Foreground/Background Manipulations Affect Presence


�  �  PRIVATE HREF="/people/prothero/"�MACROBUTTON HtmlResAnchor Jerrold D. Prothero�,��  �  PRIVATE HREF="/people/hunter/"�MACROBUTTON HtmlResAnchor Hunter G. Hoffman�,��  �  PRIVATE HREF="/people/parker/"�MACROBUTTON HtmlResAnchor Donald E. Parker�,��  �  PRIVATE HREF="/people/tfurness/"�MACROBUTTON HtmlResAnchor Thomas A. Furness III� ,��  �  PRIVATE HREF="/people/mwells/"�MACROBUTTON HtmlResAnchor Maxwell J. Wells�


Human Interface Technology Laboratory�Washington Technology Center�University of Washington�P.O. Box 352142�Seattle, WA 98105-2142�prothero@hitl.washington.edu


Contents: �


�  �  PRIVATE HREF="#intro"�MACROBUTTON HtmlResAnchor Introduction�


�  �  PRIVATE HREF="#method"�MACROBUTTON HtmlResAnchor Method�


�  �  PRIVATE HREF="#discuss"�MACROBUTTON HtmlResAnchor Discussion�


�  �  PRIVATE HREF="#results"�MACROBUTTON HtmlResAnchor Results�


�  �  PRIVATE HREF="#acknow"�MACROBUTTON HtmlResAnchor Acknowledgments�


�  �  PRIVATE HREF="#refer"�MACROBUTTON HtmlResAnchor References� 








A possible relation between vection and presence is discussed. Two experiments examined the hypothesis that "presence'' is enhanced by manipulations which facilitate interpreting visual scenes as "background.'' A total of 39 participants in two experiments engaged in a pursuit game while in a virtual visual environment generated by an HMD and rated their experience of "presence'' on 5 questions. Experiment 1 compared two viewing conditions: visual scene masking at the eye and a paper mask mounted on the screen with the same 60deg. FOV, and showed that presence was enhanced by eye masking relative to screen masking. Experiment 2 replicated these findings with a double-blind experimental design.


INTRODUCTION


There is a trade-off between wide field-of-view (FOV) and high resolution in immersive head-mounted displays (HMD's) used for virtual environments. It is generally believed that a wide field-of-view is necessary to stimulate a sense of presence, of "being in'' a virtual environment, although there is remarkably little published research which bears directly on this question. Hatada, Sakata & Kusaka (1980), using subjective measures and an objective measure based on perceived tilt, concluded that "a visual display with horizontal viewing angles ranging from 30deg. to 100deg. and vertical angles from 20deg. to 80deg. produces psychological effects that give a sensation of reality.'' Other research has looked at the relation between FOV and performance (Piantanida, Boman, & Larimer, 1992; Wells & Venturino, 1990) and geometric FOV and presence (Hendrix & Barfield, 1995).


Since a sense of presence is regarded as crucial for many tasks (most especially for entertainment applications), HMD manufacturers have had to make a difficult choice between producing displays with acceptable resolution for detailed work, or expanding the FOV to achieve presence, often at the expense of lowering the resolution below the level of legal blindness.


We address the hypothesis that presence is one manifestation of a general psychological phenomenon produced by subjective rest frames. As one test of this hypothesis, we describe two experiments which investigated a technique for enhancing presence at a given FOV.


Fundamentally, perception of space depends on perception of the position, orientation, and motion of external objects, and on perception of one's own position, orientation, and motion. In physics, a coordinate system which can be used to define position, orientation, and motion is called a "reference frame.'' The particular reference frame which a given observer takes to be stationary is called the "rest frame'' for that observer.


We speculate that people construct internal, subjective "rest frames'' which are used to create the subjective sense of position, orientation, and motion. If so, like any other mental construct, this subjective rest frame can be formed incorrectly. Incorrect or inappropriate rest frame formation may result in illusory, visually-induced perceived self-motion (vection). Similarly, an inappropriate rest frame may result in illusory self-location and self-orientation; i.e., the illusory "presence'' created by virtual environments. We call this "the presence rest frame hypothesis.'' If people do maintain an internal rest frame, what properties of the environment are used to determine it? It appears that a major determinant is what is perceived to be background.


Perception of the static tilt of both external objects and of the self can be heavily influenced by the visual tilt of the background (Howard, 1986). Similarly, it has been shown (Wallach, 1959) that perception of the motion of an external object tends to be determined by the perception of the object's motion relative to the perceived background, even when it is the background which is actually moving.


Traditionally, it was believed that a necessary condition for a sense of vection was stimulation of peripheral vision employing a wide FOV display. Andersen and Braunstein (1985) showed that "central vection'' (vection as a result of stimulating only the central visual field with angles as small as 7.5deg.) was possible. A similar non-dependence of vection on peripheral vision was reported by Howard and Heckmann (1989). Other research (Brandt, Dichgans, & Koenig, 1975; Ohmi, Howard, & Landolt, 1987; Ohmi & Howard, 1988) has suggested that the critical issue in determining vection is the apparent relative motion between the self and the perceived background. These reports have intriguing implications for presence.


Following the framework of the rest frame hypothesis, we suggest that the sense of presence in a virtual environment would be enhanced by any procedure which increases a person's belief that the virtual environment defines the background. To test this, we used a variation of an experiment reported by Mergner and Becker (1990). They reported that when participants were exposed to a 30deg. by 30deg. vection stimulus in central vision, the participants never reported vection when the limited FOV was created by masking (blanking) part of the screen (by putting a box with a small opening over the projection system). In contrast, when the same FOV restriction was created by a mask worn on spectacles, the participants did report vection. In the latter case, the participants felt the vection to be qualitatively less cogent than with full-field stimuli; however, their quantitative estimates were only slightly reduced.


The rest frame hypothesis predicts that for the same FOV, a higher sense of presence should result if participants are convinced that the FOV restriction is due to something in the foreground. The remainder of this paper describes 2 experiments which test this prediction.


METHOD


Participants


Twenty-six adult volunteers (7 female, 19 male) participated in Experiment 1. Thirteen adult volunteers (4 female, 9 male) participated in Experiment 2. There were no participant selection criteria beyond the ability to see the visual display. Nearly all participants were new to virtual environments: only 3 participants from Experiment 1 and 1 participant from Experiment 2 reported more than 10 minutes prior experience. 


Stimuli


Participants in both experiments were exposed to the "Sharkworld'' virtual environment, which was developed by Division, Ltd. and features a texture-mapped underwater scene with a sunken ship and various moving sea creatures. The environment was run on a Division ProVision 100 and displayed using a Division dVisor HMD with the following FOV: 40deg. vertical,105deg. horizontal combined across two eyes and 40deg. horizontal overlap. Sound cues were not used.


Task/Procedure


Experiment 1 preceded Experiment 2. Both experiments were identical except that Experiment 2 was run using a double-blind procedure and the order of questions about the two conditions described below was counterbalanced. The experimenter for Experiment 2 was a new visiting student in the lab. He administered the questionnaires in sealed envelopes and was not shown their content, or allowed to discuss the experiment, until after it was concluded. In addition, participants were instructed not to discuss the experiment with the experimenter.


In both experiments, the participants' task was to catch moving sharks using a virtual net which followed real hand position. Both experiments used an eye mask (foreground occlusion) which limited the participant's FOV to a circle in the middle of the visual field. As this occlusion was close to the eye translation of the pupil during eye rotation meant that there was a difference between direct FOV (the range one can foviate on by turning the eyes but not the head) and peripheral FOV (the total range one can see using peripheral vision while looking straight ahead without turning the head). We measured direct FOV for the foreground occlusion at 40deg., peripheral at 60deg.. The foreground occlusion was provided by a pair of Lucas Products Corporation white "Super Sunnies'' tanning goggles from which the 1.27 cm diameter central ultraviolet protectors had been removed. These goggles had the characteristic of blocking out all peripheral cues (unlike a mask on spectacles which allows one to see above, below and to the sides). To avoid infection, the goggles were washed with rubbing alcohol between participants.


(Not Available)


Figure 1. Approximate relative size and location of paper occlusions placed on the dVisor HMD. As the display is mounted well behind the screen, participants could see more than this figure would suggest.
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In both experiments, the comparison was between the visual mask provided by the tanning goggles and black paper masks mounted directly on the HMD screens which produced an equivalent peripheral FOV. (As the screen mask was further from the eye, the difference between direct and peripheral FOV's was smaller.) The screen masks were 2 pieces of black paper with 2.54 cm diameter holes. Each participant was run for 2.5 min in each viewing condition with condition order counterbalanced. After each viewing condition, participants completed the following 5-item questionnaire for each condition:


deg. In sharkworld, I felt like ... (1 = I was standing in the laboratory, wearing a virtual reality helmet.) (7 = I was in some sort of ocean, near a shark-infested shipwreck.)


deg. How real did the virtual world seem to you? (1 = about as real as an imagined world.) (7 = indistinguishable from the real world.)


deg. To what extent were there times when you felt that the virtual world became the "reality'' for you, and you almost forgot about the real world outside? (1 = at no time.) (7 = almost all the time.)


deg. Did the virtual world seem more like something you saw or someplace you visited? (1 = something I saw.) (7 = some place I visited.)


deg. Did the virtual world seem more like a picture or more like a scene looked at through a window? (1 = like a picture.) (7 = like looking through a window.)


The development of objective measures for presence consistent with subjective measures would be a highly desirable advance, and attempts are being made to develop such measures (e.g., Prothero, Parker, Furness & Wells, 1995; Hoffman, Hullfish & Houston, 1995; see Barfield, Sheridan, Zeltzer & Slater, 1995). 


In the meantime, subjective measures appear to be both reliable and valid. Hendrix & Barfield (1995) ran each participant through 3 different experiments. One condition remained constant across the 3 studies. Since each subject was in each of the 3 experiments, it was possible to re-test participants' presence ratings. Mean presence ratings for the repeated condition remained constant across the experiments (nearly identical, with little variance) while the other means differed in predictable ways. These results are evidence that subjective ratings similar to those used in the present study can serve as reliable and valid measures of presence. Our finding that each of the differently-worded presence questions produced the predicted pattern of results is further evidence for the measure's reliability. This finding is typical of studies using subjective measures (Slater, Usoh & Steed, 1994; Barfield & Hendrix, 1995). Perhaps the strongest evidence for the validity of subjective measures of presence is the fact that similar questionnaires (administered to different participants by different experimenters to test different hypotheses) often lead to predictable results. For example, such measures have been used to show that update rate affects presence (Barfield & Hendrix, 1995), that GFOV and presence/absence of headtracking and stereographic cues influence presence (Hendrix & Barfield, 1995), that meaningfulness increases presence (Hoffman, Prothero & Wells, in progress), and that limiting FOV appears to reduce the sense of presence in a virtual world (Prothero & Hoffman, in preparation).


RESULTS


Experiment 1


The questions were designed so that larger response values indicated greater "presence'' or "immersion'' in the virtual environment. Responses were analyzed separately for each question; also, the responses across all 5 questions were pooled for further analysis. Statistical evaluation used the non-parametric Wilcoxon signed-rank test.


For Experiment 1, the responses averaged across all 5 questions were larger (Z = 3.1, p = 0.002) for eye masking (M = 4.2, SD = 1.1) than for screen masking (M = 3.3, SD = 1.0). When the responses to each question were analyzed separately, significant differences between viewing conditions were found for all 5 questions (Z = 2.69, p = 0.007; Z = 3.26, p = 0.001; Z = 2.49, p = 0.01; Z = 2.79, p = 0.005; and Z = 2.36, p = 0.02, respectively).


The number of females in the sample for Experiment 1 was not large enough to reveal possible gender differences. Gender differences have been found in other experiments which manipulate frames of reference (Nyborg, 1980). An order effect is suggested by the finding that, averaged across all 5 questions, the difference in responses between conditions was greater (p = .006) when the participants ran first with the screen mask (D = 1.26); this difference was not significant (p = 0.09) when they ran with the goggles first (D = 0.65). These data are shown in Figure 3. A possible interpretation is that it is easier to maintain a high level of presence once it has been created (screen mask after eye mask) than to create a high level of presence initially (screen mask first).
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Figure 3. Data from Experiment 1. Thirteen participants ran with each condition first.


Experiment 2


The results from Experiment 2 appear to rule out demand characteristics as a possible explanation of the results for Experiment 1. For Experiment 2 (with half the participants of Experiment 1) the responses averaged across all 5 questions were larger ( Z = 2.1, p = 0.03) for eye masking (M = 4.3, SD = .93) than for screen masking (M = 3.4, SD = .93).


DISCUSSION


The results of Experiments 1 and 2 support the rest frame hypothesis prediction that procedures which facilitate perception of the virtual scene as background increase subjective presence.


There was a factor working against the experimental hypothesis in the above experiments. Due to the design of the dVisor HMD, it was not possible for the tanning goggles to obstruct the view of the nasal edges of the screens which were in the background. This difficulty resulted in a less sensitive test of our hypothesis, that moving the border of the scene from the background to the foreground would increase presence. We expect that fixing this problem would result in higher subjective presence in the tanning goggle condition.


Another test of the hypothesis, that moving the scene boundary into the foreground increases presence, is to compare the eye mask with a computer-generated electronic mask, which turns peripheral pixels black. We conducted a preliminary study using an electronic mask with 11 participants and found no difference between the two conditions. Unfortunately, for technical reasons we were not able to run this study in Sharkworld: instead we ran it in Chessworld, a chessboard with movable pieces on a featureless plain. We believe that the results of this preliminary study can be explained by a "flooring effect": the world did not produce sufficient presence for the masking conditions to be distinguishable. Other theories are also possible: at present we do not have the data to resolve this question.


If the results of Experiments 1 and 2 are confirmed by future research, we believe that they point to an elegant relationship between vection and presence (the rest frame hypothesis). A possible application might be moving the boundary of a scene towards the eye to increase presence, or away from the eye to decrease presence (and, perhaps, simulator sickness).


Many factors may influence whether a scene boundary is interpreted as foreground or background. One is the amount of fuzziness (vignetting) of the boundary, which might be used to simulate a boundary which is out of focus due to proximity to the eye. A second factor is parallax cues generated by an electronic mask which moves as if it were in the foreground. Also of possible relevance are cognitive factors: to what extent does the boundary resemble an object which one expects to be in the foreground, such as a knot-hole? We hope to study these and other questions more precisely with an objective measure for presence currently under development. We will report these findings in subsequent papers.
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