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ABSTRACT
The present study aimed to explore the relationship between a number of psychological variables and a reported sense of presence in Immersive Virtual Reality (IVR). It was hypothesised that participants’ scores on measures of absorption, dissociation, and external locus of control would be positively and significantly correlated with a measure of their sense of presence in IVR. A total of 64 people took part. Significant correlations were found between Presence and Dissociation (r=.403, p<0.01), and Presence and Locus of Control (r=.268, p<0.05). However, the correlation between Presence and Absorption was not significant (r=-.037, p=.386). The findings reported here suggest a complex interrelationship of psychological variables in relation to Presence in IVR that warrants further research. 
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INTRODUCTION

One of the aims of immersive virtual reality (IVR) research is to identify under what circumstances a person may feel ‘present’ within a virtual environment (VE). Frequently Presence questionnaires have been used in such research to identify the features of VEs, as well as the psychological characteristics of VR experients, that are associated with higher degrees of reported presence. Features of an IVR system that have been found to influence higher reported levels of presence in a VE include the user having a virtual body (Slater and Usoh, 1994a), the inclusion of dynamic shadows within the VE (Slater, Usoh and Crysanthou, 1995), and natural navigation techniques such as ‘walking’ (Slater, Usoh and Steed, 1995). Similarly, the degree to which a person has a dominant mode of auditory, visual or kinaesthetic mode of encoding information has been found to be related to their sense of presence in a VE (Slater and Usoh, 1994b).

The present study is concerned with the psychological variables of absorption (Tellegen and Atkinson, 1974), dissociation (Bernstein and Putnam, 1986), and locus of control (Rotter, 1966) in relation to a person’s experience of presence within a virtual environment. These variables have been little explored, although we will argue there are strong reasons for doing so. In addition, we have reservations about the small literature that does exist on this particular topic. We will begin by critiquing this research before presenting our research study. 

Glicksohn and Avnon (1997) examined the relationship between levels of absorption and the experience of altered states of consciousness (ASC) accompanying virtual reality use. They noted a variety of factors to which absorption has been studied, including imagination, imaginative involvement, and experiential involvement, and argued that individual differences in levels of absorption would lead to differing levels of experience and interaction in IVR. Participants within their study were classified as having had an ASC if during introspective reports obtained during their IVR use the participant either used terms indicative of this (e.g. ‘floating’, ‘drifting’, ‘dreamy’) or reported changes on at least two dimensions of thought, somatic perception, emotion, or control over cognitive functioning. Despite having a small sample (n=12) Glicksohn and Avnon found that those subjects classified as having experienced an ASC (n=8) had higher Absorption scores than those who did not (n=4), arguing that absorption level is a predisposing factor in ASCs. 

The criteria for the occurrence of an ASC in the above study can be criticised for its potential to result in a number of similarly classed individuals (having had an ASC) who might not share in common any of the categorising criteria. However, it is informative of a role of absorption in experiencing an IVR. As such it is suggestive of a role for absorption in a person’s sense of presence within virtual reality.  

To a certain extent absorption and presence have been studied indirectly in so much as presence has often been equated with the ability to become involved, immersed or absorbed in certain activities or media. Witmer and Singer’s (1998) Immersive Tendencies Questionnaire (ITQ) for instance was developed to identify those persons who would be more likely to experience a sense of presence in IVR. Yet a number of items on the ITQ are similar to measures of absorption, such as the Tellegen Absorption Scale (TAS). For instance, we can compare the following items taken from the ITQ and TAS: ‘Do you ever become so involved in a movie that you are not aware of things happening around you?’ (ITQ), ‘While watching a movie, a TV show, or a play, I may become so involved that I may forget about myself and my surroundings and experience the story as if it were real and as if I were taking part in it’ (TAS), ‘How frequently do you find yourself closely identifying with the characters in a story line?’ (ITQ), ‘While acting in a play I think I could really feel the emotions of the character and "become" her/him for the time being, forgetting both myself and the audience.’ (TAS).

However, the only available study that has directly explored the role of absorption and dissociation in relation to the experience of presence within IVR that the present authors could identify is that of Banos and colleagues (Banos, Botella, Garcia-Palacious, Perpina and Gallardo, 1999).  These researchers examined the role of absorption and dissociation on reality judgement in virtual environments. Their rationale for exploring these two variables was that absorption referred to the ability to ‘get lost in the task at hand’, while dissociation referred to ‘a disruption in the normally integrated functions of consciousness, memory, identity, or perception of the environment.’ These authors argued that these psychological aspects were ‘deeply interrelated’ and might ‘play an important role in the immersion [of users] and…how realistic the virtual world seems to the user.’

Banos et al. measured Reality Judgement using a self-devised 15-item questionnaire with a 10-point Likert scale. They also used two previously published measures (28 and 26-items each measured on a 5-point Likert scale) of dissociation, and a previously published 6-item measure (also on a 5-point Likert scale) of absorption. Banos et al. performed correlations on their data and found both absorption and dissociation to be positively and significantly correlated to reality judgement, realism of the experience, number of feelings and sensations experienced in VR, level of loneliness felt, presence, and how much and for how long subjects forgot about the real world. Banos et al. used the median scores on the absorption and dissociation measures to allocate individuals in their sample into ‘high’ and ‘low’ scoring sub-groups. These sub-groups were then compared for statistical significance (t-tests). Higher scorers in Absorption were found to give more reality attributions, to report a higher sense of presence, and were more able to forget about the real world and for much longer than low scorers. High scorers in Dissociation lived the experience as more realistic, reported more feelings, sensations and loneliness, and were more able to forget about the real world and for much longer than low scorers.   

Our main concern with the above study relates to the self-devised questionnaire used to measure ‘Reality Judgement’. Banos et al.’s description of what this questionnaire assesses mentions six different aspects of participants’ experience. However, significance tests are carried out for fourteen different variables, the scores for which all derive from the same 15-item questionnaire. This means that thirteen of these variables are single item measures, with one being a two-item measure. Therefore, correlations and test-of-differences analyses are carried out on variables such as ‘reality judgement’ or ‘sense of presence’ using the scores derived on single-items. However, a large body of research now exists on Presence, with the authors of this research having a general consensus that this is not a unitary construct (e.g. Lessiter, Freeman, Keogh and Davidoff, 2001). Indeed, Slater and colleagues have developed and refined Presence questionnaires for over a decade, and argue that Presence has at least three components (Slater, 1999). Therefore there are question marks over how effective a single-item measure of Presence can be. Moreover, Banos et al. do not provide the questionnaire used in their study, so the reader is unable to make a judgement about the suitability of any of the items which comprise it. 

A third psychological variable which we wish to introduce in relation to Presence is that of Locus of Control (Rotter, 1966). This term refers to the degree to which a person feels that they control events in their own lives (Internal Locus of Control), or that such events are influenced by outside forces, chance or ‘luck’ (External Locus of Control). We hypothesised that in as much that absorption and dissociation characterise someone who feels present within IVR, so to will having an external locus of control.  These three variables describe, respectively, a person who is less aware of their full surroundings, is psychologically removed from their environment, and who feels a lack of control over the events in their own life. Therefore, the present study sought to examine the relationship of Dissociation, Absorption, and Locus of Control to the experience of Presence in virtual environments. It was hypothesised that participants with high scores on measures of these variables would report a higher sense of presence in the VE than participants with low scores.  In addition, it was hypothesised that these measures would be positively correlated with one another.

METHOD

Participants

Participants were asked to take part in a study of ‘body experience’ which involved using an IVR system. Three recruitment methods were used: poster advertisements on the university campus of the first author; email advertisement to students and staff; and web advertisement on the pages of the university’s virtual magazine. A total of 64 people (40 females, 24 males, mean age 33.81, SD 9.47) took part in the study.

Materials

A Virtual Research V6 head-mounted display (HMD) was used to immerse participants in the virtual environment. The VE was run on a custom-built PC, and a 3D mouse was used to navigate it. The Cityscape virtual environment (Murray, Bowers, West and Pettifer, 2000) is comprised of over 300 buildings and over 1000 sections of street. 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. 

Measures

Tellegen Absorption Scale (TAS): The TAS is a 34-item measure of absorption, defined by Tellegen and Atkinson (1974) as “openness to absorbing or self-altering experiences.” Respondents indicate whether each item is ‘True’ or ‘False’ in regards to their own experience, and the total score is the number of items to which they respond ‘True’. This gives a possible range of scores from 0-34.

Dissociation Experiences Questionnaire (DEQ): The DES (Bernstein and Putnam, 1986) is a 28-item measure of dissociation. The DES contains a variety of dissociative experiences, many of which are normal experiences. Respondents circle the percentage of time that they have the particular experience described in each item on a scale from 0% to 100% at 10% intervals. The overall DES score is obtained by adding up the 28 item scores and dividing by 28, which produces an overall score ranging from 0 to 100.

Locus of Control Questionnaire (LoCQ): The LoCQ is a 29-item measure of peoples’ attributional styles (Rotter, 1966). Locus of control is considered a bipolar construct in which peoples’ attributions about events which happen to themselves or others range from internal to external causes. Only 23 of the items are used to calculate whether a person has an internal or external locus of control. Each item is comprised of two statements (one an external attribution, one an internal attribution) and the respondent is required to choose the one with which they agree the most. Each external attribution that is endorsed receives 1 point. The range of possible scores are 0-23, with high scores indicating the respondent has an external locus of control and low scores indicating that they have an internal locus of control.

Immersive Tendencies Questionnaire (ITQ): The ITQ was originally designed to measure differences in the tendencies of individuals to experience ‘presence’ (a sense of ‘being there’) in an immersive virtual environment (Witmer and Singer, 1998). Most of the items relate to a person’s involvement in common activities. Some items measure immersive tendencies directly, others assess respondents’ current fitness or alertness, and others focus on respondents’ ability to focus or redirect their attention. The original ITQ was comprised of 18 items. One of these items produces categorical data and so is not used here. Responses are made to 17 statements (e.g. “Do you ever become so involved in doing something that you lose all track of time?”) on a 7-point scale (e.g. 1 = ‘Never’, 4 = ‘sometimes’, 7 = ‘very often’). The range of possible scores for the scale is 17-119.  

Presence Questionnaire (PQ): One common measure of presence in immersive virtual reality is a Presence Questionnaire. Slater and colleagues argue that Presence is comprised of three aspects: a sense of being in the virtual environment (VE), the degree to which the VE becomes the dominant reality for participants, and to what extent participants view the VE as a ‘place’ they visited rather than simply images they saw. In the work of Slater and colleagues the way in which scores on this questionnaire have been calculated has been to total the number of ‘high’ (i.e. 6 or 7) scores for each participant. The questionnaire used in the present study consists of six items, and therefore has a possible score range of 0-6. (Usoh, Catena, Arman and Slater, 2000). 

Procedure

Participants completed the DEQ, TAS and LoCQ prior to the IVR trial, which took approximately 15 minutes. Following this, participants donned a head-mounted display (HMD) and received instructions on how to use a 3D mouse to navigate the virtual environment. The VE was a colour cityscape environment comprising buildings, roads, and paved and grassy areas. Participants were asked to locate an object within the environment (a representation of an Easter Island head statue). After 15 minutes the trial was stopped, and participants then completed a Presence questionnaire. 

RESULTS

Participants’ mean scores for each measure are shown in Table 1. 

[INSERT TABLE 1 ABOUT HERE]


A summary of one-tailed Pearson Correlations for the study measures and Presence are shown in Table 2. Significant positive correlations were found between Presence and Dissociation (r=.403, p>0.01), Presence and Locus of Control (r=.218, p>0.05), but not for Presence and Absorption (r=-.037, p<0.05). Significant positive correlations were also observed between Absorption and Dissociation (r=.371, p>0.01), Absorption and Immersive Tendencies (r=.308, p>0.01), Dissociation and Locus of Control (r=.273, p>0.05), and Dissociation and Immersive Tendencies (r=.240, p>0.05). The correlation between Presence and Immersive tendencies was not significant (r=.052, p<0.05).

[INSERT TABLE 2 ABOUT HERE]

DISCUSSION

As predicted, participants’ scores on measures of Dissociation and Locus of Control were positively and significantly correlated with that of Presence. However, the correlation between Absorption and Presence was not significant. In addition, Absorption and Dissociation, Absorption and Immersive Tendencies, Dissociation and Locus of Control, and Dissociation and Immersive Tendencies were all positively and significantly correlated. However, Presence and Immersive Tendencies were not.

With this study we have strong support for the relationship between Dissociation and Presence experienced in IVR. However, no support has been found for a direct link between Absorption and Presence. The current study has used a more robust measure of Presence than that employed in the study by Banos et al. (1999) one which has been used in a large body of Presence research. The single-item measure used to measure Presence by Banos et al. may account for the discrepancy between the two studies. As stated earlier, a number of researchers have argued that Presence has a number of dimensions which can not be captured by a single measure. 

Despite Absorption not being related to Presence in the current study, it was significantly correlated with Dissociation, which was in turn significantly correlated to Presence. This lends support to Banos et al’s claim that these variables are ‘deeply interrelated’. However, the correlation between Dissociation and Presence in the study by Banos and colleagues was non-significant; we would reiterate here our previous reservations of the measure of Presence used in that study.

The present study found Absorption and Immersive Tendencies to be positively and significantly correlated. Given the similarities between some of the items on these measures, as outlined earlier, this is perhaps not surprising. However, the ITQ, developed to identify those persons more likely to experience a sense of presence within IVR, was not related to scores on Presence in the current study. It was, however, related to Dissociation. Therefore despite Absorption not having a direct correlation to Presence, its relationship to Dissociation suggests it should still be of interest to Presence researchers.

The finding that Presence within IVR is significantly correlated with an external Locus of Control is a new and important finding. This lends supports to the hypothesis that peoples’ attributional styles are related in some manner to their sense of experienced presence within IVR. We suspect that peoples’ internal/external attributions as measured here by the Locus of Control Questionnaire are related to other forms of attributions, such a judging what is real or not real, what is a dream and not a dream, and so on. Further support for this claim is provided by the finding that Locus of Control and Dissociation are significantly correlated. However, more research is needed to explore this further.

Perhaps the most unexpected finding and implication of the present research is that whereas much Presence research currently focuses on persons’ pre-disposing ability to become involved or absorbed in immersive virtual reality, other psychological variables such as Dissociation might provide a better indication of the likelihood that Presence will be experienced. However, other findings reported here, such as that Absorption is related to Dissociation, suggests that there is a more complex interrelationship of psychological variables in relation to Presence in IVR that warrant further research. 
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Table 1. Participant Scores on the Study Measures

	 Measure
	Minimum
	Maximum
	Mean
	Standard 

Deviation

	Dissociation
	  4
	  56
	23.46
	12.21

	Absorption
	  7
	  32
	21.84
	  6.22

	Immersive Tendencies
	47
	106
	68.23
	13.18

	Locus of Control
	  1
	  19
	12.81
	  4.50

	Presence
	  0
	    6
	2.00
	  1.80


Table 2. Pearson Correlations on Experimental Measures

	 Measure
	Absorption 
	Locus of Control
	Dissociation
	Presence
	Immersive Tendencies

	Absorption

 
	1
	.088
	.371(**)
	-.037
	.308(**)

	
	.
	.245
	.001
	.386
	.007

	Locus of  Control

 
	.088
	1
	.273(*)
	.218(*)
	.065

	
	.245
	.
	.014
	.042
	.305

	Dissociation

 
	.371(**)
	.273(*)
	1
	.403(**)
	.240(*)

	
	.001
	.014
	.
	.000
	.028

	Presence

 
	-.037
	.218(*)
	.403(**)
	1
	.052

	
	.386
	.042
	.000
	.
	.343

	Immersive Tendencies

 
	.308(**)
	.065
	.240(*)
	.052
	1

	
	.007
	.305
	.028
	.343
	.


**  Correlation is significant at the 0.01 level (1-tailed).

*  Correlation is significant at the 0.05 level (1-tailed).
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