not meaningful due to insufficient variances in the numerical 

scores. Also, the fact that most existing usability questionnaires, except for SUMI, use Likert-
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type formats encourages the choice of this format. Therefore, a Likert-type scale is chosen as the 

type of scale, and seven steps from 1 to 7 are selected for the scale development. 

3.3. Study 2: Subjective Usability Assessment Support Tool and Item Judgment 

Up to this stage, the definition of the target construct, definition of the content domain, 

generation of initial items pool, and selection of the response format have been performed. The 

next step allows small numbers of reviewers to reduce the pool of items to a more manageable 

number. To facilitate the step of managing the items pool of usability questionnaire items, a 

computerized tool was developed. The tool was designed to support item judgment procedures 

by helping the reviewers obtain a reduced set of questionnaire items. The reviewers in this study 

used the system to determine items most precisely appropriate for mobile products; however, 

other usability practitioners can use the system according to their own consideration of types of 

products and purposes for the evaluation using usability questionnaires.  

3.3.1. Method 

3.3.1.1. Design 

First, a redundancy analysis of the usability questionnaire items was conducted using the 

computer-based subjective usability assessment support tool to eliminate redundant items. Then, 

review sessions for the relevancy analysis were held. The panel of reviewers used the support 

tool to perform relevancy analysis of the questionnaire items. They selected relevant items for 

the target construct from among the set of questionnaire items identified through the redundancy 

analysis.  

3.3.1.2. Equipment 

A computer-based subjective usability assessment support tool was developed using 

Microsoft Access XP for the database part of the system, and VBA (Visual Basic for 

Applications) for the implementation of user interface and functions to support redundancy and 

relevancy analysis. 
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Figure 8. Main menu of the subjective usability assessment support tool 

 

3.3.1.3. Participants 

3.3.1.3.1 Part 1. 
The participant for the redundancy analysis was the researcher of this dissertation. He was 

a 30-year-old male with 4 years of experience in HCI and usability engineering fields.  

3.3.1.3.2 Part 2. 
Virzi (1992) claimed that 80% of usability problems are detected with 4 to 5 participants. 

Although the task of relevancy analysis is not the same as the task of finding usability problems, 

it was hoped that 4 to 5 participants would be sufficient to provide sound decisions. For this 

reason, the participants for the relevancy analysis included six reviewers, more than the 

recommended four or five.  

Two reviewers were selected as subject matter experts who have an extensive background 

in the usability engineering field and have also been involved in a multi-year project for the 

usability evaluation of mobile devices. Thus, the two experts are believed to have not only an 

extensive knowledge of general usability evaluation, but also an understanding of specific 

features and issues of mobile products usability based on their experience in mobile device 

projects. In this way, the reviewers could provide a usability experts’ point of view to select 

questionnaire items. However, the two experts have different educational backgrounds in terms 
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of usability engineering so that they may not have strong bias driven by a usability engineering 

trend from a specific education program. One is a Ph.D student at a University in Korea and the 

other is a Ph.D student at Virginia Tech in the U.S. 

The other reviewers were non-specialist users of mobile devices. As described in Phase II, 

this research adopts user profiles of four different types of mobile user groups (see Table 22 in 

Chapter 4). According to the definition of the four different user groups, a representative profile 

for each user group was provided. Thus, there were four non-specialist users of mobile devices in 

addition to the two experts. The number of non-specialist users outnumbers the experts so that it 

may reduce the possibility of excluding potential items only by applying a usability engineer’s 

point of view. Table 18 summarizes the profiles of the participants for the relevancy analysis. 

 

Table 18. Participants’ profiles for relevancy analysis 

Participants Description 

Expert #1 A Ph.D student who was trained for usability engineering in Korea 

Expert #2 A Ph.D student who was trained for usability engineering in US 

User #1 (Display 
Mavens) 

A salaried businessman who travels on flights and delivers presentations 
frequently 

User #2 (Mobile 
Elites) 

A male college student who adopts the latest high-tech devices, such as 
camera-enabled mobile phone, PDA, and MP3 player 

User #3 (Minimalist) A middle-aged mother who needs only short and frequent  communication at 
work and home with family members 

User #4 (Voice/Text 
Fanatics) 

A female college student who uses text messaging frequently among her 
group of friends 

 

3.3.1.4. Procedure 

3.3.1.4.1 Part 1. Redundancy Analysis 
The researcher conducted a redundancy analysis to reduce the number of identical items. 

The function of the redundancy analysis implemented in the tool supports the card sorting 

method, where the participant can pick one item from a stack of cards with keywords (window 

on the right) and compare it with other items to identify similar keywords, then place it in the 

category (window on the left) in which cards with similar keywords are stacked. The keywords 

were assigned previously to each item in the database by the researcher. The keywords were 
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extracted or inferred from representative nouns or adjectives in each item and the titles of 

categorization, if any. For example, there is an item saying, “This product responds too slowly to 

inputs” from SUMI. The keywords could be response, slow, and speed. In addition, the item is 

under the category of “efficiency” according to the categorization of SUMI. Thus, efficiency is 

also added as a keyword for the item. After gathering similar items into a group, the researcher 

composed a revised questionnaire item (window at bottom) that is representative of the group. 

Once an item is placed in a group in the left window, it is removed from the potential list in the 

right window. By repeating this task, the revised non-redundant questionnaire items are 

accumulated into the system. The implementation of this feature is based on the usability 

evaluation support tool developed for the research project, titled user-centered design of 

telemedical support systems for eldercare (Smith-Jackson, Williges, Kwahk, Capra, Durak, Nam, 

& Ryu, 2001; Williges, Smith-Jackson, & Kwahk, 2001), in which the researcher was involved. 

3.3.1.4.2  Part 2. Relevancy Analysis 
The panel of reviewers was given the target construct along with the selected definition 

of usability as discussed in Chapter 2, “the extent to which a product can be used by specified 

users to achieve specified goals with effectiveness, efficiency, and satisfaction in a specified 

context of use” (ISO 9241-11, 1998, p. 2) and asked to conduct relevancy analysis of each item if 

each item is to measure the target construct. Each participant completed the relevancy analysis 

session independently. Thus, they were not informed of the result of the relevancy analysis by 

the other participants. They were asked to rate each item as “very representative,” “somewhat 

representative,” or “not representative” of the target construct based on their own judgment. To 

assure inter-rater reliability in the rating by the reviewers, only the items that at least four 

reviewers of the panel rated as very representative or somewhat representative were retained. 

Since there were three non-specialist users and two experts on the panel, it was still feasible to 

retain items such that all the non-specialist users rated it as very representative but both experts 

rated it as not representative. If the reviewers thought that an item is partially representative of 

the target construct (e.g., only for mobile phone, not for PDAs), they could still select the item as 

“somewhat representative,” but designate the product to which it is exclusively relevant. The 

participants were also asked to evaluate the clarity and conciseness of the items. The content of 
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each item could be very representative of the definition, but its wording could be ambiguous or 

unclear. The participants were asked to suggest alternative wordings and modify the items. Also, 

participants could suggest any relevant but missing dimensions or items in the initial items pool.  

3.3.2. Result 

3.3.2.1. Part 1. Redundancy Analysis 

After the redundancy analysis, the total number of items was reduced from 512 to 229, 

which consisted of 145 non-redundant items and 84 revised items that were combined from 367 

redundant items. Thus, the content of each item appeared in some form a mean of four times in 

the 367 items. Overall, about half of the items were redundant, since 512 items were reduced by 

about 50%. The most redundant item was, “Is it easy to learn to operate this product?” Table 19 

shows the descriptive statistics of the number of redundant items according to the sources of the 

items.  

 

Table 19. Summary of redundant items in the existing usability questionnaires and other sources 
used for the initial items pool 

Source of the Items Original Number of 
Items 

Number of Items 
Non-redundant 

Percentage of 
Redundancy 

SUMI 50 4 92% 

PSSUQ 19 0 100% 

PUTQ 100 35 65% 

QUIS 7.0 127 37 71% 

QUEST 27 5 81% 

Keinonen (1998) 42 6 86% 

Kwahk (1999) 48 15 69% 

Jordan (2000) 14 7 50% 

 

As described in the table above, PSSUQ (100%) and SUMI (92%) had the highest 

percentages of redundancy with the other sets of questionnaire items. The total number of items 

in each set varies, so the level of detail in the items could be the reason for the variation in the 
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amount of redundancy for each set. Since QUIS and PUTQ have the largest number of items, it 

is to be expected that they would have a lower percentage of redundancy.  

To investigate the redundancy analysis more closely among items across the sources of 

the questionnaire items, the frequency of each keyword across existing usability questionnaires 

was examined. As mentioned above, 367 items were combined into 84 items. The major 

keywords of the 367 items were examined. According to the examination, the most frequent 

keywords in the redundant items were related to consistency, helpfulness, learnability, usefulness, 

and clarity of physical features in abstract terms. The most frequently mentioned nouns or 

objects were documents, manuals, menus, color, speed, and error. Descriptive statistics of the 

frequency for each keyword are described in Appendix C. 

Another way of looking at the items in terms of redundancy would be the frequency of 

content words. One category of content words, adjectives in the existing questionnaire items, was 

counted without regard for redundancy. The existing questionnaire items include all the sources 

shown in Table 19. Since this investigation considered all the items in the questionnaires, a total 

427 items was examined. The most frequent adjectives were easy (difficult), clear (fuzzy), 

consistent (inconsistent), and helpful (unhelpful). The most frequent nouns—as subjects or 

objects—in the questions are user, information, data, and screen. Table 20 shows the list of 

major words according to the word form, and Appendix D shows the complete list with all the 

counts.  

 

Table 20. Frequency of content words used in the existing usability questionnaires 

Word form Words (Counts) 

Qualifying words 

Use (63), easy (55), provide (25), difficult (23), clear (22), consistent (21), 
confusing (13), helpful (13), looks (11), feel (10), adequate (9), required (9), 
simple (8), easily (8), distinctive (7), complete (7), inadequate (7), learn (6), 
operate (6), fast (6), inconsistent (6), unhelpful (5), slow (5), logical (5) 

Subject or object 
words 

information (24), data (18), screen (17), commands (16), tasks (21), messages 
(13), help (13), control (13), feeling (12), menu (11), way (10), error (10), work 
(10), image (9), time (9), display (8), learning (8), entry (8), selection (8), ability 
(7), terminology (7), features (7), sequence (7), training (7), tutorial (7), 
reactions (6), feedback (6), speed (5), wording (5), options (5), instructions (5)

* Preposition, pronouns, and other particles were not counted. 
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Thus, when usability researchers and practitioners intend to develop and design their own 

usability questionnaires, this frequency list of the content words could be referred to as the 

foundation of the composed questions or the check list to diagnose usability problems. The 

possible combinations of the qualifying words and subject or object words in the table could 

create hundreds of sentences of questions.  

3.3.2.2. Part 2. Relevancy Analysis 

According to the guidelines for questionnaire development (DeVillis, 1991), the number 

of final items should be less than one third that of the initial items in the pool. Since the number 

of the initial item pool is 512, the number of items reduced should be less than 170. If the 

reduced set of items after relevancy analysis is over 170, another relevancy analysis should be 

performed by the researcher. Fortunately, the number of items after relevancy analysis was less 

than 170.  

The reduced sets of usability questionnaire items consist of 119 items for mobile phones 

and 115 for PDA/Handheld PCs, 110 items relevant to both mobile products, after the relevancy 

analysis by the reviewers. Thus, there are 124 total items combining both sets. Among the total 

124 items, 65 items are revised items from redundant items and 59 items are from non-redundant 

items. Since there were 84 revised items before the relevancy analysis, 77% (65/84) of the 

revised items were retained by the reviewers. The 59 items out of 145 non-redundant items 

constitute 41% (59/145) of the non-redundant items retained by the relevancy analysis. The item 

with the highest rating as relevant was, “Are the command names meaningful?”  

In terms of the sources of the items, 85% (106/124) are from the existing usability 

questionnaires and 15% (18/124) are from sources other than the usability questionnaires. 

Appendix C shows all the items along with the source information as well as the categorical 

information within the source. Once the reduced questionnaire items were finalized, each item 

was re-written to be compatible with a Likert-type scale response. The questions were revised to 

solicit “always-7” and “never-1” responses for either direction.  

The final data is a reduced set of usability questionnaire items for electronic mobile 

products. Through the redundancy and relevancy analyses conducted with the support tool, the 

retained items were provided automatically. Each retained item has the corresponding 
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information of keywords in the database used for the redundancy analysis as well as category 

information from the original sources. Specifically, the category information is useful in relation 

to the factor analysis in Phase II, and to structuring the hierarchy for AHP in Phase III. For 

example, SUMI consists of five different categories, namely affect, control, efficiency, 

learnability, and helpfulness. Each item from SUMI is attached to one of the five categories. The 

structure of the items and titles of the categories from each source are different (Table 17) so that 

it was interesting to examine the category information for redundant items to see how each 

source (e.g., SUMI, PSSUQ, QUIS, PUTQ and etc) assigned the titles for highly redundant items. 

This information gave insight into assigning a name for each factor group that was identified by 

the factor analysis in Phase II.  

As the result, six items were selected from the sources targeting to emotional dimensions. 

Among the image/impression dimension for consumer electronic products (Kwahk, 1999) in 

Table 15, only shape and harmoniousness were selected as relevant items. According to the 

relevancy analysis scores, texture, translucency, volume, granularity, luxuriousness, and 

magnificence were the least relevant items among the items of the image/impression dimension. 

However, other aspects such as color, brightness, heaviness, neatness, preference, satisfaction, 

acceptability, attractiveness, comfort, convenience, and reliability were redundant with items 

from other sources, so that these items were retained in other items as a result of the relevancy 

analysis. Balance, elegance, salience, and dynamicity were voted as relevant items by a few 

participants, but the scores were not enough to retain them.   

From another source of emotional dimensions of usability, Jordan’s (2000) measure for 

product pleasurability, four items were selected as the relevant items. These items totaled 14 

relating to measurement of product pleasurability, and half of them were redundant with items in 

other sources. Seven items were non-redundant with any other items, and those were 

 

 I feel attached to this product* 

 Having this product gives me a sense of freedom* 

 I feel excited when using this product 

 I would miss this product if I no longer had it 



 

64 

 I am proud of this product 

 This product makes me feel enthusiastic* 

 I feel that I should look after this product (Jordan, 2000) 

 

Among the items, the first, second, and sixth, all marked with asterisks, were deleted due to the 

low scores of the relevancy analysis.  

Among the 512 items of the initial pool, 427 came from the existing questionnaires and 

comprehensive usability studies for electronic consumer products as summarized in Table 19, 

and 85 were from sources other than the existing questionnaires. Among the 85 items that were 

from sources other than existing questionnaires, 23 items were retained through the relevancy 

analysis. Thus, the final set of questionnaire items after redundancy analysis consisted of 101 

items from the existing usability questionnaires and 23 items from other sources related to 

mobile devices. 

Based on the need for a usability questionnaire tailored to electronic mobile products, 

questionnaire sets for mobile phones and PDA/handheld PCs were developed. The definition of 

usability by ISO 9241-11 was used to conceptualize the target construct, and the initial 

questionnaire items pool was comprised of various existing questionnaires, comprehensive 

usability studies, and other sources related to mobile devices. Through the redundancy and 

relevancy analyses executed by representative users, a total of 124 items (119 for mobile phones 

and 115 for PDA/Handheld PCs) was retained from the 512 items of the initial pool.  

The nine questionnaire items unique to mobile phones are 

 

 Is it easy to check network signals?7 

 Is it easy to check missed calls?7 

 Is it easy to check the last call? 7 

 Is it easy to use the phone book feature of this product?8 

                                                 
7 Item based on Klockar et al.(2003) 
8 Item by the researcher 
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 Does the product support interaction involving more than one task at a time (e.g., 

3-way calls, call waiting, etc)?8 

 Is it easy to send and receive short messages using this product? 8 

 Is the voice recognition feature easy to use? 8 

 Is it easy to change the ringer signal? 8 

 Can you personalize ringer signals with this product? If so, is that feature useful 

and enjoyable for you? 8 

 

The five questionnaire items unique to evaluate PDA/Handheld PCs are 

 

 Is retrieving files easy?9 

 Is the personal organizer feature of the product easy to use?10 

 Is it easy to add meetings to the calendar?7 

 Is it easy to enter a reminder into the product? 7 

 Is it easy to set the time? 7 

 

The resulting questionnaire sets would be helpful for usability practitioners to employ in 

the comparison of competing electronic mobile products in the end-user market, evolving 

versions of the same product during an iterative design process, and selecting alternatives of 

prototypes during the development process. However, to increase reliability and validity of the 

questionnaires, the follow-up studies in Phase II employing psychometric theory and scaling 

procedures provided refinement of the items. 

3.3.3. Discussion 

The major limitation of this study was the subjectivity inherent in the redundancy analysis. 

Using the card sorting method to determine redundant items could be arbitrary because each 

questionnaire item could imply multiple usability dimensions and keywords and each item could 

belong to a great number of different items. Thus, the result of the redundancy analysis could 

                                                 
9 Item from QUIS 
10 Item based on Lindholm et al. (2003) 
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vary greatly depending on the researcher performing the task. As a result, the redundant items 

could be over-simplified to a smaller number of items or stringently classified into too many 

items conveying almost identical usability dimensions or criteria. There is no perfect answer to 

the question of how to classify the items, determine redundant items, and composing new items 

combining the redundant items. To keep the subjectivity for the redundancy analysis as low as 

possible, the category information of each item from the original source of the items was 

attached to each item in the database. The decision maker of the redundancy analysis could keep 

track of the category information to make a sound decision in determining redundant items and 

combining items. 

Since the number of items in the initial items pool was too large, it was difficult to reduce 

the number of relevant items through the relevancy analysis. To make the process easier and gain 

a relatively smaller and manageable number of items for the reduced set of questionnaire items, 

the criteria to retain items were set to be very strict so that any item rated as not important was 

eliminated. Depending on the level the decision maker establishes, the result of relevancy 

analysis could vary tremendously. If the criteria were set up as to retain items only rated as very 

important, the reduced number of items could be much less than 100. Thus, there was the 

problem of subjectivity for relevancy analysis as well.  

3.4. Outcome of Studies 1 and 2 
A subjective usability assessment support tool based on a database system of usability 

questionnaires was developed to aid the process of Study 2. Usability practitioners can use this 

support tool to extract and add usability questionnaire items for their specific target products or 

evaluation purposes. A reduced set of questionnaire items was obtained to be refined in Phase II 

(Table 21). The number of items was reduced to relatively few compared to the initial items pool, 

so that the next phase focused entirely on qualitative refinement of the questionnaire based on 

psychometric properties rather than on the number of items. 
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Table 21. The reduced set of questionnaire items for mobile phones and PDA/Handheld PCs 

Item 
No. Revised question (structured to solicit "always-never" response) Source of Items 

 Items for Both Mobile Phone & PDA/Handheld PCs  
1 Are the response time and information display fast enough? SUMI, QUIS 

2 Is instruction for commands and functions clear enough to be helpful? SUMI,  PUTQ, QUIS, Jordan (2000) 
3 Is it easy to learn to operate this product? SUMI, PSSUQ, PUTQ, QUIS, 

QUEST, Keinonen (1998), Kwahk 
(1999) 

4 Has the product at some time stopped unexpectedly? SUMI 
5 Do/would you enjoy having and using this product? SUMI, Jordan (2000) 
6 Is the HELP information given by this product useful? SUMI, Kwahk (1999) 

7 Is it easy to restart this product when it stops unexpectedly? SUMI, PUTQ 

8 Is the presentation of system information sufficiently clear and understandable? SUMI, PSSUQ, QUIS, Keinonen 
(1998)  

9 Is this product's size convenient for transportation and storage? QUEST, Kwahk (1999), Szuc (2002) 
10 Are the documentation and manual for this product sufficiently informative? SUMI, PUTQ, QUIS 
11 Is the amount of information displayed on the screen adequate? SUMI, PUTQ, QUIS 
12 Is the way product works overall consistent?  SUMI, PUTQ, Keinonen (1998) 

13 Is using this product sufficiently easy? SUMI, QUIS 
14 Is using this product frustrating? SUMI,  Keinonen (1998) 
15 Have the  needs regarding this product been sufficiently taken into 

consideration? 
SUMI, PUTQ 

16 Is the organization of the menus sufficiently logical? SUMI, PUTQ, Lindholm et al. (2003) 
17 Does the product allow the  to access applications and data with sufficiently 

few keystrokes? 
SUMI, PUTQ, QUIS, Szuc (2002) 

18 Are the messages aimed at prevent you from making mistakes adequate? SUMI, Kwahk (1999) 
19 Is this product attractive and pleasing? SUMI,  Keinonen (1998), Kwahk 

(1999) 
20 Is it relatively easy to move from one part of a task to another? SUMI,  Klockar et al.(2003) 

21 Can all operations be carried out in a systematically similar way? SUMI, Keinonen (1998), Kwahk 
(1999) 

22 Are the appearance and operation of this product simple and uncomplicated? PSSUQ, Keinonen (1998), QUEST, 
Kwahk (1999) 

23 Can you effectively complete your work using this product? PSSUQ, Keinonen (1998), QUEST, 
Kwahk (1999) 

24 Does this product enable the quick, effective, and economical performance of 
tasks? 

PSSUQ, Keinonen (1998), Kwahk 
(1999) 

25 Do you feel comfortable and confident using this product? PSSUQ,  Keinonen (1998), QUEST, 
Kwahk (1999) 

26 Are the error messages effective in assisting you to fix problems? PSSUQ, PUTQ, QUIS 
27 Is it easy to take corrective actions once an error has been recognized? PSSUQ, QUIS, Kwahk (1999) 
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Item 
No. Revised question (structured to solicit "always-never" response) Source of Items 

 Items for Both Mobile Phone & PDA/Handheld PCs  
28 Is it easy to access the information that you need from the product? PSSUQ, QUIS 
29 Is the organization of information on the product screen clear? PSSUQ, QUIS 
30 Is the interface of this product pleasant? PSSUQ, QUIS 
31 Does product have all the functions and capabilities you expect it to have? PSSUQ, Keinonen (1998) 
32 Is the cursor helpful and compatible with using the product? PUTQ, QUIS 
33 Are the color coding and data display compatible with familiar conventions? PUTQ 
34 Is the data display sufficiently consistent? PUTQ, QUIS, Kwahk (1999) 
35 Is feedback on the completion of tasks clear? PUTQ, QUIS, Kwahk (1999) 
36 Is the design of the graphic symbols, icons and labels on the icons sufficiently 

relevant? 
PUTQ, Keinonen (1998) 

37 Is it easy for you to remember how to perform tasks with this product? QUIS, Keinonen (1998), Kwahk 
(1999) 

38 Is the interface with this product clear and underatandable? PUTQ, QUIS, Keinonen (1998) 
39 Are the characters on the screen easy to read? QUIS,  Keinonen (1998),  Lindholm 

et al. (2003) 
40 Does interacting with this product require a lot of mental effort? Keinonen (1998),  QUEST 
41 Is the product is mustipurposeful, versiatile, and adaptable? PUTQ,  QUEST, Kwahk (1999) 
42 Is it easy to assemble, install, and/or setup the product? QUIS,  QUEST 
43 Is it easy  to evaluate the internal state of the product based upon displayed 

information? 
PUTQ, Kwahk (1999),  Klockar et 
al.(2003) 

44 Is the product looks and works sufficiently clear and accurate? PUTQ, Kwahk (1999) 
45 Does the product give all the necessary information for you to use it in a proper 

manner? 
PUTQ, Kwahk (1999) 

46 Can you determine the effect of future action based on past interaction 
experience? 

SUMI,  QUIS, Kwahk (1999) 

47 Can you regulate, control, and operate the product easily? PUTQ, QUIS, Kwahk (1999) 
48 Does the product support the operation of all the tasks in a way that you find 

useful? 
SUMI,  PUTQ, Kwahk (1999) 

49 Does the color of the product make it attractive? QUIS, QUEST, Kwahk (1999) 
50 Does the brightness of the product make it attractive? QUIS, Kwahk (1999) 
51 Is the product reliable, dependable, and trustworthy? QUIS, Kwahk (1999), Jordan (2000) 
52 Is it easy to navigate between hierarchical menus, pages, and screen? PUTQ,  QUIS,  Szuc (2002) 
53 Is the terminology on the screen ambiguous? by researcher 

54 Is it easy to correct mistakes such as typos? PUTQ,  QUIS 
55 Does product provide an UNDO function whenever it is convenient? PUTQ,   QUIS 
56 Are exchange and transmission of data between this product and other 

products (e.g., computer, PDA, and other mobile products) easy? 
SUMI,  QUIS 

57 Are the input and text entry methods for this product easy and usable? PUTQ,  Szuc (2002),  Lindholm et 
al. (2003) 

58 Is the backlighting feature for the keyboard and screen helpful? Szuc (2002), Lindholm et al. (2003) 
59 Are pictures on the screen of satisfactory quality and size? QUIS 
60 Has the product helped you overcome any problem you have had in using it? SUMI,  Keinonen (1998),  QUEST 
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Item 
No. Revised question (structured to solicit "always-never" response) Source of Items 

 Items for Both Mobile Phone & PDA/Handheld PCs  
61 Can you name displays and elements according to your needs?      PUTQ 

62 Does the product provide good training for different s?      PUTQ 

63 Can you customize the windows?      PUTQ 

64 Are the command names meaningful?      PUTQ 

65 Are selected data highlighted?      PUTQ 

66 Does the product provide index of commands?      PUTQ 

67 Does the product provide index of data?      PUTQ 

68 Are data items kept short?      PUTQ 

69 Are the letter codes for the menu selection designed carefully?      PUTQ 

70 Do the commands have distinctive meanings?      PUTQ 

71 Is the spelling distinctive for commands?      PUTQ 

72 Is the active window indicated?      PUTQ 

73 Does the product provide a CANCEL option?      PUTQ 

74 Are erroneous entries displayed?      PUTQ 

75 Is the completion of processing indicated?      PUTQ 

76 Is using the product overall sufficiently satisfying? QUIS 

77 Is using the product overall sufficiently easy? QUIS 

78 Is the highlighting on the screen helpful? QUIS 

79 Is the bolding of commands or other signals helpful? QUIS 

80 Does the procuct keep you informed about what it is doing? QUIS 

81 Is discovering new features sufficiently easy? QUIS 

82 Do product failures occur frequently? QUIS 

83 Does this product warn you about potential problems? QUIS 

84 Does the ease of operation depend on your level of experience? QUIS 

85 Does the HELP function define aspects of the product adequately? QUIS 

86 Is information for specific aspects of the product complete and useful? QUIS 

87 Can tasks be completed with sufficient ease? QUIS 

88 Is the number of colors available adequate? QUIS 

89 Is establishing connections to others reasonably quick? QUIS 

90 Are the buttons situated in troublesome locations? Keinonen (1998) 

91 Is this product robust and sturdy? QUEST 

92  Does this product enhance your capacity for leisure activities? QUEST 

93 Does this product allow you to complete a given task when necessary? Kwahk (1999) 

94 Does your experience with other mobile products make the operation of this 
product easier? 

Kwahk (1999) 

95 Are the integrated characteristics of this product pleasing? Kwahk (1999) 

96 Are the components of the product are well-matched or harmonious? Kwahk (1999) 

97 Do you feel excited when using this product? Jordan (2000) 

98 Would you miss this product if you no longer had it? Jordan (2000) 
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Item 
No. Revised question (structured to solicit "always-never" response) Source of Items 

 Items for Both Mobile Phone & PDA/Handheld PCs  
99 Are you/would you be proud of this product? Jordan (2000) 

100 Do you feel that you should look after this product? Jordan (2000) 

101 Are there easy methods for switching between applications (voice and data) 
and mobile platforms that can cope with more than one active application at the 
same time? 

Szuc (2002)  

102 Is the Web interface sufficiently similar to those of other products you have 
used? 

Szuc (2002)  

103 Is this product sufficiently durable to operate properly after being dropped? Szuc (2002)  

104 Are the HOME and MENU buttons sufficiently easy to locate for all operations? Szuc (2002)  

105 Is thet battery capacity sufficient for everyday use? Szuc (2002)  

106 Are the controls intuitive for both voice and WWW use? Lindholm et al. (2003) 

107 Is it easy to set up and operate the key lock? Klockar et al.(2003) 

108 Does carrying this product make you feel stylish? Klockar et al.(2003) 

109 Is this product's size convenient for use? Klockar et al.(2003) 

110 Is it easy to use the phone book feature of this product? by researcher 

111 Does the product support interaction involving more than one task at a time 
(e.g., 3-way calls, call waiting, etc)? 

by researcher 

 Items for Mobile Phone Only  
112 Is it easy to check network signals? Klockar et al.(2003) 

113 Is it easy to send and receive short messages using this product? by researcher 

114 Is it sufficiently easy to operate keys with one hand? Szuc (2002)  

115 Is it easy to check missed calls? Klockar et al.(2003) 

116 Is it easy to check the last call? Klockar et al.(2003) 

117 Is the voice recognition feature easy to use? by researcher 

118 Is it easy to change the ringer signal? by researcher 

119 Can you personalize ringer signals with this product? If so, is that feature useful 
and enjoyable for you? 

by researcher 

 Items for PDA/Handheld PCs Only  
120 Is retrieving files easy? QUIS 

121 Is the personal organizer feature of the product easy to use? Lindholm et al. (2003) 

122 Is it easy to add meetings to the calendar? Klockar et al.(2003) 

123 Is it easy to enter a reminder into the product? Klockar et al.(2003) 

124 Is it easy to set the time? Klockar et al.(2003) 
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4. PHASE II : 

REFINING QUESTIONNAIRE 

Subjective usability measurement using questionnaires is regarded as a psychological 

measurement referred to as psychometrics which emanates from the perspective that usability is 

a psychological phenomenon (Chin et al., 1988; Kirakowski, 1996; LaLomia & Sidowski, 1990; 

Lewis, 1995). Thus, many usability researchers have adopted the approach of psychometrics to 

develop their measurement scales (Chin et al., 1988; Kirakowski & Corbett, 1993; Lewis, 1995). 

The goal of psychometrics is to establish the quality of psychological measures (Nunnally, 1978). 

To achieve a higher quality of psychological measures, it is fundamental to address the issues of 

reliability and validity of the measures (Ghiselli, Campbell, & Zedeck, 1981). 

Measurement scales that consist of a collection of questionnaire items are intended to 

reflect the underlying phenomenon or construct, which is often called the latent variable 

(DeVillis, 1991). Scale reliability is defined as “the proportion of variance attributable to the true 

score of the latent variable” (DeVillis, 1991, p. 24). In other words, a questionnaire’s reliability 

is a quantitative assessment of its consistency (Lewis, 1995). The most common way to estimate 

the reliability of the questionnaire scales is using coefficient alpha (Nunnally, 1978), which is 

explained later. 

In general, a measurement scale is valid if it measures what it is intended to measure. 

Higher reliability of a scale does not necessarily mean that the latent variables shared by the 

items are the variables that the scale developers are interested in. The definition and range of 

validity may vary across fields, while the adequacy of the scale (e.g., questionnaire items) as a 

measure of a specific construct (e.g., usability) is an issue of validity (DeVillis, 1991; Nunnally, 

1978). Three types of validity correspond to psychological scale development, namely content 

validity, criterion-related validity, and construct validity (DeVillis, 1991). There are various 

specific approaches to assess those three types of validity, which are beyond the discussion of 

this study. However, it is certain that validity is a matter of degree rather than an all-or-none 

property (Nunnally, 1978). 
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The goal of this phase is to establish the quality of the questionnaire scales derived from 

Phase I and to find a subset of items that represents a higher measure of reliability and validity. 

Thus, the appropriate items can be identified to constitute the questionnaire. To evaluate the 

items, the questionnaire should be administered to an appropriately large and representative 

sample. 

4.1. Study 3: Questionnaire Item Analysis 

4.1.1. Method 

4.1.1.1. Design 

Nunnally (1978) suggests that a sample size of 300 is adequate in psychometric scale 

development so that the sample would be sufficiently large enough to account for subject 

variance. Several researchers suggest that scales have been successfully developed with smaller 

samples (DeVillis, 1991), but the sample size should be larger than the number of questionnaire 

items (Kirakowski, 2003).  

For this research, the questionnaire was administered to a sample of 286 participants, 

which is almost equal to the suggested large number (i.e., 300). Furthermore, the number of 

participants was larger than the number of questionnaire items. Since the number of items in 

each questionnaire set is 119 and 124, the number of participants is slightly more than the twice 

of the number of items in either.  

The collection of response data was subjected to factor analysis to verify the number of 

different dimensions of the constructs and to reduce the number of items to a more manageable 

number. Reliability tests were performed using Cronbach’s alpha coefficient to estimate 

quantified consistency of the questionnaire. Also, construct validity was assessed using a known-

group validity test based on the mobile user group categorization established by International 

Data Corporation (IDC, 2003)  

4.1.1.2. Participants 

According to Newman (2003), IDC revealed in their survey research titled “Exploring 

Usage Models in Mobility: A Cluster Analysis of Mobile Users” (IDC, 2003) that mobile device 
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users are identified as belonging to four different groups (Table 22). For example, Display 

Mavens would be the stereotypical owners of multiple mobile devices, formerly carrying laptops 

for their PowerPoint duties, but now favoring the lightweight solution of Pocket Personal 

Computer (PC) with VGA-out card (Newman, 2003). Mobile Elites carry a convergence device 

such as a smart-phone as well as digital cameras, MP3 players and sub-notebooks. Minimalists 

use just a mobile phone. 

 

Table 22. Categorization of mobile users (IDC, 2003) quoted by Newman (2003) 

Label of Users Description 

Display Mavens Users who primarily use their devices to deliver presentations and fill 
downtime with entertainment applications to a moderate degree 

The Mobile Elites  Users who adopt the latest devices, applications, and solutions, and also uses 
the broadest number of them 

Minimalists  Users who employ just the basics for their mobility needs; the opposite of the 
Mobile Elite 

Voice/Text Fanatics Users who tend to be focused on text-based data and messaging; a more 
communications-centric group 

 

Assuming that mobile users can be categorized into several clusters, the sample of 

participants was recruited from the university community at Virginia Tech, mostly including 

undergraduate students who currently use mobile devices. Participants were screened to exclude 

anyone who has any experience as an employee of a mobile service company or mobile device 

manufacturer. 

Participants were required to choose the group to which they think they belong among the 

four user types in Table 22 at the beginning of the questionnaire. If they thought they belonged to 

multiple groups among the four, they were allowed to choose multiple groups. This information 

is useful in assessing known group validity of the questionnaire, which is one of the construct 

validity criteria for the development of a questionnaire (DeVillis, 1991; Netemeyer et al., 2003). 

Participants were asked to choose the mobile device they use primarily as the target product in 

answering the questionnaire. For example, if a participant thought he or she used a mobile phone 

more than his or her Personal Digital Assistant (PDA), he or she could choose mobile phone to 

answer the questionnaire. 
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4.1.1.3. Procedure 

Given the set of questionnaire items derived from Phase I, participants were asked to 

answer each item using their own mobile device as the target product (the instructions appear in 

Appendix A). As indicated in Phase I, each question has a seven-point Likert-type scale. This 

was the primary task each participant needed to complete, just like the task for the completion of 

any other usability questionnaire. From this task, the collection of response data for the 

questionnaire was obtained.  

4.1.2. Results 

4.1.2.1. User Information 

Of the 286 participants, 25% were males and 75% were females. The Minimalists (48%) 

and Voice/Text Fanatics (30%) were the majority groups in the population (Table 23). Thus, 

these two groups are the focus of the studies in Phases III and IV. There were participants 

belonging to more than one group. Nine participants belong to both Minimalists and Voice/Text 

Fanatics, which is very close to the number of Display Mavens. No participant qualified as 

Mobile Elite and Display Maven at the same time, while all other pairs were identified. The 

number of participants who evaluated their mobile phones as the target product was 243, while 

43 participants evaluated their PDAs.   

 

Table 23. User categorization of the participants.  

User group Number of Participants Percentage 

Minimalists 137 47.90 % 

Voice/Text Fanatics 73 25.52 % 

The Mobile Elites 45 15.73 % 

Display Mavens 10 3.50 % 

Minimalists & Voice/Text Fanatics 9 3.15 % 

Display Mavens & Voice/Text Fanatics 4 1.40 % 

The Mobile Elites & Voice/Text Fanatics 4 1.40 % 

Display Mavens & Minimalists 2 0.70 % 

The Mobile Elites & Minimalists 2 0.70 % 
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4.1.2.2. Factor Analysis 

The objectives of data analysis of this phase are to classify the categories of the items, to 

build a hierarchical structure of them, and to reduce items based on their psychometric properties. 

To achieve the objectives, a factor analysis was performed. 

Factor analysis is typically adopted as a statistical procedure that examines the 

correlations among questionnaire items to discover groups of related items (DeVillis, 1991; 

Lewis, 2002; Netemeyer et al., 2003; Nunnally, 1978). A factor analysis was conducted to 

identify how many factors (i.e., constructs or latent variables) underlie each set of items. Hence, 

this factor analysis helps to determine whether one or several specific constructs are needed to 

characterize the item set. For example, Post-Study System Usability Questionnaire (PSSUQ) was 

divided into three aspects of a multidimensional construct (i.e., usability) through factor analysis, 

namely System Usefulness, Information Quality, and Interface Quality (Lewis, 1995, 2002), and 

Software Usability Measurement Inventory (SUMI) was divided into five dimensions, namely 

affect, control, efficiency, learnability, and helpfulness. Also, factor analysis helps to discern 

redundant items that focus on an identical construct. If a large number of items belong to the 

same factor group, some of the items in the group could be eliminated because they measure the 

same construct.  
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Figure 9. Scree plot to determine the number of factors 

 

Once data were gathered from respondents, factor analysis was conducted using statistical 

software (SAS) using the orthogonal rotation method with the varimax procedure, since it is the 

most commonly used rotation method (Floyd & Widaman, 1995; Rencher, 2002). To determine 

the number of factors, the scree plot of the eigenvalues from the analysis was illustrated (Figure 

9). According to the graph, the plot will be flat after four. Thus, four is suggested by the scree 

plot as the appropriate number of factors. According to the “eigenvalue-greater-than-1” rule 

(Kaiser-Guttman criterion or Latent Root criterion), 20 should be selected as the number of 

factors, since there are 20 eigenvalues greater than 1. Based on the proportion of total variance, 

the four factors account for only 64% of the total variance, which is significantly lower than the 

suggested proportion of 90%. Thus, four factors are too limited. Some researchers have 

suggested that if a factor explains 5% of the total variance, the factor is meaningful (Hair, 

Anderson, Tatham, & Black, 1998). According to the eigenvalues provided in appendix E, the 5th 

and 6th factors account for almost 5% of the total variance. Adding the 5th and 6th factors, six 

factors account for about 70% of the total variance. Thus, six factors were selected as the number 

of factors on which to run the factor analysis (Table 24).  
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Table 24. Varimax-rotated factor pattern for the factor analysis using six factors (N.B., boldface 
type in the table highlights factor loadings that exceeded .40) 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
q38 0.71*  0.22  0.08 0.05 0.06  0.06 
q34 0.69*  0.19  0.12 0.19 0.20  0.09 
q29 0.67*  0.10  0.18 0.12 0.12  0.13 
q39 0.65*  -0.02  0.26 0.12 0.12  0.15 
q45 0.61*  0.14  0.16 0.39 0.09  0.21 
q28 0.61*  0.21  0.08 0.15 0.16  0.15 
q30 0.59*  0.14  0.34 0.09 0.04  0.07 
q11 0.58*  0.21  0.12 0.02 0.15  0.11 
q47 0.58*  0.01  0.16 0.32 0.19  0.19 
q22 0.57*  0.20  0.16 0.14 0.31  0.12 
q36 0.57*  0.29  0.20 0.08 0.22  0.05 
q16 0.56*  0.11  0.12 0.03 0.21  0.18 
q52 0.54*  0.16  0.20 0.12 0.11  0.23 
q48 0.54*  0.20  0.28 0.25 0.21  0.09 
q44 0.53*  0.06  0.28 0.31 0.32  0.16 

q2 0.53*  0.28  0.04 0.14 0.23  0.09 
q25 0.51*  0.08  0.29 0.19 0.34  0.18 
q37 0.51*  0.03  0.23 0.20 0.16  0.28 
q21 0.51*  0.14  0.16 0.19 0.24  0.13 
q13 0.50*  -0.02  0.16 0.20 0.36  0.15 
q31 0.50*  0.26  0.20 0.19 0.23  0.09 
q42 0.50*  0.06  0.15 0.17 0.03  0.31 
q57 0.50*  0.27  0.23 0.16 0.07  0.23 

q3 0.49*  -0.03  0.21 0.17 0.07  0.15 
q17 0.48*  0.26  0.21 0.12 0.21  0.19 
q58 0.48*  0.15  0.37 0.09 0.15  0.11 
q15 0.48*  0.18  0.13 0.12 0.13  0.11 
q77 0.46*  0.02  0.27 0.41 0.25  0.27 
q35 0.45*  0.30  0.01 0.22 0.21  0.07 
q40 0.45*  -0.24  0.11 0.18 0.20  0.17 
q33 0.45*  0.35  0.33 0.02 0.21  -0.01 
q20 0.44*  0.25  0.15 0.14 0.17  0.18 
q87 0.44*  0.00  0.13 0.44 0.34  0.25 
q10 0.44*  0.34  0.05 0.15 0.20  0.14 
q96 0.43*  0.26  0.43 0.28 0.14  0.15 

q8 0.43*  0.28  0.03 0.21 0.22  0.00 
q9 0.42*  0.05  0.39 0.16 0.05  0.11 

q24 0.42*  0.23  0.05 0.31 0.27  0.06 
q85 0.14  0.59*  0.14 0.20 0.03  0.13 
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Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
q26 0.18  0.56*  -0.08 0.13 0.27  -0.03 
q60 -0.04  0.53*  0.12 0.16 0.06  0.09 
q27 0.35  0.53*  -0.06 0.16 0.26  0.08 
q56 0.19  0.50*  0.24 0.09 0.12  0.20 

q102 0.16  0.50*  0.26 0.14 0.08  0.09 
q83 -0.08  0.49*  0.08 0.08 0.00  0.01 
q62 0.12  0.48*  0.15 0.21 -0.06  0.08 

q6 0.34  0.46*  0.15 0.04 0.07  0.19 
q101 0.14  0.46*  0.28 0.11 0.05  0.07 
q32 0.29  0.45*  0.12 0.18 -0.05  0.04 
q64 0.33  0.43*  0.16 0.24 0.01  0.04 
q79 0.10  0.41*  0.10 0.40 0.16  0.08 
q18 0.28  0.41*  0.06 0.04 0.09  0.00 
q81 0.33  0.41*  0.16 0.35 0.11  0.23 

q108 0.06  0.23  0.67* 0.05 0.04  0.12 
q99 0.06  0.23  0.66* 0.16 0.26  0.12 
q19 0.35  0.11  0.65* -0.02 0.16  0.04 
q49 0.21  0.07  0.61* -0.05 0.09  0.03 
q50 0.17  0.16  0.58* 0.05 0.02  0.04 

q109 0.28  0.08  0.56* 0.11 0.14  0.22 
q97 0.00  0.25  0.56* 0.08 0.05  0.06 
q88 0.23  0.21  0.50* 0.09 0.06  0.02 
q98 0.12  -0.06  0.49* 0.34 0.26  0.11 
q95 0.30  0.29  0.48* 0.25 0.22  0.15 
q59 0.41  0.22  0.45* 0.05 0.15  0.01 

q119 0.29  0.01  0.44* 0.14 0.11  0.23 
q67 0.20  0.17  0.02 0.60* 0.00  0.03 
q66 0.06  0.38  0.13 0.51* 0.05  -0.01 
q68 0.18  0.20  0.08 0.49* 0.03  0.00 
q70 0.43  0.29  0.10 0.49* 0.00  0.15 
q80 0.22  0.24  0.20 0.48* 0.19  0.03 
q78 0.16  0.33  0.11 0.48* 0.01  0.12 
q65 0.05  0.19  0.06 0.47* 0.04  0.04 

q104 0.29  0.14  0.09 0.46* 0.14  0.38 
q86 0.32  0.44  0.03 0.46* 0.15  0.11 
q69 0.30  0.37  0.12 0.44* 0.07  0.13 
q72 0.03  0.32  0.12 0.42* 0.07  0.05 
q93 0.13  0.22  0.15 0.40* 0.35  0.17 
q12 0.33  0.16  0.18 0.05 0.71*  0.15 
q14 0.24  0.03  0.16 0.01 0.62*  0.08 

q4 0.22  0.01  0.08 -0.05 0.53*  0.14 
q51 0.31  0.04  0.33 0.26 0.52*  0.16 
q89 0.25  0.22  0.18 0.26 0.47*  0.22 
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Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
q1 0.26  0.29  0.16 0.03 0.41*  0.05 

q82 -0.26  0.05  -0.13 -0.10 -0.54*  -0.16 
q116 0.30  0.11  0.13 0.01 0.23  0.74* 
q115 0.27  0.10  0.12 0.05 0.14  0.72* 
q110 0.41  0.06  0.19 0.11 0.11  0.53* 
q118 0.36  0.05  0.36 0.16 0.15  0.45* 
q114 0.29  0.06  0.19 0.16 0.18  0.45* 
q54 0.41  0.15  0.09 0.23 -0.01  0.44* 

 

Table 24 shows the varimax-rotated factor pattern with six factor groups. According to 

the criteria, factor 1 has the largest number of items at 38, factor 2 has 15 items, factor 3 has 12 

items, factor 4 has 12 items, factor 5 has 7 items, and factor 6 has 6 items. There were 29 items 

not included in any factor group because none of their factor loadings exceeded .40.  

Usually, naming the factors is one of the most challenging tasks in the process of 

exploratory factor analysis (Lewis, 1995), since abstract constructs should be extracted from the 

items in the factor groups. In order to identify the characteristics of items within each factor 

group and the names of the groups, a close examination of the items along with the sources of 

the items, and categorical information from the sources was conducted. The subjective usability 

assessment support tool developed and used in Study 2 simplified and expedited this process 

(Figure 8). For example, most items in the factor 1 group were from the revised items combined 

from the redundant items in Phase I study, except for the two items that are unique (non-

redundant). Following the examination of the items, representative characteristics for each group 

were identified as summarized in Table 25. 
 

Table 25. Summary and interpretation of the items in the factor groups  

Factor Group Number of Items Representative Characteristics 

1 38 Learnability and ease of use (LEU) 
2 15 Helpfulness and problem solving capabilities (HPSC) 
3 12 Affective aspect and multimedia properties (AAMP) 
4 12 Commands and minimal memory load (CMML) 
5 7 Control and efficiency (CE) 
6 6 Typical tasks for mobile phones (TTMP) 

Total 90  
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Among the 29 items not included in any factor group were multiple items relating to 

flexibility and user guidance. However, since their factor loadings did not exceed .40, the items 

were not retained for further refinement. After the close examination for redundancy within each 

factor group, the redundant items were reduced. Also, items were re-arranged into more 

meaningful groups. As a result, a total 73 items were retained and Table 26 shows the summary 

of the re-arrangement along with the name of each factor group; each factor group constitutes a 

separate subscale. 

 

Table 26. Re-arrangement of items between the factor groups after items reduction  

Factor Group Number of Items Representative Characteristics 

1 23 Learnability and ease of use (LEU) 

2 10 Helpfulness and problem solving capabilities (HPSC) 

3 14 Affective aspect and multimedia properties (AAMP) 

4 9 Commands and minimal memory load (CMML) 

5 10 Control and efficiency (CE) 

6 7 Typical tasks for mobile phones (TTMP) 

Total 73  

 

4.1.2.3. Scale Reliability 

Cronbach’s coefficient alpha (Cronbach, 1951) is the pervasive statistic used to test 

reliability in questionnaire development across various fields (Cortina, 1993; Nunnally, 1978). 

Coefficient alpha estimates the degree of interrelatedness among a set of items and variance 

among the items. The coefficient can be calculated by 
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where k = number of items, σi
2 = variance of item i, and σc

2 = variance of questionnaire scores. 

(DeVillis, 1991). A widely advocated level of adequacy for coefficient alpha has been at least 

0.70 (Cortina, 1993; Netemeyer et al., 2003). 

The coefficient alpha is also a function of questionnaire length (number of items), mean 

inter-item correlation (covariance), and item redundancy (Cortina, 1993; Green, Lissitz, & 

Mulaik, 1977; Netemeyer et al., 2003). The formula above shows that as the number of items 

increases, the alpha tends to increase. The mean inter-item correlation will increase if the 

coefficient alpha increases (Cortina, 1993; Netemeyer et al., 2003). In other words, the more 

redundant items there are (i.e. those that are worded similarly), the more the coefficient alpha 

may increase. 

As a result of the scale reliability, Table 27 shows the coefficient alpha values for each 

factor group as well as all the items in the questionnaire. The control and efficiency (CE) factor 

group gained the lowest alpha value, at 0.72, but the value still satisfies the advocated level of 

adequacy (0.70). However, after investigating the coefficient alpha values by deleting one 

variable at a time, the alpha values could go up to 0.84 from 0.72 as a result of deleting an item 

(Appendix F). Thus, one item was eliminated due to the low level of the scale reliability.  

 

Table 27. Coefficient alpha values for each factor group and all items.  

Factor Group Number of Items Coefficient alpha 

LEU 23 0.93 

HPSC 10 0.84 

AAMP 14 0.88 

CMML 9 0.82 

CE 10              0.72 (0.8411) 

TTMP 7 0.86 

Total 73 0.96 

 

                                                 
11 Improved alpha value by deleting an item 
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In order to investigate if the order of questions had any influence on the scale reliability, 

the coefficient alpha values from both the first half of the questionnaire and the second half of 

the questionnaire were obtained. The coefficient alpha value for the first half was 0.96 and the 

value for the second half was 0.94. Although the value for the first half is slightly higher than 

that for the second half, it seemed that there was no significant difference in the scale reliability 

in terms of the order of questions. 

4.1.2.4. Known-group Validity 

As mentioned at the beginning of this chapter, there are three aspects or types of validity, 

namely content validity, criterion-related validity (i.e., also known as predictive validity), and 

construct validity, although the classification of validity may vary across fields and among 

researchers. For example, people often confuse construct validity and criterion-related validity 

because the same correlation information among items can serve the purpose of either theory-

related (construct) validity or purely predictive (criterion-related) validity (DeVillis, 1991; 

Netemeyer et al., 2003)  

The typical means of assessing criterion-related validity is to look at the correlation 

between measures of interest (e.g., the questionnaire scale under development) and a different 

concurrent or predictive measure (e.g., the existing questionnaires) (Lewis, 1995; Netemeyer et 

al., 2003). Because this approach requires the data from the existing questionnaires in addition to 

the questionnaire developed in this research, it is employed in Phase IV, wherein the 

administration of an existing questionnaire is relatively easy due to the laboratory-based setting 

and a relatively small number of participants. 

There are several approaches to assess construct validity, such as convergent validity, and 

discriminant validity, and known-group validity. Convergent validity can be ascertained if 

independent measures of the same construct converge or are highly correlated; discriminant 

validity requires that a measure does not correlate too highly with measures from which it is 

supposed to differ (Netemeyer et al., 2003). Clearly, those validity assessments require existing 

measures (e.g., the existing usability questionnaires) to be compared with the questionnaire scale 

under development in this study. This is basically an identical approach to that of the criterion-

related validity, which is assessed in Phase IV. Thus, an approach without a comparison to 
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existing measures was employed for the current step of the study, which is the known-group 

validation. 

As a procedure that can be classified either as construct validity or criterion-related 

validity (DeVillis, 1991), known-group validity demonstrates that a questionnaire can 

differentiate members of one group from another based on their questionnaire scores (Netemeyer 

et al., 2003). Supportive evidence of known-group validity is provided by significant differences 

in mean scores across independent samples. First, the mean scores of the response data to the 

questionnaire across samples of four different user groups (i.e., Display Mavens, Mobile Elites, 

Minimalists, and Voice/Text Fanatics) were compared. However, there was no significant 

difference in the mean scores across the four user groups (p=0.0873).  

Also, the mean scores for each identified factor group were compared to identify factors 

in which between-group differences exist. The HPSC factor group earned lower scores, and the 

factor 6 group (specific tasks for mobile phones) scored higher than other factor groups (Figure 

10). The Voice/Text Fanatics group gave higher scores than the other user groups for most factor 

groups except for the factor 3 group (affective aspect and multimedia properties). The Display 

Mavens group gave the lowest scores for factor groups LEU (p=0.1132) and HPSC (p=0.5896) 

while the Minimalist group gave the lowest scores to the rest of the factor groups. However, only 

the mean scores of factor groups AAMP (p=0.0118) and TTMP (p=0.0119) were significantly 

different across the user groups, while factor groups HPSC and CMML (p=0.6936) were the 

least different ones according to the p-values. 
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Figure 10. Mean scores of each factor group respect to user groups 

 

Since there is a confounding variable in the model of products, known-group analysis was 

performed by selecting the observation points that evaluated the same model of product. Among 

the 10 different manufacturers and 60 different models of mobile phones evaluated in this study, 

the LG VX6000 was evaluated by 14 participants and each user group consisted of at least two 

participants. The pattern of scores for the LG VX6000 across factor groups is shown in Figure 11. 

According to the data, the product earned higher scores compared to the overall ratings (Figure 

10). The same patterns from the overall rating were found; for example, the HPSC  factor group 

was rated lower and TTMP factor group gained higher scores across the factor groups. Across 

the user groups, the Display Maven group distinguished LEU, HPSC, and AAMP factor groups 

by rating the product lower compared to other user groups. However, there were not enough (i.e., 

3 or 4 observations per user group) observations to support the significance.  
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Figure 11. Mean scores for each factor group of LG VX6000 

4.1.3. Discussion 

4.1.3.1. Eliminated Questionnaire Items 

According to the result of factor analysis, a substantial number of questions that explained 

flexibility, user guidance, and typical tasks for mobile phones was removed because those topics 

were not included in the six factor structure. Those questionnaire items include 

 

Flexibility 

 Can you name displays and elements according to your needs?12      

 Can you customize the windows? 12      

 Is the product is multi-purposeful, versatile, and adaptable? 8 

User guidance 

 Does the product provide an UNDO function whenever it is convenient? 9, 12 

 Is the completion of processing indicated? 12      

 Does the product provide a CANCEL option? 12 

 Is it easy to restart this product when it stops unexpectedly? 12, 13 
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Typical Task for Mobile Phones 

 Is it easy to send and receive short messages using this product? 8 

 Is this product sufficiently durable to operate properly after being dropped?14 

 Is the voice recognition feature easy to use? 8 

 Is it easy to set up and operate the key lock? 7 

 Is it easy to check network signals? 7 

 Does the product support interaction involving more than one task at a time (e.g., 

3-way calls, call waiting, etc)? 8 

 

Other than the questionnaire items for flexibility, user guidance, and typical tasks for 

mobile phones, many items were eliminated because they were not included in the six-factor 

structure. The usability dimensions and aspects of these questions are quite various and scattered, 

however, there were several items relating to affective dimensions. The nature of those items is 

summarized below: 

 

 Are the buttons situated in troublesome locations?15 

 Can you determine the effect of future action based on past interaction 

experience? 9, 13 

 Are the controls intuitive for both voice and WWW use? 10 

 Is the spelling distinctive for commands? 12      

 Is it easy to evaluate the internal state of the product based upon displayed 

information? 7, 12 

 Is the terminology on the screen ambiguous? 9 

 Are erroneous entries displayed? 12      

 Do you feel that you should look after this product?16 

 Do/would you enjoy having and using this product? 13, 16 

                                                                                                                                                             
12 Item from PUTQ 
13 Item from SUMI 
14 Item based on Szuc (2002) 
15 Item from Keinonen (1998) 
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 Is the completion of processing indicated? 12      

 Does this product enhance your capacity for leisure activities?17 

 Is this product robust and sturdy? 17 

 Is using the product overall sufficiently satisfying? 9 

 Is the battery capacity sufficient for everyday use? 14 

 Can you effectively complete your work using this product?15, 17, 18 

 Does your experience with other mobile products make the operation of this 

product easier?19 

 

Usability practitioners could select some of the issues above for inclusion in a supplementary 

questionnaire to the mobile phone usability questionnaire (MPUQ) adapted to their target 

products that are different from the mobile products under study in this research.  

4.1.3.2. Normative Patterns 

According to the mean scores of each factor group with respect to user groups (Figure 10), 

it can be inferred that all mobile user groups have high expectations on helpfulness and problem 

solving capabilities of mobile products due to the scores of the factor HPSC being lower than the 

others. Also, they tended to be satisfied with the usability of typical tasks for mobile phones. In 

other words, most users do not really find it difficult to perform typical tasks of using mobile 

phones, such as making and receiving phone calls, using the phonebook, checking call history 

and voice mail, and sending and receiving text messages. Lewis (1995; 2002) called this kind of 

tendency a normative pattern that can happen because the underlying distribution of scores of 

each subscale might not be same because the subscales (i.e., factor groups) consist of different 

items containing different words. However, this finding could be biased because all the 

participants of this study evaluated their own device. Thus, this finding of a normative pattern 

was verified with the comparative evaluation study in Phase IV. The participants of the 

comparative evaluation judged phones they have never used before.  

                                                                                                                                                             
16 Item from Jordan (2000) 
17 Item from QUEST 
18 Item from PSSUQ 
19 Item based on Kwahk (1999)  
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The Display Mavens group has higher expectations (i.e., relatively lower scores) on the 

usability dimensions of learnability and ease of use, helpfulness and problem solving capabilities, 

and affective aspect and multimedia properties. Also, Minimalists tends to have higher 

expectations on the usability dimensions of affective aspect and multimedia properties, 

commands and minimal memory load, efficiency and control, and typical tasks for mobile 

phones. This shows that the different user groups presented different normative patterns on the 

score of subscales.  

4.1.3.3. Limitations 

It should be noted that the results of the six factor structures and the final 72 questionnaire 

items are based on the response from only mobile phone users, not PDA/Handheld Personal 

Computer (PC) users. Thus, the validity of the questionnaire may be applicable to only mobile 

phones. Also, it was noted that there were slightly different questionnaire sets for each product 

group before the psychometric analysis in Study 2; there were 119 items for mobile phones and 

115 for PDA/Handheld PCs, while 110 items are shared for both. As result, there are five items 

applicable only to mobile phones among the 72 items. All of the five items belong to the TTMP 

factor group. They are 

 

 Is it easy to check missed calls? 7 

 Is it easy to check the last call? 7 

 Is it easy to use the phone book feature of this product? 8 

 Is it easy to send and receive short messages using this product? 8 

 Is it easy to change the ringer signal? 8 

 

Thus, usability practitioners still can use all the other 67 items to evaluate PDA/Handheld PCs. 

However, to develop a psychometrically valid questionnaire set for the evaluation of 

PDA/Handheld PCs, at least 300 users of PDA/Handheld PCs users should be recruited and 

answer the questionnaire of the 115 items from Study 2. 

Because the 72 questionnaire items were established for the MPUQ that was 

psychometrically tested, the questionnaire can be considered a valid and reliable usability testing 
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tool for the evaluation of mobile phones. The six-factor structure provided an idea of relative 

importance or contribution because each factor consisted of different numbers of items. For 

example, if a usability practitioner would like to make a decision to select a better product or 

versions of alternative design, he or she could simply take mean of the response scores of all 72 

questions. In this case, factor LEU items account for 32% (23 out of 72), factor HPSC items 

account for 14% (10 out of 72), factor AAMP items account for 19% (14 out of 72), factor 

CMML items account for 13% (9 out of 72), factor CE items account for 13% (9 out of 72), and 

factor TTMP items account for 10% (7 out of 72). Thus, the mean score reflects a different 

priority from each factor group. There could be many different ways to manipulate the response 

data from the questionnaire to make decisions for a comparative evaluation. Thus, although the 

MPUQ developed through Phase II is a stand-alone tool of subjective usability assessment, a 

couple of expansion studies to develop methods to manipulate the response data from the 

questionnaire were performed in Phase III.  

4.2. Outcome of Study 3 
The output of this study includes a refined set of questionnaire items consisting of 72 

questions for mobile phones (Table 28), the six-factor structure of the questions, which acts as an 

input to the development of an AHP hierarchy in Phase III. Also, the two majority groups of 

mobile users were identified among the four mobile user groups, so that the studies in Phases III 

and IV focus on the two identified majority groups (e.g., Minimalists and Voice/Text Fanatics) 

based on the assumption that different user groups yield different decision making models. In 

addition, normative patterns of each factor group score were identified.  
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Table 28. Complete list of the questionnaire items of MPUQ  

Factor Group Item 
No. 

Revised Question  
(structured to solicit "always-never" response) Source of Items 

1 Is it easy to learn to operate this product? SUMI, PSSUQ, PUTQ, QUIS, 
QUEST, Keinonen (1998), 
Kwahk (1999) 

2 Is using this product sufficiently easy? SUMI, QUIS 

3 Have the user needs regarding this product been sufficiently taken 
into consideration? 

SUMI, PUTQ 

4 Is it relatively easy to move from one part of a task to another? SUMI, Klockar et al.(2003) 

5 Can all operations be carried out in a systematically similar way? SUMI, Keinonen (1998), Kwahk 
(1999) 

6 Are the operation of this product simple and uncomplicated? PSSUQ, Keinonen (1998), 
QUEST, Kwahk (1999) 

7 Does this product enable the quick, effective, and economical 
performance of tasks? 

PSSUQ, Keinonen (1998), 
Kwahk (1999) 

8 Is it easy to access the information that you need from the 
product? 

PSSUQ, QUIS 

9 Is the organization of information on the product screen clear? PSSUQ, QUIS 

10 Does product have all the functions and capabilities you expect it 
to have? 

PSSUQ, Keinonen (1998) 

11 Are the color coding and data display  compatible with familiar 
conventions? 

PUTQ 

12 Is it easy for you to remember how to perform tasks with this 
product? 

QUIS, Keinonen (1998), Kwahk 
(1999) 

13 Is the interface with this product clear and underatandable? PUTQ, QUIS, Keinonen (1998) 

14 Are the characters on the screen easy to read? QUIS, Keinonen (1998), 
Lindholm et al. (2003) 

15 Does interacting with this product require a lot of mental effort? Keinonen (1998), QUEST 

16 Is it easy to assemble, install, and/or setup the product? QUIS, QUEST 

17 Can you regulate, control, and operate the product easily? PUTQ, QUIS, Kwahk (1999) 

18 Is it easy to navigate between hierarchical menus, pages, and 
screen? 

PUTQ, QUIS, Szuc (2002) 

19 Are the input and text entry methods for this product easy and 
usable? 

PUTQ, Szuc (2002), Lindholm 
et al. (2003) 

20 Is the backlighting feature for the keyboard and screen helpful? Szuc (2002), Lindholm et al. 
(2003) 

21 Are the command names meaningful?      PUTQ 

22 Is discovering new features sufficiently easy? QUIS 

Ease of 
Learning and 

Use (LEU) 

23 Is the Web interface sufficiently similar to those of other products 
you have used? 

Szuc (2002)  
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Factor Group Item 
No. 

Revised Question  
(structured to solicit "always-never" response) Source of Items 

24 Is the HELP information given by this product useful? SUMI, Kwahk (1999) 
25 Is the presentation of system information sufficiently clear and 

understandable? 
SUMI, PSSUQ, QUIS, 
Keinonen (1998)  

26 Are the documentation and manual for this product sufficiently 
informative? 

SUMI, PUTQ, QUIS 

27 Are the messages aimed at prevent you from making mistakes 
adequate? 

SUMI, Kwahk (1999) 

28 Are the error messages effective in assisting you to fix problems? PSSUQ, PUTQ, QUIS 
29 Is it easy to take corrective actions once an error has been 

recognized? 
PSSUQ, QUIS, Kwahk (1999) 

30 Is feedback on the completion of tasks clear? PUTQ, QUIS, Kwahk (1999) 
31 Does the product give all the necessary information for you to use 

it in a proper manner? 
PUTQ, Kwahk (1999) 

32 Is the bolding of commands or other signals helpful? QUIS 

Helpfulness 
and Problem 

Solving 
Capabilities 

(HPSC) 

33 Does the HELP function define aspects of the product adequately? QUIS 
34 Is this product's size convenient for transportation and storage? QUEST, Kwahk (1999), Szuc 

(2002) 
35 Is using this product frustrating? SUMI, Keinonen (1998) 
36 Is this product attractive and pleasing? SUMI, Keinonen (1998), Kwahk 

(1999) 
37 Do you feel comfortable and confident using this product? PSSUQ, Keinonen (1998), 

QUEST, Kwahk (1999) 
38 Does the color of the product make it attractive? QUIS, QUEST, Kwahk (1999) 
39 Does the brightness of the product make it attractive? QUIS, Kwahk (1999) 
40 Are pictures on the screen of satisfactory quality and size? QUIS 
41 Is the number of colors available adequate? QUIS 
42 Are the components of the product are well-matched or 

harmonious? 
Kwahk (1999) 

43 Do you feel excited when using this product? Jordan (2000) 
44 Would you miss this product if you no longer had it? Jordan (2000) 
45 Are you/would you be proud of this product? Jordan (2000) 
46 Does carrying this product make you feel stylish? Klockar et al.(2003) 

Affective 
Aspect and 
Multimedia 
Properties 

(AAMP) 

47 Can you personalize ringer signals with this product? If so, is that 
feature useful and enjoyable for you? 

by researcher 

48 Is the organization of the menus sufficiently logical? SUMI, PUTQ, Lindholm et al. 
(2003) 

49 Is the design of the graphic symbols, icons and labels on the icons 
sufficiently relevant? 

PUTQ, Keinonen (1998) 

50 Does the product provide index of commands?      PUTQ 
51 Does the product provide index of data?      PUTQ 
52 Are data items kept short?      PUTQ 
53 Are the letter codes for the menu selection designed carefully?      PUTQ 
54 Do the commands have distinctive meanings?      PUTQ 
55 Is the highlighting on the screen helpful? QUIS 

Commands 
and Minimal 

Memory Load 
(CMML) 

56 Are the HOME and MENU buttons sufficiently easy to locate for all 
operations? 

Szuc (2002)  
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Factor Group Item 
No. 

Revised Question  
(structured to solicit "always-never" response) Source of Items 

57 Are the response time and information display fast enough? SUMI, QUIS 
58 Has the product at some time stopped unexpectedly? SUMI 
59 Is the amount of information displayed on the screen adequate? SUMI, PUTQ, QUIS 
60 Is the way product works overall consistent?  SUMI, PUTQ, Keinonen (1998) 
61 Does the product allow the user to access applications and data 

with sufficiently few keystrokes? 
SUMI, PUTQ, QUIS, Szuc 
(2002) 

62 Is the data display sufficiently consistent? PUTQ, QUIS, Kwahk (1999) 
63 Does the product support the operation of all the tasks in a way 

that you find useful? 
SUMI, PUTQ, Kwahk (1999) 

64 Is the product reliable, dependable, and trustworthy? QUIS, Kwahk (1999), Jordan 
(2000) 

Control and 
Efficiency 

(CE) 

65 Are exchange and transmission of data between this product and 
other products (e.g., computer, PDA, and other mobile products) 
easy? 

SUMI, QUIS 

66 Is it easy to correct mistakes such as typos? PUTQ, QUIS 
67 Is it easy to use the phone book feature of this product? by researcher 
68 Is it easy to send and receive short messages using this product? by researcher 
69 Is it sufficiently easy to operate keys with one hand? Szuc (2002)  
70 Is it easy to check missed calls? Klockar et al.(2003) 
71 Is it easy to check the last call? Klockar et al.(2003) 

Typical Task 
for Mobile 

Phone 
(TTMP) 

72 Is it easy to change the ringer signal? by researcher 
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5. PHASE III : 

DEVELOPMENT OF MODELS 

The goal of this phase is to provide greater sensitivity in the questionnaire scale 

developed through Phase II for the purpose of comparative usability evaluation and to determine 

which usability dimensions and questionnaire items contribute more to decision making 

regarding best product selection. Assuming that making comparative decisions among products 

is a multi-criteria decision making problem, as discussed earlier, Analytic Hierarchy Process 

(AHP) was used to develop normative decision models to provide composite scores from the 

responses of mobile questionnaire. Also, multiple linear regression was employed to develop 

descriptive models to provide composite scores from the response of the Mobile Phone Usability 

Questionnaire (MPUQ). The same groups of participants participated in both the AHP model and 

regression model development processes.   

5.1. Study 4: Development of AHP Model 

5.1.1. Part 1: Development of Hierarchical Structure 

5.1.1.1. Design 

The first part was the development of a hierarchical structure in which multiple levels and 

nodes of decision criteria exist. Based on the international standard for usability (ISO 9241-11), 

the voting method was used to determine the relationship among each of the nodes of the 

hierarchy. 

5.1.1.2. Participants 

For the first part of building the hierarchical structure, the panel of reviewers who 

participated in Phase I of this research participated again. Since they participated in the relevancy 

analysis in Phase I, they had sufficiently comprehensible knowledge of the questionnaire items to 

develop the hierarchical structure for the questionnaire items or groups of the items. Also, the 

hierarchical structure itself was not expected to vary across different user groups, while the 
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weights assigned to each questionnaire item or groups of items might vary across user groups, so 

that employing the panel of reviewers as participants seemed to be reasonable.  

5.1.1.3. Procedure 

To develop a hierarchical structure, the participants determined the levels and nodes 

based on the results of the factor analysis in Phase II. The result of grouping by factor analysis in 

Phase II and the descriptive definition by ISO 9241-11 were the primary bases for structuring the 

hierarchy. Since the definition by ISO 9241-11 specifies that there are three large dimensions of 

usability, specifically effectiveness, efficiency, and satisfaction, the structure of the relationship 

among the three dimensions and the six factor groups identified from the factor analysis in Phase 

II study was the main focus of developing the hierarchy. Since the participants were not usability 

professionals, the words for factor groups were rephrased in order for the participants to 

understand clearly. Table 29 shows the rephrased titles for each factor group. Given the usability 

definition by ISO 9241-11, each participant was asked to indicate the presence or absence of 

relationships among the three large dimensions of usability including effectiveness, efficiency, 

and satisfaction and the six factor groups. The instructions appear in Appendix A. 

 

Table 29. Rephrased titles of factor groups used to develop hierarchical structure 

Title of Factor Group Rephrased Title of Factor Group 

Learnability and ease of use (LEU) Ease of learning and use (ELU) 

Helpfulness and problem solving capabilities 
(HPSC) 

Assistance with operation and problem solving 
(AOPS) 

Affective aspect and multimedia properties (AAMP) Emotional aspect and multimedia capabilities 
(EAMC) 

Commands and minimal memory load (CMML) Commands and minimal memory load (CMML) 

Control and efficiency (CE) Efficiency and control (EC) 

Typical tasks for mobile phones (TTMP) Typical tasks for mobile phones (TTMP) 

 

5.1.1.4. Results 

Table 30 shows the overall number of indications for the presence of relationships. Each 

cell presents the number of relationships marked by the six participants over the total number of 
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votes along with the calculated percentage. For example, among the six participants two 

participants believed there is a relationship between effectiveness and ease of learning and use. 

Thus, the number in each cell could represent the relative strength of the relationship among the 

three dimensions and the six factor group levels. No pairs were unmarked, so that the 

hierarchical structure comprised every possible pair for the further studies. As a result, the 

hierarchical structure of representing the usability of electronic mobile products was established 

(Figure 12).  
 

Table 30. Overall votes for the relationship between the upper levels of the hierarchy 

 Effectiveness Efficiency Satisfaction 

ELU 2/6 (33%) 5/6 (83%)  4/6 (67%) 

AOPS 2/6 (33%) 3/6 (50%) 5/6 (83%) 

EAMC 1/6 (17%) 1/6 (17%) 6/6 (100%) 

CMML 4/6 (67%) 6/6 (100%) 1/6 (17%) 

EC 2/6 (33%) 6/6 (100%) 1/6 (17%) 

TTMP 5/6 (83%) 2/6 (33%) 2/6 (33%) 

 

 

Figure 12. Illustration of hierarchical structure established 
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Revisiting Table 30 shows that three cells received 100% of the votes, while four cells 

received only a single vote. All four of the single votes were cast by the participant representing 

Mobile Elites user group. Thus, it could be inferred that Mobile Elite users may not really 

distinguish among the concepts of effectiveness, efficiency, and satisfaction. The value in each 

cell could be regarded as the approximate predictor of the priority value that was obtained 

through the pairwise comparison in the next study. 

Among the sources of the initial items pool in Phase I, Software Usability Measurement 

Inventory (SUMI) (Kirakowski, 1996; Kirakowski & Corbett, 1993), Questionnaire for User 

Interaction Satisfaction (QUIS) (Chin et al., 1988; Harper & Norman, 1993; Shneiderman, 1986), 

Purdue Usability Testing Questionnaire (PUTQ) (Lin et al., 1997), Quebec User Evaluation of 

Satisfaction with assistive Technology (QUEST) (Demers et al., 1996), Keinonen (1998), and 

Kwahk (1999) have their own hierarchical structures to categorize usability questionnaire or 

dimensional items, and they differ from each other (Figure 13). SUMI has only one level 

between the overall usability and questionnaire items, and Kwahk divided usability as two 

branches of performance and image/impression. Thus, there are many hierarchical variations to 

define usability. Because the construct of usability established for the MPUQ was based 

primarily on ISO 9241-11, which specifies that there are three large dimensions of usability 

(specifically effectiveness, efficiency, and satisfaction), the first lower level under overall 

usability was fixed with these three dimensions. 
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Usability
(SUMI)

Efficiency Affect Control Learnability Helpfulness

50 questionnaire
items

Usability
(Kwahk, 1999)

Performance Image/
impression

Perception Learning Action Basic sense Description
of image

Evaluative
feeling

23 usability
dimension items

25 usability
dimension items

 

Figure 13. Examples of hierarchical structure by previous studies 

 
One assumption regarding the hierarchy of the MPUQ was that each questionnaire item in 

Level 4 belongs to only one node in Level 3.Which items belong to each node was already 

determined by the result of factor analysis. Due to this assumption, pairwise comparison was not  

needed at the questionnaire item level, so that absolute measurement AHP could be applied to 

make the task of assigning priorities much simpler. This decision is also supported by the fact 

that absolute measurement AHP is recommended (Olson & Courtney, 1992; Saaty, 1989) when 

there is a large number of entities to be compared; 72 questionnaire items in lLevel 4 qualifies as 

such a large number. 

5.1.2. Part 2: Determination of Priorities 

5.1.2.1. Design 

The second part of the development of the AHP model was the assignment of priorities to 

the nodes, which were used as coefficients to calculate the usability score of the usability 
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questionnaire developed through Phase II. A paper-based nine scale format was used for 

obtaining paired comparison data, as suggested by Saaty (1980). 

5.1.2.2. Participants 

It was expected that the weights assigned to each questionnaire item or groups of items 

vary across user groups, thus only one model for each user group was developed in this study. 

The two majority groups of Minimalists and Voice/Text Fanatics were selected to develop their 

models. Eight users were recruited from each of the two user groups as the participants. The 

same participants participated in Study 5 to develop regression models as well. Thus, a total of 

sixteen participants conducted the pairwise comparison and absolute measurement AHP session.  

5.1.2.3. Procedure 

Once the hierarchy was established, pairwise comparisons were performed by the 

participants to assign priorities to each node in each level of the hierarchy. For the higher levels, 

they performed pairwise comparisons among the combinations of effectiveness, efficiency, and 

satisfaction (Level 2) on overall usability (Level 1). The paper-based format using a nine-point 

scale suggested by Saaty (1980) was used for the pairwise comparison (Figure 14). Each 

participant’s judgment regarding the degree of dominance of one column over the other column 

on usability was indicated by selecting one cell in each row. If a participant selected a cell to the 

left of “equal,” the column 1 component is dominant over column 2.  
 

Column 1 Absolute Very 
Strong Strong Weak Equal Weak Strong Very 

Strong Absolute Column 2 

Effectiveness                  Efficiency 

Effectiveness                  Satisfaction 

Efficiency                  Satisfaction 

 

Figure 14. An example format of pairwise comparison 

 

Similarly, participants performed pairwise comparisons for the next lower level of the 

hierarchy. They determined relative importance of the six factor groups (Level 3) on each of 
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three usability dimensions (Level 2). Thus, they compared the six factor groups three times: once 

for effectiveness, a second time for efficiency, and the third time for satisfaction. Appendix G 

shows the forms used for all the pairwise comparison.  

As the last step of assigning priorities for the lowest level of the hierarchy (Level 4), 

participants were asked to categorize each item’s importance into three different grades (i.e., A 

[very important], B [somewhat important], and C [less important]) relating to the factor group in 

which the item belonged (the instructions appear in Appendix A). The converted relative weights 

for each grade were the same as provided in Table 9 based on the assumption that each grade has 

the same degree of superiority over the next lower grade using ratio scale. For example, A is two 

times more important than B, B is two times more important than C; then A is four times 

important than C. The weights can be calculated by the eigenvector approach based on this 

assumption. The resulting weights are 0.56 for grade A, 0.31 for grade B, and 0.13 for grade C. 

As discussed in Chapter 2, this method is called absolute measurement AHP. This usage of 

absolute scales for each item helps to assign the relative importance of each item easily because 

it would be difficult for participants to perform pairwise comparisons for all the items if too 

many pairs were involved.  

5.1.2.4. Results  

Having eight different sets of judgments for each level due to having eight participants, a 

group decision strategy to combine those sets of judgments should be addressed. Aczel and Saaty 

(1983) have shown that the geometric mean is the appropriate rule for combining judgments. For 

example, one decision maker judges that A is 5 times more important than B, and another judges 

that A is 1/5 times more important than B. Since the judgments are totally inversed, A and B 

should have equal importance according to intuitive sense. Based on simple calculations, the 

geometric mean of the two is ( ) 15
15

2/1
=× , while the arithmetic mean is ( ) 6.22

5/15 =+ . It can 

be observed that the arithmetic mean provides a result saying that A is 2.6 times more important 

than B, which does not make sense. On the other hand, the result from the geometric mean 

provides a result compatible with our intuitive sense by saying that A is 1 time more important 
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than B, which means A has equal importance to B. Thus, taking the mean of the judgment ratios 

should employ a geometric mean. 

As discussed in Chapter 2, Mitta (1993) tried to reflect each decision maker’s judgment 

with different priorities, but her approach was somewhat arbitrary in nature because the 

experimenter subjectively rated each participant’s ability to make sound judgment. To improve 

her approach to combining the sets of judgments from participants in a more systematic way, a 

weighted geometric mean based on the consistency index (C.I.) was used to combine the 

judgments. 

The weight was calculated based on the C.I. of the decision matrix of each decision maker. 

In other words, the judgment by a participant that shows higher consistency contributed more to 

the synthesis of group judgments. This concept can provide a consistent philosophy of AHP by 

considering relative priorities even on the decision makers’ judgment and may follow user-

centered design concepts by incorporating data from all the participants, some of which could be 

discarded as unsound judgments or outliers. It is possible that one participant’s judgments are 

more highly consistent than others while the judgments are simultaneously totally out of phase 

with those of the other participants. In this case, the participant’s contribution was planned to be 

limited up to 50% so that a participant’s judgments could not dominate more than two other 

participants. However, the extreme case did not happen in the data collected. A process 

description for this new approach follows. 

If there are n participants, one of the judgment matrices can be represented as kM , k=1, 2, 

…, n. Assuming that each element of the matrix kM  can be represented as )(kijm , where i  and j  

represent rows and columns of the matrix, and C.I. for kM  is represented by kIC .. . '
ijm , the 

integrated ijm  across n judgment matrices can be calculated as follows using a weighted 

geometric mean.  

 

'
ijm =∏

=

n

k

w

kijm k

1
)(
  , where 

∑
=

= n

k k
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Because lower values of C.I. are favored, kw  should be set up using the inverse of C.I.. Thus, the 

integrated matrix 'M  is filled with the '
ijm s, and then the priority vector can be obtained using 

the eigenvector method. The normalized vector of the priority vector serves as the set of 

coefficients to determine a usability score.  

As described in the previous section, all the matrices of pairwise comparisons for Level 2 

on Level 1 and Level 3 on Level 2 from the eight participants were combined using weighted 

geometric means, in which the weight was calculated based on the C.I. values. Figure 15 shows 

the normalized priority vectors obtained for the highest level, and it can be inferred that 

efficiency was most important to Minimalists and effectiveness was most important to 

Voice/Text Fanatics.  

Three normalized vectors were obtained for Level 3, because each vector combined six 

factors for each of the three dimensions in Level 2. The values of the vectors are charted with 

regard to the two user groups, respectively (Figure 16 and Figure 17). The two charts show a 

similar pattern, however, the patterns of factors EC and TTMP seem very different. Factor 

TTMP was less important than factor EC for Minimalists, while factor TTMP was more 

important than factor EC for Voice/Text Fanatics.   

The result shows that there were no notable variations in the relative importance of each 

factor with regard to the dimensions of Level 2. For example, the three values of factor ELU 

with regard to effectiveness, efficiency, and satisfaction are not really different from each other, 

so those of factors AOPS, EAMC, and CMML are not as well. This trend is more obvious in all 

factors for the Voice/Text Fanatics group (Figure 17). However, some level of variation could be 

observed regarding factors EC and TTMP for the Minimalist group (Figure 16).  
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Figure 15. Normalized priorities of Level 2 nodes on Level 1 with regard to each user group 
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Figure 16. Normalized priorities of Level 3 nodes on Level 2 for Minimalist group 

 



 

103 

0

0.1

0.2

0.3

0.4

ELU AOPS EAMC CMML EC TTMP

Factor Group

N
or

m
al

iz
ed

 P
rio

rit
y

Effectiveness
Efficiency
Satisfaction

 
Figure 17. Normalized priorities of Level 3 nodes on Level 2 for Voice/Text Fanatics group 

 

As results, the normalized priority vectors for each level were obtained, although the 

details of the data are not shown in this document. The priority vectors for the lowest level 

(Level 4) were from the absolute measurement AHP. By combining the normalized priority 

vectors for higher levels into the priority vectors for the lowest level, the final relative weight for 

each questionnaire item was obtained. Two sets of models reflect the final relative weights since 

the two major groups of the four were investigated. The final AHP model equation for the 

Minimalists group follows: 

 

Composite Score by AHP for Minimalists = 0.0231 Q1 + 0.0217 Q2 + 0.0192 Q3 + 0.0196 Q4 

+0.0177 Q5 + 0.0231 Q6 + 0.0206 Q7 + 0.0202 Q8 + 0.0231 Q9 + 0.0152 Q10 + 0.0131 

Q11 + 0.0206 Q12 + 0.0217 Q13 + 0.0202 Q14 + 0.0188 Q15 + 0.0148 Q16 + 0.0231 Q17 + 

0.0163 Q18 + 0.0181 Q19 + 0.0123 Q20 + 0.0192 Q21 + 0.0196 Q22 + 0.0127 Q23 + 0.0068 

Q24 + 0.0064 Q25 + 0.0072 Q26 + 0.0060 Q27 + 0.0078 Q28 + 0.0076 Q29 + 0.0060 Q30 + 

0.0074 Q31 + 0.0056 Q32 + 0.0060 Q33 + 0.0055 Q34 + 0.0038 Q35 + 0.0035 Q36 + 0.0040 

Q37 + 0.0031 Q38 + 0.0024 Q39 + 0.0031 Q40 + 0.0024 Q41 + 0.0025 Q42 + 0.0028 Q43 + 

0.0040 Q44 + 0.0024 Q45 + 0.0022 Q46 + 0.0033 Q47 + 0.0099 Q48 + 0.0081 Q49 + 0.0074 
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Q50 + 0.0058 Q51 + 0.0083 Q52 + 0.0083 Q53 + 0.0094 Q54 + 0.0071 Q55 + 0.0092 Q56 + 

0.0295 Q57 + 0.0331 Q58 + 0.0218 Q59 + 0.0310 Q60 + 0.0253 Q61 + 0.0253 Q62 + 0.0295 

Q63 + 0.0352 Q64 + 0.0182 Q65 + 0.0159 Q66 + 0.0206 Q67 + 0.0162 Q68 + 0.0202 Q69 + 

0.0215 Q70 + 0.0215 Q71 + 0.0155 Q72 

 

where Qi refers to the score of question number i in the MPUQ (Table 28) 

 

The equation for Voice/Text Fanatics group is 

 

Composite Score by AHP for Voice/Text Fanatics = 0.0074 Q1 + 0.0065 Q2 + 0.0051 Q3 

+ 0.0065 Q4 +0.0069 Q5 + 0.0061 Q6 + 0.0052 Q7 + 0.0055 Q8 + 0.0057 Q9 + 0.0053 

Q10 + 0.0052 Q11 + 0.0069 Q12 + 0.0061 Q13 + 0.0061 Q14 + 0.0057 Q15 + 0.0047 

Q16 + 0.0055 Q17 + 0.0060 Q18 + 0.0065 Q19 + 0.0055 Q20 + 0.0061 Q21 + 0.0052 

Q22 + 0.0033 Q23 + 0.0085 Q24 + 0.0089 Q25 + 0.0115 Q26 + 0.0062 Q27 + 0.0062 

Q28 + 0.0083 Q29 + 0.0085 Q30 + 0.0104 Q31 + 0.0092 Q32 + 0.0055 Q33 + 0.0062 

Q34 + 0.0043 Q35 + 0.0054 Q36 + 0.0054 Q37 + 0.0056 Q38 + 0.0047 Q39 + 0.0062 

Q40 + 0.0051 Q41 + 0.0036 Q42 + 0.0029 Q43 + 0.0058 Q44 + 0.0044 Q45 + 0.0041 

Q46 + 0.0052 Q47 + 0.0107 Q48 + 0.0185 Q49 + 0.0199 Q50 + 0.0132 Q51 + 0.0090 

Q52 + 0.0125 Q53 + 0.0154 Q54 + 0.0164 Q55 + 0.0232 Q56 + 0.0283 Q57 + 0.0225 

Q58 + 0.0240 Q59 + 0.0299 Q60 + 0.0320 Q61 + 0.0219 Q62 + 0.0240 Q63 + 0.0305 

Q64 + 0.0209 Q65 + 0.0380 Q66 + 0.0560 Q67 + 0.0437 Q68 + 0.0560 Q69 + 0.0503 

Q70 + 0.0503 Q71 + 0.0413 Q72 

 

where Qi refers to the score of question number i in the MPUQ (Table 28) 

 

Based on the result of the normalized vectors of Level 3 nodes on Level 2, factor EAMC 

was identified as the least important factor group for both user groups. Factor EC was identified 

as the most important factor for Minimalists and factor TTMP was the one for Voice/Text 

Fanatics.  



 

105 

5.2. Study 5: Development of Regression Models 
To provide a descriptive-type decision making model comparable with the normative-type 

decision making model by AHP, multiple linear regression was suggested to develop composite 

scores. Thus, the participants in the development of the AHP model were recruited again in this 

part of the study to provide the data to generate regression models. 

5.2.1. Method 

5.2.1.1. Design 

Four different models of mobile phones were evaluated in terms of overall usability. A 

within-subject design was used rather than between-subject design in order to reduce the 

variance across participants. This choice of within-subject design is also compatible with the idea 

that users or consumers explore candidate products to make decisions. Thus, each participant 

was given all the products in a random order to evaluate.  

5.2.1.2. Equipment 

Four different models of mobile phones were provided as the evaluation targets. The 

phone models had the same level of functionality and price range to be comparable. Also, the 

manufacturers of the phones were all different. Basically, the phones were selected as relatively 

new products having advanced features such as a camera, color display, and web browsing in 

addition to the basic voice communication features from four different manufacturers falling into 

the same price range, between $200 and $300. User’s manual guides were also provided. An 

identification letter was given to each phone from A to D, to be referred to during the 

experimentation.  

5.2.1.3. Participants 

To develop regression models to predict the result of the comparative evaluation, the 16 

participants, eight Minimalists and eight Voice/Text Fanatics who participated in the AHP 

pairwise comparison study, were recruited again to perform this comparative evaluation study. 

Participants were asked to explore each mobile phone during the session. They were allowed to 

examine the products while they answered the questionnaires.  
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5.2.1.4. Procedure 

A participant was assigned to a laboratory room provided with the four different mobile 

phones along with user’s manual guides, and the four identical sets of the developed usability 

questionnaire. The participant was asked to complete a predetermined set of tasks for every 

product. The tasks were those frequently used in mobile phone usability studies. This session 

was intended to provide a basic usage experience with each phone to make the task of answering 

the questionnaire easier. At the same time, this session could standardize the usage knowledge 

for each product, since the participant had to perform the same tasks for all of the products. The 

list of the tasks is provided in Appendix B. After completing this session, the participant was 

again asked to provide absolute scores from 1 to 7 to determine the ranking of each product in 

terms of inclination to own one (post-training [PT]). Thus, the absolute score could be used as 

the dependent variable to generate the regression model.  

For the evaluation session using the MPUQ, the participant completed all the 

questionnaire items for each product according to a random order of the products. Also, the two 

different sets of the mobile questionnaire were prepared. The orders of the questions in the two 

sets were different while all the contents of the questions were identical. In this way, the 

questionnaire was balanced in terms of the order of questions, consequently reducing the effect 

of the order of questions on the participants’ responses. Each participant was allowed to explore 

the products and perform any task he or she wanted in order to examine the products. There was 

no time limit to complete the session (the instructions appear in Appendix A).  

5.2.2. Results 

The dependent variable of the regression model was set up as the absolute usability score 

from the 1-to-7 scales after the training session, completing the predetermined tasks. Independent 

variables were to be responses on a Likert-type scale from 1 to 7 for each question of the mobile 

questionnaire. Thus, the function of the regression model was basically to predict the rank order 

data of the post-training session based on the response data from the mobile questionnaire.   

Since each participant provided an absolute score on the 1-to-7 scale when they evaluated 

the phones after the training session and filled out the mobile questionnaire on each phone, there 

were four observation points per participant. Thus, there are only 32 observations for each user 
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group of Minimalists and Voice/Text Fanatics. The MPUQ consisted of 72 questions, so that the 

number of observations was not enough to generate regression models if all the 72 questions 

were used as independent variables separately; the observation number should be at least larger 

than the number of independent variables. One reasonable way to deal with this limitation was to 

combine the 72 questions into several groups and to use each group as one independent variable. 

The 72 questions were already grouped into six different categories by the factor analysis in 

Phase II. Thus, 32 observations were reasonably sufficient to develop a regression model having 

six independent variables derived from combining the 72 questions. 

The response data from the 72 questions of the mobile questionnaire were combined into 

six groups of variables, which were obtained by taking the mean of the response on the questions 

of each group. For example, factor ELU consists of 23 questions, so that the variable of ELU 

derived from the mean of the 23 questions. The regression analysis process did not employ any 

variable selection procedure, since the model should include the effect of every single question 

in the mobile questionnaire as the AHP model does. Thus, a simple multiple linear regression 

including all the six independent variables had to be performed for each user group.  

To introduce the summary of the data including dependent and independent variables, 

which are inputs into the regression models, Figure 18 and Figure 19 illustrate the mean of the 

variables for each phone and each user group, respectively. According to the descriptive statistics 

from the two charts, phone D seemed to be the winner for both user groups; however, it was 

difficult to confirm the preference between phones A and B for Minimalists and phones A and C 

for Voice/Text Fanatics. Also, phone B showed the largest variation of scores among groups of 

variables for both user groups. This data is used only for the development of regression model to 

predict the result of the comparative evaluation in the next study (Study 6). 

 



 

108 

0

1

2

3

4

5

6

7

Usability
(DV)

ELU AOPS EAMC CMML EC TTMP

Sc
or

e

Phone A
Phone B
Phone C
Phone D

 

Figure 18. Mean scores of the dependent variable and independent variables for Minimalists 
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Figure 19. Mean scores of the dependent variable and independent variables for Voice/Text 
Fanatics 
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The multiple regression analysis was performed for both user groups, and Table 31 and 

Table 32 show the analysis of variance of the model for each user group. According to the 

adjusted R-Square values of each model, the regression model for Voice/Text Fanatics (Adj R-

Sq = 0.8632) shows the better ability to predict than that of the Minimalists (Adj R-Sq = 0.6800). 

The p-values of both models are less than 0.0001, so that the models are supposed to explain a 

more notable number of variations than of errors.  
 

Table 31. Analysis of variance result of the regression model for Minimalists 

Source DF Sum of Squares Mean Square F Value Pr > F
Model 6 61.09929 10.18322 11.98 <.0001
Error 25 21.24946 0.84998   
Corrected Total 31 82.34875   
      
Root MSE 0.92194 R-Square 0.742  
Dependent Mean 4.41875 Adj R-Sq 0.680 
Coeff Var 20.86433    

 

Table 32. Analysis of variance result of the regression model for Voice/Text Fanatics 

Source DF Sum of Squares Mean Square F Value Pr > F
Model 6 73.78272 12.29712 33.61 <.0001
Error 25 9.14603 0.36584   
Corrected Total 31 82.92875   
      
Root MSE 0.60485 R-Square 0.8897  
Dependent Mean 4.68125 Adj R-Sq 0.8632 
Coeff Var 12.92065    

 

As the result of multiple linear regression analysis, each model provided an intercept 

value and six coefficients for six groups of variables (Table 33 and Table 34). In the form of the 

equations, regression models for Minimalists and Voice/Text Fanatics are, for Minimalists 

 

Composite Score by Regression for Minimalists = - 0.60783 - 0.00546 ELU - 0.43095 

AOPS + 0.77836 EAMC - 0.38602 CMML + 0.79477 EC + 0.28423 TTMP 

 

and for Voice/Text Fanatics 
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Composite Score by Regression for Voice/Text Fanatics = -1.0467 + 1.32712 ELU + 

0.81703 AOPS + 0.09528 EAMC - 0.55108 CMML + 0.48106 EC - 0.89725 TTMP, 

 

where ELU = mean of the scores from Q1 to Q23, AOPS = mean of the scores from Q24 to Q33, 

EAMC = mean of the scores from Q34 to Q47, CMML = mean of the scores from Q48 to Q56, EC = 

mean of the scores from Q57 to Q65, and TTMP = mean of the scores from Q66 to Q72 

 

According to the t values of each model, the regression coefficients of EAMC was the 

only significant factor for Minimalists (p<0.0069), while those of ELU (p<0.0012), AOPS 

(p<0.0093), and TTMP (p<0.0015) are the ones for Voice/Text Fanatics. This is a very 

interesting result, since it provided the insight of the most influential usability dimensions for 

each user group in terms of mobile products. At any rate, the list of parameter estimates was used 

as the coefficients to produce composite scores from the response data of mobile questionnaire in 

the comparative evaluation. 
 

Table 33. Parameter estimates of the regression model for Minimalists 

Variable DF Parameter Estimate Standard Error T Value Pr > |t|
Intercept 1 -0.60783 1.33369 -0.46 0.6525
ELU 1 -0.00546 0.51098 -0.01 0.9916
AOPS 1 -0.43095 0.47680 -0.90 0.3747
EAMC 1 0.77836 0.26436 2.94 0.0069*
CMML 1 -0.38602 0.46432 -0.83 0.4136
EC 1 0.79477 0.57989 1.37 0.1827
TTMP 1 0.28423 0.25742 1.10 0.2800

 

Table 34. Parameter estimates of the regression model for Voice/Text Fanatics 

Variable DF Parameter Estimate Standard Error T Value Pr > |t|
Intercept 1 -1.0467 0.84670 -1.24 0.2279
ELU 1 1.32712 0.36306 3.66 0.0012*
AOPS 1 0.81703 0.29001 2.82 0.0093*
EAMC 1 0.09528 0.18705 0.51 0.6150
CMML 1 -0.55108 0.31206 -1.77 0.0896
EC 1 0.48106 0.36106 1.33 0.1948
TTMP 1 -0.89725 0.25147 -3.57 0.0015*
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5.3. Discussion 
Recalling that the result of AHP in Study 4 found factors EC and TTMP to be the most 

decisive factor for Minimalists and Voice/Text Fanatics, respectively, the result of this study 

shows that factor EAMC was the one for Minimalists, and factors ELU, AOPS, and TTMP were 

most decisive for Voice/Text Fanatics. Thus, the result of AHP was supported by the result of 

this study to some degree. According to the t-tests on individual regression coefficients, the 

regression model for Minimalists could be simplified as the one consisting of only factor EAMC, 

while the model for Voice/Text Fanatics could be simplified as the one consisting of only factors 

ELU, AOPS, and TTMP. 

The limitation of this study was the lack of the large number of observations upon which 

to develop reliable regression models, a common limitation for most regression analysis studies. 

Since there were 72 questionnaire items, more than 72 observations should have been collected 

to develop a model consisting of every single item as an independent variable. Because there 

were only 32 (8x4) observations for each user group, the 72 questionnaire items were aggregated 

into each factor group to constitute a smaller number—six—of independent variables. Due to the 

aggregational treatment of individual questionnaire items with the regression models, the models 

derived by regression analysis could be less reflective of the response data of the MPUQ than the 

models by AHP could be. This is verified with the case study of comparative evaluation in Phase 

IV. 

Comparing AHP and regression methods in terms of the developmental process, several 

advantages and disadvantages for each method come to light. The same groups of participants 

were involved to develop both models in studies 4 and 5, however, it took more time for each 

participant to complete tasks to develop regression models. To develop regression models, 

participants actually needed to evaluate phones using MPUQ (average 2 hours), while 

participants performed pairwise comparison and absolute measurement AHP for AHP analysis 

(average 1 hour). Another advantage of the AHP method was that no phones were needed to 

determine priorities, while participants for regression analysis had to evaluate actual phones. 

Thus, in terms of cost to develop models, AHP required less expense than did regression analysis. 
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AHP is based solely on the hierarchical structure developed in Study 4. Thus, if the factor 

structure (Level 3 in the hierarchy) is changed or a new factor is introduced into the structure, the 

whole set priorities assigned to each attributes will be changed as well. Thus, the pairwise 

comparison would need to be performed again. This characteristic is referred to as rank reversal 

when an additional alternative (node) was introduced into the hierarchical structure, which has 

been known as one of the shortcomings of the AHP (Belton & Gear, 1983; Dyer, 1990b). This 

disadvantage leads to another issue in terms of the changes of the hierarchical structure. In this 

research, ISO standard was adopted to develop the structure of usability. Structuring the 

hierarchy totally depends on the developers’ decision. Thus, for example, if a researcher decides 

to use Kwahk’s (1999) classification on usability, which put two branches (i.e., performance and 

image/impression) of overall usability, the whole hierarchy would be changed by still using 

MPUQ as the bottom level items. The new structure will lead to a different model to produce a 

composite score. Since the concept of usability has been evolved and is evolving, there is no 

definite hierarchical structure on usability. Thus, development of hierarchical structure could be 

the most critical step in building an AHP model and the most significant limitation of the method 

at the same time.  

5.4. Outcome of Studies 4 and 5 
As proposed, the outcomes of these studies were the hierarchical structure, in which the 

groups of factors from the MPUQ were incorporated, and the set of coefficients corresponding to 

each factor and each question of the MPUQ for two major mobile user groups (e.g., Minimalists 

and Voice/Text Fanatics) derived through AHP analysis. To be compared with the AHP model, 

regression model was developed for the two mobile user groups as well. According to both the 

AHP and regression models, important usability dimensions and items for mobile products were 

identified. Usability practitioners can use this information for quick and brief usability 

evaluations of their mobile products.  
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6. PHASE IV : 

VALIDATION OF MODELS  

To validate the application of the Analytic Hierarchy Process (AHP)-applied usability 

questionnaire models as well as regression models, a comparative usability evaluation of four 

different mobile phones using each model was conducted. Also, sensitivity analysis was 

performed including a comparison among the AHP-applied Mobile Phone Usability 

Questionnaire (MPUQ) model, the MPUQ without the AHP model, and another decision model 

derived by multiple linear regression using the MPUQ. One of the existing usability 

questionnaire scales was administered to examine convergent and discriminant validity of the 

MPUQ. Throughout the studies in this phase, the population of participants was concentrated in 

the two identified majority groups (i.e., Minimalists and Voice/Text Fanatics). 

6.1. Study 6: Comparative Evaluation with the Models 
Having established the usability questionnaire models using AHP and regression analysis 

for electronic mobile products, this study served as the test of applicability, sensitivity, and 

validity of the models incorporating the MPUQ. This study was a laboratory-based user-testing 

study employing usability questionnaires.  

6.1.1. Method 

6.1.1.1. Design 

Four different example mobile phones were evaluated in terms of overall usability. A 

within-subject design was used rather than between-subject design in order to reduce the 

variance across participants. This choice of within-subject design is also compatible with the idea 

that users or consumers explore candidate products to make decisions. Thus, each participant 

was given all the products to evaluate. A completely balanced design was used for the order of 

evaluation. Therefore, each participant completed four sets of the MPUQ (one for each phone). 

Also, they completed four sets of Post-Study System Usability Questionnaire (PSSUQ) (one for 

each phone) to provide comparison data for the validity tests of the usability questionnaire. 
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6.1.1.2. Equipment 

Four different makes of mobile phones were provided as the evaluation targets, which 

were the same phones evaluated in Study 5 to develop regression models. User’s manual guides 

were also provided. An identification letter was given to each phone from A to D, to be referred 

to during the experimentation.  

PSSUQ was selected as the existing usability questionnaire scale against which to 

examine criterion-related validity and convergent or discriminant validity of the developed 

usability questionnaire for several reasons. First, PSSUQ employs Likert-type scales with seven 

scale steps, which are the same specifications of the usability questionnaire developed in this 

study. Hence, it is easy to compare the individual score of items and the overall score by 

averaging the item scores. For this reason, another candidate, Software Usability Measurement 

Inventory (SUMI), was excluded because it uses dichotomous scales. Second, PSSUQ has a 

relatively small number of items, 19, so it takes less time to complete than other questionnaires, 

such as SUMI (50 items), Purdue Usability Testing Questionnaire (PUTQ) (100 items), and 

Questionnaire for User Interaction Satisfaction (QUIS) (127 items). Since participants had to 

complete both the developed questionnaire and existing questionnaire, using the PSSUQ reduced 

their workload for the evaluation session.  

6.1.1.3. Participants 

Since there were four different mobile phones to be evaluated with a completely counter-

balanced design, the number of participants was 24 (4!). A total of 48 participants was recruited, 

because two user groups were to be evaluated. Twenty-four of them belonged to the Minimalist 

group and the other twenty-four belonged to the Voice/Text Fanatics group. Also, all of them 

were non-users of the four phones evaluated. Participants were asked to explore each mobile 

phone during the session. They were allowed to examine the products while they answered the 

questionnaires.  

6.1.1.4. Procedure 

A participant was assigned to a laboratory room equipped with the four different mobile 

phones along with user’s manual guides, the four identical sets of the developed usability 
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questionnaire, MPUQ, and four sets of PSSUQ. Before the participant started the evaluation 

session with the usability questionnaires, he or she was asked to rank his or her preferences for 

all the products based on his or her first impression (FI). He or she was allowed to examine the 

products briefly (for less than 2 minutes), then asked to determine the ranking of each product in 

terms of inclination to own one.  

Also, there was a task-based session to provide familiarity for each product. The 

participant was asked to complete a predetermined set of tasks for every product. The tasks were 

those frequently used in mobile phone usability studies. This session was intended to provide a 

basic usage experience with each phone to make the task of answering the questionnaire easier. 

At the same time, this session could standardize the usage knowledge for each product, since the 

participant had to perform the same task for all of the products. The list of the tasks is provided 

in Appendix B. After completing this session, the participant was again asked to determine the 

ranking of each product, again in terms of inclination to own one (post-training [PT]). 

For the actual evaluation session using the MPUQ, the participant completed all the 

questionnaire items for each product according to the predetermined order of the products. Also, 

the two different sets of the MPUQ were prepared. The orders of the questions in the two sets are 

different while all the contents of the questions were identical. In this way, the questionnaire is 

balanced in terms of the order of questions, so that it may reduce the effect of the order of 

questions on the participants’ responses. Each participant was allowed to explore the products 

and perform any task he or she wanted in order to examine the products. There was no time limit 

to complete the session. Once he or she completed the session with the MPUQ, the participant 

repeated the process, this time completing PSSUQ. The data from this session was used to 

examine criterion-related validity and convergent or discriminant validity of the usability 

questionnaire, since those validities could be assessed by comparison with another set of 

measures. However, the order of performing the steps of this task was alternated with the 

evaluation session using the new usability questionnaire for each of the four phones so that the 

effect of the order was counter-balanced.  

After answering both the MPUQ and PSSUQ, each participant was asked to rank order 

the phones again (post-questionnaires [PQ]). This data would be quite interesting in determining 
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whether he or she changed the order after answering the questionnaires. In other words, the 

usability evaluation activity required by the questionnaire may have affected the post-training 

decision. Also, the transformed rank order from the usability questionnaire scores may agree 

more or less with the post-questionnaire decision (the instructions appear in Appendix A).   

6.1.2. Results 

6.1.2.1. Mean Rankings 

As results, seven different sets of ordered rankings on the four mobile phones were 

collected or transformed. The data sets were those from (1) first-impression ranking (FI), (2) 

post-training ranking (PT), (3) post-questionnaire ranking (PQ), (4) ranking from the mean score 

of the MPUQ, (5) ranking from the mean score of the PSSUQ (PSSUQ), (6) ranking from the 

mobile questionnaire model using AHP (AHP), and (7) ranking from the regression model of 

MPUQ (REG). Thus, the treatments are the different products (4 phones) and an observation 

consists of a respondent’s ranking of the products from most to least preferred. There were two 

large blocks of data, since there were two different groups of respondents: Minimalists and 

Voice/Text Fanatics.  

Table 35 shows the data collected based on the FI for the Minimalists group in a ranked 

format. Since there were seven different methods to obtain the rankings for the two user groups, 

14 tables similar to Table 35 were gathered. Based on the ranked data, the mean rank for each 

phone was obtained and charted (Figure 20 and Figure 21). In general, it was observed that the 

mean ranks of phones were phone D, phone C, phone A, and phone B in ascending order for 

both user groups, which is from the most favorable to the least favorable in interpretation. 

However, it seemed difficult to confirm that phone D received a greatly better rank from the 

Minimalists group because the rank differences were so close to the FI, PT, PQ, and mobile 

questionnaire data. Also, it was observed that phones A and B received almost the same mean 

rank from the Voice/Text Fanatics group with the regression model. To investigate whether the 

mean rankings of the phones are significantly different, the Friedman tests were performed.  
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Table 35. Ranked data format example from the evaluation by first impression 

Rankings for Phones Participant 
A B C D 

1 3 4 2 1 
2 4 3 2 1 
3 1 4 2 3 
. . . . . 
. . . . . 
. . . . . 

23 4 3 1 2 
24 4 2 3 1 
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Figure 20. Mean rankings for Minimalists 
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Figure 21. Mean rankings for Voice/Text Fanatics 

 

6.1.2.2. Preference Data Format 

The ranked data format could be converted to the preference data format suggested by 

Taplin (1997) to observe more information that is difficult to investigate with the mean rank of 

each phone. ABCD was used to denote the response where the participant most preferred A, next 

preferred B, next preferred C, and finally D. When multiple responses display the same ordering, 

this was represented by a number preceding the notation. For example, 3ABCD indicates that 

three participants ordered them in ABCD. The data of Table 35 can be summarized as 5DCAB, 

3CDBA, 3ACDB, 3ADCB, 2BACD, 2DCBA, ABCD, CADB, DACB, CBAD, BCDA, and DBCA. 

Basically, there are 4! = 24 possible orderings; however, there were 12 different orderings from 

this data and six of them were made by multiple participants.  

Table 36 and Table 37 show the summary of the preference data from all the seven 

methods of evaluation by each user group, respectively. From Table 36, PSSUQ provided the 

greatest number of different orderings, while AHP and MPUQ provided the least number of 

different orderings. For the Minimalists group, only one tie occurred in the evaluation using 

PSSUQ. Since the PSSUQ score took the mean of 17 questions, it has the greatest probability for 

ties to occur compared to other methods. For the Voice/Text Fanatics group, only one tie 

occurred with PSSUQ as well. The ties are indicated by underscore in the preference format. 
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Table 36. Summary of the preference data from each evaluation method (Minimalists) 

First 
Impression 

Post-
Training 

Post-
Questionnaire MPUQ PSSUQ AHP Regression

5DCAB 
3ACDB 
3ADCB 
3CDBA 
2BACD 
2DCBA 
1ADBC 
1BCDA 
1CADB 
1CBAD 
1DACB 
1DBCA 

 
 

5DCBA 
3ACDB 
3DCAB 
2ADCB 
2BACD 
2CDAB 
1BADC 
1CADB 
1CBDA 
1CDBA 
1DABC 
1DACB 
1DBCA 

 

4DCAB 
3ACDB 
3DCBA 
2ADCB 
2CDAB 
2CDBA 
2DBCA 
1ABCD 
1BACD 
1CABD 
1CADB 
1DABC 
1DACB 

 
 
 
 

6DCAB 
5DCBA 
3ACDB 
2CADB 
2CDAB 
1ABCD 
1ACBD 
1BACD 
1CDBA 
1DBAC 
1DBCA 

 
 

2BACD 
2CCBA 
2DACB 
2DBCA 
2DCAB 
2DCBA 
1ACBD 
1ACDB 
1ADCB 
1BADC 
1CADB 
1CCAB 
1CDBA 
1CDBA 
1DBAC 
1CDAB 
1DBCA 

7DCAB 
3ACDB 
3DBCA 
3DCBA 
1ABCD 
1ABDC 
1ADCB 
1BACD 
1CDAB 
1CDBA 
1DBAC 

 
 

6DCAB 
4CDAB 
3ACDB 
3DACB 
1ABCD 
1ADCB 
1BACD 
1BDAC 
1CADB 
1CDBA 
1DBAC 
1DCBA 

13 14 14 12 18 12 13 

Total Number of Different Orderings 

 

Table 37. Summary of the preference data from each evaluation method (Voice/Text Fanatics) 

First 
Impression 

Post-
Training 

Post-
Questionnaire MPUQ PSSUQ AHP Regression

4DCAB 
3CDAB 
2BCDA 
2CADB 
2DACB 
1ABCD 
1ABDC 
1ACDB 
1ADBC 
1ADCB 
1BDAC 
1BDCA 
1CBAD 
1CBDA 
1DABC 
1DBAC 

3CDBA 
3DABC 
3DCAB 
2CADB 
2CDAB 
2DACB 
2DBCA 
2DCBA 
1ABDC 
1ACDB 
1ADBC 
1BCDA 
1BDCA 

5DCBA 
4CDBA 
3DACB 
2CADB 
2DABC 
2DCAB 
1ABDC 
1ACDB 
1ADBC 
1ADCB 
1BDCA 
1CDAB 

 

3ADBC 
3CDAB 
3CDBA 
3DCBA 
2ACDB 
2DABC 
2DACB 
2DCAB 
1BDCA 
1CADB 
1CBDA 
1ACDB 

 
 

5CDBA 
4ADBC 
3CDAB 
2CADB 
2DACB 
2DCAB 
1ABDC 
1ADCB 
1BCDA 
1DABC 
1DBCA 
1BCDA 

 
 
 

4CDBA 
3ADBC 
3DCAB 
3DCBA 
2ACDB 
2DABC 
2DACB 
1ADCB 
1BCDA 
1BDCA 
1CADB 
1CDAB 

 

4CDBA 
3DCBA 
2ADCB 
2BDAC 
2CADB 
2DACB 
2DCAB 
1BCAD 
1BDCA 
1CABD 
1CBDA 
1CDAB 
1DACB 
1DBCA 

 
 

16 13 12 12 12 12 14 

Total Number of Different Orderings 
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From the summary of preference data (Table 36 and Table 37), preference proportions 

between pairs were obtained. The preference proportion accounted for preferences between only 

two phones. The preference proportion of AB is defined by the number of AB ordering (A before 

B in their preference ordering) divided by the total number of observations. If the proportion was 

greater than 0.5, phone A received the majority preference over phone B. According to the well 

known social choice criterion by Condorcet (1785), a candidate should win if it is preferred to 

each rival candidate by a majority of voters. To investigate the Condorcet winner among the 

phones, the preference proportion of each pair were obtained (Table 38 and Table 39). Each table 

summarizes the proportion based on the majority candidates. There was a total of 12 (4 x 3) 

possible pairs of ordering; however, it was sufficient to summarize six pairs in the table, because 

the other six pairs were complementary. For example, if the proportion of preference for AB is 

14/24, then BA is (24-14)/24.  From the tables, it is shown that phone D was favorable to any 

other phone as a Condorcet winner, while phone B was not favorable over any other phone. This 

result was identical in both the Minimalists and Voice/Text Fanatics groups. In summary, 

preference proportions of AB, CA, CB, DA, DB, and DC are greater than 0.5 for both user groups. 

However, PSSUQ indicated that BA was greater than 0.5 for the Minimalists group.   

 

Table 38. Preference proportion between pairs of phones by Minimalists 

 AB CA CB DA DB DC 
FI 14 / 24 14 / 24 19 / 24 13 / 24 20 / 24 13 / 24 
PT 13 / 24 14 / 24 19 / 24 15 / 24 20 / 24 14 / 24 
PQ 16 / 24 15 / 24 19 / 24 15 / 24 21 / 24 13 / 24 
MPUQ 15 / 24 17 / 24 20 / 24 16 / 24 21 / 24 13 / 24 
PSSUQ *11 / 24 14 / 24 17 / 24 16 / 24 20 / 24 13 / 24 
AHP 15 / 24 16 / 24 17 / 24 17 / 24 21 / 24 16 / 24 
REG 19 /24  13 / 24 17 / 24 20 / 24 21 / 24 13 / 24 
Mean 14.71 / 24 14.57 / 24 18.29 / 24 16.00 / 24 20.57 / 24 13.57 / 24 

* Since 11 is less than 12, B is preferable over A by PSSUQ 
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Table 39. Preference proportion between pairs of phones by Voice/Text Fanatics 

 AB CA CB DA DB DC 
FI 17 / 24 14 / 24 15 / 24 16 / 24 16 / 24 13 / 24 
PT 15 / 24 16 / 24 15 / 24 19 / 24 21 / 24 15 / 24 
PQ 14 / 24 15 / 24 19 / 24 18 / 24 22 / 24 16 / 24 
MPUQ 16 / 24 14 / 24 18 / 24 17 / 24 22 / 24 13 / 24 
PSSUQ 16 / 24 15 / 24 15 / 24 16 / 24 21 / 24 12 / 24 
AHP 15 / 24 14 / 24 17 / 24 17 / 24 22 / 24 15 / 24 
REG *11 / 24 17 / 24 18 / 24 18 / 24 20 / 24 14 / 24 
Mean 14.86 / 24 15.00 / 24 17.29 / 24 16.71 / 24 20.57 / 24 14.14 / 24 

* Since 11 is less than 12, B is preferable over A by REG 
 

Based on the mean ranking, median, Condorcet criteria and other methods, the first 

preferences were determined and provided by each evaluation method for each user group in 

Table 40 and Table 41. For the Minimalists group, the mean rank, greatest number of first place 

rank assignments, and Condorcet winner status provided the same result of phone D as the first 

preference for all the seven evaluation methods. For the Voice/Text Fanatics group, the mean 

rank, least number of last place rank assignments, and Condorcet winner status provide the same 

result of phone D as the first preference for all the seven evaluation criterion. The greatest first 

rank method determined phone C as the first preference from the ranked data by PSSUQ (Table 

41). 

 

Table 40. Winner selection methods and results for Minimalists 

Methods to Select First Preference 

Evaluation Methods 
Mean Rank Median 

Greatest # 
of 1st Rank 
Assignment

Least # of 
4th Rank 

Assignment 

Condorcet 
Winner 

FI D C, D D C D 
PT D C, D D C, D D 
PQ D C, D D C D 
PSSUQ  D C, D D C D 
MPUQ D D D C D 
AHP D D D C, D D 
REG D C, D D D D 

 



 

122 

Table 41. Winner selection methods and results for Voice/Text Fanatics 

Methods to Select First Preference 

Evaluation Methods 
Mean Rank Median 

Greatest # 
of 1st Rank 
Assignment

Least # of 
4th Rank 

Assignment 

Condorcet 
Winner 

FI D C, D D D D 
PT D D D D D 
PQ D D D D D 
PSSUQ  D C, D C D D 
MPUQ D C, D D D D 
AHP D C, D D D D 
REG D C, D D A, C, D D 

 

All the decisions above were based on descriptive statistics rather than on a statistical test 

using the significance level. In the following sections, the first preferences and preference order of 

the phones were analyzed using statistical tests.  

6.1.2.3. Friedman Test for Minimalist  

To illustrate and interpret the ranked data effectively, a contingency table showing the 

frequency of ranks from each treatment in each cell was developed. For example, Table 42 

shows the contingency table from the first set of ranked data in this study, which is from the 

preference based on first impression.  

 

Table 42. Rankings of the four phones based on first impression 

Rank Phone 
1 2 3 4 

Total 

A 7 4 6 7 24 
B 3 2 6 13 24 
C 5 11 7 1 24 
D 9 7 5 3 24 

Total 24 24 24 24 96 
 

Based on this table, the bar graph of Figure 22 was developed. If the graph is investigated 

carefully, much more useful information can be gathered. For example, phone D received the 

greatest number of first place rank assignments, while phone C received the least number of last 
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place rank assignments. Phone B received both the greatest number of last place and the least 

number of first place rank assignments.  

The important question is whether there is a significant difference between the phones in 

terms of ranking. Various test statistics are used to examine differences between treatments 

based on ranked data. One of the popular tests is the Friedman test, which uses the sum of the 

overall responses of the ranks assigned to each treatment (phone). The null hypothesis is that 

there is no difference between the treatments. For the data set from the first impression, it was 

found that there were significant differences among the treatments (Friedman statistic R = 11.35, 

p<0.01). For further analysis of the significant difference in each pair, post hoc paired 

comparisons using unit normal distribution were performed. There were significant differences 

between phones B and C, and between phones B and D (p<0.05), while all the other pairs 

showed no significant differences (p>0.05).  
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Figure 22. Distribution of phone rankings based on FI 

 

From the PT ranked data, the distribution of the ranks is illustrated in Figure 23. 

According to the chart, the distribution was fairly similar to the one from the FI. However, the 

Friedman test for the PT data produced somewhat different results from the post hoc analysis. It 

was found that there were significant differences among the phones (Friedman statistic R = 12.25, 
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p=0.0066). For further analysis of the significant difference in each pair, post hoc paired 

comparisons identified that there were significant differences between phones A and D, between 

phones B and C, and between phones B and D (p<0.05), while all the other pairs showed no 

significant differences (p>0.05).  
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Figure 23. Distribution of PT rankings 

 

After answering both the MPUQ and PSSUQ, participants were asked to rank the phones 

in order of preference. Figure 24 shows the distribution of the PQ ranked data. Interestingly, only 

six participants changed the PT order. The Friedman test found that there were significant 

differences between the treatments (Friedman statistic R = 16.35, p=0.0010). For further analysis 

of the significant difference in each pair, post hoc paired comparisons identified that there were 

significant differences between phones A and B, between phones A and D, between phones B 

and C, and between phones B and D (p<0.05), while all the other pairs showed no significant 

differences (p>0.05). This data provided more distinguishable information than PT data, since it 

shows that there was a significant difference between phones A and B, which was not identified 

in other data sets.  
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Figure 24. Distribution of PQ rankings 

 

The mean score from PSSUQ on each phone of each participant was transformed to 

ranked data. Thus, the data set was configured in the same format as the other ranked data. 

Figure 25 shows the distribution of rankings. According to the chart, it is obvious that phone D 

received the greatest number of first place ranks, while phone C received the least number of last 

place ranks. However, phones A and B seemed to have little difference in terms of ranks 

received. According to the Friedman test, there were significant differences among the 

treatments (Friedman statistic R = 11.80, p=0.0081). Post hoc paired comparisons identified 

significant differences between phones A and D, between phones B and C, and between phones 

B and D (p<0.05), while all the other pairs showed no significant differences (p>0.05). This 

result was the same as that of PT data. 

 



 

126 

1
1

1

1

2

2

2

2
3

3
3

3

4
4

4
4

0

2

4

6

8

10

12

14

16

Phone A Phone B Phone C Phone D

Fr
eq

ue
nc

y 
of

 R
an

ki
ng

 

Figure 25. Distribution of transformed rankings from the mean score of PSSUQ 

 

The mean score from the MPUQ on each phone of each participant was transformed to 

ranked data as well. However, the manner of calculating the mean score from the response of the 

MPUQ was not a simple calculation of the mean of all 72 questionnaire items. Since the number 

of questions in each factor group varies, the factor group having more questions is supposed to 

contribute more to the overall score. Thus, the mean scores were obtained by giving equal weight 

to each factor group.  

Figure 26 shows the distribution of ranks. According to the chart, phone D received the 

greatest number of first place rank assignments, while phone C received the greatest number of 

second place rank assignments, and phone B received the greatest number of last place rank 

assignments. However, phone A did not receive a prominent rank. According to the Friedman 

test, there were significant differences among the phones (Friedman statistic R = 18.55, 

p=0.0003). Post hoc paired comparisons using unit normal distribution identified significant 

differences between phones A and D, between phones B and C, and between phones B and D 

(p<0.05), while all the other pairs showed no significant differences (p>0.05). This result was the 

same as from PT ranked data. However, it was too close to reject the hypothesis that there is no 

difference between phones A and C (p=0.052). 
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Figure 26. Distribution of transformed rankings from the mean score of mobile questionnaire 

 

The composite score from the MPUQ using the AHP model developed in Study 1 in this 

phase was transformed to ranked data format. Thus, the data set was configured in the same 

format as the previous ones. Figure 27 shows the distribution of rankings. According to the chart, 

phone D received the greatest number of first place rank assignments, while phone C received 

the greatest number of second place rank assignments, and phone B received the greatest number 

of last place rank assignments. Compared to the previous data from the mean score, phone A did 

receive third place rank assignments as prominent. According to the Friedman test, there were 

significant differences among the phones (Friedman statistic R = 16.85, p=0.0008). Post hoc 

paired comparisons using a unit normal distribution identified that there were significant 

differences between phones A and D, between phones B and C, and between phones B and D 

(p<0.05), while all the other pairs showed no significant differences (p>0.05). This result was the 

same as the ranked data from the mean score of MPUQ.  
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Figure 27. Distribution of transformed rankings from the mobile questionnaire model using AHP 

 

The composite score from the MPUQ using the regression model developed in the Phase 

II was transformed to ranked data format. Figure 28 shows the distribution of rankings. 

According to the chart, phone B received the greatest number of last place rank assignments, 

while phone D received the greatest number of first place rank assignments. The Friedman test 

found that there were significant differences among the phones (Friedman statistic R = 21.65, 

p=0.0001). Post hoc paired comparisons using unit normal distribution identified significant 

differences between phones A and B, between phones B and C, and between phones B and D 

(p<0.05), while all the other pairs showed no significant differences (p>0.05). This result 

indicates that phones A and B are significantly different, which was not provided by the other 

data, except for the PQ data.  
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Figure 28. Distribution of transformed rankings from the regression model of mobile 
questionnaire 

 

According to the Friedman test and post hoc comparison, the summary of preference pairs 

with the p-value of less than 0.05 was provided (Table 43). The number of pairs of findings was 

much less than the result from descriptive statistics in earlier sections.  

 

Table 43. Summary of significant findings from Friedman test for Minimalist 

Ranked Data Significant Preference 

First Impression CB, DB 

Post-training DA, CB, DB 

Post-questionnaires AB, DA, CB, DB 

PSSUQ DA, CB, DB 

MPUQ DA, CB, DB 

AHP Model DA, CB, DB 

Regression AB, CB, DB 
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6.1.2.4. Friedman Test for Voice/Text Fanatics 

Identical analyses were performed for the Voice/Text Fanatics group. From the ranked 

data based on first impression, the distribution of the frequency of rankings is illustrated in 

Figure 29. According to the chart, the number of last place rank assignments for phone B and the 

third place rank assignments for phone A were outstanding. The Friedman test found that there 

were no significant differences between the phones (Friedman statistic R = 6.05, p=0.1092).  

 

1
1

1
1

2 2

2 2

3

3

3

3

4

4

4

4

0

2

4

6

8

10

12

14

Phone A Phone B Phone C Phone D

Fr
eq

ue
nc

y 
of

 R
an

ki
ng

 

Figure 29. Distribution of phone rankings based on FI 

 
From the PT ranked data, the distribution of the frequency of ranking is illustrated in 

Figure 30. According to the chart, phone D received the greatest number of first place rank 

assignments, while no one ranked phone D for the last place. The Friedman test found that there 

were significant differences among the phones (Friedman statistic R = 16.65, p=0.0008). Post 

hoc paired comparisons identified that there were significant differences between phones A and 

D, between B and C, and between B and D (p<0.05), while all the other pairs showed no 

significant differences (p>0.05).  
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Figure 30. Distribution of PT rankings 

 

After answering both the MPUQ and PSSUQ, participants were asked to rank order the 

phones. Figure 31 shows the distribution of the PQ rankings. Interestingly, only six participants 

changed the order from the PT. The Friedman test found significant differences between the 

phones (Friedman statistic R = 21.15, p=0.0001). Post hoc paired comparisons using unit normal 

distribution identified significant differences between A and D, between B and C, and between B 

and D (p<0.05), while all the other pairs showed no significant differences (p>0.05). This result 

is the same as the PT data, although the p-value from the Friedman test was much smaller.  
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Figure 31. Distribution of PQ rankings 

 

Figure 32 shows the distribution of the transformed rankings from the mean score from 

PSSUQ. According to the chart, phone C received the greatest number of first place rank 

assignments, while phone D received not a single rank of last place. Phone B received the 

greatest number of last place rank assignments and least number of first place rank assignments. 

According to the Friedman test, it was found that there were significant differences among the 

phones (Friedman statistic R = 11.98, p=0.0074). Post hoc paired comparisons using unit normal 

distribution identified significant differences between phones A and D, between B and C, and 

between B and D (p<0.05), while all the other pairs showed no significant differences (p>0.05). 

This result was the same as the PT data. 
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Figure 32. Distribution of transformed rankings from the mean score of PSSUQ 

 
Figure 33 shows the distribution of rankings from the mean score using the MPUQ. Note 

that the mean score from the responses to the mobile questionnaire was obtained by averaging of 

the mean score of each factor group. According to the chart, phone B received the greatest 

number of third and fourth rank assignments, while phone D received no fourth rank assignments. 

According to the Friedman test, there were significant differences among the phones (Friedman 

statistic R = 18.66, p=0.0003). Post hoc paired comparisons using unit normal distribution found 

significant differences between phones A and B, between phones A and D, between phones B 

and C, and between phones B and D (p<0.05), while all the other pairs showed no significant 

differences (p>0.05).  
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Figure 33. Distribution of transformed rankings from the mean score of mobile questionnaire 

 

Figure 34 shows the distribution of the rankings transformed from the composite scores 

based on the MPUQ using AHP model. According to the graph, phone B received the greatest 

number of third and fourth rank assignments, while phone D received no last place rank. 

According to the Friedman test, there were significant differences among the phones (Friedman 

statistic R = 17.00, p=0.0007). Post hoc paired comparisons using unit normal distribution found 

significant differences between phones A and D, between phones B and C, and between phones 

B and D (p<0.05), while all the other pairs showed no significant differences (p>0.05).  
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Figure 34. Distribution of transformed rankings from the mobile questionnaire model using AHP 

 

The composite score from the MPUQ using the regression model developed in Phase II 

was transformed to ranked data format. Figure 35 shows the distribution of rankings. According 

to the chart, phone B received the greatest number of last place rank assignments, while phone C 

received the greatest number of third place rank assignments. The Friedman test found 

significant differences among the phones (Friedman statistic R = 16.25, p=0.001). Post hoc 

paired comparisons using unit normal distribution identified significant differences between 

phones A and C, between phones A and D, between phones B and C, and between phones B and 

D (p<0.05), while all the other pairs showed no significant differences (p>0.05). This result is the 

same as the mean score of mobile questionnaire data.  
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Figure 35. Distribution of transformed rankings from the regression model score of the mobile 
questionnaire 

 

According to the Friedman test and post hoc comparison, the summary of preference pairs 

with the p-value of less than 0.05 was provided (Table 44). The number of pairs of findings was 

much less than the result from descriptive statistics in earlier sections.  

 

Table 44. Summary of significant findings from Friedman test for Voice/Text Fanatics 

Ranked Data Significant Preference 

FI None 

PT DA, CB, DB 

PQ DA, CB, DB 

PSSUQ  DA, CB, DB 

MPUQ AB, DA, CB, DB 

AHP DA, CB, DB 

REG CA, DA, CB, DB 
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6.1.2.5. Comparisons Among the Methods 

To investigate the closeness of the ranking data among evaluation methods, the Spearman 

rank correlation coefficient, ρ (rho), was computed across the ranking data from all seven 

evaluation methods. From this data, the correlation between PT and others were interesting to 

investigate, since the ranking decision by PT would be considered as decision making by 

descriptive model, which is solely by human judgment without using instruments. The ranking 

data from the regression model could be regarded as another decision making from descriptive 

model, since the ranking data was obtained by collecting all the observations into the regression 

model without manipulating it in an analytic way. The ranking data from AHP model would be 

considered a normative model among the methods.  

In the PT row of Table 45 for the Minimalists, PSSUQ had the highest correlation with PT. AHP 
showed the highest correlation with PT for Voice/Text Fanatics ( 

Table 46). By combining both groups of data (Table 47), AHP shows the highest 

correlation with PT.  MPUQ, PSSUQ, and AHP show the correlation to be over .80 with PT, 

while REG shows a correlation of 0.7292 with PT, which is a relatively lower correlation than 

those of MPUQ, PSSUQ, and AHP. Thus, REG was found to be relatively the least accurate 

method to predict the decision by PT. The possible explanation of relatively lower predictability 

of REG than those of AHP could be that REG constructed only main effects by the linear model, 

while AHP possibly constructed interaction effects in addition to the main effects. Because of the 

multiple levels of the hierarchical structure, when the effects of lower levels were integrated to 

upper levels, the interaction effects may have been integrated into the model.  

 

Table 45. Spearman rank correlation among evaluation methods for Minimalist 

 FI PT PQ MPUQ PSSUQ AHP REG 
FI 1.0000  0.4583  0.4917  0.4667  0.3904  0.4250  0.4833  
PT  1.0000  0.8917  0.8167  0.8925  0.8667  0.7417  
PQ   1.0000  0.8417  0.8181  0.8083  0.7833  
MPUQ    1.0000  0.8027  0.9083  0.8083  
PSSUQ     1.0000  0.8346  0.7151  
AHP      1.0000  0.7583  
REG       1.0000  

* every correlation value is significant (p<0.001) 
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Table 46. Spearman rank correlation among evaluation methods for Voice/Text Fanatics 

 FI PT PQ MPUQ PSSUQ AHP REG 
FI 1.0000  0.4667  0.4833  0.4083 0.3861  0.3583  0.4417  
PT  1.0000  0.8667  0.8333  0.7780  0.8417  0.7167  
PQ   1.0000  0.8833  0.8035  0.8833  0.7333  
MPUQ    1.0000  0.8536  0.9750  0.7583  
PSSUQ     1.0000  0.8621  0.6952  
AHP      1.0000  0.7333  
REG       1.0000  

* every correlation value is significant (p<0.001) 
 
Table 47. Spearman rank correlation among evaluation methods for both user groups 

 FI PT PQ MPUQ PSSUQ AHP REG 
FI 1.0000  0.4625  0.4875  0.4375  0.3888  0.3917  0.4625  
PT  1.0000  0.8792  0.8250  0.8362  0.8542  0.7292  
PQ   1.0000  0.8625  0.8112  0.8458  0.7583  
MPUQ    1.0000  0.8273  0.9417  0.7833  
PSSUQ     1.0000  0.8479  0.7047  
AHP      1.0000  0.7458  
REG       1.0000  

* every correlation value is significant (p<0.001) 
 

Relative distances among the methods could be interpreted based on the correlation 

values. If the correlation value between every pair is investigated from Table 47, it is clear that 

PQ has the highest correlation with PT, MPUQ has the highest with AHP, PSSUQ with AHP, 

and REG with MPUQ. The correlation values of all the methods with FI are less than 0.50, so 

that it is difficult to state that the decision making by FI is highly correlated with those of any 

other method. However, every correlation value in the tables is statistically significant (p<0.001). 

In other words, although correlation values with FI are less than 0.50, they are still correlated 

significantly (p<0.001). Thus, it is difficult to argue the relative distance among the methods 

based on the test of significance.  

6.1.2.6. Important Usability Dimensions 

According to the result of comparative evaluation, it is clear that phone D was the best 

phone in terms of usability and phone B was the worst. The mean scores from the mobile 



 

139 

questionnaire of each phone on each factor group were shown (Figure 36 and Figure 37). The 

EAMC factor score of phone B was significantly lower than that of the other phones (p=0.0006) 

(Figure 36). There was no significant difference in the scores of the other factor groups across 

phones; ELU (p=0.1125), AOPS (p=0.7621), EAMC (p=0.0006), CMML (p=0.1344), EC 

(p=0.1154), and TTMP (p=0.7990). Thus, the ratings from mobile questionnaire by Minimalists 

on the emotional aspect and multimedia capabilities of phone B were significantly lower than for 

the other phones and contributed to the decision against phone B.  
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Figure 36. Mean scores on each factor group of MPUQ for Minimalists 

 
From Figure 37, it is evident that this interpretation applies in the same way for 

Voice/Text Fanatics. One interesting point from the Voice/Text Fanatics group was that the 

mean scores are in the order of phone D, C, A, and B for every factor group. Also, there were 

significant differences in the scores of each factor group across phones except for TTMP: ELU 

(p=0.0015), AOPS (p=0.0218), EAMC (p<0.0001), CMML (p=0.0013), EC (p=0.0003), and 

TTMP (p=0.0575). 



 

140 

3

4

5

6

7

ELU AOPS EAMC CMML EC TTMP

Factor Group

A
ve

ra
ge

 S
co

re Phone A
Phone B
Phone C
Phone D

 

Figure 37. Mean scores on each factor group of MPUQ for Voice/Text Fanatics 

 
Most users tended to be satisfied with the usability of typical tasks for mobile phones 

(TTMP) in Phase II. This finding could be biased since all the participants of Study 3 in Phase II 

evaluated their own phones. However, the trend showed that factor TTMP received a relatively 

higher score than others (Figure 36 and Figure 37). Thus, it is plausible that most users simply do 

not find it challenging to perform typical tasks of using mobile phones, such as making and 

receiving phone calls, using the phonebook, checking call history and voice mail, and sending 

and receiving text messages, although they use new mobile phones they have never used before. 

From the pairwise comparisons by AHP analysis, the important usability dimensions and 

factor groups could be identified for each user group as well. From the result section of Study 4, 

it was noted that efficiency was most important to Minimalists and effectiveness was most 

important to the Voice/Text Fanatics group (Figure 15). To investigate the priority vectors on the 

factor group level, Table 48 was obtained for Minimalists. By multiplying these vectors with the 

vectors from Figure 15, the contribution of each factor group regarding overall usability could be 

obtained and normalized. The result for both user groups is illustrated (Figure 38). By the way, 

the normalized vector data cannot be tested for significance, since the data are not from the 

dependent repeated measure. 
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Table 48. Priority vectors of Level 3 on Level 2 in the AHP hierarchy for Minimalists 

 Factor Groups 

 ELU AOPS EAMC CMML EC TTMP 

Effectiveness 0.2463  0.1051 0.0544 0.0957 0.2592 0.2390 

Efficiency 0.2300  0.0773 0.0385 0.1028 0.3739 0.1771 

Satisfaction 0.2109 0.1063  0.0626  0.1157  0.2893  0.2153 

 
 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

ELU AOPS EAMC CMML EC TTMP

Factor Group

N
or

m
ai

lz
ed

 P
rio

rit
y

Minimalists
Voice/Text

 
Figure 38. Illustration of the normalized priority vector of Level 3 on overall usability of Level 1 

 
According to the chart, Factor EAMC was the least important for both user groups. Factor 

TTMP was the most important for the Voice/Text Fanatics group, while factor EC was the most 

important for Minimalists. Factor ELU was also relatively more important than the others for 

Minimalists. In other words, both user groups considered efficiency and control and typical tasks 

for mobile phones as the two most important factors for overall usability, while assistance with 

operation and problem solving and emotional aspect and multimedia capabilities are the two 

least important factors for making decisions in terms of usability. This result is comparable to the 

result from the regression analysis, since factor EAMC is the greatest contributing factor for 

Minimalists and factors ELU, AOPS, and TTMP are the ones for Voice/Text Fanatics. Table 49 
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summarizes the comparable findings. As shown, there is no commonly significant usability 

dimension for Minimalists identified by both the AHP and regression methods. Typical task for 

mobile phones is the influential factor for Voice/Text Fanatics identified by both methods.  

 

Table 49.  Decisive usability dimensions for each user group identified by the AHP and 
regression models 

 AHP REG 

Minimalist  Efficiency and control  Emotional aspect and multimedia 
capabilities 

Voice/Text Fanatics  Typical tasks for mobile phones

 Ease of learning and use 

 Assistance with operation and 
problem solving 

 Typical tasks for mobile phones 

 

6.1.3. Discussion 

6.1.3.1. Implication of Each Evaluation Method 

There were seven different methods for the comparative usability evaluation performed 

including (1) first-impression ranking (FI), (2) post-training ranking (PT), (3) post-questionnaire 

ranking (PQ) (4) ranking from the mean score of the MPUQ, (5) ranking from the mean score of 

the PSSUQ (PSSUQ), (6) ranking from the MPUQ model using AHP (AHP), (7) ranking from 

the regression model of MPUQ (REG). 

The evaluation based on first-impression (FI) the participants to the products briefly, for 

less than 2 minutes, so that it might have been hard for them to grasp the context of usability of 

each product. Thus, the decision of ordering each product in terms of inclination to own one 

could be mostly based on the appearance of the phone design. In other words, the decision could 

rely heavily on affective and emotional aspects of the phones, which were the aspects the 

participants could most readily perceive in the brief time.  

After the training session (PT; post-training), participants should have gained the context 

of usability by performing the predetermined tasks. Actually, 19 participants of each of the 24 

Minimalists and 24 Voice/Text Fanatics groups changed their FI rank ordering following the PT. 
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This decision of ranking was still made in terms of inclination to own one, so that it could be 

inferred that the gaining the context of usability of each product could affect the actual purchase 

of the product in addition to the affective and emotional aspects of the phone design. PT was 

used as the dependent variable to be predicted by the regression model, since the decision 

making activity of PT would be the most analogous to an actual purchasing behavior, referred to 

as a descriptive model. 

After answering the MPUQ and PSSUQ (PQ, post-questionnaire), 6 of 24 Minimalists 

changed their minds to re-order their rank orderings, and 11 of 24 Voice/Text Fanatics did. This 

means that the activity of answering usability questionnaires affects the decision making process 

of the participants. The usability questionnaires played the role of enhancing the users’ 

conceptualization of context of usability and aiding users in making better decisions. This 

finding is analogous to that of the developers of SUMI, who indicated that the activity of 

answering SUMI improves novice users’ ability to specify design recommendations (Kirakowski, 

1996). Thus, the activity of answering a usability questionnaire not only improves users’ ability 

to provide specific design recommendations, but also affects users’ decision making process for 

comparative evaluation.  

The three rank ordering methods of FI, PT, and PQ are based solely on human judgment, 

which is considered a descriptive model. As discussed in Chapter 2, the AHP was claimed to be 

a method to develop a compensatory normative model. The regression model could be also 

considered as a compensatory model, since various coefficients of the model that can take both 

positive and negative signs could affect the contribution of each independent variable differently. 

However, regression models may not be close to normative models, since the models are 

obtained by collecting all the observations into the regression model mechanically without 

manipulating them in an analytical way. Thus, the regression modeling method was positioned 

between the descriptive and normative models (Figure 39).  
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Figure 39. Positioning of each evaluation method on the classification map of decision models 

 

Taking mean scores of the mobile questionnaire and PSSUQ could be classified as a 

compensatory model, although the compensation is relatively limited due to the 1-to-7 scale of 

each question and the equal importance of each question to the overall score. The ranking 

method after answering the two questionnaires (PQ) was positioned between descriptive and 

normative models. The rank ordering of PQ is based solely on human judgment, however, the 

decision makers were provided with the help of an instrument (the questionnaire) and the 

knowledge of the score on each question in the questionnaire. Figure 39 summarizes the 

classification of the seven methods used in the comparative evaluation in terms of the two 

dimensions: Descriptive vs Normative and Compensatory vs Non-compensatory. In the figure, 

the virtual distances between the seven methods were illustrated. There is no clear distinction 

between normative and descriptive models, so that the four methods were placed to appear on 

both sides.  

6.1.3.2. PSSUQ and the MPUQ 

Due to the obvious preference for phone D over the others in this comparative study, it 

was difficult to find the discriminant validity of the MPUQ. PSSUQ and the MPUQ provided 
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different results regarding the median method for selecting a winner product with respect to 

Minimalists (Table 40) and for the greatest first rank assignment method with respect to 

Voice/Text Fanatics (Table 41). Nevertheless, the significance of rank order yielded by the 

Friedman test was the same for both the PSSUQ and the MPUQ. Thus, there was no significant 

difference between the overall usability scores of the MPUQ and PSSUQ in this study. In other 

words, the convergent validity of the mobile questionnaire, which was supposed to measure 

overall usability, was supported by the Friedman test because the results of both questionnaires 

converged.  

To investigate the discriminant validity of the MPUQ, the correlation values between the 

subscales of the MPUQ and those of PSSUQ were obtained. The response data of the 

comparative evaluation provides 96 (24 participants x 4 phones) pairs of values, one between 

each pair of the subscales with respect to each user group. Table 50 and Table 51 show the 

correlation matrix for Minimalists and Voice/Text Fanatics, respectively. Discriminant validity 

requires that a measure does not correlate too highly with measures from which it is supposed to 

differ (Netemeyer et al., 2003). Based on the test of significance of the Spearman rho correlation, 

every correlation value in the two tables was found to be significant (p<0.001). Thus, for both 

the Minimalists and Voice/Text Fanatics groups, the data could not support discriminant validity 

and reassured the convergent validity of the measure of MPUQ.  

 

Table 50.  Correlation between the subscales of the two questionnaires completed by Minimalists 

PSSUQ Subscales 
MPUQ Subscales System 

Usefulness 
Information 

Quality 
Interface 
Quality 

Ease of learning and use 0.9118 0.8467 0.8440 

Assistance with operation and problem solving  0.7048 0.7533 0.6411 

Emotional aspect and multimedia capabilities 0.7236 0.6725 0.7909 

Commands and minimal memory load 0.7253 0.7085 0.7068 

Efficiency and control 0.8445 0.8010 0.8262 

Typical tasks for mobile phones 0.7364 0.7227  0.6967 

* every correlation value is significant (p<0.001)    
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Table 51.  Correlation between the subscales of the two questionnaires completed by Voice/Text 
Fanatics 

PSSUQ Subscales 
MPUQ Subscales System 

Usefulness 
Information 
Quality 

Interface 
Quality 

Ease of learning and use 0.8660 0.8285 0.8543 

Assistance with operation and problem solving  0.6384 0.6668 0.6199 

Emotional aspect and multimedia capabilities 0.7151 0.6992 0.8297 

Commands and minimal memory load 0.6688 0.6919 0.6981 

Efficiency and control 0.7958 0.7901 0.8280 

Typical tasks for mobile phones 0.7698 0.6932 0.7197 

* every correlation value is significant (p<0.001)    
 

6.1.3.3. Validity of MPUQ 

Throughout the six different studies from Phases I to IV, efforts and analyses to support 

various validities of MPUQ as a psychometric instrument were made. In Studies 1 and 2, a 

procedure to ensure content and face validity of the questionnaire was performed. The target 

construct was conceptualized and defined precisely, the initial items pool was constructed to be 

comprehensive enough to include a large number of potential items, and the items were judged 

by the representative mobile users.  

In Study 3 in Phase II, the reliability of MPUQ was assessed using Cronbach’s alpha 

coefficient. As one of the criterion-related validities, known-group validity of MPUQ was 

supported by significant differences in mean scores of factors EAMC (formerly AAMP in Phase 

II) and TTMP across the four different mobile user groups. Also, the known-group validity was 

supported by the differences in the result of Friedman tests in Study 6 in Phase IV across the two 

different mobile user groups (Table 43 and Table 44).   

In Study 6, the predictive validity of MPUQ was supported by the significant correlation 

values between the rank score of MPUQ and any other six evaluation methods including PT, 

which was to be predicted by AHP and regression models. Also, by comparing the subscales of 

MPUQ and PSSUQ, the convergent validity of MPUQ was supported by the significant 

correlations among them (Table 50 and Table 51). However, discriminant validity was not 
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supported by the correlation values, though some of the subscales are supposed to measure 

different constructs, because every correlation value of every pair was significant (p<0.001). 

Overall validity was supported and the studies that supported the validity are summarized (Table 

52).  

 

Table 52. Validities of MPUQ supported by the research 

Validity Study 

Content and Face Validity Studies 1 and 2 

Known-group Validity Studies 3 and 6 

Predictive Validity Study 6 

Convergent Validity Study 6 

 

6.1.3.4. Usability and Actual Purchase 

The question asked to determine the rank ordering the phones for FI, PT, and PQ was in 

terms of inclination to own one. In other words, the participants were asked to determine the rank 

based on the likelihood of purchase by assuming all the other factors such as price and 

promotions are identical. Since PSSUQ, MPUQ, REG, and AHP methods determined the ranks 

based on the scores from usability questionnaires, the decisions were not directly related to the 

intent of actual purchase. There has been little research on the relationship between usability and 

actual purchase of products. According to the result of this study, performing the typical tasks of 

products (PT) as well as answering the usability questionnaire (PQ) could influence the decision 

to select and purchase a product.  

According to the Spearman rho correlation among the seven methods (Table 47), the AHP 

method, which is a descriptive model in terms of inclination to purchase a product, could predict 

the decision of PT best among PSSUQ, MPUQ, REG, and AHP methods. In other words, the 

normative compensatory model for usability by AHP could predict the descriptive decision 

model for actual purchase of mobile products. However, the differences in prediction capabilities 

were not significant, since all correlation values among the seven methods were high enough to 

be significant (p<0.001). 
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6.1.3.5. Limitations 

Although AHP showed the best predictability of PT result over the other methods, it 

seemed that there was no significant difference in the predictability, because the correlation 

value of each of the others with PT was above .80, except for REG. Thus, based solely on the 

result of this study using the four phones, MPUQ or PSSUQ, which are much more simple 

methods than AHP and REG because of taking the mean value of the responses, did not produce 

greatly different decisions. In other words, there was no significant evidence that AHP works 

better to predict the decision by descriptive model than do MPUQ or PSSUQ. This result may 

have been caused by the superiority of phone D in terms of usability over the other phones. 

Phone D was designed from extensive usability studies from a multi-year projects performed by 

Virginia Tech research team. However, MPUQ and PSSUQ were neither applied to nor involved 

with the projects. Additional data collection using other phones may improve the discriminant 

validity of each method. Another possible explanation for the obvious preference of phone D 

could be from the difference between using the rank ordering for decision making and interval 

rating scores from the questionnaire. For example, the score from the questionnaire for phone B 

is slightly less than that for phone D, and the transformed rank data for phones B and D become 

very distinctive.   

In this study, PT was set up as the dependent measure to develop regression models from 

the perspective that the decision by PT would be the closest decision of consumer’s typical 

behavior. Thus, the correlation values of other methods with PT were investigated to determine 

which method is the best predictor of PT. However, it is difficult to argue that PT is the closest to 

the true value we want to predict. Therefore, arguing the superiority of any of the methods over 

the others is not solidly supportable.   

Another limitation could be the population of users used in this research. Most of the 

participants in Phases II, III, and IV were the young college students. Because it was expected 

beforehand that the participant population would be limited to the college students, the mobile 

user categorization (Table 22) was applied to distinguish user profiles other than typical 

characteristics such as age, gender, and experience of usage. Thus, the results of this research 
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would only be valid with the assumption that the population of the young college students 

accurately represents each of the mobile user groups.  

Due to the obvious preference for phone D over the others in this comparative study, it 

was difficult to find the discriminant validity of the methods and models used to select a best 

product. However, there were variations across the methods and models in terms of the number 

of orderings, preference proportions, and methods to select a first preference, while the mean 

ranking data was not much different across the methods and models. Thus, the study provides a 

useful insight into how users make different decisions through different evaluation methods.  

6.2. Outcome of Study 6 
In addition to the two decision-making models derived from AHP and linear regression 

analysis, an additional five evaluation methods to rank order the four mobile phones were 

performed for the comparative usability evaluation. According to the results, the normative 

compensatory model for usability by AHP could predict the descriptive decision model for the 

actual purchase of mobile products. However, the differences of prediction capabilities were not 

significant. Therefore, any of the five different evaluation methods (i.e., PQ, PSSUQ, MUQ, 

AHP, and REG) to compare mobile phones could be used to predict with fair accuracy the users’ 

purchasing behavior. Also, convergent validity of the MPUQ was supported based on the data 

obtained from the comparative evaluation. 
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7. CONCLUSION 

7.1. Summary of the Research 
Since the term usability was introduced to the field of product design, various usability 

evaluation methods have been developed, each method with its own advantages and 

disadvantages. Various usability questionnaires have been developed over many years in the 

Human Computer Interaction (HCI) community, and questionnaires have been known as one of 

the more effective methods. Additionally, as the development life cycle of software and 

electronic products becomes shorter and faster, thanks to the growth of concurrent engineering 

and rapid prototyping techniques, the usability questionnaire can play a more significant role 

during the development life cycle, because of its speed of application and ease of use to diagnose 

usability problems and provide metrics for making comparative decisions. However, most 

existing usability questionnaires focus on software products so that the need has been realized for 

a questionnaire tailored to evaluate electronic mobile products, wherein usability is dependent on 

both hardware (e.g., built-in displays, keypads, and cameras) and software (e.g., menus, icons, 

web browsers, games, calendars, and organizers) as well as the emotional appeal and aesthetic 

integrity of the design.  

Thus, the current research followed a systematic approach to develop the Mobile Phone 

Usability Questionnaire (MPUQ) tailored to measure the usability of electronic mobile products. 

The MPUQ developed throughout these studies will have a substantial and positive effect on the 

intention to evaluate usability of mobile products for the purpose of making decisions among 

competing product variations in the end-user market, alternative of prototypes during the 

development process, and evolving versions of a same product during an iterative design process. 

Usability researchers, practitioners, and mobile device developers will be able to take advantage 

of MPUQ or the subscales of MPUQ to expedite their decision making in the comparative 

evaluation of their mobile products or prototypes. The MPUQ is particularly helpful in 

evaluating mobile phones because it is the first usability questionnaire tailored to these products; 

it is also validated in terms of psychometrics as well as proven reliable through the series of 
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studies in this research. In addition, the questionnaire can serve as a tool for finding diagnostic 

information to improve specific usability dimensions and related interface elements. Figure 40 

illustrates the methodology used to develop the MPUQ and various models to make a sound 

decision to select the best product.   

 

 

Figure 40. Illustration of methodology used to develop MPUQ and comparative evaluation 

 

In Phase I, the construct definition and content domain were clarified to develop a 

questionnaire for the evaluation of electronic mobile products. Study 1 conducted an extensive 

survey of usability literature to collect usability dimensions and potential items based on the 

construct and content domain. Study 2 involved a representative group of mobile users and 

usability experts to judge the collected initial items pool, which included more than 500 items. 

Through the redundancy and relevancy analyses, 119 questionnaire items for mobile phones and 

115 for Personal Digital Assistant (PDA)/Handheld Personal Computers(PCs) were identified, 

110 of those items applying to both mobile products.  
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Phase II was conducted to establish the psychometric quality of the usability 

questionnaire items derived from Phase I and to find a subset of items that represents a higher 

measure of reliability and validity. Thus, the appropriate items could be identified to constitute 

the questionnaire. To evaluate the items, the questionnaire was administered to an appropriately 

large and representative sample involving around 300 participants. The findings revealed a six-

factor structure in the MPUQ consisting of 72 questions after factor analysis and reliability test. 

The six factors consist of (1) ease of learning and use, (2) assistance with operation and problem 

solving, (3) emotional aspect and multimedia capabilities, (4) commands and minimal memory 

load, (5) efficiency and control, and (6) typical tasks for mobile phones. The results and 

outcomes of Phase II were limited to only mobile phones.  

Employing the refined MPUQ form the Phase II, decision making models were developed 

using Analytic Hierarchy Process (AHP) and linear regression analysis in Phase III. Study 4 

employed a new group of representative mobile users to develop a hierarchical model 

representing usability dimensions incorporated in the questionnaire and assign priorities to each 

node in the hierarchy. For the development of the regression models to predict perceived level of 

usability and inclination to own a phone from the response of the questionnaire, the same group 

of mobile users from the preceding study participated in a usability evaluation session using the 

mobile questionnaire and four different mobile phones. The outcomes of these sessions were the 

hierarchical structure, into which the groups of factors from the MPUQ were incorporated, and 

the set of coefficients corresponding to each factor and each question of the MPUQ for two 

major mobile user groups (e.g., Minimalists and Voice/Text Fanatics) by AHP analysis.  

For the purpose of comparison with the AHP model, a regression model was developed 

for the two mobile user groups. Employing both the AHP and regression models, important 

usability dimensions and items for mobile products were identified. Efficiency and control is the 

most commonly significant usability dimension for Minimalists identified by both methods, and 

typical tasks for mobile phones is identified by both methods for Voice/Text Fanatics. Thus, if 

usability practitioners want to employ a short list of questions to compare mobile phones for 

each user group, the questions from each factor group could be selected as appropriate. The 
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results and outcomes of Phase III were restricted to only two major mobile user groups, 

Minimalists and Voice/Text Fanatics. 

In the last phase, a case study of comparative usability evaluation was performed using 

various subjective evaluation methods, including the evaluation by (1) first-impression ranking 

(FI), (2) post-training (PT) ranking, (3) post-questionnaire ranking (PQ) (4) ranking from the 

mean score of the MPUQ, (5) ranking from the mean score of the Post-Study System Usability 

Questionnaire (PSSUQ). The comparative usability evaluation included the decision making 

models developed through Phase III, namely the (6) rankings from the MPUQ model using AHP 

and the (7) rankings from the regression model of MPUQ (REG). The findings revealed that 

phone D, which was designed based on the outcome of usability studies, was the selection 

among the four phones compared preferred by all user groups. With regard to methodology, the 

result showed that an AHP model could predict the users’ decision based on a descriptive model 

of purchasing the best product more efficiently than did other models, such as regression and 

mean scores. However, there was no significant evidence from this study that the AHP model 

performs better than other methods, because the correlation values between AHP and PT were 

only slightly higher than those between others and PT. 

7.2. Contribution of the Research 
The contribution of the research could be categorized into three areas: outputs, methods, 

and guidelines. The methods were summarized and explained in the previous section, which 

addressed the systematic approach to develop usability questionnaire tailored to specific products. 

In addition, a new technique called the weighted geometric mean was suggested to combine 

multiple numbers of matrices from pairwise comparison based on decision maker’s consistency 

ratio value (see Section 5.1.2.4). Also, the seven different evaluation methods were investigated 

for comparative usability evaluation of mobile phones.  

One of the outputs of the research was the computerized support tool to perform 

redundancy and relevancy analysis to select appropriate questionnaire items. Regardless of the 

target constructs and products, this tool can be used by usability practitioners and researchers to 

select relevant questionnaire items for their usability evaluation and studies. The obvious output 

of Phase II was the MPUQ consisting of 72 questions and the six-factor structure. Also, content 
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validity, known-group validity, predictive validity, and convergent validity were substantiated by 

the series of studies from Phase II to Phase IV. AHP models and regression models integrated 

into MPUQ were used to generate composite scores for comparative evaluation.  

Other than the direct outputs of the research, implications and lessons learned could be 

identified as the guidelines to apply subjective usability assessment and MPUQ. Both the AHP 

and regression models provided important usability dimensions so that usability practitioners and 

mobile phone developers could simply focus on the interface elements and aspects related to the 

decisive usability dimensions (Table 49) to improve the usability of mobile products.  

Revisiting the comparison of usability dimensions from the various usability definitions 

discussed in Chapter 2 (Table 2), the usability dimensions covered by the MPUQ were integrated 

into the comparison. The MPUQ embraced all of the dimensions included by the three 

definitions by Shackel (1991), Nielson (1993), and ISO 9241 (1998; 2001), except for 

memorability (Table 53).  
 

Table 53. Comparison of usability dimensions from the usability definitions with those the 
MPUQ covers 

Usability Dimensions Shackel 
(1991) 

Nielsen 
(1993) 

ISO 9241 and 9126 
(1998; 2001) MPUQ 

Effectiveness ●  ● ● 

Learnability ● ●  ● 

Flexibility  ●   ● 

Attitude ●   ● 

Memorability  ●   

Efficiency  ● ● ● 

Satisfaction  ● ● ● 

Errors  ●  ● 

Understandability   ● ● 

Operability   ● ● 

Attractiveness   ● ● 

Pleasurability    ● 

Minimal Memory Load    ● 

Attractiveness   ● ● 
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In the comparison of subjective usability criteria of MPUQ with those of the other 

existing usability questionnaires, MPUQ covered most criteria that Software Usability 

Measurement Inventory (SUMI), Questionnaire for User Interaction Satisfaction (QUIS), and 

PSSUQ covered. In addition, MPUQ added new criteria the others do not cover, such as 

pleasurability and specific tasks performance (Table 54). However, it is noteworthy that each of 

the questionnaires consists of a different number of items.  

 

Table 54. Comparison of subjective usability criteria MPUQ with the existing usability 
questionnaires 

Usability Criteria SUMI QUIS PSSUQ MPUQ 

Satisfaction  ●  ● 

Affect ●  ● ● 

Mental effort    ● 

Frustration   ● ● 

Perceived usefulness   ● ● 

Flexibility    ● 

Ease of use ●  ● ● 

Learnability ● ● ● ● 

Controllability ●   ● 

Task accomplishment ●  ● ● 

Temporal efficiency ●  ● ● 

Helpfulness ●   ● 

Compatibility ●   ● 

Accuracy     

Clarity of presentation  ●  ● 

Understandability ● ● ● ● 

Installation  ●  ● 

Documentation ●   ● 

Pleasurability    ● 

Specific Tasks    ● 

Feedback  ●  ● 
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Also, users’ bias and trend regardless of the target products when they answer usability 

questionnaires were observed, which is called a normative pattern. This information would be 

helpful for future evaluator using MPUQ in assessing the scores of the subscales of MPUQ. 

Table 55 summarizes the contributions of the research with regard to the three different 

categories. 

 

Table 55.  Summary of the research contributions 

 Research Contribution 

Outputs Usability Questionnaire Support Tool (Database) 

Mobile Phone Usability Questionnaire (MPUQ) (72 items) 

Subscales of MPUQ from the Six Factor Structure 

Content, Known-group, Predictive, and Convergent Validity of MPUQ 

AHP Models Integrating MPUQ 

Regression Models Integrating MPUQ 

Methods A Systematic Approach to Develop Usability Questionnaire Tailored to Specific Products 

Weighted Geometric Mean Technique for AHP  

Comparison among the 7 Evaluation Methods for Comparative Usability Evaluation 

Guidelines Normative Patterns of User’s Response to MPUQ 

Important Usability Dimensions for Each Mobile User Group 

Relationship between Usability and Product Purchase 

Comparison of Usability Dimensions and Criteria by MPUQ with Other Studies and 

Questionnaires 

 

7.3. Future Research 
It was noted that Study 3 was constrained to only mobile phone users. Thus, the refined 

set of questionnaire items is valid for mobile phone evaluation. Since it is not known whether the 

refined questionnaire items and factor structure for PDA/Handheld PCs would produce results 

similar to those produced by those refined for mobile phones, the 119 items from Phase I should 

be administered to at least 300 PDA/Handheld PCs users to be explored. In that way, the number 
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of remaining items and factor structures could be compared with the results of the current 

research for mobile phones.  

Since more than 70% of mobile users who participated in the Phase II study were self-

defined Minimalists and Voice/Text Fanatics, the development of the decision making models 

and comparative evaluation in Phase III and IV were constrained to only these two user groups. 

Assuming that the other two users groups (i.e., Display Mavens and Mobile Elites) may have 

unique characteristics of usage and purchasing behavior, the studies with similarly large numbers 

of users from those two user groups would be beneficial to mobile manufacturers.  

Since the obvious preference of phone D may have disrupted many valuable findings such 

as discriminant validity, predictive validity and relationship between the seven different methods 

in Study 6, studies excluding the phone D or adding another competitive phone in terms of 

usability could provide valuable data. Thus, future research to increase the sensitivity of the 

instrument (MPUQ) by selecting competitive products would be helpful to discover various 

validity of the instrument.  

As an outcome of the current research, important usability dimensions along with 

questionnaire items were identified for each user group in the MPUQ. To enhance the ability to 

identify usability problems as well as of providing specific design recommendations in terms of 

specific features or interface elements, it would be very helpful to have the information of 

corresponding design features and interface elements to each questionnaire item. Once a 

knowledge base is established in the form of a database, design recommendations can be 

generated automatically based on the response data from the questionnaire. To develop the 

knowledge base, analytical studies by subject matter experts or user evaluation sessions using the 

questionnaire and verbal protocol could be employed. Eventually, the MPUQ will have mapping 

information for specific interface elements and features of electronic mobile products. 

One of the interesting findings of the current research was that the activity of answering 

usability questionnaires could be effective in changing the intentions to purchase. Although 

numerous usability studies of consumer products have been conducted, there were very few 

studies performed to determine the direct relationship between the usability and actual 

purchasing behavior by consumers. Consumers’ purchasing behavior is a very complex 
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phenomenon involving numerous factors. However, in order to establish the value of design 

enhancement of mobile products based on usability studies, a more extensive research to 

determine the relationship between usability and consumer behavior would be a promising 

direction for future research. 
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APPENDIX A 

Protocol for Studies from Phases II to IV 
 
1. Instruction for Usability Questionnaire Survey (Study 3, Phase II) 

 

First of all, thank you for participating in this survey. This survey is used to develop a tool 

for the subjective usability evaluation of electronic mobile products by ACE (Assessment and 

Cognitive Ergonomics) Lab in the Grado Department of Industrial and Systems Engineering at 

Virginia Tech. This research falls within the exempt status based on the IRB Exempt Approval 

(IRB # 04-384) so that there is no need for you to sign an informed consent form.  

To participate in this survey, you must own a cell phone or PDA/Handheld PC. Every 

question refers to your own device. If you have multiple mobile devices, please choose one of 

them and consider only the chosen device to answer the questions for the entire survey. You may 

need to examine or operate the device to answer certain questions, so your device should be 

ready beside you as you respond.  

It may take more or less than 1 hour to complete this survey, so please make sure that you 

have enough time when you start. If you have any problem or question while completing this 

survey, please feel free to call Young Sam Ryu (540-818-1753) or email him (yryu@vt.edu); he 

is a graduate student in ACE Lab. 

 If you have the time and your device is available, let's begin! 
 
2. Instruction for AHP Analysis (Study 4, Phase III) 
 
2.1. Hierarchy Development 
 

Usability is defined as “the extent to which a product can be used by specified users to 

achieve specified goals with effectiveness, efficiency, and satisfaction in a specified context of 

use.” Based on this definition, usability has three different branches including effectiveness, 

efficiency, and satisfaction.   

Also, I got six different factor groups for usability from my study and those are: 

1. Ease of learning and use 
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2. Assistance with operation and problem solving  

3. Emotional aspect and multimedia capabilities 

4. Commands and minimal memory load 

5. Efficiency and control 

6. Typical tasks for cell phones 

 

Assuming these six factor groups belong to the three branches of effectiveness, efficiency, 

and satisfaction, I want you to establish the connection between the six groups and three 

branches. Each factor group can belong to more than one branch if you think there are 

relationships. Please mark the branches represented in the three columns on the right to which 

each factor group may belong . Again, you can mark more than one of the columns if you think 

there are relationships.  

 

 Effectiveness Efficiency Satisfaction 

Ease of learning and use    

Assistance with operation and problem solving     

Emotional aspect and multimedia capabilities    

Commands and minimal memory load    

Efficiency and control    

Typical tasks for cell phones    

  

2.2. Priority Determination 
 

Okay. This research is intended to provide better decision making techniques when we 

compare electronic mobile phones. Basically, the target construct is usability, which is defined as 

“the extent to which a product can be used by specified users to achieve specified goals with 

effectiveness, efficiency, and satisfaction in a specified context of use.”  

This figure shows you the hierarchical structure of the target construct. While you hold 

the concept of the target construct and hierarchical structure in your mind, I will ask you to 

perform pairwise comparisons among the attributes in the structure in terms of evaluating mobile 

phones. You will compare one pair of attributes located on the same level at a time. The 
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provided forms will be used for the pairwise comparison. The forms have a nine-point scale. You 

will indicate your judgment regarding the degree of dominance of one column over the other 

column on the target construct by selecting one cell in each row. If you select a cell to the left of 

“equal,” the column 1 component is dominant over column 2. 

Now, if you have completed the pairwise comparison for Level 1, let’s move to Level 2. 

For this level, you have to perform a greater number of the pairwise comparisons, because there 

are 6 attributes to be compared while there are three different target constructs above them; 

Effectiveness, Efficiency, and Satisfaction. Thus, you have to compare six attributes three times. 

The form will guide you all the way.  

At last, you get this questionnaire, which consists of 72 questions. Since there are too 

many items to be compared, we will do the a comparison different way. All the questions belong 

to one of the six attributes you compared previously. Thus, you just categorize each item’s 

importance into three different grades (i.e., A [very important], B [somewhat important], and C 

[less important]) relating to the attribute to which the item belongs. There is no time limit, so just 

take your time to complete the assignment of rating for each question.  

 

3. Instruction for Regression Analysis (Study 5, Phase III) 
 

Hello, my name is Young Sam Ryu, a Ph.D. Candidate in the Grado Department of 

Industrial and Systems Engineering, and I will be your experimenter for today. 

Thanks so much for participating in this study. It will take about 2 hours and you will get 

the 2-point extra credit for the psychology course you are taking this semester. Our purpose is to 

get your evaluation of four different cell phones using various evaluation methods. This research 

falls within the exempt status based on the IRB Exempt Approval (IRB # 05-038) so that there is 

no need for you to sign an informed consent form. 

First of all, this is a demographics form that asks for some information about you such as 

age, gender, ethnicity, mobile phone experience, etc.  Please fill out this. 

Okay. Here are the four phones you are going to evaluate and compare. The phones are 

labeled A, B, C, and D. They are arranged in a random order to reduce biased effects from the 

order. The manufacturers of the phones are all different. However, the phone models have the 
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same level of functionality and price range to be comparable. Thus, all of the phones have 

advanced features such as a camera, color display, and web browsing in addition to the basic 

voice communication features.  

I want you to complete a predetermined set of tasks for each product. Here is the list of 

the tasks. These are the tasks frequently used in mobile phone usability studies. After completing 

all the tasks for each phone, you will have better sense of each phone. There is no time limit to 

complete the tasks. Take your time and make sure you complete each task. If you cannot 

complete a task, please let me know.  

All right. Now you have completed all the tasks provided for each phone and have better 

knowledge of each one. You have to make some decisions again. Rank each phone and put them 

in order from the one you like most on the left to the one you like least on the right in terms of 

inclination to own one. Then, please provide the score of each phone on the 1-to-7 point scale on 

the blank sheet provided. You can use one decimal point to make a fine rating. The distance 

between the scores may tell the distance of the preference.  

Okay. This time, you are going to evaluate each phone with questionnaires. Following the 

order of the phones beginning from the left, complete the questionnaire set for each phone. You 

are allowed to explore the products and perform any task you want in order to examine the 

products. Some of the questions may ask you to check the users’ manual guide of each phone, 

which is also provided on your table. There is no time limit to complete the questionnaire.  

 
4. Instruction for Comparative Evaluation (Study 6, Phase IV) 
*All items in italics are actions or instructions made to the experimenter. 
 

Hello, my name is Young Sam Ryu, a Ph.D. Candidate in the Grado Department of 

Industrial and Systems Engineering, and I will be your experimenter for today. 

Thanks so much for participating in this study. It will take about 2 hours and you will get 

the 2-point extra credit for the psychology course you are taking this semester. Our purpose is to 

get your evaluation of four different cell phones using various evaluation methods. This research 

falls within the exempt status based on the IRB Exempt Approval (IRB # 05-038) so that there is 

no need for you to sign an informed consent form. 
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First of all, this is a demographics form that asks for some information about you such as 

age, gender, ethnicity, mobile phone experience, etc.  Please fill out this. 

Okay. Here are the four phones you are going to evaluate and compare. The phones are 

labeled A, B, C, and D. They are arranged according to a predetermined order to reduce biased 

effects from the order. The manufacturers of the phones are all different. However, the phone 

models have the same level of functionality and price range to be comparable. Thus, all of the 

phones have advanced features such as a camera, color display, and web browsing in addition to 

the basic voice communication features.  

All right. The first evaluation method is called the first impression method. I will give you 

a total of 2 minutes of time to explore and examine these four phones. Since the 2 minutes are for 

all phones, you need to use approximately 30 seconds for each phone. You can check the 

appearance, hardware, software, menu navigation system, text messaging system, camera, and 

anything you are interested in for your investigation.  

Okay. Time is up. You have to make a decision now. Rank each phone and put them in 

order from the one you like most on the left to the one you like least on the right in terms of 

inclination to own one.  

*** CONFIRM PHONE ORDER FOR PARTICIPANT *** 

Next, I want you to complete a predetermined set of tasks for every product. Here is the 

list of the tasks. These are the tasks frequently used in mobile phone usability studies. After 

completing all the tasks for each phone, you will have a better sense of each phone. There is no 

time limit to complete the task. Take your time and make sure you complete each task. If you 

cannot complete a task, please let me know.  

Okay. Now you have completed all the tasks provided for each phone and have a better 

knowledge of each one. You have to make a decision again. Rank each phone and put them in 

order from the one you like most on the left to the one you like least on the right in terms of 

inclination to own one. 

*** CONFIRM PHONE ORDER FOR PARTICIPANT *** 

Okay. This time, you are going to evaluate each phone with questionnaires. Following the 

order of the phones beginning from the left, complete the questionnaire set for each phone. You 
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are allowed to explore the products and perform any task you want in order to examine the 

products. Some of the questions may ask you to check the users’ manual guide of each phone, 

which is also provided on your table. There is no time limit to complete the questionnaire.  

*** CONFIRM PHONE ORDER FOR PARTICIPANT *** 

Okay. Thank you for the effort of completing all the questions. Now, you will repeat the 

same process, this time completing PSSUQ. (The order of completing MPUQ and PSSUQ 

should be alternated so that the effect of the order is counter-balanced)  

*** CONFIRM PHONE ORDER FOR PARTICIPANT *** 

Okay, now you have answered lots of questions regarding the usage of the phones. You 

have to make a decision again. Rank each phone and put them in order from the one you like 

most on the left to the one you like least on the right in terms of inclination to own one 
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APPENDIX B 

Pre-determined Set of Tasks 
 

 

1. Add a phone number to phone book. 

A. Name: Your name 

B. Phone #: 000-0000 

2. Check the last outgoing call. 

A. Identify the last outgoing call stored in the phone, including name and phone 

number. 

3. Set an alarm clock. 

A. Set an alarm to 7 AM. 

4. Change current ringing signal to vibration mode. 

5. Change the current ringing signal from vibration mode to the sound you like. 

6. Send a short message using SMS.  

A. Send a text message ‘Hello World!’ to 540-818-1753 

7. Take a picture of this document and store it. 

8. Delete the picture you just took. 
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APPENDIX C 

Frequency of Each Keyword in Initial Items Pool  
 
Rank Word Frequency 

1 consistency 22 
2 easiness 20 
2 data 20 
2 information 20 
3 easy 19 
4 feature 17 
5 user 16 
6 clarity 13 
6 help 13 
6 menu 13 
6 control 12 
6 screen 12 
6 use 12 
7 time 11 
7 tasks 11 
7 messages 11 
8 number 10 
8 usefulness 9 
8 display 9 
8 complete 9 
8 error 9 
9 command 8 
9 commands 8 
9 size 8 
9 color 7 
9 terminology 7 
9 reaction 7 
9 image 7 
9 features 7 
9 using 7 
9 selection 7 
9 distinctive 7 
9 task 7 
9 entry 7 
9 learn 7 
9 usage 7 
9 speed 7 

10 satisfaction 6 
10 ability 6 
10 tutorial 6 
10 feedback 6 
10 helpful 6 
11 window 5 
11 set 5 
11 output 5 
11 helpfulness 5 
11 work 5 
11 learning 5 
11 instructions 5 
11 operate 5 
11 clear 5 
11 amount 5 
11 logical 5 
11 voice 5 
11 feel 5 
11 wording 5 
11 labels 5 
11 video 4 
11 interaction 4 
11 understandabilit 4 
11 support 4 

11 specific 4 
11 steps 4 
11 pictures 4 
11 check 4 
11 options 4 
11 learnability 4 
11 guidance 4 
11 phone 4 
11 quickly 4 
11 format 4 
11 clearness 4 
11 option 4 
11 training 4 
11 quality 4 
11 feeling 4 
11 compatible 4 
11 confusion 4 
11 online 4 
11 cursor 4 
11 coding 4 
11 sequence 4 
11 read 4 
11 experience 4 
11 web 4 
11 simplicity 4 
11 indication 4 
11 results 4 
12 how 3 
12 simple 3 
12 design 3 
12 displays 3 
12 manual 3 
12 flexibility 3 
12 sound 3 
12 notification 3 
12 correcting 3 
12 brightness 3 
12 rememberance 3 
12 flexible 3 
12 find 3 
12 capability 3 
12 movie 3 
12 aspects 3 
12 acceptability 3 
12 codes 3 
12 computer 3 
12 conventions 3 
12 accessibility 3 
12 user\ 3 
12 awkward 3 
12 function 3 
12 preference 3 
12 items 3 
12 input 3 
12 looks 3 
12 message 3 
12 required 3 
12 frequency 3 
12 stimulating 3 
12 sms 3 
12 call 3 
12 menus 3 
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12 signal 3 
12 minimal 3 
12 operation 3 
12 operations 3 
12 presentation 3 
12 text 3 
12 well 3 
12 perception 3 
12 achieve 3 
12 character 3 
12 names 3 
12 effectiveness 3 
12 performance 3 
12 necessary 3 
12 suitability 3 
12 effort 3 
12 installation 3 
12 windows 3 
12 access 3 
12 move 3 
13 status 2 
13 hierarchic 2 
13 entering 2 
13 predictable 2 
13 level 2 
13 confusing 2 
13 controllability 2 
13 arrangement 2 
13 index 2 
13 structure 2 
13 colors 2 
13 undo 2 
13 displayed 2 
13 errors 2 
13 power 2 
13 icons 2 
13 entries 2 
13 length 2 
13 short 2 
13 long 2 
13 position 2 
13 smoothness 2 
13 personal 2 
13 weight 2 
13 works 2 
13 fit 2 
13 multiple 2 
13 appearance 2 
13 attractiveness 2 
13 physical 2 
13 psychological 2 
13 comfort 2 
13 convenience 2 
13 light 2 
13 having 2 
13 change 2 
13 infrared 2 
13 calls 2 
13 alarm 2 
13 ring 2 
13 wireless 2 
13 picture 2 
13 applications 2 
13 book 2 
13 keyboard 2 
13 navigation 2 
13 secure 2 
13 settings 2 
13 adequacy 2 
13 few 2 
13 content 2 

13 line 2 
13 images 2 
13 device 2 
13 noisiness 2 
13 exploration 2 
13 reliability 2 
13 failure 2 
13 quietness 2 
13 audibility 2 
13 return 2 
13 overall 2 
13 life 2 
13 buttons 2 
13 obscurity 2 
13 chat 2 
13 exchange 2 
13 connect 2 
13 group 2 
13 focus 2 
13 audio 2 
13 pleasure 2 
13 perform 2 
13 enough 2 
13 action 2 
13 mentally 2 
13 symbols 2 
13 location 2 
13 lable 2 
13 expectations 2 
13 familiarity 2 
13 placement 2 
13 informative 2 
13 language 2 
13 restart 2 
13 enjoy 2 
13 grouping 2 
13 next 2 
13 specified 2 
13 safety 2 
13 availability 2 
13 different 2 
13 users 2 
13 provided 2 
13 interface 2 
13 standard 2 
13 organization 2 
13 keystrokes 2 
13 new 2 
13 back 2 
13 actions 2 
13 manner 2 
13 frustrating 2 
13 problems 2 
13 functions 2 
13 prevention 2 
13 files 2 
13 assistance 2 
13 easily 2 
13 effective 2 
13 between 2 
13 attractive 2 
13 understand 2 
13 what 2 
13 product 2 
13 related 2 
13 skill 2 
13 sequential 2 
13 recommend 2 
13 volume 1 
13 day 1 
13 heaviness 1 
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13 transparent 1 
13 balance 1 
13 unbalance 1 
13 volumnous 1 
13 metaphoric 1 
13 elegance 1 
13 timer 1 
13 metaphors 1 
13 stopwatch 1 
13 similes 1 
13 slim 1 
13 translucency 1 
13 security 1 
13 ratio 1 
13 shape 1 
13 send 1 
13 recoverability 1 
13 corrective 1 
13 hide 1 
13 area 1 
13 touch 1 
13 graceful 1 
13 texture 1 
13 conceptual 1 
13 curvature 1 
13 missed 1 
13 opaque 1 
13 great 1 
13 stout 1 
13 reminder 1 
13 rigidity 1 
13 configuration 1 
13 tidy 1 
13 arranged 1 
13 stable 1 
13 salience 1 
13 steady 1 
13 calendar 1 
13 dynamic 1 
13 dynamicity 1 
13 outstanding 1 
13 prominent 1 
13 clean 1 
13 neatness 1 
13 harmoniousness 1 
13 matched 1 
13 detail 1 
13 fine 1 
13 conformance 1 
13 care 1 
13 harmony 1 
13 luxuriousness 1 
13 grand 1 
13 spectacular 1 
13 magnificence 1 
13 extravagant 1 
13 flashy 1 
13 splendid 1 
13 granularity 1 
13 act 1 
13 accurate 1 
13 inputs 1 
13 before 1 
13 explicitness 1 
13 straightforward 1 
13 draw 1 
13 observability 1 
13 evaluate 1 
13 too 1 
13 behavior 1 
13 much 1 

13 responsiveness 1 
13 internal 1 
13 state 1 
13 directness 1 
13 goal 1 
13 motivation 1 
13 cost 1 
13 acceptance 1 
13 composition 1 
13 service 1 
13 delivery 1 
13 purschasing 1 
13 maintaining 1 
13 setup 1 
13 screensaver 1 
13 assemble 1 
13 install 1 
13 repairing 1 
13 plain 1 
13 uncomplicated 1 
13 goals 1 
13 efficiency 1 
13 completeness 1 
13 accuracy 1 
13 networks 1 
13 conditions 1 
13 quick 1 
13 economical 1 
13 lock 1 
13 contentment 1 
13 calcuate 1 
13 multithreading 1 
13 accommodate 1 
13 environments 1 
13 adaptability 1 
13 enter 1 
13 applicable 1 
13 informativeness 1 
13 world 1 
13 real 1 
13 memorability 1 
13 knowledge 1 
13 proper 1 
13 predictability 1 
13 regulate 1 
13 approach 1 
13 assist 1 
13 future 1 
13 effect 1 
13 key 1 
13 agreeable 1 
13 pda 1 
13 palm 1 
13 organizer 1 
13 office 1 
13 hands 1 
13 correct 1 
13 budget 1 
13 sessions 1 
13 functionality 1 
13 unexpected 1 
13 overseas 1 
13 travel 1 
13 bluetooth 1 
13 connectivity 1 
13 two 1 
13 speakerphone 1 
13 hand 1 
13 battery 1 
13 place 1 
13 dark 1 
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13 home 1 
13 button 1 
13 documentation 1 
13 breeze 1 
13 taking 1 
13 lines 1 
13 visible 1 
13 cover 1 
13 intuitiveness 1 
13 flip 1 
13 model 1 
13 laptop 1 
13 games 1 
13 listen 1 
13 built 1 
13 match 1 
13 initial 1 
13 faceplates 1 
13 music 1 
13 record 1 
13 internet 1 
13 browse 1 
13 stop 1 
13 handle 1 
13 memo 1 
13 management 1 
13 ringtones 1 
13 programmable 1 
13 lifestyle 1 
13 walkie 1 
13 mobile 1 
13 description 1 
13 connection 1 
13 cable 1 
13 talkie 1 
13 push 1 
13 contacts 1 
13 personalization 1 
13 friends 1 
13 hundred 1 
13 talk 1 
13 rich 1 
13 console 1 
13 date 1 
13 prompts 1 
13 adaptable 1 
13 rely 1 
13 excited 1 
13 sense 1 
13 freedom 1 
13 miss 1 
13 without 1 
13 relaxed 1 
13 enthsiastic 1 
13 proud 1 
13 confidence 1 
13 sim 1 
13 every 1 
13 attached 1 
13 entertain 1 
13 arousing 1 
13 interest 1 
13 charming 1 
13 manipulate 1 
13 acceptable 1 
13 pleasing 1 
13 handy 1 
13 colleagues 1 
13 stimulate 1 
13 memory 1 
13 confident 1 

13 trusted 1 
13 suitable 1 
13 dependable 1 
13 look 1 
13 stability 1 
13 disrupt 1 
13 multitasking 1 
13 differences 1 
13 game 1 
13 expected 1 
13 curve 1 
13 mail 1 
13 email 1 
13 drop 1 
13 legibility 1 
13 resilient 1 
13 tough 1 
13 backlighting 1 
13 way 1 
13 savers 1 
13 ringers 1 
13 switching 1 
13 add 1 
13 numbers 1 
13 dropouts 1 
13 erase 1 
13 application 1 
13 inconsistency 1 
13 methods 1 
13 address 1 
13 camera 1 
13 recognition 1 
13 stick 1 
13 mobility 1 
13 phonebook 1 
13 storing 1 
13 layout 1 
13 assign 1 
13 screens 1 
13 bolding 1 
13 blinking 1 
13 highlighting 1 
13 reverse 1 
13 customize 1 
13 previous 1 
13 context 1 
13 dependent 1 
13 ambiguousity 1 
13 relation 1 
13 progression 1 
13 name 1 
13 legible 1 
13 shapes 1 
13 satisfying 1 
13 dull 1 
13 wonderful 1 
13 terrible 1 
13 layered 1 
13 reasonable 1 
13 difficult 1 
13 inadequate 1 
13 fuzzy 1 
13 sharp 1 
13 zooming 1 
13 expansion 1 
13 adquate 1 
13 rigid 1 
13 controlled 1 
13 manipulation 1 
13 response 1 
13 rate 1 
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13 dependency 1 
13 label 1 
13 per 1 
13 rules 1 
13 straightfowardne 1 
13 warning 1 
13 potential 1 
13 mistakes 1 
13 complexity 1 
13 sounds 1 
13 consistent 1 
13 across 1 
13 mechanical 1 
13 orientation 1 
13 discover 1 
13 clarification 1 
13 passing 1 
13 delay 1 
13 direct 1 
13 animated 1 
13 cursors 1 
13 phrases 1 
13 graphic 1 
13 trial 1 
13 risk 1 
13 encouragement 1 
13 advanced 1 
13 getting 1 
13 started 1 
13 disruptive 1 
13 non 1 
13 partitioned 1 
13 prior 1 
13 answers 1 
13 shift 1 
13 code 1 
13 among 1 
13 letter 1 
13 recapitulated 1 
13 upper 1 
13 values 1 
13 default 1 
13 verbal 1 
13 supplementary 1 
13 lower 1 
13 case 1 
13 kept 1 
13 keys 1 
13 acronyms 1 
13 aids 1 
13 abbreviations 1 
13 general 1 
13 higher 1 
13 positioning 1 
13 keyed 1 
13 pointing 1 
13 global 1 
13 frequent 1 
13 current 1 
13 search 1 
13 highlighted 1 
13 replace 1 
13 category 1 
13 abbreviation 1 
13 combined 1 
13 penalty 1 
13 cancel 1 
13 density 1 
13 demarcation 1 
13 fields 1 
13 groups 1 

13 erroneous 1 
13 meaningful 1 
13 repeated 1 
13 ordering 1 
13 processing 1 
13 completion 1 
13 explicit 1 
13 corrections 1 
13 visually 1 
13 redendancy 1 
13 distinguishable 1 
13 entery 1 
13 spelling 1 
13 meanings 1 
13 once 1 
13 elements 1 
13 active 1 
13 pair 1 
13 lists 1 
13 distinct 1 
13 spoken 1 
13 nomber 1 
13 item 1 
13 comparison 1 
13 typos 1 
13 ease 1 
13 various 1 
13 situations 1 
13 precise 1 
13 parameters 1 
13 adjustability 1 
13 economy 1 
13 products 1 
13 comprehensive 1 
13 basic 1 
13 adjustments 1 
13 tense 1 
13 servicing 1 
13 repairs 1 
13 lack 1 
13 important 1 
13 logic 1 
13 choices 1 
13 critical 1 
13 improvement 1 
13 exactly 1 
13 wants 1 
13 does 1 
13 improve 1 
13 occasion 1 
13 enhancement 1 
13 systematic 1 
13 nature 1 
13 dialogue 1 
13 naturalness 1 
13 headache 1 
13 characters 1 
13 components 1 
13 family 1 
13 form 1 
13 compatibility 1 
13 maintenance 1 
13 overcome 1 
13 professional 1 
13 obtain 1 
13 services 1 
13 others 1 
13 positive 1 
13 transportability 1 
13 multipurpose 1 
13 independence 1 
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13 functional 1 
13 attitude 1 
13 lift 1 
13 transporting 1 
13 fast 1 
13 sturdiness 1 
13 adjust 1 
13 robustness 1 
13 durability 1 
13 peers 1 
13 employer 1 
13 adapt 1 
13 safe 1 
13 guides 1 
13 being 1 
13 needs 1 
13 taken 1 
13 consideration 1 
13 harmless 1 
13 expects 1 
13 mental 1 
13 recover 1 
13 movies 1 
13 mistake 1 
13 respond 1 
13 given 1 
13 conciseness 1 
13 difficulty 1 
13 productive 1 
13 comfortable 1 
13 conference 1 
13 retrieve 1 
13 natural 1 
13 request 1 
13 efficiently 1 
13 effectively 1 
13 through 1 
13 meneuverability 1 
13 movement 1 
13 solve 1 
13 manuals 1 
13 technical 1 
13 depends 1 
13 shortcuts 1 
13 problem 1 
13 capabilities 1 

13 turotial 1 
13 helping 1 
13 pleasant 1 
13 definition 1 
13 functionalities 1 
13 likeness 1 
13 connections 1 
13 possible 1 
13 removal 1 
13 old 1 
13 desired 1 
13 customization 1 
13 shared 1 
13 workplace 1 
13 versions 1 
13 progress 1 
13 cumbersome 1 
13 remember 1 
13 frustration 1 
13 circumstances 1 
13 explanation 1 
13 companions 1 
13 retrieving 1 
13 transmission 1 
13 stages 1 
13 connecting 1 
13 own 1 
13 parties 1 
13 showing 1 
13 connected 1 
13 determining 1 
13 available 1 
13 synchronousnes 1 
13 forget 1 
13 behave 1 
13 flow 1 
13 attention 1 
13 speaking 1 
13 versatile 1 

 
 

 



 

180 

APPENDIX D 

Frequency of Content Words in Initial Items Pool 
 
*Words that appeared only once are omitted. 

Rank Word Frequency 
1 product 191 
2 easy 49 
3 degree 43 
4 use 40 
5 using 37 
5 does 35 
6 device 32 
7 user 31 
7 you 30 
8 your 26 
8 data 26 
9 information 25 
9 provide 25 
9 always 24 
9 clear 23 
9 difficult 23 
9 never 23 

10 screen 21 
10 consistent 21 
11 phone 19 
12 tasks 15 
12 too 14 
12 messages 14 
13 time 13 
13 control 13 
13 helpful 13 
13 help 13 
13 confusing 13 
13 menu 13 
13 feeling 12 
13 how 12 
13 way 12 
13 work 12 
13 feel 11 
13 looks 11 
13 what 11 
14 error 10 
14 overall 10 
14 entry 10 
14 required 9 
14 image 9 
14 ability 9 
14 learning 9 
14 display 9 
14 adequate 9 
14 commands 9 
14 number 8 
14 move 8 
14 want 8 
14 simple 8 
14 selection 8 
14 applications 8 
14 easily 8 
14 command 8 
15 computer 7 
15 users 7 

15 distinctive 7 
15 inadequate 7 
15 tutorial 7 
15 terminology 7 
15 devices 7 
15 features 7 
15 complete 7 
15 sequence 7 
15 training 7 
15 steps 7 
15 ease 7 
15 mobile 7 
15 like 7 
15 very 7 
15 find 7 
15 size 7 
15 operate 6 
15 reactions 6 
15 line 6 
15 fast 6 
15 speed 6 
15 require 6 
15 working 6 
15 voice 6 
15 task 6 
15 problems 6 
15 feedback 6 
15 learn 6 
15 amount 6 
15 enough 6 
15 inconsistent 6 
15 quickly 5 
15 video 5 
15 look 5 
15 displayed 5 
15 options 5 
15 logical 5 
15 instructions 5 
15 color 5 
15 others 5 
15 output 5 
15 long 5 
15 few 5 
15 wording 5 
15 unhelpful 5 
15 operations 5 
15 experience 5 
15 related 5 
15 need 5 
15 etc 5 
15 pictures 5 
15 read 5 
15 given 5 
15 developed 5 
15 think 5 
15 slow 5 
16 fuzzy 4 
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16 displays 4 
16 specific 4 
16 people 4 
16 support 4 
16 access 4 
16 provided 4 
16 system 4 
16 acceptable 4 
16 different 4 
16 actions 4 
16 format 4 
16 items 4 
16 guidance 4 
16 brightness 4 
16 quality 4 
16 check 4 
16 flexible 4 
16 web 4 
16 input 4 
16 well 4 
16 windows 4 
16 difficulty 4 
16 menus 4 
16 having 4 
16 gives 4 
16 important 4 
16 coding 4 
16 set 4 
16 needs 4 
16 situations 4 
16 able 4 
16 user’s 4 
16 manner 4 
16 window 4 
16 many 4 
16 specified 4 
16 used 4 
16 cursor 4 
16 correcting 3 
16 operation 3 
16 codes 3 
16 book 3 
16 results 3 
16 colour 3 
16 pleasant 3 
16 similar 3 
16 keyboard 3 
16 compatible 3 
16 screens 3 
16 names 3 
16 phone\\\ 3 
16 indicated 3 
16 minimal 3 
16 simplicity 3 
16 entries 3 
16 means 3 
16 key 3 
16 action 3 
16 labels 3 
16 battery 3 
16 associated 3 
16 being 3 
16 sms 3 
16 components 3 
16 home 3 

16 view 3 
16 text 3 
16 capability 3 
16 should 3 
16 option 3 
16 necessary 3 
16 setting 3 
16 design 3 
16 suitable 3 
16 reasonable 3 
16 errors 3 
16 power 3 
16 characters 3 
16 good 3 
16 stimulating 3 
16 impossible 3 
16 scenarios 3 
16 perception 3 
16 effort 3 
16 interaction 3 
16 familiar 3 
16 functions 3 
16 person 3 
16 informative 3 
16 understandable 3 
16 sound 3 
16 occur 3 
16 across 3 
16 performance 3 
16 right 3 
16 call 3 
16 satisfying 3 
16 make 3 
16 interacting 3 
16 manual 3 
16 focus 3 
16 standard 3 
16 add 3 
16 awkward 3 
16 rely 3 
16 bright 3 
16 perform 3 
16 useless 3 
16 movie 3 
16 back 3 
16 images 3 
16 times 3 
16 aspects 3 
16 real 3 
16 performed 3 
16 frustrating 3 
16 effectiveness 3 
16 same 3 
16 dropouts 3 
16 satisfied 3 
16 files 3 
16 clearly 3 
16 useful 3 
16 between 3 
16 email 3 
16 length 3 
16 content 2 
16 appear 2 
16 environments 2 
16 completion 2 
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16 makes 2 
16 repeated 2 
16 informed 2 
16 translucency 2 
16 ways 2 
16 group 2 
16 activities 2 
16 kind 2 
16 finding 2 
16 accessing 2 
16 choppy 2 
16 groups 2 
16 connecting 2 
16 exploration 2 
16 message 2 
16 clean 2 
16 case 2 
16 bad 2 
16 icons 2 
16 texture 2 
16 picture 2 
16 installation 2 
16 feels 2 
16 secure 2 
16 dim 2 
16 completing 2 
16 audio 2 
16 switching 2 
16 save 2 
16 mobility 2 
16 precise 2 
16 active 2 
16 performing 2 
16 obscure 2 
16 unacceptable 2 
16 problem 2 
16 appropriate 2 
16 undo 2 
16 remembering 2 
16 failures 2 
16 dependable 2 
16 inaudible 2 
16 supports 2 
16 noisy 2 
16 legible 2 
16 natural 2 
16 connections 2 
16 adjust 2 
16 comfort 2 
16 conference 2 
16 expected 2 
16 follow 2 
16 just 2 
16 objects 2 
16 arrangement 2 
16 exercises 2 
16 enhances 2 
16 sites 2 
16 testing 2 
16 labelled 2 
16 light 2 
16 audible 2 
16 navigation 2 
16 based 2 
16 frequently 2 

16 requires 2 
16 functionality 2 
16 buttons 2 
16 predictable 2 
16 reverse 2 
16 smooth 2 
16 colors 2 
16 controlling 2 
16 connectivity 2 
16 safe 2 
16 quiet 2 
16 chat 2 
16 doing 2 
16 mistakes 2 
16 interest 2 
16 hard 2 
16 remember 2 
16 wireless 2 
16 conventions 2 
16 skill 2 
16 placement 2 
16 within 2 
16 fields 2 
16 understand 2 
16 matched 2 
16 expectations 2 
16 weight 2 
16 keep 2 
16 effective 2 
16 interface 2 
16 something 2 
16 before 2 
16 label 2 
16 obtain 2 
16 needed 2 
16 best 2 
16 context 2 
16 alarm 2 
16 elements 2 
16 mentally 2 
16 direct 2 
16 cell 2 
16 extent 2 
16 affordable 2 
16 care 2 
16 internet 2 
16 language 2 
16 symbols 2 
16 fit 2 
16 giving 2 
16 new 2 
16 either 2 
16 calls 2 
16 keystrokes 2 
16 allows 2 
16 another 2 
16 get 2 
16 presentation 2 
16 exactly 2 
16 prevention 2 
16 including 2 
16 personal 2 
16 attractive 2 
16 service 2 
16 flexibility 2 
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16 lists 2 
16 assistance 2 
16 getting 2 
16 change 2 
16 comfortable 2 
16 short 2 
16 match 2 
16 quite 2 
16 games 2 
16 via 2 
16 organization 2 
16 understood 2 
16 really 2 
16 see 2 
16 plan 2 
16 environment 2 
16 index 2 
16 feature 2 
16 restart 2 
16 works 2 
16 signal 2 
16 ring 2 
16 takes 2 
16 recommend 2 
16 default 2 
16 may 2 
16 talk 2 
16 function 2 
16 making 2 
16 acceptability 2 
16 know 2 
16 services 2 
16 shape 2 
16 entering 2 
16 available 2 
16 hierarchic 2 
16 enjoy 2 
16 next 2 
16 convenience 2 
16 once 2 
16 return 2 
16 products 2 
16 attractiveness 2 
16 appearance 2 
16 position 2 
16 respect 2 
16 infrared 2 
16 physical 2 
16 consistency 2 
16 level 2 
16 grouping 2 
16 meaningful 2 
16 psychological 2 
16 take 2 
16 satisfaction 2 
16 sometimes 2 
16 documentation 2 
16 life 2 
16 sequential 2 
16 seems 2 
16 terms 2 

 



 

184 

APPENDIX E 

Factor Analysis Output 
 
 
Eigenvalues of the Weighted Reduced Correlation Matrix: Total = 93.0342286  Mean = 0.78180024 
 
        Eigenvalue    Difference    Proportion    Cumulative 
 
   1   65.3299439    56.8551328       0.7022        0.7022 
   2     8.4748111     1.9271556        0.0911        0.7933 
   3     6.5476556     1.8222393        0.0704        0.8637 
   4     4.7254163     0.4773472        0.0508        0.9145 
   5     4.2480691     0.5397322        0.0457        0.9601 
   6     3.7083369     1.0203322        0.0399        1.0000 
   7     2.6880046     0.4171891        0.0289        1.0289 
   8     2.2708156     0.1062019        0.0244        1.0533 
   9     2.1646137     0.0673110        0.0233        1.0766 
 10     2.0973027     0.1608021        0.0225        1.0991 
 11     1.9365006     0.1264979        0.0208        1.1199 
 12     1.8100026     0.0762609        0.0195        1.1394 
 13     1.7337417     0.1078808        0.0186        1.1580 
 14     1.6258609     0.1091257        0.0175        1.1755 
 15     1.5167352     0.0414039        0.0163        1.1918 
 16     1.4753314     0.0498664        0.0159        1.2077 
 17     1.4254649     0.1429323        0.0153        1.2230 
 18     1.2825326     0.0395385        0.0138        1.2368 
 19     1.2429941     0.0530935        0.0134        1.2501 
 20     1.1899006     0.1039360        0.0128        1.2629 
 21     1.0859646     0.0353246        0.0117        1.2746 
 22     1.0506400     0.0254178        0.0113        1.2859 
 23     1.0252222     0.0522045        0.0110        1.2969 
 24     0.9730177     0.0617058        0.0105        1.3074 
 25     0.9113119     0.0107326        0.0098        1.3172 
 26     0.9005793     0.0559174        0.0097        1.3268 
 27     0.8446619     0.1416686        0.0091        1.3359 
 28     0.7029933     0.0417815        0.0076        1.3435 
 29     0.6612117     0.0225327        0.0071        1.3506 
 30     0.6386790     0.0345313        0.0069        1.3574 
 31     0.6041477     0.0395560        0.0065        1.3639 
 32     0.5645917     0.0406480        0.0061        1.3700 
 33     0.5239436     0.0412144        0.0056        1.3756 
 34     0.4827293     0.0142316        0.0052        1.3808 
 35     0.4684977     0.0699935        0.0050        1.3859 
 36     0.3985042     0.0074351        0.0043        1.3901 
 37     0.3910691     0.0267262        0.0042        1.3943 
 38     0.3643429     0.0788501        0.0039        1.3983 
 39     0.2854928     0.0340036        0.0031        1.4013 
 40     0.2514892     0.0143465        0.0027        1.4040 
 41     0.2371427     0.0233055        0.0025        1.4066 
 42     0.2138372     0.0560532        0.0023        1.4089 
 43     0.1577840     0.0142021        0.0017        1.4106 
 44     0.1435819     0.0414716        0.0015        1.4121 
 45     0.1021102     0.0033380        0.0011        1.4132 
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 46     0.0987722     0.0313058        0.0011        1.4143 
 47     0.0674664     0.0347250        0.0007        1.4150 
 48     0.0327415     0.0093401        0.0004        1.4154 
 49     0.0234014     0.0121332        0.0003        1.4156 
 50     0.0112681     0.0532203        0.0001        1.4157 
 51    -0.0419522     0.0099333       -0.0005        1.4153 
 52    -0.0518855     0.0151287       -0.0006        1.4147 
 53    -0.0670142     0.0104134       -0.0007        1.4140 
 54    -0.0774276     0.0431130       -0.0008        1.4132 
 55    -0.1205406     0.0327300       -0.0013        1.4119 
 56    -0.1532706     0.0037926       -0.0016        1.4102 
 57    -0.1570631     0.0235962       -0.0017        1.4085 
 58    -0.1806594     0.0042135       -0.0019        1.4066 
 59    -0.1848728     0.0250205       -0.0020        1.4046 
 60    -0.2098933     0.0302019       -0.0023        1.4024 
 61    -0.2400952     0.0212184       -0.0026        1.3998 
 62    -0.2613136     0.0111121       -0.0028        1.3970 
 63    -0.2724257     0.0213100       -0.0029        1.3940 
 64    -0.2937357     0.0033375       -0.0032        1.3909 
 65    -0.2970733     0.0289347       -0.0032        1.3877 
 66    -0.3260080     0.0129512       -0.0035        1.3842 
 67    -0.3389592     0.0157468       -0.0036        1.3805 
 68    -0.3547060     0.0042136       -0.0038        1.3767 
 69    -0.3589197     0.0053535       -0.0039        1.3729 
 70    -0.3642732     0.0432789       -0.0039        1.3689 
 71    -0.4075521     0.0123904       -0.0044        1.3646 
 72    -0.4199425     0.0166461       -0.0045        1.3601 
 73    -0.4365885     0.0155417       -0.0047        1.3554 
 74    -0.4521302     0.0181546       -0.0049        1.3505 
 75    -0.4702848     0.0260944       -0.0051        1.3454 
 76    -0.4963791     0.0067496       -0.0053        1.3401 
 77    -0.5031288     0.0178011       -0.0054        1.3347 
 78    -0.5209299     0.0097119       -0.0056        1.3291 
 79    -0.5306418     0.0050641       -0.0057        1.3234 
 80    -0.5357059     0.0136566       -0.0058        1.3176 
 81    -0.5493625     0.0167124       -0.0059        1.3117 
 82    -0.5660749     0.0165609       -0.0061        1.3057 
 83    -0.5826359     0.0143358       -0.0063        1.2994 
 84    -0.5969716     0.0013952       -0.0064        1.2930 
 85    -0.5983669     0.0152090       -0.0064        1.2865 
 86    -0.6135758     0.0187684       -0.0066        1.2799 
 87    -0.6323442     0.0131067       -0.0068        1.2731 
 88    -0.6454509     0.0020067       -0.0069        1.2662 
 89    -0.6474576     0.0127158       -0.0070        1.2593 
 90    -0.6601734     0.0111580       -0.0071        1.2522 
 91    -0.6713313     0.0104272       -0.0072        1.2449 
 92    -0.6817585     0.0159553       -0.0073        1.2376 
 93    -0.6977138     0.0185530       -0.0075        1.2301 
 94    -0.7162668     0.0026658       -0.0077        1.2224 
 95    -0.7189327     0.0117187       -0.0077        1.2147 
 96    -0.7306513     0.0062947       -0.0079        1.2068 
 97    -0.7369460     0.0135787       -0.0079        1.1989 
 98    -0.7505248     0.0068718       -0.0081        1.1908 
 99    -0.7573966     0.0143726       -0.0081        1.1827 
 00    -0.7717691     0.0086380       -0.0083        1.1744 
 01    -0.7804071     0.0072837       -0.0084        1.1660 
 02    -0.7876909     0.0170469       -0.0085        1.1576 
 03    -0.8047378     0.0042832       -0.0086        1.1489 
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 04    -0.8090210     0.0077674       -0.0087        1.1402 
 05    -0.8167884     0.0022940       -0.0088        1.1314 
106     -0.8190824     0.0126960       -0.0088        1.1226 
107     -0.8317784     0.0092512       -0.0089        1.1137 
108     -0.8410296     0.0057535       -0.0090        1.1046 
 109    -0.8467831     0.0037966       -0.0091        1.0955 
 110    -0.8505797     0.0094936       -0.0091        1.0864 
 111    -0.8600733     0.0061161       -0.0092        1.0772 
 112    -0.8661894     0.0054850       -0.0093        1.0678 
 113    -0.8716745     0.0129071       -0.0094        1.0585 
 114    -0.8845815     0.0051819       -0.0095        1.0490 
 115    -0.8897634     0.0116435       -0.0096        1.0394 
 116    -0.9014069     0.0117229       -0.0097        1.0297 
 117    -0.9131298     0.0076505       -0.0098        1.0199 
 118    -0.9207803     0.0096457       -0.0099        1.0100 
 119    -0.9304260                             -0.0100        1.0000 
 
 

Item Factor 1: 
ELU

Factor 2: 
 AOPS 

Factor 3:
EAMC

Factor 4:
CMML

Factor 5: 
EC 

Factor 6:
TTMP

q38 0.70740 0.21846 0.07514 0.04960 0.06231  0.05905 
q34 0.68811 0.18579 0.11671 0.18514 0.20194  0.08896 
q29 0.66987 0.10135 0.18073 0.11964 0.12032  0.13248 
q39 0.64904 -0.02141 0.25519 0.12215 0.12424  0.15046 
q45 0.61339 0.13716 0.16161 0.38688 0.09413  0.21073 
q28 0.60864 0.20713 0.07943 0.15130 0.15669  0.14530 
q30 0.59126 0.13571 0.33569 0.08667 0.04043  0.07078 
q11 0.58376 0.20549 0.12340 0.02321 0.15227  0.10622 
q47 0.57926 0.00644 0.15506 0.31964 0.19128  0.18768 
q22 0.57263 0.20408 0.15606 0.13588 0.30754  0.11598 
q36 0.57122 0.28903 0.19940 0.08296 0.21708  0.05332 
q16 0.55505 0.10863 0.12340 0.03046 0.21156  0.18224 
q52 0.54481 0.15737 0.19550 0.11645 0.11097  0.23364 
q48 0.54205 0.19992 0.28040 0.25445 0.20998  0.09052 
q44 0.52961 0.05996 0.28365 0.30509 0.31940  0.15844 
q2 0.52726 0.28157 0.03979 0.13514 0.23076  0.09306 
q25 0.50768 0.08067 0.28570 0.18554 0.33913  0.18075 
q37 0.50594 0.03442 0.23192 0.20213 0.15703  0.27949 
q21 0.50516 0.14216 0.16250 0.18918 0.24110  0.13482 
q13 0.50081 -0.01561 0.15781 0.20032 0.36484  0.14728 
q31 0.49717 0.26001 0.20194 0.18698 0.23103  0.08762 
q42 0.49671 0.06347 0.14916 0.17355 0.03162  0.30552 
q57 0.49637 0.26866 0.23499 0.16362 0.06531  0.22699 
q3 0.48732 -0.03470 0.20763 0.17055 0.07186  0.15156 
q17 0.48146 0.25952 0.20986 0.11798 0.20697  0.18616 
q58 0.47807 0.14797 0.36534 0.09476 0.14869  0.10629 
q15 0.47795 0.18360 0.12820 0.12012 0.13062  0.11133 
q77 0.45701 0.01616 0.27428 0.41060 0.25015  0.27317 
q35 0.45320 0.29564 0.01225 0.22491 0.20639  0.06981 
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q40 0.44874 -0.23509 0.11147 0.17722 0.19722  0.17237 
q33 0.44566 0.34512 0.33347 0.01969 0.20653  -0.00524 
q20 0.44397 0.25363 0.14933 0.13807 0.17157  0.17697 
q87 0.43930 0.00481 0.13092 0.43528 0.33520  0.25154 
q10 0.43853 0.33724 0.04688 0.15082 0.19505  0.13648 
q96 0.43290 0.25982 0.42824 0.27863 0.14416  0.15060 
q8 0.42624 0.27996 0.02974 0.20614 0.22023  0.00101 
q9 0.42419 0.04606 0.39189 0.16271 0.04815  0.10629 
q24 0.42308 0.23265 0.05479 0.30691 0.27147  0.05988 
q85 0.13684 0.58596 0.13765 0.19967 0.03106  0.12997 
q26 0.17745 0.56387 -0.08090 0.13392 0.26991  -0.03251 
q60 -0.03770 0.53218 0.11604 0.16482 0.06217  0.08879 
q27 0.34626 0.52852 -0.06051 0.16258 0.26194  0.08265 
q56 0.18938 0.49755 0.23757 0.09181 0.11979  0.20349 
q102 0.16299 0.49741 0.25519 0.13628 0.07718  0.08709 
q83 -0.07635 0.48514 0.07893 0.08113 -0.00084  0.01281 
q62 0.12001 0.47570 0.15215 0.20991 -0.05828  0.07660 
q6 0.34093 0.46487 0.14753 0.04049 0.06638  0.18586 
q101 0.13939 0.46123 0.28404 0.11031 0.05263  0.07111 
q32 0.28844 0.44609 0.12100 0.17513 -0.05061  0.04306 
q64 0.33189 0.43485 0.15942 0.23644 0.00679  0.04344 
q79 0.10381 0.41386 0.10464 0.40044 0.15738  0.08113 
q18 0.27798 0.41156 0.06022 0.03755 0.09192  0.00287 
q81 0.32788 0.40778 0.15582 0.35316 0.11252  0.23392 
q108 0.06362 0.22835 0.67480 0.04959 0.04411  0.11620 
q99 0.06259 0.23089 0.65641 0.15626 0.25923  0.11546 
q19 0.34872 0.10740 0.65026 -0.01664 0.15876  0.03719 
q49 0.20988 0.07493 0.60863 -0.05486 0.08601  0.02872 
q50 0.17103 0.15801 0.57784 0.05083 0.02126  0.03864 
q109 0.27919 0.07926 0.55741 0.11327 0.14045  0.21971 
q97 0.00167 0.25164 0.55575 0.07649 0.04834  0.05596 
q88 0.22982 0.21001 0.50062 0.09021 0.06371  0.02227 
q98 0.11642 -0.06307 0.48931 0.33863 0.25872  0.11036 
q95 0.30346 0.28667 0.47751 0.25413 0.21897  0.15243 
q59 0.40565 0.21580 0.44916 0.05247 0.14829  0.00639 
q119 0.29023 0.01191 0.44391 0.13721 0.10659  0.23022 
q67 0.19700 0.16686 0.01682 0.59597 0.00199  0.02803 
q66 0.05691 0.37651 0.12943 0.51442 0.05154  -0.01192 
q68 0.18003 0.19857 0.08440 0.49327 0.02822  -0.00015 
q70 0.43184 0.29489 0.10419 0.48830 -0.00166  0.15081 
q80 0.22197 0.23738 0.19620 0.47971 0.18690  0.03365 
q78 0.16366 0.32625 0.10996 0.47603 0.00843  0.12034 
q65 0.05229 0.18696 0.05542 0.47148 0.04299  0.04270 
q104 0.28855 0.14103 0.09469 0.45667 0.14353  0.38268 
q86 0.32487 0.43759 0.02817 0.45610 0.15214  0.11121 
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q69 0.30267 0.36995 0.12217 0.43716 0.06684  0.12912 
q72 0.03179 0.32007 0.12011 0.42025 0.06736  0.05330 
q93 0.13300 0.21978 0.14887 0.40345 0.35114  0.16572 
q12 0.33455 0.15629 0.17819 0.05366 0.71275  0.14520 
q14 0.23783 0.02889 0.15652 0.01122 0.62448  0.08232 
q4 0.22456 0.01107 0.07690 -0.05494 0.52959  0.13993 
q51 0.30925 0.03590 0.32916 0.26317 0.51916  0.15877 
q89 0.25204 0.21922 0.18203 0.26207 0.47462  0.22490 
q1 0.26204 0.28609 0.15945 0.02962 0.41304  0.05333 
q82 -0.26343 0.04932 -0.12885 -0.09828 -0.54400  -0.15706 
q116 0.30158 0.10764 0.13100 0.01212 0.22875  0.74088 
q115 0.26560 0.09714 0.12207 0.04759 0.14073  0.72493 
q110 0.40898 0.06370 0.19304 0.11155 0.10523  0.52809 
q118 0.36364 0.05135 0.35920 0.15775 0.14970  0.45436 
q114 0.29022 0.05885 0.18589 0.15554 0.18491  0.45116 
q54 0.41473 0.14956 0.08665 0.22596 -0.00743  0.44197 
q90 0.39348 -0.10848 0.07863 0.10617 0.12444  0.22137 
q46 0.33337 0.20363 0.06733 0.20401 0.10780  0.12166 
q107 0.27469 0.24484 0.02416 0.05456 0.12118  0.13168 
q112 0.24801 0.11154 0.14266 0.10583 0.14819  0.22213 
q84 -0.15213 0.06988 0.11349 0.03518 -0.04839  -0.12762 
q106 0.16139 0.38735 0.31567 0.15854 0.11987  0.25447 
q71 0.29303 0.38660 0.01537 0.31019 -0.12290  -0.00782 
q43 0.16164 0.37781 0.08335 0.19847 0.18024  -0.00077 
q61 0.13797 0.36718 0.24726 0.17248 0.07107  0.06800 
q63 0.00813 0.36659 0.35456 0.24669 -0.06506  0.12490 
q41 0.32205 0.34726 0.32506 0.20129 0.18826  0.03999 
q55 0.13741 0.21580 0.15899 0.15510 0.16014  0.03215 
q53 0.09835 -0.17024 -0.01002 0.07370 0.11151  0.07835 
q74 0.06408 -0.34482 -0.15560 -0.11252 0.09510  0.08379 
q100 0.16546 0.08013 0.39507 0.25149 0.15893  0.18294 
q111 0.21198 0.17488 0.37934 0.27860 0.20926  0.23547 
q5 0.30183 0.13120 0.37026 0.17652 0.32805  0.11747 
q94 0.08994 0.15491 0.26347 0.13574 0.23742  0.19570 
q75 0.20937 0.15163 0.14620 0.38250 0.14172  0.33270 
q73 0.27460 0.10502 0.13364 0.36765 0.04613  0.04930 
q92 0.09051 0.18956 0.30276 0.32272 0.15367  0.22261 
q91 0.27468 0.09940 0.08023 0.27828 0.10340  0.09588 
q76 0.34355 0.02170 0.37420 0.35343 0.39273  0.20507 
q7 0.33426 0.07619 0.19451 0.10837 0.38002  0.15896 
q105 0.26771 0.15415 0.16567 0.18344 0.37168  0.35842 
q23 0.30906 0.33043 0.13388 0.21534 0.35811  -0.17901 
q113 0.26319 0.24772 0.34080 0.10202 0.11475  0.38101 
q103 0.28737 0.05206 0.24103 0.23774 0.26126  0.36003 
q117 0.14731 0.30141 0.25009 0.09654 0.14995  0.34738 
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APPENDIX F 

Cronbach Coefficient Alpha Output 
 
 
1. Factor 1 Variables 
 
                                                Cronbach Coefficient Alpha 
 
                                               Variables              Alpha 
                                               Raw                      0.927748 
                                               Standardized        0.934555 
 
                                     Cronbach Coefficient Alpha with Deleted Variable 
 
                                                     Raw Variables              Standardized Variables 
                         Deleted      Correlation                            Correlation 
                         Variable      with Total           Alpha           with Total           Alpha 
                         q3                0.538315        0.925456        0.549569        0.932534 
                         q13              0.619459        0.924389        0.634664        0.931195 
                         q15              0.543723        0.925251        0.543063        0.932636 
                         q20              0.597625        0.924430        0.601580        0.931717 
                         q21              0.649820        0.923645        0.658889        0.930810 
                         q22              0.708271        0.922675        0.715366        0.929910 
                         q24              0.550161        0.925143        0.547233        0.932571 
                         q28              0.684966        0.922819        0.689155        0.930329 
                         q29              0.676883        0.923068        0.687199        0.930360 
                         q31              0.650282        0.923515        0.641596        0.931085 
                         q33              0.555579        0.925101        0.552908        0.932482 
                         q37              0.635424        0.923964        0.645966        0.931015 
                         q38              0.654006        0.923560        0.660308        0.930788 
                         q39              0.662326        0.923980        0.672454        0.930595 
                         q40              0.395968        0.927779        0.412725        0.934657 
                         q42              0.565642        0.924920        0.567460        0.932254 
                         q47              0.691754        0.923032        0.698221        0.930184 
                         q52              0.600509        0.924501        0.604276        0.931675 
                         q57              0.617904        0.924044        0.615096        0.931504 
                         q58              0.590032        0.924488        0.585473        0.931971 
                         q64              0.497551        0.926793        0.487736        0.933499 
                         q81              0.594165        0.924596        0.584362        0.931988 
                         q102            0.407651        0.931193        0.396414        0.934908 
 
 
 
2. Factor 2 Variables 
 
                                                Cronbach Coefficient Alpha 
 
                                               Variables              Alpha 
                                               Raw                      0.839636 
                                               Standardized        0.843358 
 
                                     Cronbach Coefficient Alpha with Deleted Variable 
 
                                                   Raw Variables              Standardized Variables 
                         Deleted      Correlation                           Correlation 
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                         Variable      with Total           Alpha         with Total           Alpha 
                         q6               0.540626        0.824167        0.540440        0.828761 
                         q8               0.473644        0.830922        0.481855        0.834148 
                         q10             0.558243        0.823203        0.570001        0.826006 
                         q18             0.467718        0.830735        0.455057        0.836581 
                         q26             0.618582        0.816450        0.606976        0.822527 
                         q27             0.635750        0.814450        0.631811        0.820168 
                         q35             0.521971        0.826054        0.533691        0.829386 
                         q45             0.549486        0.825525        0.560706        0.826875 
                         q79             0.469014        0.831759        0.462312        0.835924 
                         q85             0.552030        0.824208        0.548330        0.828028 
 
 
 
3. Factor 3 Variables 
 
                                                Cronbach Coefficient Alpha 
 
                                               Variables              Alpha 
                                               Raw                      0.879875 
                                               Standardized        0.885529 
 
                                     Cronbach Coefficient Alpha with Deleted Variable 
 
                                                    Raw Variables              Standardized Variables 
                         Deleted      Correlation                            Correlation 
                         Variable      with Total           Alpha           with Total           Alpha 
                         q9                0.493946        0.874707        0.515806        0.879796 
                         q14              0.308354        0.881465        0.333335        0.888038 
                         q19              0.700802        0.865516        0.712225        0.870548 
                         q25              0.531712        0.874323        0.555203        0.877973 
                         q49              0.623321        0.867879        0.601679        0.875802 
                         q50              0.619743        0.868146        0.597128        0.876016 
                         q59              0.598179        0.869531        0.598714        0.875941 
                         q88              0.516785        0.875818        0.505695        0.880262 
                         q96              0.616336        0.870578        0.635179        0.874223 
                         q97              0.493568        0.874723        0.471595        0.881824 
                         q98              0.519720        0.873125        0.534199        0.878947 
                         q99              0.671622        0.865211        0.667696        0.872680 
                         q108            0.618985        0.868573        0.607175        0.875544 
                         q119            0.499155        0.874056        0.503006        0.880386 
 
 
 
4. Factor 4 Variables 
 
                                                Cronbach Coefficient Alpha 
 
                                               Variables              Alpha 
                                               Raw                      0.822393 
                                               Standardized        0.827749 
 
                                     Cronbach Coefficient Alpha with Deleted Variable 
 
                                                    Raw Variables              Standardized Variables 
                         Deleted      Correlation                            Correlation 
                         Variable      with Total           Alpha           with Total           Alpha 
                         q16              0.332644        0.823023        0.363982        0.829025 
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                         q36              0.457511        0.812375        0.484903        0.815581 
                         q66              0.554406        0.804914        0.521410        0.811415 
                         q67              0.595814        0.797771        0.562730        0.806638 
                         q68              0.553816        0.800905        0.535789        0.809760 
                         q69              0.628206        0.792148        0.646172        0.796792 
                         q70              0.642384        0.792549        0.656175        0.795593 
                         q78              0.527157        0.804257        0.513483        0.812324 
                         q104            0.491207        0.808609        0.506212        0.813155 
 
 
 
5. Factor 5 Variables 
 
                                                Cronbach Coefficient Alpha 
 
                                               Variables              Alpha 
                                               Raw                      0.715676 
                                               Standardized        0.752116 
 
                                     Cronbach Coefficient Alpha with Deleted Variable 
 
                                                   Raw Variables              Standardized Variables 
                         Deleted      Correlation                           Correlation 
                         Variable      with Total           Alpha          with Total           Alpha 
                         q1               0.497283        0.681340        0.490560        0.720663 
                         q4               0.349014        0.698311        0.378166        0.736884 
                         q11             0.581522        0.662352        0.580793        0.707173 
                         q12             0.640015        0.649682        0.658271        0.695251 
                         q17             0.559814        0.663883        0.569503        0.708884 
                         q34             0.576982        0.662941        0.587616        0.706136 
                         q48             0.605674        0.659004        0.613913        0.702116 
                         q51             0.503955        0.673973        0.524895        0.715580 
                         q56             0.442100        0.684697        0.451429        0.726383 
                         q82              -.507388        0.831465        -.512176         0.844574 
 
 
 
6. Factor 6 Variables 
 
                                                Cronbach Coefficient Alpha 
 
                                               Variables              Alpha 
                                               Raw                      0.856011 
                                               Standardized        0.863341 
 
                                     Cronbach Coefficient Alpha with Deleted Variable 
 
                                                    Raw Variables              Standardized Variables 
                         Deleted      Correlation                             Correlation 
                         Variable      with Total           Alpha           with Total           Alpha 
                         q54              0.551490        0.848116        0.553330        0.854979 
                         q110            0.674658        0.828526        0.676827        0.837957 
                         q113            0.545898        0.851545        0.547448        0.855771 
                         q114            0.550534        0.845615        0.552019        0.855156 
                         q115            0.714415        0.823376        0.722019        0.831533 
                         q116            0.731265        0.822167        0.737813        0.829263 
                         q118            0.646859        0.832084        0.648631        0.841911 
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APPENDIX G 

Pairwise Comparison Forms for AHP 
Name:                        
 
 
Usability  
Usability is defined as “the extent to which a product can be used by specified users to achieve specified goals with 
effectiveness, efficiency, and satisfaction in a specified context of use” (ISO 9241-11, 1988). Based on the definition above, 
usability has three different branches including effectiveness, efficiency, and satisfaction.   
 
 
 
Indicate relative importance of the two columns on the concept of usability when you evaluate the usability of mobile phones.  
 
 

Column 1 Absolute Very Strong Strong Weak Equal Weak Strong Very Strong Absolute Column 2 

Effectiveness                   Efficiency 

Effectiveness                   Satisfaction

Efficiency                   Satisfaction
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Effectiveness 
Indicate relative importance of the two columns on the concept of effectiveness when you evaluate the usability of mobile 
phones. 
  

Column 1 Absolute Very  
Strong Strong Weak Equal Weak Strong Very  

Strong Absolute Column 2 

Ease of learning  
and use                   

Assistance with  
operation and  
problem solving 

Ease of learning  
and use                   

Emotional aspect 
and multimedia  
capabilities 

Ease of learning  
and use                   

Commands and  
minimal memory  
load 

Ease of learning  
and use 

                  Efficiency and  
control 

Ease of learning  
and use                   Typical tasks for  

cell phones 

Assistance with  
operation and  
problem solving 

                  
Emotional aspect 
and multimedia  
capabilities 

Assistance with  
operation and  
problem solving 

                  
Commands and  
minimal memory  
load 

Assistance with  
operation and  

                  Efficiency and  
control 
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problem solving  

Assistance with  
operation and  
problem solving 

                  Typical tasks for  
cell phones 

Emotional aspect 
and multimedia  
capabilities 

                  
Commands and  
minimal memory  
load 

Emotional aspect 
and multimedia  
capabilities 

                  

Efficiency and  
control 

 

Emotional aspect 
and multimedia  
capabilities 

                  Typical tasks for  
cell phones 

Commands and  
minimal memory  
load 

                  

Efficiency and  
control 

 

Commands and  
minimal memory  
load 

                  Typical tasks for  
cell phones 

Efficiency and  
control                   Typical tasks for  

cell phones 
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