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Abstract


In this paper we report a qualitative study of navigation, wayfinding and place experience within a virtual city. The ‘Cityscape’ is a virtual environment (VE) in part algorithmically generated, and intended to be redolent of the aggregate forms of real cities. In the present study we observed and interviewed participants during and following exploration of a ‘desk-top’ implementation of the Cityscape. A number of emergent themes were identified which are presented and discussed. Observation of interaction with the virtual city suggested a continuous relationship between real and virtual worlds. Participants were seen to attribute real world properties and expectations to the contents of the virtual world. The implications of these themes for the construction of virtual environments modelled on real-world forms are considered.

1
Introduction

In this paper we report a social scientific study of navigation, wayfinding and place experience within a virtual environment (VE). In contrast to most existing work, our methods of study are non-experimental and our methods of analysis draw upon qualitative and interpretative traditions (the ‘naturalistic’ paradigm) within the social sciences, rather than those which emphasise measurement and statistical analysis. This qualitative approach places emphasis upon description rather than explanation, and attempts to represent reality as experienced by participants. Therefore, the importance of viewing the meaning of experience and behaviour in context and in its full complexity is uppermost. Concepts are seen to emerge from the data rather than being imposed in terms of a priori theory. Finally, qualitative methods, such as unstructured interviews and observational research, characterise this approach (Henwood and Pidgeon, 1992).

Quantitative research is often grounded by prior use of qualitative explorations: for instance to ensure that quantitative measures assess issues that are pertinent to the research problem. Arguments can also be made for a quantitative phase prior to a qualitative one (Murray, Arnold and Thornton, 1998). Additionally, research often employs qualitative and quantitative methods in tandem (see Henwood and Pidgeon, 1992; and Silverman, 1985). In this manner, the exploratory qualitative research reported herein can act as a spur to more experimental work. However, we also hope here to indicate the stand-alone potential, interest and importance of qualitative methods for researching topics such as wayfinding, navigation and place experience within VEs.

The current paper focusses attention upon wayfinding, navigation and place experience. Studies of these topics in VE research have tended to inherit the methods and theories of general research on environmental behaviour and have, in recent years, been dominated by cognitive interpretations (Billinghurst and Weghorst, 1994). These views have characterised such behaviour as the result of inner mental processes such as problem solving and decision making. People are commonly said to hold ‘cognitive maps’ or mental representations that facilitate their interaction within an environment (Downs and Stea, 1973).

We do not wish here to dispute the findings or theoretical interpretations from this literature, or to object to its importation into studies of navigation in VEs. Rather, we wish to establish, through an example, the legitimacy and informativeness of an alternative empirical approach and theoretical orientation to these matters. Instead of emphasising the problem solving and decision making cognitions of inhabitants of an environment, we wish to make their phenomenological experience our topic of concern.

Our particular interest is in movement and exploration of large-scale virtual environments, and the extent to which users or participants experience a sense of ‘place’ within them.  Would people’s methods of exploration be analogous to how people move around in real environments? If not, how and why do they differ? Does a virtual facsimile of a city promote an experience of ‘place’? 

The present study was designed with a concern for how people would ‘encounter’ the VE we implemented. That is, we do not presume that a single VE will be experienced identically by all users/inhabitants. The variation in understanding and activity within the environment are of equal interest to us as any commonality that can be seen. If different individuals encounter a VE in different ways, this should be empirically documented in its own right and not suppressed as so much ‘noise’ in the data. Consequently, the present work is designed to allow participants as much freedom as possible in conveying their experiences. While any method of inquiry plays some part in structuring responses, the qualitative nature of the present research overcomes many of the limitations of other, more structured quantitative work. 

The VE under study here was a ‘cityscape’ - a VE in part algorithmically generated along the lines discussed in Bowers (1995) and Ingram, Bowers and Benford (1997). The visual form of the environment was intended to be redolent of the aggregate forms of real cities. Our study is part of a larger investigation into whether forms that follow some of the spatial distributional properties of real cities could serve as large scale VEs to provide connectivity between many smaller-scale ones. The following section of this paper describes the technique and method employed on the occasion of the study. Next, some emergent themes are presented and discussed, and the implications of these themes for the construction of virtual environments modelled on real-world forms are considered.

2
Methods

2.1 
A Technical Description of The Cityscape 


The Cityscape’s layout is algorithmically generated using Bowers’ (1995) Virtual City Builder. The city is generated on a 40x40 grid, with each grid cell representing part of a building or a section of street. Closed cells that are adjacent to each other and have heights within 2 metres are grouped into a single (multiple cell) building. Streets and avenues have full road markings, streetlights and textured pavements or ‘sidewalks’ (defined here as a paved surface or path for pedestrians at the side of a road). In total, there are over 300 buildings and over 1000 sections of street. The buildings are ordered according to their aggregation order. Tall buildings are drawn as a complicated, parameterised building located in the middle of the city. Smaller buildings are represented as a simple block. The central region of the city is composed of larger office type buildings, whereas there are smaller buildings and more grass areas towards the outskirts. All streets and avenues are titled on signs visible to participants, which require comparable proximity in the real-world to be readable to users. Those running East/West have been given numbers - 1st St up to 40th St, and those running North/South are named (e.g. Tubby Street). A portion of the city is shown in figure 1.

In order to enable a city of such complexity to be drawn at adequate frame rates on a small computer line-of-sight occlusion culling routines were developed. When a participant is at street level, occlusion culling finds the sub-set of those buildings and objects that are actually visible to the participant. If a participant flies above the level of the buildings, occlusion culling can not be used, as this does not reduce the number of buildings that must be rendered by a sufficient amount. In this case, the 40 nearest buildings to the participant’s position are rendered. This gives a view of the local area that surrounds the participant.


Viewpoint/movement within the Cityscape is controlled using a three-button 2D mouse. The left button controls the position of the participant’s ‘body’ (this is a linguistic convenience, as no actual embodiment representation was employed). Holding the left button and moving the mouse forwards/backwards moves participants’ viewpoint forwards and backwards, and moving left/right turns the participant’s body. This is the basic method of navigating around the city. The middle button controls the orientation of the ‘head’. This allows participants to look up/down and left/right without moving their body. Holding the right button and moving the mouse forwards/backwards allows participants to fly vertically into the air. Moving left and right with this button held causes the body to take a ‘side-step’. Participants are prevented from walking through buildings as default. 

2.2
Methodology

2.2.1
Procedure


Eight participants (three male computer science undergraduates, two male and three female psychology undergraduates) were involved in the study. All participants were aged eighteen to twenty. A silicon graphics O2 computer was used to run a ‘desk-top’ version of the Cityscape. 

Participants were seated in front of a computer screen. A ‘Hi8’ video camera was located on the right hand side of participants, a few feet a way, and recorded participants’ on and off screen activities. Before the commencement of the session (there were no practice phases) directions on how to use the three-button mouse control were given. Following this, participants were asked to explore the environment. In order to give the activity some meaning, participants were asked to find ‘Tubby Street’ and a statue (resembling those found on Easter Island). Participants were encouraged by the researcher to ask questions and to comment on any aspect of their activity that occurred to them. This would make participants’ understandings of, and difficulties with, the task public, and hence available for analysis. The researcher did not offer direct assistance to find the designated landmarks, but responded to any unexpected technological ‘glitches’.  Following a twenty-minute period, participants were asked to dispense with the task, and were then asked questions on a number of issues that emerged from the researcher’s observations on each participant’s occasioned use.   

2.2.1
Reliability and Validity
Two important criteria to assess the internal validity and reliability of qualitative research have been suggested by Smith (1996). These are internal coherence and presentation of evidence. The first of these, internal coherence, refers to whether the argument presented within a study is internally consistent and supported by the data. The second of these, presentation of evidence, refers to the publication of sufficient quotations from participants' discourse to enable readers to evaluate the interpretation. In this manner, emergent themes are presented herein supported by participants' actual discourse, in order that the reliability and validity of the interpretations can be assessed by the reader.
3
Thematic Findings and Discussion


The data analysis of the video material and debriefing interviews drew out a number of interesting themes that have implications for the construction of virtual environments modelled on real-world forms, such as cities. These themes can be broadly organised under the following categories: Navigation; Movement; Landmarks; Environmental Perceptions and Expectations; Bodies; and Information. 

3.1
Navigation


Under consideration here are the mode and strategies of navigation used by participants, as well as participants experiences of place, orientation and movement within the Cityscape.

3.1.1 
Mode of Navigation and Line of Sight

Certain behaviours were afforded by the appearance of the Cityscape, and were appropriate for a city environment. Participants tended to utilise one particular mode of navigation, the vast majority of which was ‘grounded’ - participants rarely chose to ‘fly’ for any length of time. Some participants stayed on the pavement areas of the Cityscape, and felt uncomfortable leaving it, 

(P5):
I guess the strange thing at the moment is like I’m going down the middle of the road, which is a strange feeling. I should be on the pavement, but I haven’t got much control [of the mouse].

Although this participant was travelling along the road (defined here as the central surfaces between pavements or sidewalks), they actually wanted to travel along the pavements. Her difficulty with using the mouse hampered this endeavour. Being ‘road-bound’ was then experienced as ‘strange’, as the participant felt she should be moving along the paved surface (as in pedestrian locomotion in real cities). 

Other participants moved along the road surfaces of the Cityscape.  For these ‘road users’, junctions were heeded, in that participants would stop at a junction and look left and right before ‘pulling out’ or turning the corner. There was an expectancy that movement within the Cityscape should be achieved in a particular manner, in ways which are reminiscent of movement in real city environments,

(P6):
You see, like this, going round a corner. I haven’t gone round a corner yet. [goes over a kerb and turns a corner]

I:
You went round a corner then.

(P6):
Over a kerb though.
It appears that this participant thought the ‘right’ way to travel within the Cityscape was road centred. Although they complain about not being able to turn a corner, they are actually referring to their inability to do this while staying on the road surface. A successful turn is dismissed because it is achieved by traversing a kerb. In contrast to the previous participant who felt she should be on the paved areas, this participant felt she should be on the road surface. Such impressions could be related to the navigation metaphor employed by participants. In the first example, this would appear to be that of a pedestrian. In the second case, this would appear to be that of someone travelling in a road vehicle.


An alternative interpretation is that some participants may have been employing an optimal strategy for the task set. Moving along the road surface gave them the best possible view of their immediate environment, a ‘line of sight’, as well as of features in the distance. However, movement along the road was not ‘dead centre’. For instance, for participants 1 and 2, movement was predominantly on the left-hand side (as vehicular travel is in the United Kingdom), although some navigation occasionally took place on the right hand side and middle of the road. Given that the tasks were to look for street names and a statue, moving, at ground level, along the centre of a road flanked by buildings is arguably an optimal strategy. ‘Navigation metaphor’ and ‘line of sight’ need not be opposing interpretations, but could apply under certain circumstances and to particular participants. Further empirical work is required to ground these interpretations more fully.

With the implementation of various types of embodiment, these types of movement (pedestrian and road user) could be reinforced or facilitated within a virtual cityscape. For instance, embodiments discussed by Bowers et al. (1996a,b) were ‘blockies’, simple representations of the human figure. The point of view on these embodiments were variable, including ‘overhead’, ‘over the shoulder’, and ‘out of the eyes’. Within city-like virtual environments, an ‘over the shoulder’ point of view could help reinforce a sense of self-as-pedestrian, and may further afford travel on paved areas. However, a similar point-of-view could be used to present the windscreen and bonnet of a car, reinforcing a sense of self-as-driver (or passenger), and may further afford travel on road surfaces within cityscapes. Moreover, these different points of view could be variable: a pedestrian may ‘catch a taxi’ and become embodied within the car.

3.1.2
Strategies of Navigation: Uniqueness of View and a Sense of Place 


As discussed earlier, within the real environment research has focused on wayfinding, for instance how people use features of the landscape to locate places and objects. In using a cityscape metaphor, we were interested to see whether real-world strategies and affordances could be employed within a virtual environment. From the debriefing sessions it emerged that participants had tried to develop navigational strategies, with limited success. In the absence of a map or other tools to aid orientation, it was of interest to see what spontaneous strategies participants would employ. Such strategies were evident in participants’ comments, 
(P1): …at first [my movement] was random, but then I tried to search one area, then searched the streets along, and then the avenues. Because I think that’s how it was arranged, because you’d numbered them. 

This participant illustrated his comments with hand gestures which, coupled with his above comments, indicated that he became aware that streets were ordered in a horizontal/vertical opposition (although he later said that he had not realised the alphabetical organisation of the streets). 

Other participants indicated that the environment was not as rich as the natural environment in providing wayfinding affordances. Although wayfinding strategies were sometimes attempted, the perceived uniformity of the environment obstructed this. For instance, participant 2 remarked,

(P2):
It’s very easy to get lost because there is only the occasional landmark. And the first thing you think is - basically your trying to find it without a system for searching the streets. Then all of a sudden you realise you’re going to have to have a system before long. For recognising where you’ve been, so you don’t go wandering down the same streets again. Because it does all look so similar, unless you get some landmark that you recognise from before.


Despite the perceived uniformity of the environment, mundane as well as more ‘distinctive’ landmarks were used by some participants to aid wayfinding. For instance, participant 3 commented,

(P3):
I just recognised a few things, like if I saw the fountain or the fenced off area I knew where I was approximately, and was able to get to all other places like Easter island and other distinctive features like that.
Some participants used street names for wayfinding in a systematic manner, such as inspecting each street sign they came to and trying to commit them to memory. Others  used street names more implicitly, as when one participant exclaimed: ‘Hang on! I’ve been here before!’ [points to street called ‘Flange Street.’] (P4). 

Although it is apparent from participants’ statements that they attempted to develop wayfinding and navigational strategies, the very structure of the Cityscape appeared to make such efforts difficult. Largely unsuccessful attempts were made to use landmarks and street names for wayfinding. A common complaint was that the environment was undifferentiated. For these reasons a ‘sense of place’ was difficult to achieve. Among the more obvious recommendations are that virtual environments are given more areas of distinctiveness, or ‘zones of character’. Participants’ own recommendations included ‘different patterned buildings’ and graffiti. 

3.1.3
Groundedness and flying


Participants tended to remain grounded in their movement, in that they did not seek birds-eye-views of the Cityscape. It might be argued that when looking for street signs ‘flying’ up from the ground is not a useful strategy. However, it would be useful for seeking out previously visited landmarks, as well as when looking for particular objects. Despite these apparent benefits, participants did not exploit this potential.

When asked about this, participants indicated that this strategy had not occurred to them, and was one that they thought was not possible. Such a view arose out of an acceptance of the city metaphor by participants, where the realm of possible behaviour is curtailed by physical constraints. As participant 2 explained, 

(P2):
…When you find yourself at street level it’s not your immediate impression to be able to float up above. I suppose it’s pretty much representative of when [in the real environment] you can’t actually go up above that level.

Participant 1 remarked that he didn’t attempt to ‘fly up in the air’ because it felt ‘more comfortable’ staying ‘on the ground’. While participant 3 was aware that they were able to ‘fly up and down’, they commented that although they ‘went quite high’ they were ‘afraid of heights’! He explained further that he had considered flying up higher but had thought ‘how can I see the street signs?’ It was only after he had looked for and found the objects that he had considered this a possible strategy appropriate for the task (‘It came to me afterwards’ - i.e. flying up and looking down to see the objects). In any case, this participant suggested that the future implementations of the Cityscape should utilise street signs that pointed to the direction of the objects, indicating that he utilised a particular mode of movement, namely ‘grounded’. One participant, having been made aware of her capabilities within the Cityscape, still sought reassurance from the researcher on the advisability of taking to the air,

(P6):
[comes to a ‘dead-end’, blocked by a building] I’m going to have to turn around now, aren’t I? [looks at researcher, researcher shrugs] Or I could fly over there? [looks at researcher]I think I’ll go over [point of view rises upwards, looks around in air, moves back down to ground].
Clearly, even when it occurred to participants to use the capacity to rise up from the ground and ‘fly’, this was sufficiently uncomfortable to them as to warrant reassurance that this course of action was available and appropriate. However, while participants tended to be grounded in their movement, they did occasionally take to the air. This was done for a number of reasons, such as seeking ‘perspective’, to gauge the size of the city, and to look for specific objects. 
In order to facilitate the use of ‘flying’ (should this be considered desirable), mechanisms may need to be incorporated into virtual environments to encourage this. This could take the form of vehicles such as air balloons, or familiar architectural features such as lifts. The empirical work described herein demonstrates that the city affords certain behaviours while inhibiting others. With the provision of such features as these, participants may more readily choose to rise above the ground.

3.1.4
Navigation in Relation to the Ecology of the Environment


The different mouse-movement controls were variably used by participants in relation to the environmental features and problems encountered. Despite the evident difficulty with using the mouse, participants did attempt to employ each of the three buttons on the mouse for specific type of movement. Participants found uses for each of the metaphors of walking, side-stepping, head-turning, and even flying. For example, sideways steps were sometimes used to edge away from an otherwise entrapping wall; reverse steps were used to get out of an entrapping corner; and head movements were made at junctions. Movements were made in relation to purposes in the environment. This suggests the utility of an application motivated and related set of hardware/software navigation tools. However, the difficulties they encountered need to be resolved. Participants’ own suggestions included the use of a joystick as well as a keyboard.

3.2
Movement


With a virtual environment two types of movement occur: virtual (on screen) and bodily movement. Consequently, both of these are discussed here.

3.2.1
Direction of Least Resistance

The problems that participants had in moving within the Cityscape meant that often they would ‘give up’ on pursuing a direction that was presenting them with difficulties. For example, occasionally participants would have difficulty in controlling the mouse to travel down alleyways and around corners. On these occasions, participants would allow their movement to proceed along a route of ‘least resistance’, usually a lengthy stretch of open road.  This type of response is reflected in the comments of the following participant,

(P8): I suppose, because I was finding it hard to control, when I

started off in one direction, I thought ‘just keep going in 

this direction’.
One solution to this problem would be to employ force fields to aid users to avoid obstacles and travel along a desired route (Xiao and Hubbold 1998).
3.2.2
Lack of Orientation

Orientation within the Cityscape was a problem for some participants. Problems included participants recognising  where they had previously visited, as well as in being able to ascertain how far they had rotated within the environment. The following comments relate to this disorientation of a point-of-view, 

(P7): [in a real environment] you’d know when you’d turned 180

degrees, you’d know when you’d turned 360 degrees, whereas you

don’t, you never know which way your going [in the VE]. … If

you’re stood on the spot and you turn around, you know where

you are. Whereas here is harder, especially if you’re looking 

up and down at the same time.

Comments such as these suggest that virtual environments should have techniques for making a user’s direction of gaze explicit and hence readily understandable. Providing visible embodiments with moveable heads is one way to address this. The type of disorientation referred to was bodily: of knowing how far a person had ‘turned their head’. Therefore, dynamic embodiments could deal effectively with this problem. Vehicles can also address this - for instance, when a person turned their head within a car vehicle, their point-of-view would change from looking over a car bonnet to looking through a side window.

3.2.3
Experience of Movement

The ‘jerky’ nature of participants’ virtual movement in the Cityscape was occasionally remarked upon. The small time-lag in frame-rate update was perceived by users as ‘unrealistic’. Rather, participants expected smooth, steady virtual movement to match their physical movement of the mouse.

I:
What do you make of the environment so far?

(P7):
The environment seems, the movement around it doesn’t seem particularly, I don’t know, realistic. ...it might be the way I’m controlling it, but it seems quite a bit removed from, not how I’d expect an environment to be if I was actually there.
This participant’s comments are particularly important in relation to a phenomenon of some concern to the virtual reality research community, that of ‘a sense of presence’ within a VE.  The lack of  ‘realistic’ (i.e. smooth) movement appeared, in the case of this participant, to reduce a sense of ‘actually [being] there’. 

The experience of movement as ‘jerky’ and ‘unrealistic’ is problematic, with no apparent easy solution.

3.2.4
Physical Body Movement in Relation to Virtual Movement


All participants exhibited various degrees of coupling between physical and virtual movement, that suggested participants were ‘bodily engaged’ with the virtual environment in a manner which has previously only been posited for immersive applications (Murray 1996; Murray in press; Murray and Sixsmith in press). For instance, participants made head turns left/right as their point of view on screen turned left/right. One user (P4) was observed to lower their head to look underneath the city while underground. As the viewpoint went lower, she moved her head further down to look under the city.


The navigating activity of participant 3 in particular demonstrates a pronounced relation between physical and virtual movement. Movement depicted on the screen (i.e., the visual array) was accompanied by what might be considered as ‘appropriate’, or ecologically valid, head-body movements. These included orienting (swinging) the body on the swivel chair to scan the Cityscape in accompaniment with the mouse/cursor position.

3.3
Landmarks: Qualities, (Re)Location and Preferred Use 


Occasionally participants commented on the landmarks within the Cityscape, and of their qualities. Features such as fountains and gazebos were rarely mentioned unless prompted (‘do you remember seeing a fountain?’). More striking landmarks, such as a dinosaur and Stonehenge were spontaneously referred to. However, such features were noticed for their incongruity within the Cityscape setting,

(P5):
[finds Stonehenge from the air] Is that Stonehenge? Fine. A bit surreal.

Such comments as these were indicative of the possibility of employing landmarking strategies within a virtual city that did not try to faithfully mimic real world equivalents.


Participants stated that they found the green areas of the Cityscape useful. Otherers remarked how they were actively looking for and using landmarks in their wayfinding such as a fountain and a tall building. In a subsequent debriefing, participant 2 stated that it was ‘very easy to get lost’ when navigating the environment, unless a landmark was recognised,
(P2):
There was a little fountain. There was also a big building in there, but I didn’t see that again. I was looking out for that. I was also trying to get my bearings of the street names as well, the numbered streets.
Participants commented that they would like ‘different things in different places’ to aid purposeful movement (e.g. wayfinding), thus indicating they would like landmarks to be used to both break a place up, and to characterise particular areas. Signposts were suggested as a way of aiding location of targets. 

Participants in the study commented on the more striking landmarks within the Cityscape, such as the dinosaur and Stonehenge. These landmarks can be characterised as visually distinct. Architectural style, size, and colour all contribute to the visual distinctiveness of landmarks (Weisman et al. 1981). Distinctive objects become especially salient landmarks when they give directional information. In the Cityscape, such landmarks did not have any such useful indications, but were ‘littered’ randomly within the environment. Participants’ difficulties in making use of these and other landmarks suggests that designers of virtual environments modelled on real-world forms, such as cites, should give thought to the placement of visually distinct objects. It may then be possible for participants to use these objects in their navigational activity. 


Physical markers can be used to make past positions available for future reference. For instance, Darken and Sibert (1993) used cubes as markers that hovered just above the ground plane. This mechanism could be used manually (allowing the user to specify where markers should be dropped) or automatically  (dropping markers at a constant frequency along the user’s path). When a synthetic sun was added, all subjects’ performance improved. The sun’s relative immobility and its visibility throughout the space made it an absolute directional marker. Interestingly, one participant in the Cityscape study (P7) actually suggested the inclusion of a sun as a stable reference point.

3.4
Environmental Perceptions and Expectations

In the following we focus our attention on participants perceptions and expectations of the Cityscape and its components. This includes a consideration of the behaviours and perceptions evidenced in observation of participants’ activities and replies given in the debriefing interviews. 

3.4.1
Solidity of Objects

It was apparent that participants perceived the buildings in the environment as

 solid. There were no deliberate attempts to go through them and, when accidental collisions did occur, participants expressed surprise and acted promptly to get back onto the road / paved surfaces. However, not all objects were respected in this manner. Some participants did not appear to mind passing through lampposts and trees in the environment. 

The one occasion when Participant 2 (accidentally) veered into a building they appeared surprised (‘Ooh!’) and physically flinched before ‘backing out’ rapidly. Similarly, when participant 2 was asked about this he had some interesting comments:

I:
Why did you not fly through buildings?

(P2):
Because to me that [the Cityscape environment] isn’t such a bad representation, if you like, of the way you do things in real life. So, it doesn’t occur to you that you can. The same way I didn’t think I’d be able to float up above and have a look down. It just didn’t occur to me that I actually could.

The solidity or not of objects was something participants found out during the

course of their activity, though usually accidentally, 

(P5):
I crashed into a few trees and it let me go straight through them.

Surprise was the general response when accidentally hitting a wall. However, participants were also surprised that the environment allowed them to descend a little distance beneath the ground, 

(P4):
 Oh! You can go through the floor.

Participants’ behaviours were, therefore, both afforded and curtailed by the features of the environment. Large objects were generally considered as solid, this only being confirmed via accidental collisions. While some participants sailed through smaller objects (trees and lampposts), others avoided these as well. As already discussed, the road surfaces were avoided by some participants while others avoided paved areas. We have already considered the affordances associated with pedestrian and road-vehicle travel. Findings such as these suggest affordances can be further exploited (air-borne vehicles being just one example that may encourage participants to seek overhead viewpoints, should this be considered desirable).

3.4.2
Perceptions of the Environment


The Cityscape was readily accepted as a reasonable, though flawed representation of a city. For instance, participant 5 commented,

(P5): There’s a lot of zebra crossings around. I presume it’s a pedestrian area. ...It just seems like some sort of a residential area, with these random blocks [points at grey building], that don’t seem to be anything. …It reminds me of New York. It’s got grassy bits and big buildings. It’s like New York, their park and huge skyscrapers.


When participants were interviewed after their trial sessions they employed language descriptive of a city. For example they talked of streets and avenues, roads and pavements, buildings and grass areas, ground and sky. Occasionally they used such language during the trial, such as, ‘That’s a dead-end’, ‘Oh! I’ve hit a wall’, etc.

Despite the city-like representation for participants, they made remarks such as, 

(P5):
It doesn’t quite fit together. The roads seem… it’s like a park situation with industry.

Comments such as these suggest that while the Cityscape was perceived as a

relatively realistic representation of a city, the practical uses of the Cityscape, which

are inscribed within its architecture and layout, were not so readily identifiable

(indeed, at this point the Cityscape did not have any practical activities). In fact, the

Cityscape did not ‘quite fit together’. 

3.4.3
Looking for Semantic Features 


There was evidence that participants looked for semantic features in the Cityscape. Participants sought meaning within the city metaphor. For instance, one participant  (P1) asked why certain buildings had windows and others did not. In fact, this had the potential to provide wayfinding information, as the more ‘complex’ buildings (in terms of features) were towards the centre of the city, while the more ‘simple’ buildings were towards the outskirts of the city (although participants did not realise this). Meaning was also sought in permitted activity, for example, participant 7 asked ‘Why do you allow a person to fly?’


As a further example of this we can consider the comments of another participant looking for ‘Tubby Street’, who felt that alleys within the environment might have special significance for the task,

(P4):
[comes across an alley way, moves towards it] Perhaps this is the alley way into tubbyland. Or maybe it’s nothing at all. [moves down the alley]

In addition, participants actively looked for semantic features within the environment and their available capabilities. They wanted to know why they could fly, and why certain buildings appeared one way, while others appeared another. Again, this is a feature which virtual environments can capitalise on. A variety of meanings and information can be inscribed upon the architecture of a VE, which can be intuitively comprehended by participants.

3.4.4
The Translation of Real World Behaviours to the Cityscape

The findings reported herein make it apparent that people’s real-world understandings are brought to a virtual environment. It is also interesting to consider how some real-world behaviours might translate to the virtual. Wayfinding strategies have previously been considered as one set of behaviours that might translate from the real to the virtual (Wittmer et al. 1996; Ruddle et al. 1997). However, there are also other, less obvious examples, such as participant 3 who said that they did not fly up in the air because he was afraid of heights. Although this was delivered as a joke, there may be a serious point behind this, i.e., that leaving the ground and gaining an overhead view is disorienting for some participants. Further empirical work (currently underway by the authors) is required to enrich our understanding of the convergence of behaviours in real and virtual environments.

3.5
Bodies

3.5.1
Populating the Environment and (Lack of) Activity


There were suggestions by participants that populating the environment would be useful in creating a sense of presence within the Cityscape, while another commented that navigating the environment was ‘lonely’. Such comments have implications for employing artificial and real populations. Participant 7 commented that,

(P7):
I’d probably describe [the Cityscape] as like a deserted city.

The lack of activity and people within the Cityscape was considered unusual,

I: 
You made a lot of comments about the environment being surreal or strange.

(P5):
I think its because its such a road area, a city sort of area, or a park area, and there’s not actually any people around. There’s no activity going on. It’s like walking around Manchester and nothing going on.
In accepting the environment as a representation of a city, participants assumed that people and activity would be part of this,

(P7):
In a city you’d expect movement in it, traffic and people, etc.

The desire to see activity within the environment was pronounced. Participants referred to having other social actors, vehicles (such as buses), other actors such as  cats, and ‘the odd noise’, generally ‘something to break it up’ (P4).

Despite the evident affordances of the Cityscape, some participants did begin to experiment some time into their use. This experimentation was mainly ‘flying’, but also included sailing through lampposts and trees (generally when this possibility had been chanced upon). Such behaviour may be attributable to the often made comment that there was no activity within the environment, leaving participants to create their own entertainment. Designing a suite of activities for the Cityscape is a current research concern of the authors and, it would appear, has general applicability 

in the design of virtual environments modelled on real-world forms.
3.5.2
Embodiment


Although the environment did not contain any avatar representations of users, participants sometimes looked for such a representation. For instance, participant 5 asked, 

(P5): Am I where the mouse is? [points to cursor on screen]

Even without a representation, participants used language suggestive of their interaction as being embodied within the scene,

(P8):
[‘hits’ the side of a building] Oops! I think I’ve just headbutted a wall [guides way out]

Comments and behaviours such as these convey both the expectation to be

visually embodied within the virtual scene, as well as a feeling of being part of the environment. Such indexical referents as ‘I think I’ve just headbutted a wall’ have been posited as evidence for a sense of presence within a VE (Buscher et al. 1998).

Participants in the Cityscape study expressed the opinion that the city should be populated in some way, and that it should also have different kinds of activity taking place. The importance of people and their activity in creating a sense of space has been has written about eloquently by Seamon (1979). 

Seamon (1979) discusses ‘watching’ as an activity that requires activity and movement. People do not tend to watch things and places that are inactive. Busy pavements, noisy activities, etc., are all things which foster watching. Normally, watching does not arise because of conscious planning on the part of the watcher, but because the world automatically attracts and holds the watcher’s interest in some way. The Cityscape had no such activities or people to observe. Participants in the Cityscape study repeatedly commented on the need for activity and people within the environment. Without these aspects the environment appeared dull and lifeless, ‘a deserted city’ which was ‘lonely’. Populating virtual cityscapes with embodied participants and autonomous agents would alleviate some of these difficulties.

3.6
Information Support


This final theme relates to all the information that participants sought actively to gain. This activity was invariably directed towards the researcher, and appears here under ‘use of expert’. Mapping mechanisms were another form of information support that participants indicated would be useful. These appear here under ‘information aids’.

3.6.1
Use of Expert

The researcher performed a number of functions for participants throughout

their encounter with the Cityscape. They were a source of information as well as

reassurance (further examples of this have been presented earlier under the theme

‘groundedness and flying’). Participants would look at the researcher, seemingly, to

elicit information on what had happened and/or what course of action they should

take. For example,
(P4):
[travelling quickly, turns right and ‘hits’ wall] Ahgh! [laughs and looks at researcher]

This participant also solicited permission and reassurance from the researcher by declaring her intended activity,

(P4):
 I’m going to try some jumping now [looks towards researcher]

Once in the air, further advice was sought:

(P4): [moves up] Do I just stay up here?

Participants were encouraged to seek any information they felt they needed. Hence, it was hoped that this strategy would make public (to the researcher) the support that a user of the Cityscape would require. The researcher, in fact, appeared to act as a ‘guarantor’, a source of reassurance for participants when they were unsure of what action to take, or were unsure of what event (on screen) had taken place.


As an example of the first kind of reassurance, we can consider participant 4 who declared her intention to fly, then looked at the researcher before doing so. This can be seen as a way of soliciting both permission and reassurance that it was appropriate to do so. As an example of the second type of reassurance, we can consider participant 8 who veered into the side of a building, filling the screen with grey. First of all he declared his surprise (Ooh!), then looked towards the researcher. The researcher then informed him what had happened, and the participant took successful evasive action.


One way VEs might provide these types of information is with on-screen messaging. Hints could appear on the screen (akin to word processing packages ‘tip of the day’) which encourage particular activities at particular times. Similarly, when participants disorient themselves, for example by colliding with an object, on-screen help could appear advising them of what had happened and how to remedy the situation. It is possible that this information could be included/precluded with a simple keypress, so that as a novice became familiar with the environment they could dispense with this aid. Another possibility with regards to collisions, discussed earlier, is to preclude such happenings altogether by employing force fields around objects (Xiao and Hubbold 1998).

3.6.2
Information Aids


The difficulties that participants experienced with navigation and wayfinding within the cityscape were evident during the period of use, and the subsequent debriefing sessions. In these debriefing sessions, and occasionally during the trials, participants invariably mentioned the utility of some form of mapping mechanism to aid their activity, 

 (P2): Maybe the signs on the street [would help wayfinding], if they changed colour when you visited them. Maybe a map which traces your steps. It’s all about knowing where you’ve been. 
The preceding comments made by participants suggest that the Cityscape at present requires additional techniques to aid a person’s navigational and wayfinding abilities. Participants themselves noted the benefit of grassy and fenced off areas for differentiating the Cityscape, and suggested the addition of dynamic wayfinding aids. 

Participants consistently suggested the employment of a map-like aid in future Cityscape applications. Some participants suggested this should be an ‘overhead map that traces your steps’, located in the corner of the screen to indicate where they had visited. One participant commented it would help if street names changed colour as they were visited. The use of various traces and trails could aid wayfinding (along with an improved legibility of the Cityscape as mentioned earlier – i.e. ‘zones of character’). Maps have already been employed in VEs with degrees of success (see Darken and Sibert 1993). Other wayfinding aids might not be as effective (See Ruddle et al. 1998).

4
Summary and Conclusions


The purpose of this paper has been twofold. We have aimed to establish, by example, the legitimacy and informative nature of the qualitative approach in empirical work on virtual environments. Here, we have attempted to indicate the stand-alone potential of qualitative methods for researching topics such as wayfinding, navigation and place experience within VEs, while giving some indication of the manner in which such work may be combined with more experimental procedures.  

However, the primary objective of this paper has been to examine how participants explore and experience a virtual facsimile of a city. In accordance with this aim, we have identified a number of themes that characterise participants’ navigation and wayfinding activity, as well as place experience. Observation of interaction with the virtual city, coupled with participants’ comments, suggested a continuous relationship between real and virtual worlds. Participants were seen and heard to attribute real world properties and expectations to the contents of the virtual world. It seems reasonable to argue that the layout of the Cityscape environment constrained behaviour in that some behaviours were afforded while others were not. Finally, we have discussed these findings and their implications for the construction of virtual environments modelled on real-world forms, such as cities.

Metaphors are powerful. It is our contention that the crude adoption of real-world metaphors in the design of virtual environments may mean that their practical and subjective significance are lost as materiality is re-imposed on new practices. In contrast, when real-world metaphors are critically employed they provide affordances that allow people to use their real-world understandings and behaviours in a new task. Having an awareness of how the presence, absence or characteristics of virtual objects can be congruent or incongruent with users’ real-world experience is critical to the successful design of virtual worlds. In this manner, the findings reported within this paper are indicative of the potential of, and the problems involved in, the construction of virtual environments modelled on real-world forms. 
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FIGURE 1: A VIEW OF THE CITYSCAPE

A .tiff file of the image can be obtained from:

http://aig.cs.man.ac.uk/people/srp/city2bw.tif
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