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Abstract

In this paper, we describe the development a tablet FTVR prototype that incorporates both motion parallax and stereo cues with
the use of easy-to-find hardware. We also present findings of a usability study based on the prototype.
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1. Tablet Fish Tank Virtual Reality

In an effort to further expand the impact of VR technology, we de-
veloped a new implementation of an existing technique that allows
widely accessible consumer-level tablets to display perspective-
corrected 3D (Fish Tank Virtual Reality or FTVR) images. To as-
sess the usability of the technique, we conducted a human study
using a visual search task previously developed for desktop FTVR
systems. We recorded participants’ task performance, subjective
level of presence, visual fatigue, and informal feedback. In this
paper, we identify challenges and opportunities for the adoption
of tablet-based FTVR and point toward appropriate directions for
future research. To achieve tablet FTVR without any enhance-
ment to the hardware itself, we combine Anaglyph 3D for stere-
opsis with head position tracking from the tablet’s front camera.
For stereo, we use Anaglyph 3D images, multiplexing two color-
filtered images (red and cyan). The user views Anaglyph 3D im-
ages as shown in Figure 1. For motion parallax, following previ-
ous studies [FN11,Rek95], we use face tracking. The face tracking
system tracks the user’s face in real time using images from the
tablet’s front camera. We use the well-known Haar face detection
cascade technique to find the face, and we track the detected face
region using the Camshift tracking algorithm. We used the Unity
game engine to develop the application, and ran it on an iPad Air
(model number A1474). Based on the face tracking system and
Anaglyph 3D, the application operates in four view modes. 1) Nor-
mal 2D view mode (2D): the application displays a static scene in
2D. 2) Head-coupled display view mode (HCD): the application
shows perspective-corrected images according to the user’s head
position in 2D. 3) Anaglyph 3D view mode (Anaglyph): the ap-
plication displays a static anaglyph 3D scene. 4) Combined view
mode (Combined): the application shows an Anaglyph 3D scene
according to the user’s head position. The system runs at 60 fps in
all view modes.
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Figure 1: Test application and the four levels of noise.

2. Experiment

We conducted an experiment on the usability of our tablet FTVR
prototype using the visual search task from the comparative study
between CAVE and FTVR [DJK*06]. We recruited 40 participants
(30 male and 10 female, age ranging from 17 to 31 years old).
We used a 2 x 2 experimental design in which each participant
was assigned to the Normal 2D group, the Head-coupled group,
the Anaglyph 3D group, or the Combined group. To perform the
task, participants had to identify the location of a rectangular bump
on the surface of a noisy potato-shaped object then move it un-
der a pole by rotating the potato using the arrow keys at the bot-
tom of the display, as shown in Figure 1. The application records
the participant’s performance time and number of false identifica-
tions. To avoid ceiling effects, we made the task harder be applying
four levels of noise to the potato-shaped object, as shown in Figure
1. There were 20 random trials for each participant (1 view mode
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Table 1: Results summary. Mean and standard deviation of task
performance time, error rates, SSQ scores, and PQ scores.

Average task Average
performance number SSQ score PQ score
time (second) of error
D 1157 * 0.14* 29.50* 76.11
(9.09) (0.46) (37.75) (16.34)
HCD 16.43 * 0.66** 31.42* 70.25
(15.84) (1.79) (42.90) (15.34)
Anaelvoh 13.70 0.16* 48.62 83.70
£vP (30.85) (0.66) (2821)  (16.26)
Combined 12.64 0.16° 74.43** 74.80
(8.64) (0.62) (40.83) (11.67)

*,+ and { Indicate statistically significant differences between two
means in the same table column by a two-way ANOVA.
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Figure 2: Users’ preference between the Normal 2D and the Com-
bined view modes along the seven dimensions.

x 4 difficulty levels x 5 repetitions, giving 20 trials). When the
participant completed the task, the researcher immediately asked
the participant to evaluate his or her level of visual fatigue with
the Simulation Sickness Questionnaire (SSQ) [KLBL93], followed
by the Presence Questionnaire (PQ) [WS98] to evaluate the level
of presence he or she experienced. After the participant completed
both questionnaires, the researcher asked the participant to use the
system in the normal 2D and in the combined view modes. As the
participant freely used the system, the researcher asked the partici-
pant to compare the two view modes and give his or her preference
for each view mode along the seven dimensions Overall experi-
ence, Visual comfort, Shape perception, Depth perception, Natural
interaction, Feeling that the object is there, and Preference.

3. Results

Here we present the results of the experiment. We dropped the data
for one participant from all analyses because the time the individ-
ual took to complete the task was many standard deviations beyond
the mean. The objective data are summarised in Table 1. The re-
sults of the comparison between the Normal 2D view mode and the
combined view mode are summarized in Figure 2.

4. Discussion and Conclusion

Here we answer the underlying questions motivating this research.
The first question is How effective is tablet FTVR? To answer the
this question, we look to the results of the experiment. Although
there were no statistically significant differences between the view
modes for PQ scores, we suspect that this was more because of the
visual discomfort from Anaglyph 3D and the front-facing camera-
based tracking technique’s limitations than anything else. The com-
parison results suggest that participants perceived depth and felt
that a virtual object existed in front of them more in the Combined
view mode, when compared to the Normal 2D view mode. Our
findings coincide with those of Li et al. [LPWL12]. We suspect that
participants were unable to perform the task better in the Combined
view mode because of the front-facing camera-based tracking tech-
nique’s limitations. This coincides with a study by Kongsilp and
Dailey [KD17], who found that in desktop FTVR settings, the com-
bination of motion parallax and stereopsis cues produces lower vi-
sual discomfort and higher subjective level of presence when com-
pared to the stereopsis cue only. Overall, we believe that there are
opportunities for tablet FTVR development. If done correctly, we
believe that tablet FTVR can convey depth information and im-
merse users in a scene, displaying virtual objects as if they really
existed in front of them. This capability would enable a new range
of applications, interactions, and user experiences. The last ques-
tion is If it is useful, should we develop a new system or enhance
existing devices? We believe that it would be best to develop a
new system from scratch if we absolutely require stereoscopic dis-
plays. Both polarized 3D and active shutter 3D technologies would
require a fair amount of hardware changes to today’s commodity
tablets.
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