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Abstract. In this paper we investigate how different conditions aiding perception in an online 

Virtual Reality application affect depth perception. The VR was developed for parents 

experiencing feeding difficulties with their infants. The role of effective use of stereoscopic 

viewing, head tracking and animation is examined. In a complete block designed experiment 

subjects were asked to determine the positions of the spoon in the 3D environment. Task was 

done under different conditions: the animation of the baby model was either on or off and four 

different viewing modes were used: monoscopic or stereoscopic viewing with or without head 

tracking. The use of head tracking improved the position perception when monoscopic vision 

without any animation applied. However, adding head tracking to stereo vision did not improve 

the position perception. The use of animation positively affected the judgment of depth 

perception under the monoscopic vision and makes it comparable with the performance under 

the head tracking mode. The outcome of this study provides insight into how to create more 

interactive scene and enhance depth-related visual tasks by exploiting dynamic scene changes. 
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1 Introduction 

 

The possible impact of Virtual Reality (VR) on health care is significant because it is not only a 
communication interface but also an experience and its key characteristic is the sense of presence 
[1]. Virtual reality can be described as a technology or tool for influencing cognitive operations. 
The users learn to consider different interpretations of a situation and they develop they own list of 
problem situations, which they discuss with the therapist and he makes the decision on how to 
proceed next. Cognitive behaviour therapy (CBT) is an approach based on modifying distorted 
beliefs, attitudes and cognitive processes that maintain disordered behaviour [2]. We aim our 
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attention to observe the interaction between mother and child, because the quality of the parent-
infant interaction may affect the quality of action during feeding [3].  

The main goal of this work is to investigate what would be the best affordable and effective 
VR environment for feeding simulation purposes. A unique virtual environment application is being 
developed for individualised interactive therapy incorporating components of CBT, which is built 
on various information, such as the right environmental conditions for meal times, eating 
distractions, the behaviour and social skills of the child, suggested by physicians and psychologists, 
which may enable parent’s successful experience with our application. According to Sherman and 
Craig [4], VR as a medium of communication requires physical immersion and interaction for 
essential experience. The potential advantage for participants is their ability to impact the narrative 
flow of the experience. Our motivation for developing the application is to significantly improve a 
new parent’s understanding and treatment of infants with feeding disorders. To achieve this we are 
investigating a novel online Virtual Reality solution. For effective interaction with the virtual baby, 
it is necessary to concentrate, besides the emotional reactions and expressions of the character, on 
users’ perception of the space and relative positions of individual objects.  
 

 

2 Related Work 

 

Based on the previous experiment by Petrasova et al. [5], we found users having some problems to 
perceive depth and spatial information in our virtual environment. Several times users were 
confused with the model of a spoon near the model of a baby and they were not able to describe the 
spoon’s actual position in relation to the baby model. As the most common users’ problems lie in 
the poor estimation of distance in a virtual 3D scene, there is a number of observations of 
differences in the perception of distance in real and virtual scene [6], [7]. There appears to be a 
significant effect on the accuracy of judging the perception of distance, with and without the 
perception of self in the environment [8]. Perception of absolute egocentric distance in VR 
environment was investigated also by Gooch and Willemsen [9]. They suggested perception of 
distance in immersive environment is effected by the display device as the distance judgment in 
photographic environments and environments modelled by traditional computer graphics is very 
close [9]. 

It is still our goal to understand how to successfully interact in the 3D space of virtual 
environment to help perform tasks. This is particularly important considering applications for 
training and simulation of everyday problems and cognitive tasks. Developing virtual environments 
that support learning requires an understanding of the relationships between the cognitive capacities 
of the learner, the environment and activities being modelled, and the technical affordances of VR 
that support information encoding, development of knowledge structures, and performance [ 10]. 
There are several studies, which deal with the perception of spatial information in virtual 
environment and perceptual accuracy and how to improve them. Bigoin et al. [11] investigated the 
correlations between the perception of depth and the feeling of discomfort by immersing 
participants in two different stereoscopic virtual landscapes. Correlation between depth perception 
and geometric characteristics of the virtual environment, such as sharp edges, was found. Higher 
depth sensation did not correlate with a higher level of discomfort, but in combination with the 
navigation in the virtual environment it may lead to bigger sense of immersion. There are not many 
observations related to the depth perception in the interaction with objects in the environment in 
terms of contact of objects. The effectiveness of binocular stereo, shadow and diffuse inter-
reflection cues on the precision for imminent contact with object was evaluated by Hu et al [12]. It 
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was found that subjects were more precise with binocular disparity than without it [12]. Binocular 
stereopsis seems to have also impact on our ability to judge the visual realism of computer 
generated images [13]. This is expected due to the fact that stereo viewing is closer to our natural 
viewing experience. 

More experiments are performed with the intent of determining how the perception of depth 
is caused by generating of shadows, lighting, textures or reflections of individual objects [12, 14 
and 15]. There are many factors that may improve or influence the sense of spatial orientation, 
assessing of the size, mutual position of objects and precision in manipulating with virtual objects 
in the environment [16]. Each of them offers its own estimation of depth. 

Motion pictures also allow us to better imagine objects shown on the screen as 3D models 
so they do not look flat. Based on the ability of brain to process visual stimuli the speed, direction 
and the placement of object in 3D space is analysed. Depth perception is a feeling extracted from 
flat stimuli [17] as the images cast onto our retinas varies in only two spatial dimensions [16]. 
Motion parallax can thus, with wise using, improve the impression of relative distance in the scene 
[18]. According to Mather [16], the optic flow and motion parallax are sufficient to support high-
precision depth perception even when no other depth cues are available. However Jones et al. [19] 
found no motion parallax effects on depth judgment in VR environment, although their participants 
were wearing a head mounted display (HMD). 
 

 

3 Experimental Conditions and Hypotheses 

 

The study was conducted with two experimental conditions. Tasks were done with and without 
animation (dynamic and static tasks) and four different viewing modes were used - only laptop 
display (monoscopic vision) with full HD resolution (D1), stereo vision (D2), head tracking (view 
dependent rendering) with monoscopic vision (D3) and head tracking with stereo vision (D4). Our 
main interest was to observe the influence of individual experimental conditions on the better task 
performance and spatial perception of virtual environment. To maximize the effect of viewing mode 
and animation of the object on depth perception, cast shadows, which improve the perceived 
position of objects in 3D space, were not used. Only attached shadows were used, which provide 
powerful cues to 3D object structure [16]. 

To enhance the perception of 3D objects in the environment red-cyan anaglyph stereo 
pictures were used. Although it is known that this filter technique distorts the perception of colour 
[20], it was sufficient to represent the 3D scene. Several participants were observed at trying to 
catch the virtual spoon "leaving the screen", while they were using head tracking with the stereo 
vision mode. This technique is a simple and inexpensive way for an observer to see the stereogram. 
Stereo has certainly significant benefit and has been extensively supported by research. However 
stereo in combination with head tracking has not been studied thoroughly. Most of studies used 
HMDs, when the participant could at most rotate, but not tilt closer to the objects in an environment 
[9]. In contrast to other experiments aimed for investigating the influence of depth cues 
combination on the user’s perception, for example [12], we allowed users to move towards and 
away from a model of the baby and also tilt from side to side. We propose the following hypothesis: 
Head tracking will improve the depth and distance perception in virtual environment. 

A common problem with HMD, even it is updated quickly and accurately in response to 
head motions, is the remaining subtle delay causing desynchronization of motion parallax from the 
head motion and therefore weakening it as a depth cue [21]. The effect of object movement is 
therefore taken into account with regard to static user or the user moving relative to the scene. As in 
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this experiment the combination of glasses that do not need to update was used, the following four 
factors when using the different display techniques were considered: the user and the baby model in 
the virtual environment were static, the baby model or participant is moved and the last one 
allowing the user and the baby model movement at the same time. We propose the following 
hypothesis: The animation of the object of interest in Virtual environment will affect our judgment 

of depth perception. 

36 subjects participated in the experiment. There were 14 females and 22 males in the mean 
age 30.5 (19 to 64 years old). All of them had normal or corrected to normal vision with the use of 
glasses or contact lenses. After the experiment participants were asked to fill out a questionnaire. 
The participants rated their familiarity with computer games and graphics 2.5 in average on the 5 
levels Likert scale with 1 representing familiar and 5 representing unfamiliar.  They were also asked 
to rate their feeling of the sense of depth and distance in the VR application on the Likert scale of 5 
levels with 1 representing strong and 5 representing poor. The mean rate of depth sense was 2.6. 
 

 

4 Experimental Tasks and Their Performance Measures 

 

Participants were presented with three different positions of spoon in relation to the model of a baby 
and the model of a bowl. The first position was under the baby’s head and left cheek (from user’s 
point of view) and not touching the baby’s body, the second was in front of the baby in the bowl 
and nearer to the baby’s left arm (Figure 1), the third was in front of the baby’s head, next to its 
right cheek and not touching its body. Subjects were not aware that these three positions of the 
spoon are repeated randomly all the time. The task was to choose one of four options for each case 
describing where the spoon is situated in relation to the baby. The answers were rated according to 
their correctness from 1 meant correct to 4 meant wrong answers. There was always only one 
correct answer and one was a very close. The other two options meant greater error in the spatial 
perception and position of objects. 
 

  
First two position examples of the spoon in the positioning task 

Figure 1 on the right side depicts this task with monoscopic vision mode using one of the positions 
of the spoon. In this case the correct answer (score 1) is that the spoon is not touching the baby’s 
body, it is under the baby’s head and left cheek (from user’s point of view). Because the spoon did 
not touch a baby model but was very close, the close to good response was the similar answer with 
the spoon is touching baby option and such an answer would yield score 2. Score 3 was for the 
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answer, where the spoon is touching the baby’s arm and is placed under its head, next to the left 
cheek. The example of a very wrong answer (score 4) is that the spoon is not touching the child , it 
is in front of the child, next to the left cheek.  

Positioning task completion time was in the most cases up to 5 seconds. In general, it took 
longer time to choose the answer with the monoscopic vision viewing mode in compare to other 
display techniques. The task was constructed in our application, which is developed in the JMonkey 
game engine [22]. Stereoscopic viewing was enabled by using red-cyan paper glasses. Head 
tracking was provided by wearing safety glasses with two infrared LEDs (one at each side of 
glasses). Inspired by Lee’s [23] program for head tracking for desktop VR displays using the Wii 
remote, we implemented our own library to the game engine. The relative position of two LEDs 
was observed by built-in camera of the Wii remote controller placed in front of the user. 
 

 

5 Experiment Procedures 

 

We observed the perception using 4 (viewing mode) × 2 (animation) × 3 (3 positioning tasks) 
conditions, resulting in each subject experiencing 24 trials during the complete block designed 
experiment. We analyzed the positioning-task data via Linear Mixed-Effect Models (MIXED) (also 
known as multilevel regression or mixed effects regression models) in SPSS 17.0. This is estimated 
via restricted maximum likelihood. This approach takes into account the multilevel structure of the 
data: for each participant there were 24 observations. We assumed random effect of the subjects and 
fixed effect for the viewing mode and task order of the task. We also controlled for the effect of the 
order of the viewing mode and for the effect of display position. If we found a significant effect of a 
factor we then performed mean comparison correction to ensure the 95% simultaneous confidence. 
MIXED models expand on the analysis of variance models have previously been used within 
perception studies by Mastoropoulou et al. [24], and are an extension of the repeated measures 
analysis of variance model used in positioning and resizing-task trials of Hubona et al. [15]. To 
judge the effect of animation on perception in positioning tasks we performed MIXED model 
analysis on the differences of the scores from the static and dynamic positioning tasks. 

No strong evidence was found of the effect of the display order on the perception in the 
positioning task without animation (p-value = 0.185) neither with animation (p-value = 0.516). The 
order in which the positioning tasks are presented in the scene without the animation is important 
(p-value=0.007) only in display mode, however this order has no effect on the perception in none of 
viewing modes in the scene with animation (p-value=0.360). 
 

 

6 Results 

 

First, we investigated the differences in positioning tasks across the viewing modes. The subjects 
obtained the best (lowest) average score at viewing modes D2 and D4, worse at D3 and worst at D1 
(Figure 2). Further, the number of participants who correctly determined the spoon position (i.e. 
received the score 1) also varied across viewing modes without the animation of the baby model. In 
the positioning tasks 1 and 3 (the spoon is close to the baby’s face) 24 to 29 subjects correctly 
determined the spoon position at the viewing mode D2, then D4, whereas only 15 to 17 subjects 
correctly reported the position at the viewing modes D3 and D1 (Figure 2). In the positioning task 2 
(the spoon in the bowl) the subjects tended to report the position of the spoon better than at other 
modes especially when head tracking is used. 
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The observed perceptual differences across the viewing modes (Figure 2) of the 36 subjects 
were found to be significant (p-value<0.001 in F-test of MIXED model). The order of displays from 
the best to the worst score for the static positioning task is: D2 = D4 > D3 > D1, where we use “=” 
to denote statistically equivalent conditions, and “>” to denote significant preference of the 
condition on the left side to the condition on the right side. Here, the perception at D2 and D4 is 
statistically same (p-value=0.999). The perception at D2 is significantly better than at D3 and D1 
(p-values=0.006 and 0.001). The subjects achieved almost significantly better results using the 
combination of stereo vision with the head tracking than only with head tracking mode (p-
value=0.013) and significantly better than at monoscopic vision (p-value<0.001). The use of head 
tracking is also significantly better than monoscopic viewing mode (p-values=0.016). 
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Figure 2. Average score in the three positioning tasks (on the left) and number of subjects,  

who correctly reported the spoon position (on the right) across the four viewing modes without 

animation. 
 

Next we studied the positioning task in three types of the task.  In our 36 subjects the 
average scores of tasks 1 and 3 (in both tasks the spoon is close to the face) were similar and worse 
than with task 2 (spoon in the bowl). Similarly, the number of subjects who correctly specified the 
position is the highest with task 2. Figure 2 suggests a different effect of the task across viewing 
modes, however this interaction was found to be insignificant (p-value=0.643). The differences in 
position perception across the types of tasks were found to be significant (p-value=0.025). There is 
evidential improvement of position perception in task 2 using head tracking when compared to the 
other two positioning tasks (p-values 0.011 and 0.037 in Sidak multiple comparisons test). We 
suggest that it may be caused by slightly different position of the spoon. In this task, the user 
needed to consider the position of the spoon in relation to a bowl in front of the model of baby 
(Figure 1, picture on the right) and the spoon was placed closer to user, so they had better 
opportunity to observe its position with head tracking than in the case of two other positions. The 
position perception at tasks 1 and 3 was found to be not significantly different (p-value 0.633 in 
Sidak multiple comparisons). 
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Figure3. Average score in the three positioning tasks (on the left) and number of subjects, who 

correctly reported the spoon position (on the right) across the four viewing modes with animation. 

When animation is added the average score and the number of subjects who correctly 
perceived the position varies across viewing modes (Figure 3). These perceptual differences across 
viewing modes were found to be significant (p<0.001). In general, if we do not take into account 
the relative position of the spoon to other objects in the scene (positioning task 1, 2 or 3), the order 
of displays from the best to the worst score for the dynamic positioning task is: D4 = D2 > D3 = 
D1, where the perception at D2 and D4 are statistically same (p-value=0.999). The perception at D2 
is significantly better than at D3 and D1 (p-values=0.002 and < 0.001). The perception at D4 is 
significantly better than at D3 and D1 (p-value=0.001 and <0.001). The perception at D3 and D1 is 
same (p-values=0.411), which means that by adding animation to the display mode, users achieved 
comparable results as with the head tracking mode.  

However, Figure 3 suggests that the effect of the viewing mode on subjects’ perception of 
position in dynamic tasks depends on the relative position of the spoon. Indeed, the interaction 
between the relative position of the spoon (positioning task 1, 2 or 3) and the viewing mode is 
significant (p-value=0.002). However, the position perception differs across the three tasks only in 
display mode D3 with the task 2 being the best perceived (p-values = 0.001). Further, in D1, D2 and 
D4 displays there is no difference across the three tasks (p-values=0.634, 0.603, 0.077). Therefore 
we conclude that at the positioning task 2, i.e. when the spoon is relatively close to the bowl, the 
additional use of head tracking improves the perception to a comparable level as is achieved with 
stereo vision or stereo with head tracking viewing mode. 

Further, we directly compared the scores from the static and dynamic positioning task via 
MIXED analysis on the difference of the scores. On average across all 4 viewing modes and 3 
positioning tasks the 36 subjects achieved better results in the perception of the position when 
animation was added, but these improvements were found significant in monoscopic vision only (p-
value<0.05). 
 

 

7 Conclusion 

 

This paper has presented an experiment designed to investigate the influence of the head tracking 
on the depth and distance perception in a virtual environment as well as the impact of the animation 
on our judgment. Usual navigation task in a virtual environment, including games, lies in the 
movement and rotation of the camera representing a user. The user thus virtually walks or runs and 
the environment is moving and changing around him/her. Interaction is provided by picking up the 
selected object or pointing at it. In an environment targeted for a feeding simulation, this interaction 
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is completely different in terms that the user is not moving but sitting in front of the child, the 
environment is almost static and their interaction with the baby model is based on the navigation of 
the spoon into its mouth and assessment of the baby's reactions and behaviour. Therefore, the 
perception of objects and the entire area depends mainly on the movement of the child and right 
combination of depth cues. 

According to the participants’ questionnaires, they experienced the strongest sense of depth 
and distance with combination of stereo vision with head tracking (1.92 in average, where 1 is the 
strongest sense). Both these viewing modes had individually similar rating (2.39 for stereo vision 
and 2.56 for head tracking). The monoscopic vision had the worst rating of 3.5.  

There is evidence of effectiveness of stereoscopic viewing, which confirms previous studies, 
for example [12, 13, 15]. Surprisingly, the influence of the head tracking is not as strong with all the 
tasks as we expected. This might be caused by the fact that participants needed to be encouraged to 
move towards the baby model several times as they tended to forget. 
 

7 Future Work 

 

In terms of developing more efficient interactive VR environment, more research is needed to 
assess the effect of the animation on the depth perception and interaction with the objects in 3D 
space. Therefore, in our future work, we will include more reactions and behaviour related 
animations of the baby model and investigate how the application can benefit from them. Casting 
shadows will be added to increase the accuracy of object positioning as they are widely recognized 
as strong depth cues. In addition, ideally, LCD shutter glasses should be used for better colour 
perception and essential experience because it is well known that prolonged use of red-cyan glasses 
can cause headache and strained eyes. To make a user’s movement more natural, head tracking 
should be provided without restriction by devices, for example using web cameras, which are now 
built-in in most computers. 

In future we also plan to extend our experiment to study how other audio and visual 
components will influence a user’s interaction and immersion in the application. 
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