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1. Title of Thesis

The title of the thesis has not changed from the last progress report.

2. Thesis summary

With the use of Virtual Environments, information can be presented in truly 3-dimensional form, allowing users to enter the data and study relationships close up.  This type of presentation has mainly been used for complex scientific visualizations, but a new application has great potential for use amongst schoolchildren and the general public: by representing data in a spatial form, with spatial relationships between objects in a VE representing the relationships between data items, we can represent any set of data in a spatial form, whether it is spatially based or not.  For example, a database of famous composers could be spatially represented within a VE by representing each composer with a statue, with the distance between composers indicating the degree of similarity of their music styles.  By using hyperlinks, or teleports, different sets of spatial relations can be created for the same data set – so in our composers example, teleports could be set up to link statues in a temporal relationship in addition to the similarity of style relationship.  In such a VE, the geography and environmental features are based on data items and the relationships between them. 

This is a useful way of presenting data to be learned.  By setting up data relationships as spatial relations, we make use of the brain’s well-developed spatial abilities.  Just by exploring such a VE, the visitor is subconsciously acquiring knowledge about the layout of the environment – and thus also knowledge about the data items relate to each other.  This occurs because when people move around new environments, whether they are real or virtual, they subconsciously build a mental image of the space they are in.  This mental image is stored in the hippocampus, and is called a “cognitive map”.  It helps people find their way in environments that they have visited before, and also helps them remember the structure of the place, for example if they are asked for directions. 

This study explores some of the central factors in using virtual environments to represent non-spatial data in spatial form so as to make use of innate spatial abilities.  This study thus intends to answer the following five questions: 

  Q1:  Is learning via this spatially presented VR method more enjoyable, more interesting, and more accurate (or at least as accurate) than learning via conventional methods?

  Q2:  Is there a difference in accuracy of learning, accuracy of cognitive mapping, way-finding ability or presence when using a HMD as opposed to Desktop VR?

     Q3:  Does the type of map provided to subjects (i.e. impressionistic sketch map, veridical cartographic map, or no map) affect, accuracy of learning, accuracy of cognitive mapping, or way-finding ability?

     Q4:  Is there a relationship between the participant’s sense of presence and their accuracy of learning?

     Q5:
Is there a relationship between the participant’s spatial abilities and their accuracy of learning?

3. Account of Work Done

3.1. Work Completed

3.1.1. Background chapter 

During the first year of my thesis, I created written summaries of the papers that I had read.  During this last 6 months, I have spent time converting these written summaries (which were ordered by paper) into a typed “Summary of Readings”, organized by subject.  This summary process accomplished several objectives:

· To review the readings, and refresh my memory of the information contained in each paper

· To create an electronic collection of the information gained from the readings, so as to be available for easy searching and referencing

· Updating and organising my list of references & readings

This process proved to be more complex than I originally estimated, and began taking up far too much time.   While the majority of readings were converted, a substantial number were not.  However, the process still managed to achieve the objectives of refreshing my memory and creating a basis for the background chapter of my thesis.   My reference list is now also complete and well annotated, and fully converted to bibtex format.

3.1.2. Designing & Redesigning the Studies 

The discussions at the honours VR course raised some interesting questions, which I wanted to include in my study.  This prompted a reconsideration of the issues to be investigated, and resulted in a redesign of my study. 

The original design aimed to answer the following questions:

· Given that distortions do occur in cognitive maps of Virtual Environments, how do we design a data VE in order to reduce or circumvent these distortions and ensure accurate learning? 

· Does this spatial method result in: 

· Learning that is at least as fast as conventional methods? 

· More accurate recall than conventional methods? 

· More enjoyable learning?

· Does learning become more accurate and more enjoyable if the visitor to the VE experiences a high sense of presence? 

· Is the accuracy of learning increased by supplying the visitor with an accurate map of the VE, or with an impressionistic, distorted sketch map drawn by previous visitors (reflecting their cognitive map of the VE)?  Or is performance better with no map at all? 

· Is innocent exploration of the VE sufficient for visitors to pick up the underlying data relationships, or do they need to be specifically told to pay attention to the spatial relationships for sufficient learning to take place?  (known as directed or non-directed learning).
In the new study, we accept that distortions do occur, and that there are well developed methods of dealing with them, so this issue does not need to be studied in this setting.  The removal of this issue allows us room to add a new condition to the study, namely whether the participant’s spatial abilities relate to how well they learn using this method.

A visiting VR researcher from UCL, Anthony Steed, raised the interesting issue of the relative effects of HMD displays and desktop displays on the formation of a cognitive map.  As this issue has great relevance to this thesis, I felt that it should be included in the study.  Adding another issue for investigation, however, would increase the complexity of the study beyond what is possible to complete for a M.Sc, and so in order to include this issue, the question of directed learning was removed from the study.

In addition, I made the decision not to use repeated measures, thus eliminating the need for 1 VE, 1 data set, and the accompanying materials, thus reducing the amount of work needed to be ready to begin the experiments.  


The new set of questions to be answered in this study are as listed in the thesis summary in Section 2 above.

3.1.3. Creating the Study Protocol 

I have also been creating the formal protocol for the studies, and finding the necessary measures to apply.  Briefly, these are the measures I will be using:

· Enjoyment & interest will be measured using the Differential Emotions Scale (DES)

· Accuracy of Navigation will be measured by a way-finding score; in addition, the subject’s path through the VE will be recorded for later overly onto a plan view of the environment, which will allow non-real-time analysis

· Spatial Abilities will be measured by the spatial abilities test that I have designed, created and tested (the SAT) and the Everyday Spatial Abilities Test (ESAT). 

· Presence will be measured with Witmer & Singer’s Presence Questionnaire (PQ)

· Accuracy of Learning will measured by analyzing a sketch map drawn by participants, as well as a test on subject material)

· Accuracy of Cognitive Mapping will be measured by the sketch map and distance judgement tasks)

In addition to choosing these measures, the experiments have been designed in extreme detail, and the measures and study design have been written up into the first draft on my Experimental Design chapter.

I have also thought about the expected results, and devised a preliminary hypothesis for my findings.  I suspect that VR will give a longer-lasting overall impression, but not for specific values.  I now have to make sure that my design will be able to detect such a result. 

3.1.4. Creating Navigation Metaphor 

Another issue which had to be settled was the navigation metaphor.    While we have trackers to track users’ head movements in an immersive VE (i.e. with Head-Mounted Display), it is not clear how this can be used to navigate around a virtual environment.  After searching the literature, the following navigation metaphor was decided on:

· The view direction will be separate to the movement direction, and would be controlled by a tracker placed on the HMD

· The movement direction will be controlled by a tracker attached to the subject’s waist

· Movement will be controlled via a button on a handheld device – movement will occur in the movement direction while the button is held down

· Grasping movements (i.e. to pick items up) will be controlled via a tracker on the handheld device (to detect if the arm is in range of the object), and a second button on the handheld device (to indicate that the user wishes to grasp the object)

· The 4th tracker will control the map display (in those conditions in which a map is provided to participants) – lifting the hand (with tracker attached) will cause the map to be displayed

Movement in the desktop condition will be controlled via the keyboard; specifically, using the “Quake” keyset.
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3.1.5. Writing up 

I have almost completed a first draft of my Experimental Design chapter, giving all the details of the studies, the experiments, and the measures to be used.  This forms a written version of the formal protocol for the study.


I have begun planning the other chapters in the thesis, in particular the Theory chapter in which I explain the ideas behind my hypotheses.  A Chapter and Section outline of the thesis is attached at the end of this progress report.  As discussed above, the background chapter outline is still currently more of a literature survey than a focused background chapter, but this will be rewritten before finalizing the thesis outline.

3.1.6. Writing papers 

I have submitted a paper entitled “Cognitive Maps in Virtual Environments: Facilitation of Learning Through the Use of Innate Spatial Abilities”.  This paper was submitted to Afrigraph, the “1st International Conference on Computer Graphics, Virtual Reality and Visualization in Africa”, which is an ACM Siggraph conference.  This paper was accepted, and after examining the reviewers’ comments it was updated and submitted as a camera ready copy.    The full paper citation is as follows:

Johns, C. L.,& Blake, E.H.  Cognitive Maps in Virtual Environments: Facilitation of Learning Through the Use of Innate Spatial Abilities.  Afrigraph 2001, 5 - 7 November 2001.
3.1.7. Writing the Ask-o-tron 

Another major, but unscheduled, project during the last six months was a program which I call the “Ask-o-tron”.  The aim behind it is to allow for rapid creation of digital questionnaires and tests, with results being automatically written to a file for easy analysis.   Setting up the questionnaires is controlled by a input file specifying the number of sections, type of questions, and the questions themselves.  This program was based on a likert-scale creation program created by David Nunez, and was expanded to allow many more types of questions (and also to allow additional types of questions to be added to the code more easily).


Currently, the Ask-o-tron supports:

· Likert scales (“on a scale from 1 to 7, …”)

· Picture-based multiple choice (“which of these pictures matches the picture above?”)

· Text-based multiple choice answers (including true/false type questions)

· Text input (which also allows ranking of answers)

I have already typed up and converted the PQ, ESAT, DES, and SAT to the ask-o-tron input format, as well as creating a form to allow it to gather and record biographical data about the subject. 

3.1.8. Deciding on a data set

The choice of a data set has turned out be a very difficult issue to deal with.  I had decided to use the solar system as a data set – creating spatial data based on, for example, the number of moons per planet, the relative gravities of planets, etc.  I had also begun preliminary planning of the physical structure of the VE, when I realized that using a system with multiple relationships would be too complex for an experiment of this scope – I would need to provide participants with one map per relationship, and they would need to draw one sketch map and do one set of navigation & distance judgement tasks per relationship. This meant that I had to scrap some of my preliminary physical design (the basic concepts, such as placing the objects in a park-type setting, did not need to change, of course). I have since drawn up a list of characteristics of ideal data set for my studies:
1. Not too many objects, not too few

2. Objects all of same type (i.e. not a “is a” relationship)

3. Relationships form a graph, not a tree (i.e. not a timeline, causality, influence)

4. Relationship mustn’t be directly spatial

5. Must be static  (i.e. not a process, flow chart)

6. Must be fairly interesting

7. Preferably objects which have a natural graphical representation

8. Something which teaches, not just aids visualization

9. Length of edges of the graph must be significant

(Note that these restrictions do not apply to my method in general; just to the showcase data set.)

With these characteristics, I can 
still show off power of VR (i.e. teleports, non-transitive spatiality), but using only one relation (i.e. only 1 map, 1 sketch map, 1 set of distance judgements, and 1 navigation task).  Another benefit is that there is no chance of memory contamination between different relations.  This type of data set will actually illustrate my aims better, as well as being simpler.

In this case, one of the conventional teaching methods would be to give them a map/plan of the VE layout, since it’s a graph anyway.  

The dilemma now is to find a data set that fulfils these characteristics.  I have looked at several possibilities already, but none are ideal.  For example, one could create a physical geography based on a computer network, with the length of the paths between the nodes indicating the available bandwidth between those nodes.  However, this does not conform to characteristic 8 in the list above, and may partly violate characteristic 4.    I am now considering relaxing some of the characteristics, and may choose a timeline type data set.

3.1.9. Readings 

During the last six months, I have also continued with my background reading.  I have read approximately 10 thesis related papers, as detailed below:

· D. Lampton, B. Knerr, S. Goldberg , J. Bliss, J. Moshell and B. Blau.  "The Virtual Environment Assessment Battery (VEPAB):  Development and Evaluation", Presence: Teleoperators and Virtual Environments 3(2), 1994, pp. 145 – 157.

· R. Ruddle, S. Payne and D. Jones.  "Navigating Large-Scale virtual environments:  What differences occur between helmet-mounted and desk-top displays?".  Presence: Teleoperators and Virtual Environments 8(2), 1999, pp. 157 – 168.

· R. Ruddle, S. Payne and D. Jones. "The effects of maps on navigation and search strategies in very-large-scale virtual environments", Journal of Experimental Psychology: Applied 5(1), 1999, pp. 54 – 75.

· R. M. Kitchin.  "Cognitive Maps: What are they and why study them?".
Journal of Environmental Psychology 14, 1994, pp. 1 – 19.

· F. S. Belleza.  "The Spatial Arrangement Mnemonic".  Journal of Experimental Psychology: Applied 5(1), 1999, pp. 54 – 75.

· M. Terre Blanche and K. Durrheim, eds. "Research in Practice: Applied Methods for the Social Sciences".  1999.

· Van Ballegooij and A. Eliëns, "Social Presence in the PhotoShare Tele-Application". Presence 2000 - 3rd International Workshop on Presence, 2000.

· D. Appleyard.  "Styles and Methods of Structuring a City".  Environment and Behavior 2, 1970, pp. 100 – 116.

· C. E. Izard.  "Psychology of Emotions". 1991.

· R. Cohen, ed.  "The Development of Spatial Cognition", 1985.

3.2. Scheduled work that was not completed

Due to the delay in choosing a data set (amongst other reasons, such as tasks that were found to be necessary but weren’t included in the previous schedule), the following scheduled tasks were not completed in this period:

1. Summarise findings from readings (as described in above, this task was partially completed, but proved to be too complex to do fully)

2. Create VEs & conventional materials for experiments (there simply wasn’t enough time to complete this)

3. Run experiments (as this requires the VE & materials)

4. Analyse results

5. Write up first draft of thesis
 (some chapters have been written up, but as the experiments were not run, a complete draft has done been finished)

3. Estimated Time schedule for remainder of thesis

	Task
	Start Date
	End Date
	Duration

	Decide on data set


	Mon 27 August
	Fri 31 August
	1 week

	Finalise measures (specifically the data set-dependent measures)


	Mon 3 September
	Wed 5 September
	3 days

	Create VE; adapt for conventional methods


	Thurs 6 September
	Fri 28 September
	3 weeks

	Run experiments


	Mon 1 October
	Friday 19 October 1
	3 weeks

	Write theory chapter & give to supervisor for comments


	Wed 3 October
	Tues 9 October
	1 week

	Rewrite background chapter & give to supervisor for comments


	Wed 10 October
	Tues 23 October
	2 weeks

	Finish experimental chapter & give to supervisor for comments


	Wed 24 October
	Fri 26 October
	3 days

	Analyse & write up results; give to supervisor for comments


	Mon 29 October
	Fri 16 November 
	3 weeks

	Write Introduction & Conclusion chapters (1st draft will be otherwise complete at this point); make changes to theory, background, experimental & results chapters; give revised chapters to supervisor & make changes time permits


	Mon 19 November
	Mid-January2
	

	Submit final draft to supervisor for last comments; make final changes


	Mid-January3
	End January
	

	Submit


	
	End January
	


1.
The timeframe for the experiments cannot change – the students leave the next Monday, and the experiments will take 3 weeks (and thus must start on Monday 1 October)

2. This takes into account the period over Christmas when the University effectively closes

3. When supervisors return after the Christmas period 

4. Publications in the previous 6 months

· Johns, C. L.,& Blake, E.H.  Cognitive Maps in Virtual Environments: Facilitation of Learning Through the Use of Innate Spatial Abilities.  Afrigraph 2001, 5 - 7 November 2001.

· Johns, C. L. & Blake, E.H.  Cognitive Maps in Virtual Environments: Facilitation of Learning Through the Use of Innate Spatial Abilities.  Technical Report CS01-04-00, 1 June 2001.

Thesis Outline

With Chapters & Major Subdivisions
1. Introduction

2. Background 

2.1. Navigation and Wayfinding

2.1.1. Definitions


2.1.2. Development

2.1.3. Spatial Orientation
2.1.4. Spatial relations
2.1.5. Spatial info & thus spatial knowledge
2.1.6. Search strategies
2.1.7. Spatial memory
2.1.8. In VEs
2.1.8.1. Why important; different to RW
2.1.8.1.1. Different kinds of VEs
2.1.8.1.2. Proprioception / kinesthetics
2.1.8.1.3. Other VE specific problems (e.g. exposure time, limited FOV)
2.1.8.1.4. Fidelity trade‑offs and compensations
2.1.8.2. Knowledge transfer (briefly)
2.1.9. Maps & Other aids
2.1.9.1. In RW

2.1.9.2. In VEs

2.1.9.3. Design Guidelines

2.1.10. Measuring performance

2.1.10.1. In RW

2.1.10.2. In VEs

2.2. Cognitive Maps
2.2.1. History
2.2.2. Definitions
2.2.3. Structure of a Cognitive Map
2.2.4. Controversy about the term “map”
2.2.5. Neurological factors
2.2.6. Distortions (& cognitive issues)
2.2.6.1. distance estimates
2.2.6.1.1. traversed

2.2.6.1.2. perceived
2.2.6.2. Direction estimates
2.2.6.3. rectilinear normalization
2.2.6.4. Rotation and Alignment
2.2.6.5. Rotation Effect
2.2.6.6. Alignment Effect
2.2.6.7. Other effects
2.2.7. Pro's & Cons of using cognitive maps in research
2.2.8. Single images vs. composite images
2.2.9. Accessing & metrics & analyzing
2.2.9.1. Sketch Maps
2.2.10. Theoretical Worth
2.2.11. Applications
2.2.11.1. Mnemonic and metaphorical device
2.2.11.2. Local/world attitudes and perspectives
2.2.11.3. Creating and Coping with imaginary worlds
2.2.11.4. Urban and Environment Planning
2.2.11.5. Computer Interfaces
2.3. City Planning
2.3.1. components of environmental image
2.3.2. legibility
2.3.3. elements
2.3.3.1. design of elements
2.4. Spatial Abilities
2.4.1. Abilities & gender, training
2.4.2. Measurement
2.4.3. Development
2.5. Presence
2.6. Learning Theory
2.6.1. Latent learning
2.6.2. Informal learning
2.6.3. + others?
3. Theory
3.1. Spatialising non-spatial data
3.1.1. Uses
3.1.2. Methods
3.1.3. Applications
3.1.3.1. Similarity graphs
3.1.3.2. Time delays
3.1.3.3. Trust networks
3.1.3.4. Routing graphs
3.1.3.5. Influence graphs
3.1.3.6. Certainty maps
3.1.3.7. Processes
3.1.3.8. Active visualization
3.1.3.8.1. Example: Network Bandwidth
3.2. Using non-linear spatiality
3.2.1. Uses
3.2.2. Method
3.2.3. Examples
4. Experimental Design
4.1. Questions to be answered

4.2. Design & Analysis
4.3. Running the Experiments
4.4. The Environment
4.5. Physical Navigation in the VE
4.6. The Maps
4.7. The Task
4.8. The Conventional Methods
4.9. Measures
4.9.1. Enjoyment and Interest
4.9.2. Accuracy of Navigation
4.9.3. Spatial Abilities
4.9.4. Presence
4.9.5. Test on Subject Material
4.9.6. Sketch Maps
4.9.7. Distance Judgements
5. Study 1 - The Effect of Map and Display Types

5.1. Results
5.2. Discussion of Results
5.3. Implications of Results

6. Study 2 - The Effect of Presence and Spatial Abilities on Learning via the Spatial Method

6.1. Results
6.2. Discussion of Results
5.3  Implications of Results

7. Study 3 - The Effect of Teaching Method

7.1. Results
7.2. Discussion of Results
7.3. Implications of Results
8. Conclusion
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