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Abstract

The construction industry is among the major industries that have adopted the use of
Unmanned Aerial Vehicles (UAVs), drones, at a high speed over the past decade. Researchers
and practitioners have found creative ways to use UAVs throughout the construction project
lifecycle, from site planning to execution, and maintenance. Additionally, UAVs have been
adopted as training tools, such as teaching novices to perform indoor building inspections using
the drone. The literature review shows that most studies focused on opportunities related to
using UAVs to accomplish specific tasks. Unlike other industries, there are a limited number of
studies discussing the human-drone interactions in construction. This paper built on findings
from mainly two researches (1) a study about using drones for public display in 3D space, and
(2)  another study that assessed the human-drone interactions where drones helped in the
interaction between safety managers and workers at different parts of a jobsite. My study is
designed as a proposal of combining findings from these two previous studies and creating a
much more comfortable way of drone and human interaction for safety improvement. The study
will combine different platforms including Virtual Reality, UAVs, zoom for video conferencing to
enable an audiovisual interaction between the manager and workers in addition to a real time
site inspection. The study targets novices in construction, as therefore will recruit undergraduate
students in civil and construction management disciplines to participate in the experiment. A
virtual construction site will be created to compare the two systems of using drones for (1) audio
and (2) audiovisual drone-human interactions enabling communication between the safety
managers and workers on jobsite. The experiment will be between subjects and participants will
watch the VR scenes and complete a usability test on a 5 point likert scale to rate their
experiences. Data will be analyzed using a descriptive analysis method of the System Usability
Systems.

Introduction
Why the construction industry?
Construction industry is highly dependent on the human workforce, yet it is facing labor scarcity
issues compared to other industries. In 2021, the construction industry labor force was less than
15% of the total number of employed people in other industries in the United States (BLS, 2021).
Moreover, reports from the U.S. The Department of Labor shows that around 20% of
work-related fatal injuries were from the construction  industry only (BLS, 2018). While there
are strategies being implemented to attract and retain employees in the construction industry, the
low number of workforce in construction is partially explained by the lack of safety in the
industry (Welfare et al., 2021; BLS, 2018). It can be not only morally beneficial, but also
business-wise sound to implement strategies that keep the construction workers safe.

Why safety on construction jobsite?
In multidisciplinary industries such as construction, multiple workers with different skills work
together in a variety of tasks at different stages of a project as the work progresses (Dainty et al.,
2005). This nature of construction jobsites requires optimal organization and coordination to
ensure a safe and successful completion of complex projects (Eiris et al., 2020). The success of a
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project highly relies on the safety of workers. According to the Occupational Safety and Health
Administration, each year employers pay billions of dollars for work-related accidents. It is
estimated that at least $54 million per year are spent on injured workers from fall hazards in
residential constructions (OSHA, 2019). When an accident happens during construction works,
most of the time the site is shut down for the OSHA investigations. Those accidents could result
in physical disabilities or in the worst case scenarios they could cost people’s lives. Therefore,
construction workplace injuries are so expensive and must be prevented at all costs.

How are construction jobsite interactions addressed currently?
The dynamic nature of construction jobsites present a threat to the safety of anyone on site. To
address workplace accidents at any construction jobsite, a variety of strategies are implemented
such as safety planning, regular hazards inspections on site, improved communication between
workers and safety managers, and most commonly safety training (Gheisari, 2010). In the United
States, the Occupational Safety and Health Administration (OSHA) requires always keeping any
hole, or floor opening with a labeled cover to protect people from fall hazards at any jobsite. For
instance, a construction crew may be working on a staircase construction to access the upper
level of the building, and go for a short break and leave the incomplete section of the staircase
uncovered. Then, a worker in a hurry who was not part of their team may use the stairway
thinking it is complete and before they know it they may step into the incomplete section of the
staircase and fall, since the cover is removed and injure themselves (Solomon et al., 2021). These
cases happen often due to the dynamics on the jobsite and change blindness common in humans.
These injuries may result in casualties and even deaths. That is why it is important to have a
safety manager at every construction jobsite to serve as an eye and keep reminding workers to
adopt safety attitudes in their routine. The safety managers inspect the site to identify any
hazards that can endanger the structure or personnels on the site. Safety Managers need to
conduct regular inspections on a construction site to ensure employees are using safe practices
and sequence of activities, and if necessary warn them before any accidents happen (Irizarry et
al., 2012). Safety Managers must not only monitor the operations to ensure safety, but also react
in a timely manner in case there are safety threats. Therefore, enhancing the interaction between
safety managers and employees is of critical importance. Currently, safety managers interact with
employees in person as they conduct their inspections and when necessary they would use a
phone when they are not physically present at a specific location. The tradition at many jobsite is
to conduct daily safety talks, usually in the morning before work starts and everyone is assigned
to their tasks.

Why Human-Drone Interaction (HDI)?
Human-Drone Interaction (HDI) is a subcategory of the Human-Robot Interaction (HRI)
component of the Human-Computer Interaction (HCI) field of study that focuses on how users
interact with aerial robots such as Unmanned Aerial Vehicles (UAVs) (Albeaino et al., 2022). An
ample amount of research investigated ground robots interactions with humans such as ground
robots used for delivery of purchased goods. Although these ground robots are versatile in the
scope of work they can provide, they have a limitation as they can only move on ground (Jeelani
et al., 2021; Nozaki, 2014). Emerging research is focusing on the use of drones and human
interactions. The advantages of using drones is that they can quickly access hard to reach areas,
that humans and ground robots may have trouble reaching, and they can be mounted with other
equipment such as projectors, cameras, screens etc, to enable different activities that boost
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companies production (Jeelani et al., 2021; Nozaki, 2014). Previous studies investigated
human-drone trust building approaches, and human-drone interaction approaches such as using
hand gestures. Most studies came into agreement that the safe bubble space humans require
when interacting with drones to be around 4 feet ( Wojciechowska et al., 2019; Funk 2018;
Cauchard et al.,  2015). However, it was found that the more time people spend together with
drones, the less the distance they allow between them and the drones. Some people even prefer to
give drones names and it also increases their level of trust as they treat them as their own friends
or pet, and (Albeaino et al., 2022; Wojciechowska et al., 2019; Cauchard et al., 2015).

How have UAVs been used in construction?
These Non-staff crew operated aerial vehicles ,drones, were first seen as a novelty equipment for
the entertainment industry; but with their technology advancements, other industries, including
construction, have started adopting them over the past decade. The estimated global drone
market of UAVs is over $125 Billion over the next three years. Trends show that its adoption
across construction project lifecycles, such as construction site planning, execution, inspection,
and maintenance, was 200% in one year making construction the fastest drone adopter among
other industries. (Albeaino et al., 2022; Jeelani et al., 2021;Yeh et al., 2017). For example,
drones were used on construction jobsites to perform activities such as painting, safety inspection
as communication tools between safety managers and workers at elevated heights; and drones
were even used to carry heavy equipment on a site with human workers (Jeelani et al., 2021;
Irizarry et al., 2012). Additionally Albeaino and his colleagues recently conducted a study that
identified challenges associated with integrating drones in construction, such as invading
people’s privacy when a drone captures images on a site adjacent to other buildings, distracting
workers, and the drone limitations to fully operate outdoors in severe rainy and snowy
environments (Albeaino et al., 2022).

How can VR help?

Researchers have investigated ways to improve visualization by introducing technologies such as
Virtual Reality (VR), Building Information Modeling (BIM), and Augmented Reality. Different
industries quickly adopted VR technology such as movie, and aviation industries, in their safety
improvement programs (Thomson et al., 2005). Unlike for UAVs, the construction industry
slowly adopted the VR technology in its safety program, but researchers have started exploring
opportunities offered by using VR in construction safety settings as well (Eiris et al., 2020,
Hasanzadeh et al., 2018, Sacks et al., 2013; Lucas, 2008).

In construction, Virtual reality (VR) technology in safety training provides ecological validity in
a much safer and cost-effective setting (Ouyang, 2021). VR technology has enabled researchers
and practitioners to create artificial environments that mimic reality. Users explore these
environments and get hands-on experiences in such a way that they get a suspension of reality
and feel like physically being in that environment. This feeling is often explained as an
immersive experience. Virtual field trips (VTFs) are created using 360-degree panoramic images
and videos captured at a real construction site using 360-degree cameras. The scenes created
from these VTFs (panoramic VR scenes) can be uploaded into web-based virtual platforms such
as Mozilla Hubs, where anyone can view them using VR headsets to get an immersive
experience. Experiments conducted in VR were revealed to be effective in information encoding
and recalling in the long-term memory (Sacks et al., 2013).
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The construction industry adopted both VR and UAVs technologies in safety improvement
efforts. Virtual reality was used to create a platform used to train novice drone pilots how to
safely inspect the interior of large buildings without relying on GPS through drone flight
visualization (Eiris et al., 2021). Moreover, The digitization of safety training using VR
technology made it possible to get safe-access to remote locations through virtual tours, and have
an immersive experience much similar to reality.

Research Goals and Questions

Human drone interaction in construction is becoming ubiquitous. Irizarry and his colleagues in
2012 investigated how the construction industry can use drones to facilitate verbal
communications between safety managers and workers at elevated heights as if the manager was
there in plain view. In their study, the safety manager uses drones to capture real-time images and
the safety manager visualizes the site conditions using interfaces such as the iPad, if needed the
manager can direct a drone to a specific site location and verbally communicate with workers
without having to waste time walking towards them. This was found to be effective especially in
incidents that require immediate interventions such as site accidents (Irizarry et al., 2012). In
another experiment, they investigated how using drones can allow users to display messages and
reach people everywhere, for advertisement purposes. The study used two drones by mounting
one drone with a lightweight screen and another with a lightweight projector and displaying any
messages in 3D space at a height adjusted space depending on the target audience eye location
(Nozaki, 2014).

The literature shows no previous research has been conducted in using public displays in the
construction industry. This research paper will focus on the use of drones to provide visual
interactions between safety managers and workers on construction jobsites. The study will
follow the proxemics guidelines found in previous studies to determine the acceptable distance
between workers and the drone as well as recommendations to train people to socially integrate
and trust drones in the same space (Albeaino et al., 2022; Wojciechowska et al., 2019; Cauchard
et al., 2015).

The research question: How can we use drones to make it easier for Safety Managers to interact
with workers at every site location as frequently as needed?

Null Hypothesis (Ho): using drones to display visual and audio safety manager’s messages to
workers will improve safety performances on jobsites.

Value: Primarily, the study will improve the user interface experience and provide plain view
interaction between safety managers and workers. Unlike using verbal communication only,
displaying the safety manager on the screen in the proximity of workers will facilitate the
manager to reach out to workers and grab the workers’ full attention.

For example, this technique could prevent accidents on jobsite due to human errors such as the
immediate appearance of the safety manager to warn employees who forgot to put on personal
protection equipment such as hard hats or fall arrest equipment while they were working at
elevated areas.
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It can also be used to provide other important information on jobsite such as construction
managers demonstrating a pre-recorded technique to workers on site in a live video conference.

Methodology

Participants

Twelve undergraduate students in construction management will be recruited to participate in
pilot study. These participants will be assigned to two groups randomly which means that each
group will be composed of 6 participants. These participants will represent novice workers on a
construction jobsite. Participants' age is estimated to be between 18-25 years old and they are
expected to have normal or corrected-to-normal eye vision.

Experimental design

● Virtual construction sites will be created using Virtual RealityTechnology. The created
sites will be in the forms of a video with 360 view, and they will be uploaded to Mozilla
Hub. Participants will be given a link to access them in any browser and visualize them
using VR Headsets. The drone path will be predefined by the safety manager, and a drone
will approach workers that the safety manager intends to interact with, then the safety
manager will use their computer or iPad to send their message to workers through the
drone in their space.

● To enable 3D public display, because a project and a screen can be heavy on one drone,
two drones will be connected to each other and will be moving together. One drone will
carry a mobile projector, just a 50 ANSI Lumen light power project will work; and
another drone will carry a white board as a screen. A visual marker would be put on
thiswhite board, and the drone carrying the projector will be programmed to follow the
marker. This way both drones will go together to facilitate the public display in 3D. The
sensors on the drone will be useful in stabilizing the two drones in 3D space.

● Two VR scenarios of drones interacting with humans on construction sites will be
simulated as described above. Both scenarios will be produced in the form of a video and
have the same content, the only difference will be means of interaction between safety
managers and workers on site. (1) A scenario where a safety manager uses a drone
remotely to verbally communicate with workers on a jobsite, and (2) a scenario where the
safety manager appears on the screen projected in 3D space using two drones and
communicates with workers in 3D space. In this study a usability study will be conducted
to compare the two systems.

● The Safety manager will be monitoring the site using two devices, connected to the
drones inspecting the site. A central computer will be used to display messages on the
screen and connect to zoom for instance in cases the safety manager wants to
communicate live with the workers and automatically appear on the 3D display carried
by drones.

● Prior to investigating the workers’ experience, five safety managers will be invited to
conduct a Heuristic Evaluation of the created materials considering their experience.
After the created Virtual construction site is validated by the safety managers,
participants will be invited through an online survey.
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This will be a between-subject experimental study. Participants will visualize the virtual
construction jobsite using VR Headset Quest 2. One group will be interacting with a manager
verbally; while the other group will be interacting with the safety manager both verbally and
visually, listening to their voice and seeing him displayed live on screen in 3D space.

Experimental Task

Participants will listen to/and or see the safety manager and ask questions to the safety manager
during the experiment. At the end of the experiment participants will complete a usability test to
rate their experience using a 5 point likert-scale.

The study will be designed to assess:

(1) Workers’ experience in their interactions with the drone in the two designed systems.

Data Analysis

A descriptive analysis will be performed to evaluate the System Usability Scale (SUS) score. A
paired t-test analysis will be conducted to assess the significance of the study between the two
systems. Challenges and any potential usability difficulties will be identified and future research
recommendations will be discussed.

Predicted Results

The drone will be touring the site and providing real time images and video to the safety
manager. Their path will be predefined to ensure they do not invade workers personal space and
make them feel comfortable. It is expected that workers are familiar with the voice of the safety
managers and having a drone at comfortable distance communicating in a familiar voice and
face, is predicted to make workers much more comfortable.

Therefore, it is expected that the second system using drone to display the safety manager’s
message in 3D will (1) grab the attention of workers, (2) make them feel much more comfortable
to have drones on the job sites, (3) improve the timely communication between the safety
manager and workers, and (4) improve safety performances on jobsite.
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