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n Occupational Health and Safety Act 1970

n Significant resources spent on training employees and inspectors

n Problem: Hazards training puts trainee at risk

Safety critical to workplace
Motivation
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Construction Safety: Training worker to identify hazards
Motivating Application
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Construction Safety: Training worker to identify hazards
Motivating Application



COMPUTER AND INFORMATION SCIENCE AND ENGINEERING

Virtual reality for construction safety: Keep trainee safe, 
immersed, engaged

Motivating Application
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Motivating Application
Omnidirectional cinemagraphs provide photorealistic detail, 
attention guidance
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Case Study: In Home Fire Hazards
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Motion as a Cue for Attention Guidance
Case Study: In Home Fire Hazards
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n Between subjects experiment: 

n Condition Dynamic (cinemagraph) / Condition Static (one frame of video)

n Participant asked to identify all the fire hazards in the scene

n Survey items related to presence, immersion, cognitive absorption, 
attitude/preference1

n 10 participants

n Oculus DK2 with integrated eye tracker

Case Study: In Home Fire Hazards

1 [Kalyanaraman & Sundar 2006, Vorderer et al. 2015, Green & Brock 2000, Kim & Biocca 1997, Agarwal & Karahanna 2000]

Motion as a Cue for Attention Guidance
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Participants identified more hazards in Condition Dynamic
Case Study: Findings
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Fig. 1. Condition Dynamic (cinemagraph) was found to be higher on all measures of immersion and presence compared to Condition Static (a static picture).
Participants had a generally more positive a�itude to Condition Dynamic with respect to the appeal and likeability of the virtual experience.

�le at 4K resolution for further editing. We inputed our omnidirec-
tional video in equirectangular format into the Microsoft Cliplets
tool. The Cliplets application allows users to modify 10 seconds of
footage and select areas within the scene to set as static or dynamic.
We then exported two versions of the scene: the cinemagraph we
designed, and a ten second video of a static frame from the same
scene. The ten seconds obtained from Cliplets are then looped once
to create 20 second videos.

2.2 User Study Protocol
Ten participants were recruited under an IRB approved protocol
#IRB201602528. The cinemagraph (Condition Dynamic) and the
static frame video (Condition Static) were displayed using Unity
on an Oculus DK2 head mounted display (HMD). The study was
between subjects. An SMI eye tracker integrated with Oculus DK2
was used to record eye movements at 60 Hz.

After informed consent, the participant sat in a swiwel chair
and the eye-tracker was calibrated to within 2� visual angle. The
participant was tasked with identifying all the �re hazards in the
scene. There was no time limit. After this, the participant was asked
to �ll out survey items relating to presence, immersion, cognitive
absorption, and attitude/preference. Finally, demographics were
collected and the participant was debriefed.
The survey items were aggregated by summing to yield one nu-

merical value representing each of the following concepts:
(1) Spatial Presence: A measure of spatially feeling like you are

present in the virtual environment.
(2) Transportability: A measure of being transferred from the

current location to a di�erent location or perspective.
(3) Telepresence: Amore generalmeasure of feeling as if youâĂŹve

been teleported to a di�erent location.
(4) Cognitive Absorption: A measure of how engaged the user is

within the virtual experience.
(5) Attitude: A measure of how positively you interpreted the

experience.
Responses ranged from 1-7, with 7 being the strongest agreement,
and 1 being strongly disagree. Questions that imply a negative e�ect
are inverted, so that the total score represents a greater agreement
with the concept. The eye-tracking data was analyzed as follows:
Areas of interest (AOIs) were marked around each potential hazard.

Time to First Fixation was computed for each AOI. This metric indi-
cates how long it took for the participant to �nd that AOI. Smaller
values are better for the purpose of safety training.

2.3 Results
Participants correctly identi�ed more hazards when viewing the
cinemagraph compared to the static picture. Condition Dynamic
(cinemagraphs) received higher scores on the di�erent measures of
presence and immersion, as well as cognitive absorption, as shown in
Figure 1). Participants also felt more positively about the experience.

3 DISCUSSION
With only �ve participants in each condition, the graphs in Figure 1
represent trends rather than statistically signi�cant �ndings. How-
ever, they suggest that omnidirectional cinemagraphs could be an
e�ective medium for workplace safety training as they provide a
sweet spot between a static omnidirectional image and omnidirec-
tional video. The ability to direct attentionwhile keeping a high level
of immersion suggests that this training content generation method
could have applications in domains such as education (training pre-
service teachers to manage classrooms, training special education
providers), and medical care (e.g., nurses). Open technical challenges
in omnidirectional cinemagraph creation include automatically im-
proving contrast and image aesthetics and creating visualization
and authoring tools that do not force the user to navigate around
the distortions created by the equirectangular format.

REFERENCES
Tanja Aitamurto, Shuo Zhou, Sukolsak Sakshuwong, Jorge Saldivar, Yasamin Sadeghi,

and Amy Tran. 2018. Sense of Presence, Attitude Change, Perspective-Taking and
Usability in First-Person Split-Sphere 360Âř Video. In Proceedings of the 2018 CHI
Conference on Human Factors in Computing Systems. ACM, 545.

Steve Grogorick, Michael Stengel, Elmar Eisemann, and Marcus Magnor. 2017. Subtle
gaze guidance for immersive environments. In Proceedings of the ACM Symposium
on Applied Perception. ACM, 4.

Martijn JL Kors, Gabriele Ferri, Erik D Van Der Spek, Cas Ketel, and Ben AM Schouten.
2016. A breathtaking journey. On the design of an empathy-arousing mixed-reality
game. In Proceedings of the 2016 Annual Symposium on Computer-Human Interaction
in Play. ACM, 91–104.

Srinivas Sridharan, James Pieszala, and Reynold Bailey. 2015. Depth-based subtle gaze
guidance in virtual reality environments. In Proceedings of the ACM SIGGRAPH
Symposium on Applied Perception. ACM, 132–132.

2

Participants rate Condition Dynamic higher on presence, 
absorption and attitudes
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Participants fixated on candle and paper towel faster in Condition 
Dynamic

Case Study: Findings
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Takeaways

n Omnidirectional cinemagraphs: Easy to record, hard to edit 

n Domain experts need to author 

n Both training and safety are about attention management

Thank you
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