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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.

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]. 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 under a pole by 
rotating the potato using the arrow keys at the bottom of the display.
 

Tablet Fish Tank Virtual Reality: To achieve tablet FTVR without any 
enhancement to the hardware itself, we combine Anaglyph 3D for 
stereopsis with head position tracking from the tablet’s front camera. For 
stereo, we use Anaglyph 3D images. For motion parallax, following 
previous studies [FN11, Rek95]. See Algorithm 1 for more detail. We 
used the Unity game engine to develop the application, and ran it on an 
iPad Air (model number A1474). The application operates in four view 
modes: Normal 2D (2D), Head-coupled display (HCD), Anaglyph 3D 
(Anaglyph), and Combined view mode (Combined).

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

Discussion & Conclusion: The first question is How effective is tablet FTVR? 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 comparison 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 technique’s limitations. This coincides with a study by 
Kongsilp and Dailey [KD17], who found that in desktop FTVR settings, the combination of motion parallax and stereopsis cues produces 
lower visual discomfort and higher subjective level of presence when compared to the stereopsis cue only. The last question 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 displays. 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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We recruited 40 participants (30 male and 10 female, age ranging from 17 to 31 years old). We used a 2 × 
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. There were 20 random trials for each participant (1 
view mode × 4 difficulty levels × 5 repetitions, giving 20 trials). When the participant completed the task, the 
researcher immediately asked the participant to answer the Simulation Sickness Questionnaire (SSQ) 
[KLBL93], followed by the Presence Questionnaire (PQ) [WS98], and compare the two view modes and 
give his or her preference for each view mode.

Figure 1: Test application and the 
four levels of noise.

Figure 2: Users’ preference between the Normal 2D and the 
Combined view modes along the seven dimensions.


