
Did you see what I saw?: Comparing Viewer Synchrony When 

Watching 360° Video in HMD vs Flat Screen

Harry Farmer1,2, Chris Bevan3, David Green4, Mandy Rose4, Kirsten Cater3 & Danaë Stanton-Fraser2

1. School of Human Sciences, University of Greenwich; 2. Department of Psychology, University of Bath; 2. Department of 

Computer Science, University of Bristol 3. Digital Cultures Research Centre, University of the West of England       

INTRODUCTION

❖ 64 ppts (mean age ± SD: 25.82 ± 11.31 years; 25 males) took part, 32 in both the HMD and Tablet conditions.

❖ Participants watched the 360° documentary ‘Clouds Over Sidra’ [7]. ‘Clouds over Sidra’ provides a tour of a refugee

camp with Sidra, a young girl from Syria, as a guide.

❖ In both setups, participants viewed the 360° videos using a custom-built 360° video player application that was created

by the researchers using the Unity software development package.

❖ Participants viewed the videos while seated on a swivel chair that allowed easy rotation in the yaw dimension.

❖ Recent advances in the efficacy and affordability of head mounted displays (HMDs) have made cinematic virtual reality an increasingly viable

entertainment format. Most current VR film pieces employ 360° video to create a strong sensation of being present within a wider scene.

❖ However, the omnidirectional nature of 360° video inevitably reduces the amount of control media producers have over the direction of viewer’s

attention leading for calls for the development of “a new screen grammar” [1].
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METHODS

❖Greater knowledge of how viewers are likely to look in VR could also help to optimise the storage, transmission

and rendering of 360° videos [2].

❖ Another approach to measuring AS is to examine the inter-subject correlation (ISC) of viewers’ gaze direction. ISC has been previously used to

examine synchrony in neural responses to naturalistic film [5], [6].

❖ One factor that might alter the amount of AS when watching 360° video is the device on which the video is displayed.

❖ Our study investigated this question by having participants watch a 360° documentary using either an Oculus Rift (HMD) or a Samsung Galaxy Tab 2

10.1 (Tab) and calculating the ISC of their head movements in each condition.

Related Work

❖ To date only two studies [3], [4] have examined attentional synchrony (AS) in 360° video. However, both of

these studies had limitations in terms of measuring AS to dynamic scenes. Bender [3] only carried out a

qualitative analysis while Siltzman and colleagues [4] only examined responses to still scenes limiting how far

their results can be extrapolated to the more dynamic scenes found in typical 360° videos.

Data Analysis
❖ Prior to analysis, tracking data was down-sampled to a rate of 10Hz to remove redundant and duplicated data points.

❖ To calculate ISC, we transformed the pitch and yaw data into a single measure of great circle distance.

❖We then calculated the mean of each participant’s pairwise fisher-transformed, z-normalised coefficients with each other

participant in their condition.

❖ Finally, we transformed the mean z-transformed values back into r values to gain the mean correlation coefficient of

each participants tracking data with all other participants in their condition, i.e. their ISC.
Fisher z-transformation

RESULTS

There was a significant effect of device across

the whole time series, t(61.13) = 2.89, p = .005, η2

= 0.17. A fine-grained analysis which split the

time period into 44 10s bins suggested evidence

for higher ISC around scene transitions.

We then compared average ISC from 10 second

windows around each scene beginning, middle

and end. This revealed a main effect of device,

F(1,62) = 21.40, p < .001, ηp
2 = 0.26, a main effect

of time point F(1.67,103.78) = 132.68, p < .001,

ηp
2 = 0.682 and an interaction, F(1.67,103.78) =

21.36, p < .001, ηp
2 = 0.26.

We also examined the effect of scene direction

by categorising scenes into unidirectional,

panoramic and mixed and testing ISC level

between scenes of each type. This revealed a

main effect of device, F(1,62) = 9.15, p = .004, ηp
2

= 0.13, a main effect of scene type,

F(1.82,113.04) = 74.09, p < .001, ηp
2 = 0.54 and an

interaction, F(1.62,100.42) = 6.78, p = .002, ηp
2 =

0.10.

DISCUSSION
❖ The overall ISC analysis revealed that participants had higher ISC in the HMD compared to the Tablet condition.

❖We also observed interactions effect driven by significantly greater ISCs for the HMD during the beginning of scenes but not during the middle and

end of scenes and greater ISCs for the HMD in Unidirectional and intermediate but not in Panoramic scenes.

❖ The greater ICS observed in the HMD at scene starts may be driven by increased access to saliency cues in peripheral vision [8].


