The Reuse of Knowledge in Ripple Down Rule Knowledge Based Systems

Deborah Christina Richards

A Thesis submitted in the fulfilment of the requirements for the degree of Doctor of Philosophy

Department of Artificial Intelligence School of Computer Science and Engineering The University of New South Waltes Sydney, NSW, 2052 Australia

December 1998

Abstract

The work reported in this thesis is motivated by the belief that knowledge-based systems (KBS) research needs to focus more on users� needs and cater for the various decision situations in which users will find themselves. To build individual systems that cater for all the activities that may be needed is not feasible or desirable. The problems associated with capturing knowledge are well known and the ability to capture knowledge once and access and manipulate the knowledge in multiple ways is highly desirable. It adds value to the original knowledge and offers all the benefits associated with the reuse of resources. Thus, the problem becomes one of knowledge reuse. The research question pursued in this thesis is �can knowledge captured for one purpose, such as consultation, be reused to support a wide range of alternative purposes, such as critquing or tutoring, allowing the user to answer different types of questions according to their current circumstances�? Further, this question was to be answered in a situated cognition, dynamic knowledge framework.

The system developed in this thesis is based on the Multiple Classification Ripple Down Rule

(MCRDR) knowledge acquisition and representation technique. MCRDR is a form of casedbased reasoning which uses rules to index cases. The cases and the exception structure provide a situated cognition based approach. It was found that MCRDR already supported the activities of knowledge acquisition (KA), maintenance, inferencing and validation within the one system.

However, a range of activities, which are referred to as reflective activities, were not well supported by the performance knowledge being captured using MCRDR. These activities include explanation, tutoring, causal modelling, �what-if� analysis, hypothesis testing and student modelling. These reflective activities required uncovering the concepts, both primitive and more abstract, in the knowledge base. In addition these concepts needed to be ordered and structured.

It was found that Formal Concept Analysis (FCA) provided a way of retrospectively uncovering an abstraction hierarchy which could be used to support the reflective activities.

A tool was developed which allowed FCA to be used with MCRDR. The approach was evaluated by consulting experts about the discovered concepts and carrying out a student survey comparing a number of different rule representations. Although these evaluations are not definitive, they clearly suggest that an integrated MCRDR-FCA system provides the types of KA and reuse required.

A number of related issues were addressed in this thesis. One is the removal of repetition from

RDR KBS and experiments performed using Induct and Rough Set Theory are reported and discussed in this thesis. Another issue is how to support the KA activity when multiple sources of expertise are involved. A requirments engineering (RE) framework has been developed as a solution to this problem and is an extension of the FCA modelling work.

Perhaps the most significant contribution of this thesis is the demonstration that we can start with assertional knowledge that is simply acquired and automatically derive terminological knowledge. Such an approach may be an answer to the KA bottleneck problem and the diffulties associated with building models such as unreliability and variation between users and the articulation, maintenance and validation of such models.

Acknowledgements

There are many people I must thank. Without their assistance the pages that follow would be blank. Firstly, I thank my supervisor Paul Compton for his various contributions which include: encouragement, knowledge, advice, understanding, flexibility, RDR and even babysitting. I thank Tim Menzies for his enthusiasm and support and for pushing me to look further at the area of RE and conflict resolution. I also thank Tim for his valuable comments on an earlier draft of this thesis. I thank the academic and administration staff in the School of Computer Science and Engineering. I thank the Australian Federal Government and the School of Computer Science and Engineering at UNSW for their financial support which made pursing my dream possible. I thank my friends in the AI lab at UNSW just for being there. Phil Preston deserves a special mention as I could always rely on him to help me out whether the problem concerned software or arranging a piece of equipment for a seminar. I apologise to those who have had a quite weekend in the lab disturbed by my three noisy children. I wish you all success.

Beyond Kensington campus, I have many others to thank. Bob Colomb has answered many an email message and provided me with a range of software and files each time I have asked. And his response time is truly remarkable. I thank the four experts that gave me their time to provide evaluations: Glenn Edwards, Zvi Hochman, Geoff Taylor and Mary Mulholland. Others who have kindly assisted me include Jacek Sienkiewicz, Klaus Biedermann, Frank Vogt and Peter Burmeister. I have taken much inspiration, and encouragment, from Bob Colomb, Brian Gaines, Zdzislaw Pawlak, Mildred Shaw and Rudolf Wille.

On a more personal level, I thank my mother for giving me the confidence to begin and complete such a journey. I thank my children Sally, William and James for your unquestioning love and hope that you will follow your dreams as I have done. You have been my reality. I always have and always will put you first. A very special thanks goes to my girlfriends: Deidre Vaill, Helen Terry, Susan Campbell, Pauline Holmwood, Anne Green and Brigit ten Bruggencate. I thank Deidre for driving my kids to and from school for the last three years. You gave me time, which is such a precious gift. Helen had the privilege, or misfortune, of being my only friend who lived near UNSW and often minded my kids while I was at Uni during the school holidays. I am indebted to all of you for your support and very real assistance in caring for my children when I had paper deadlines or was away at conferences. This thesis is a tribute to the sisterhood of women.

Table of Contents

Abstract .............................................................................................................................................................................ii

Acknowledgements ..........................................................................................................................................................iii

Table of Contents ............................................................................................................................................................. iv

List of Figures .................................................................................................................................................................. ix

List of Tables..................................................................................................................................................................... x

CHAPTER 1..................................................................................................................................................1

1 THE NEED TO REUSE KNOWLEDGE.................................................................................................1

1.1 THE BENEFITS OF REUSE.......................................................................................................................4

1.1.1 The Limitations of First Generation Expert Systems....................................................................5

1.1.2 The Limitations of Second Generation Expert Systems................................................................6

1.1.3 Human Computer Interaction Issues for KBS...............................................................................7

1.1.4 The Importance of Control ...........................................................................................................8

1.1.5 The Type of Systems Needed.........................................................................................................8

1.2 THE SITUATED NATURE OF EXPERT KNOWLEDGE AND ACTION..........................................................11

1.2.1The Implications of Situated Cognition for HCI..........................................................................12

1.2.2 The Implications of Situated Cognition for System Development, Maintenance, Verification and

Validation............................................................................................................................................15

1.2.3 Summary of the Impact of Situated Cognition............................................................................16

1.3 THE AIMS OF THIS THESIS ..................................................................................................................16

1.4 THE STRUCTURE OF THIS THESIS.........................................................................................................17

CHAPTER 2................................................................................................................................................19

2 APPROACHES TO KNOWLEDGE REUSE........................................................................................19

2.1 KNOWLEDGE REUSE RESEARCH.........................................................................................................19

2.1.1 The Mycin Experiments ..............................................................................................................19

2.1.2 The Knowledge Level - Reuse of Problem Solving Methods and Ontologies.............................22

2.1.3 Limitations of Knowledge Level Approaches and Generic Solutions.........................................31

2.1.3.1 Validation and Evaluation Concerns................................................................................................... 33

2.1.3.2 An Analysis of Knowledge Level Limitations..................................................................................... 36

2.1.4 Reuse of Commonsense Knowledge............................................................................................39

2.2 THE ISSUES RELEVANT TO REUSE .......................................................................................................42

2.2.1 The Importance of Context .........................................................................................................42

2.2.2 The Abstraction of Knowledge....................................................................................................44

2.2.3 The Need for Deeper Knowledge................................................................................................46

2.2.4 The Need for More Knowledge...................................................................................................48

2.3 THE ISSUES RELEVANT TO ACTIVITY-REUSE.......................................................................................49

CHAPTER 3................................................................................................................................................53

3 REUSING KNOWLEDGE IN RIPPLE-DOWN RULES KBS...........................................................53

3.1 WHAT ARE RIPPLE DOWN RULES ........................................................................................................53

3.1.1 Single Classification RDR..........................................................................................................54

3.1.2 Multiple Classification RDR.......................................................................................................55

3.1.3 Previous Implementations and Variations of RDR.....................................................................57

3.2 WHY USE RIPPLE DOWN RULES..........................................................................................................62

3.2.1 Intuitive Knowledge Acquisition and Maintenance....................................................................63

3.2.2 Knowledge in Context.................................................................................................................65

3.2.3 Verification and Validation of RDR KBS...................................................................................67 3.2.3.1 Completeness ...................................................................................................................................... 68 3.2.3.2 Consistency ........................................................................................................................................ 70 3.2.4 Knowledge Abstraction...............................................................................................................71 3.2.5 A Summary of the Features of RDR............................................................................................72 3.3 OTHER THEORY RELEVANT TO RDR...................................................................................................73 3.3.1 Personal Construct Psychology..................................................................................................75 3.3.1.1 A Comparison Between PCP and RDR............................................................................................... 78 3.3.1.2 The Importance of Context and Cases................................................................................................. 79 3.3.1.3 Logical Foundations, the Visual Language and Implications.............................................................. 81 3.3.1.4 Feedback and Analysis ........................................................................................................................ 85 3.3.1.5 Validation and Maintenance................................................................................................................ 88 3.3.1.6 A Comparison of the RDR and PCP KA Processes ............................................................................ 89 3.3.2 Case Based Reasoning................................................................................................................92 3.3.2.1 Rule based reasoning........................................................................................................................... 98 3.3.3 Summary of the Relevant Theory..............................................................................................104 3.4 THE SHORTCOMINGS OF RDR ...........................................................................................................104 3.4.1 The Repetition Problem............................................................................................................106 3.4.2 Lack of Modelling Features......................................................................................................108 3.4.3 Handling Multiple Sources of Expertise...................................................................................109 3.5 SUMMARY.........................................................................................................................................109

CHAPTER 4..............................................................................................................................................111

4 THE REMOVAL OF REPETITION AND OFF-LINE VERIFICATION OF RDR KBS..............111

4.1 COMPACTING A MANUALLY-BUILT RDR KB USING MACHINE LEARNING ........................................112 4.1.1 An Overview of Induct..............................................................................................................113 4.1.2 An Overview of Rough Set Theory............................................................................................116 4.2 THE EXPERIMENTS ............................................................................................................................120 4.2.1 Design Considerations..............................................................................................................120 4.2.2 Experimental Method ...............................................................................................................120 4.2.3 Missing Values.........................................................................................................................124 4.3 RESULTS............................................................................................................................................124 4.4 DISCUSSION OF THE REPETITION EXPERIMENT RESULTS ...................................................................129 4.5 A PROPOSAL FOR THE REMOVAL OF REPETITION IN MCRDR KBS...................................................136 4.5.1 Sorting Lists of Rules into MCRDRs.........................................................................................138 4.6 SUMMARY OF THE REPETITION STUDIES............................................................................................140 4.7 USING ROUGH SET THEORY FOR OFF-LINE VERIFICATION ................................................................141 4.7.1 A General Approach to Verification of Rule-Based Systems....................................................141 4.7.1.1 Preparation of the Rules .................................................................................................................... 144 4.7.1.2 Phase One: Removal of Redundancies.............................................................................................. 144 4.7.1.3 Phase Two: Removal of Inconsistencies ........................................................................................... 144 4.7.1.4 Phase Three: Detection of Deficiencies............................................................................................. 145 4.7.1.5 Further Research ............................................................................................................................... 145 4.7.1.6 Discussion of RST for Verification ................................................................................................... 146 4.7.1.8 Comparison with other V&V Anomaly Detection Techniques. ........................................................ 147 4.7.1.7 Summary of the Off-line Verification Technique.............................................................................. 148 4.7.2 The Off-Line Verification of MCRDR KBS...............................................................................149 4.7.2.1 Preparation of the Rules .................................................................................................................... 149 4.7.2.2 Phase One: Removal of Redundancies.............................................................................................. 150 4.7.2.3 Phase Two: Removal of Inconsistencies ........................................................................................... 152 4.7.2.4 Phase Three: Detection of Deficiencies............................................................................................. 152 4.7.2.5 Conclusions Regarding the Verification of MCRDR KBS using RST.............................................. 152 4.9 CHAPTER SUMMARY .........................................................................................................................154

CHAPTER 5..............................................................................................................................................155

5 BUILDING CONCEPTUAL HIERARCHIES FROM MCRDR KBS .............................................155

5.1 FORMAL CONCEPT ANALYSIS............................................................................................................155

5.2 COMBINING MCRDR AND FCA........................................................................................................162

5.2.1 The Possible Views using MCRDR/FCA..................................................................................167

5.2.1.1. Generate from whole file.................................................................................................................. 167

5.2.1.2. Generate from rule............................................................................................................................ 167

5.2.1.3. Generate from conclusion................................................................................................................. 167

5.2.1.4. Use related conclusion...................................................................................................................... 168

5.2.1.5. Generate from conclusion family...................................................................................................... 169

5.2.1.6. Generate from clause........................................................................................................................ 169

5.2.1.7. Clause plus value dependency.......................................................................................................... 170

5.2.1.8. Generate from attribute..................................................................................................................... 172

5.2.1.9. Generate from all attributes .............................................................................................................. 172

5.2.1.10 Discussion of the possible views in MCRDR/FCA......................................................................... 172

5.2.2 Limitations of MCRDR/FCA and Proposed Improvements......................................................173

5.3 CASE STUDIES USING MCRDR/FCA.................................................................................................176

5.3.1 Blood Gases Domain................................................................................................................176

5.3.2 Lotus Domain ..........................................................................................................................177

5.3.3 SISYPHUS III Geology Domain...............................................................................................180

5.3.4 The Ion Chromatography Domain - a configuration task........................................................181

5.3.5 Summary of the Analyses from Each Domain ..........................................................................184

5.4 CHAPTER SUMMARY .........................................................................................................................185

CHAPTER 6..............................................................................................................................................186

6 REQUIREMENTS ENGINEERING...................................................................................................186

6.1 REQUIREMENTS ENGINEERING: A REVIEW........................................................................................187

6.2. THE RE FRAMEWORK ......................................................................................................................188

6.3. AN IMPLEMENTATION .....................................................................................................................189

6.3.1 Phase One: Requirements Acquisition using a Knowledge-Based Approach..........................189

6.3.2 Phase Two: Requirements integration......................................................................................190

6.3.3 Phase Three: Concept Generation ...........................................................................................190

6.3.4 Phase Four: Concept Comparison and Conflict Detection......................................................192

6.3.5 Phase Five: Conflict Negotiation .............................................................................................194

6.3.6 Evaluation.................................................................................................................................198

6.4 REQUIREMENTS ENGINEERING USING SISYPHUS III: A CASE STUDY .............................................199

6.4.1 Phase One - The Data and Knowledge Acquisition .................................................................201

6.4.2Phase Two: Requirements Integration ......................................................................................202

6.4.3 Phase Three: Concept Generation ...........................................................................................203

6.4.4 Concept Comparison and Conflict Detection...........................................................................204

6.4.5 Phase 5: Negotiation................................................................................................................205

6.4.6. Evaluation ...............................................................................................................................210

6.5 RELATED WORK...............................................................................................................................211

6.6. FUTURE RE WORK..........................................................................................................................212

6.7. FURTHER DISCUSSION ......................................................................................................................213

6.8 CHAPTER SUMMARY .........................................................................................................................214

CHAPTER 7..............................................................................................................................................215

7 ACTIVITY REUSES .............................................................................................................................215

7.1 THE ISSUES AFFECTING THE ACTIVITY SELECTED.............................................................................215

7.2 REFLEXIVE MODES............................................................................................................................217

7.2.1 Consultation/Inferencing..........................................................................................................217

7.2.2 Knowledge Acquisition.............................................................................................................219

7.2.3 Maintenance and Validation ....................................................................................................221 7.2.4 The Reflexive Modes in Action ................................................................................................221 7.3 REFLECTIVE MODES..........................................................................................................................224 7.3.1 Critiquing .................................................................................................................................224 7.3.1.1 Critiquing in RDR ............................................................................................................................. 227 7.3.2 Causal Modelling .....................................................................................................................232 7.3.3 Explanation...............................................................................................................................235 7.3.3.1 A Summary of the Explanation Activity............................................................................................ 240 7.3.4 Tutoring....................................................................................................................................240 7.3.4.1 The RDR approach to Explanation and Tutoring.............................................................................. 244 7.3.5 What-if analysis........................................................................................................................250 7.3.5.1 The RDR approach to What-if Analysis............................................................................................ 253 7.3.6 Hypothesis Testing....................................................................................................................256 7.3.6 Student Modelling.....................................................................................................................257 7.4 CHAPTER SUMMARY .........................................................................................................................258

CHAPTER 8..............................................................................................................................................260

8 EVALUATING THE SYSTEM ...........................................................................................................260

8. 1 THE GENERALITY OF THE MCRDR/FCA MODELLING TOOL ...........................................................261 8.1.1 The Generality of Using FCA to Model different Knowledge Representations........................261 8.1.1.1 The CLIPS Animal KBS. .................................................................................................................. 261 8.1.1.2 The CLIPS Wine KBS. ..................................................................................................................... 265 8.1.1.3 Summary ........................................................................................................................................... 267 8.1.2 The Generality of the Visual Representation............................................................................267 8.1.2.1 Comparing against Other Taxonomic Representations...................................................................... 267 8.1.2.2 Various representations of Cendrowska�s Lens Data........................................................................272 SECTION 8.2 USING LINE DIAGRAMS FOR LEARNING ..............................................................................277 8.2.1 The Survey................................................................................................................................277 8.2.1.1 Learning to read a line diagram - Section One of the survey.............................................................278 8.2.1.2 Comparing Line Diagrams with Rule Traces - Section Two of the survey........................................279 8.2.1.3 Line Diagrams for Learning - Section Three of the Survey...............................................................282 8.2.1.4 Comparing Representations - Section Four of the Survey.................................................................286 8.2.1.5 Discussion and Conclusion ...............................................................................................................288 8.2.2 An evaluation by experts...........................................................................................................289 8.2.2.1 The Blood Gases Domain..................................................................................................................289 8.2.2.2 The LOTUS Domain.........................................................................................................................293 8.2.2.3 The SISYPHUS III Geology Domain................................................................................................297 8.2.2.4 The Ion Chromatography Domain - a configuration task..................................................................300 8.2.3 Discussion of the evaluation by experts....................................................................................300 8.3 CHAPTER SUMMARY .........................................................................................................................301

CHAPTER 9..............................................................................................................................................302

9 THESIS CONCLUSION .......................................................................................................................302

9.1 A SUMMARY OF THE WORK PRESENTED...........................................................................................302 9.2 THE CONTRIBUTION OF THIS THESIS TO KBS RESEARCH ..................................................................304 9.3 LIMITATIONS AND FUTURE WORK.....................................................................................................308 9.4 FINAL WORDS ..................................................................................................................................314

BIBLIOGRAPHY.....................................................................................................................................314

APPENDIX A............................................................................................................................................A-1

APPENDIX B ............................................................................................................................................B-1

List of Figures

Figure 1.1: The various situations in which a user may find themselves...................................................13

Figure 3.1: A single classification RDR KBS.............................................................................................54

Figure 3.2: An MCRDR KBS.....................................................................................................................55

Figure 3.3: The Make screen in MCRDR for Windows where the user makes new rules..........................65

Figure 3:4: Some user defined functions used by PEIRS...........................................................................71

Figure 3.5: Implementing abstraction through features in RDR...............................................................72

Figure 3.6a: The Triple of Distinctions Generating a Construct...............................................................76

Figure 3.6b: The Yard Construct in the Houses-for-Sale Domain.............................................................76

Figure 3.7: The repertory grid as a matrix of concepts, individuals and constraints...............................77

Figure 3.8: Contact Lens Rules Represented in the Visual Language.......................................................83

Figure 3.9: Building Hierarchical Trees in Focus.....................................................................................87

Figure 3.10: Calculation of distance measures between concepts and between constructs......................87

Figure 3.11: A General PCP System Development Life Cycle ..................................................................89

Figure 3.12: A part of the 105 KBS after it has been flattened and sorted by conclusion code..............100

Figure 3.13: The Test Pathways (TESTP) screen in MCRDR/FCA.........................................................102

Figure 4.1: Induct�s statistical basis .......................................................................................................114

Figure 4.2: The Vinduct Algorithm..........................................................................................................115

Figure 4.3: The Partitions in an RST Universe........................................................................................116

Figure 4.4: The parties and issues in the Head of State debate...............................................................117

Figure 4.5: The key issues in the Head of State debate ...........................................................................119

Figure 4.6: The Steps in Cleanup Method 1 ............................................................................................123

Figure 4.7: Set Representation of the Dataset (Adapted from Gaines 1989b).........................................124

Figures 4.8(a) and (b): Comparison of Growth and Error Rates ...........................................................126

Figure 4.9(a): The Number of Errors for Garvan using Cases................................................................130

Figure 4.9(b): The Number of Rules for Garvan using Cases .................................................................130

Figure 4.10 More-general-than-graph ....................................................................................................139

Figure 4.11: Final expanded �more-general-than-graph� .....................................................................139

Figure 4.12: The final MCRDR Structure................................................................................................140

Figure 4.13: An algorithm of the verification process using rough sets..................................................143

Figure 4.14: Significance coefficients produced by rough set theory......................................................151

Figure 5.1: Formal Context for �Vertebrates of the Animal Kingdom�..................................................157

Figure 5.2: The process of finding formal concepts from the formal context..........................................159

Figure 5.3: The concept matrix screen from MCRDR/FCA.....................................................................159

Figure 5.4: The list of predecessors and successors for the vertebrate domain......................................160

Figure 5.5: The algorithm used to find the concept coordinates for the Hasse diagram........................160

Figure 5.6: The diagram screen for the formal context �Vertebrates of the animal kingdom�...............161

Figure 5.7: The first selection screen in MCRDR/FCA...........................................................................163

Figure 5.8: A formal context for the rules which conclude %MC002- �Metabolic compensation.2�.....164

Figure 5.9: The concept matrix in for the conclusion %MC002- �Metabolic compensation.2�............165

Figure 5.10: The Concept Lattice for the conclusion %MC002- �Metabolic compensation.2� .............166

Figure 5.11: The Second Selection Screen in MCRDR/FCA...................................................................167

Figure 5.12: The Attribute file for the SISYPHUS III Geology Domain..................................................171

Figure 5.13: The Attributes screen for defining bordering value categories ..........................................171

Figure 5.14: A line diagram based on attributes without regard for the values......................................177

Figure 5.15: The concept matrices for the four LOTUS KBS in MCRDR/FCA.......................................177

Figure 5.16: The line diagrams for Lotus 1, 2, 3 and 4 KBS in MCRDR/FCA.......................................179

Figure 5.17: The line diagram for the conclusions %PL000 - Plutonic and %VC000 - Volcanic..........181

Figure 5.18: Partial listing of the concepts found for the Ion Chromatography KBS.............................182

Figure 5:19: The concept matrix for the conclusion family %SUP in the Ion Chromatography KBS. ...182

Figure 5:20: The line diagram for the partial condition MAX(PKA)......................................................183

Figure 6.1: An action table elaborating the agent �Borrower�..............................................................191

Figure 6.2: Context of �Library from Borrower Viewpoint�...................................................................192

x

List of Tables

Table 2.1: An evaluation of Mechanisms for KA Reuse.............................................................................35

Table 3.1: The three ways in which new rules correct a knowledge base (Kang 1996..............................56

Table 4.1: The decision table for the selection of the head of state.........................................................117

Table 4.2: The reduced set of attributes for the selection of the head of state.........................................118

Table 4.3: The core issues for the selection of the head of state..............................................................119

Table 4.4: The Garvan Results uing RS/RDR..........................................................................................125

Table 4.5: Comparison of the Garvan results using Vinduct and RS/RDR..............................................127

Table 4.6: Compaction on the Garvan Data using unmodifed Cases......................................................128

Table 4.7: The rules for the final conclusion Spray Need from the Ausvit rule base...............................143

Table 6.1: The degree of conflict between each viewpoint before RE. ....................................................210

Table 6.2: The degree of conflict after the synonym table.......................................................................210

Table 6.3: The degree of conflict between each viewpoint after RE.......................................................211

Table 7.1: A Comparison Table of MCRDR/FCA to other well-known KBS explanation tools. .............250

Table 7.2: Features of a DSS providing �what-if� processing..................................................................253

Table 7.3: An Evaluation of MCRDR/FCA against the DSS features in Table 7.2..................................256

Table 8.1: The results for section one of the survey.................................................................................278

Table 8.2(a): The time in seconds taken to answer Question 1.1 in Section Two....................................281

Table 8.2(b): The time in seconds taken to answer Question 1.2 in Section Two....................................281

Table 8.2(c): The time in seconds taken to answer Question 2.1 in Section Two...................................281

Figure 8.2(d): The time in seconds taken to answer Question 2.2 in Section Two..................................281

Table 8.3(a): The results for the 11 subjects for MCRDR KBS by feature...............................................286

Table 8.3(b): The results for the 11 subjects for the crosstable by feature..............................................287

Table 8.3(c): The results for the 11 subjects for concept matrix by feature.............................................287

Table 8.3(d): The results for the 11 subjects for line diagram by feature................................................287

Table 8.3(e): The results for the 11 subjects for the visual language by feature.....................................287

Table 8.3(f): The results for the 11 subjects for the EDAG by feature.....................................................287

Table 8.4: The combined averaged results for the 11 subjects................................................................287