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Abstract – 

Drones are increasingly used in construction 

projects to facilitate tasks such as progress tracking, 

safety monitoring, and quality inspection. Despite 

their advantages, the presence of drones may 

introduce distractions that compromise workers’ 

ability to identify hazards, thereby elevating the risk 

of accidents. While limited studies have conducted 

quantitative assessments of drone-induced 

distractions among construction workers, the 

interplay between specific drone flight configurations 

and the degree of distraction remains underexplored. 

This study investigated the influence of varying drone 

flight configurations on workers’ attentional focus 

through quantitative experiments. Seven virtual 

construction site scenarios were developed to simulate 

both the visual and auditory stimuli associated with 

drones. A total of 17 participants engaged in 

simulated construction tasks within these scenarios, 

utilizing virtual reality systems and an 

omnidirectional treadmill. Their situational 

awareness was evaluated through a detailed analysis 

of gaze fixation times and counts. The results 

indicated that the presence of drones significantly 

distracted participants, with distraction levels 

intensifying as the drones approached closer. These 

findings contributed to the understanding of how 

drone proximity impacts worker attention and safety 

and established a basis for refining safety protocols in 

construction environments where drones are 

increasingly employed. 
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1 Introduction 

The increasing applications of drones in 

construction projects have gained significant attention 

from the industry due to their potential to enhance 

efficiency and safety. However, concerns have emerged 

regarding the safety risks and hazards that drone 

operations may introduce to construction sites. These 

risks extend beyond the physical hazards of collisions 

with workers, equipment, or site infrastructure within 

drone operating zones [1]. The presence of drones has the 

potential to divert workers’ attention, leading to visual, 

auditory, and cognitive distractions [2]. For example, 

Union Pacific Corp railroad workers reported being 

distracted by drones flying over rail yards, causing them 

to look upwards rather than focusing on their tasks, even 

in the presence of 200-ton locomotives and railcars in 

motion [3].  

The impact of distraction on workers’ focus has 

been widely documented in other domains. For example, 

Mark et al. showed that external interruptions in office 

environments could delay workers’ return to full task 

concentration by up to 25 minutes [4]. Similar 

interruptions were observed in construction settings, 

where distractions caused by drones can impair hazard 

recognition and safety risk assessment [5] [6]. Such 

distractions increase the likelihood of errors, endangering 

both the distracted worker and others on-site [7]. 

The workers at heights are vulnerable to drone-

induced distractions since the drones often fly above 

buildings on construction sites. These distractions may 

cause workers to overreach or lose balance on elevated 

platforms cluttered with tools or areas lacking protections 

such as unguarded edges and openings. Consequently, 

the risk of falls, slips, and trips increases, often resulting 

in serious injuries or fatalities. The Bureau of Labor 

Statistics (BLS) reported that falls, slips, and trips 

accounted for 38.4% of all fatalities and 47.4% of 

nonfatal injuries in the construction industry in 2022; and 
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most fatal falls, slips, and trips happened to those workers 

at heights who fell to a lower level [8].  Moreover, a 

survey of over 1,200 safety professionals identified 

distraction as the leading cause of these incidents [9].  

Although previous studies have acknowledged the 

safety challenges posed by drones in construction, much 

of the existing research relies on surveys, expert opinions, 

and conceptual analyses, with limited experimental data 

to evaluate the extent of drone-induced distractions [10], 

[11]. To address these limitations, Albeaino et al. 

provided initial experimental data, demonstrating that 

drones can cause measurable distractions among 

construction workers [12]. However, the influence of 

specific drone flight configurations on distraction levels 

remains unexplored. 

This study aims to address this gap by examining how 

drone flight height and approach direction affect workers’ 

safety and attention. These variables were chosen 

because they are key factors influencing the degree to 

which drones capture workers' attention. For instance, a 

drone's flight height can alter its visibility and audibility, 

while the approach direction (e.g., from the front or back) 

may impact how quickly workers become aware of its 

presence. To investigate these effects, a few virtual 

construction environments were developed, and 

participants were tasked with performing material 

handling activities. Gaze fixation times and counts were 

collected to evaluate visual attention toward hazardous 

areas. By analyzing this data, our study provided a 

quantitative assessment of how drone flight 

configurations influence workers’ hazard awareness, 

contributing to a deeper understanding of drone-induced 

distractions and their implications for construction site 

safety. 

2 Literature Review 

2.1 Drone Application in Construction Sites 

Drones, or unmanned aerial vehicles (UAVs), are 

aircraft that can be remotely controlled or autonomously 

flown to perform various tasks on construction sites. 

Equipped with sensors such as RGB, multispectral, 

thermal, or LIDAR, drones can quickly capture 

substantial aerial data [13]. This data can be transmitted 

to computers through drone software, enabling users to 

analyze and interpret it efficiently. These capabilities 

enhance construction project efficiency, support better 

project management, and improve the thoroughness of 

inspections. 

Drones have numerous applications in construction, 

including topographic mapping, equipment tracking, 

remote monitoring, and worksite inspection. For 

topographic mapping, drones significantly reduce the 

time needed to survey a site’s landscape by covering 

large areas quickly. The high-resolution images captured 

can be converted into 3D models to identify site 

challenges and assist with layout planning before 

construction begins. For instance, Jiang et al. [14] 

advanced image-based modeling techniques for real-time 

3D construction site modeling, proving effective for 

rapid layout planning in hoisting projects. Additionally, 

drones help track equipment locations on-site, record 

operational errors, and monitor construction quality. Sun 

[15] proposed a UAV-based system to track road 

construction machinery, enhancing paving quality. 

Furthermore, drones allow companies to visually inspect 

large structures or those in hard-to-reach areas more 

efficiently and at a lower cost. For example, de Melo et 

al. demonstrated that UAV-collected visuals can improve 

safety inspections by providing better visibility of job site 

conditions [16].  

2.2 Drone Safety Analysis in Construction 

Sites 

The Federal Aviation Administration (FAA) has 

implemented regulations for remote pilot certification 

and operational guidelines for small unmanned aircraft in 

civil applications, aiming to address safety concerns 

associated with drones in commercial settings [17]. From 

April 21, 2021, the FAA permits drones to operate over 

people, contingent upon the level of risk they pose to 

individuals on the ground [18].  While these regulations 

provide a foundational standard for safe drone operations 

in workplace environments, they do not specifically 

account for the potential distractions drones may cause, 

particularly for workers working at heights. 

Recently, the potential safety risk related to drone 

applications on construction sites attracted more attention. 

Based on the survey of 56 and 69 construction experts 

and professionals, drone-induced distraction is one of the 

primary safety concerns in construction projects [10][11]. 

Moreover, Jeelani and Gheisari investigated different 

drone applications on construction sites and identified 

their negative impacts on related workers’ health and 

safety [2]. Fan and Saadeghvaziri identified drone-

induced distraction as a key challenge in the planning, 

design, construction, and maintenance of civil 

infrastructure [19]. Costa et al. also highlighted that 

drone-induced distraction may cause issues with workers, 

concentration, safety, and productivity [20]. These earlier 

qualitative studies showed that drone-induced distraction 

can impact construction worker safety.  

Thus, further studies started to quantify how drone-

induced distraction, because it can provide more solid 

evidence for the decision-making process of drone use on 

construction sites. For example, Monte Carlo simulations 

were used to quantify the direct and indirect risks of 

drones to construction workers [21], [22]. Although the 
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simulations can provide valuable insights, they did not 

study the actual reactions of the workers. Thus, Albeaino 

et al. conducted human study experiments to investigate 

the impact of drone-induced distractions on workers [12]. 

The study revealed that participants spent approximately 

18 seconds observing the drones during a 2.5-minute task, 

highlighting the considerable potential for distraction in 

active work settings. 

2.3 Drone Distraction Studies Using Virtual 

Reality 

To study how drones distract construction workers 

and impact safety, we need to observe worker responses 

with and without drone distractions. Since real-life 

testing poses safety risks, we use virtual reality (VR) to 

simulate high-risk environments safely [23]. VR 

replicates real-world conditions in a controlled, risk-free 

manner and has been shown to produce results closely 

aligning with real-world experiments in both behavioral 

outcomes and self-reported measures [24]. It has been 

widely used in transportation and construction safety 

research to assess drone-induced distractions on drivers 

and workers. 

In the transportation domain, Barlow et al. employed 

a VR-based driving simulator to investigate the impact of 

drone flights near roadways on participants' visual 

attention and their potential contribution to distraction 

[25]. Their findings led to the recommendation of a 

policy requiring drone operations to maintain a minimum 

distance of 25 feet from the edge of a lane. Similarly, the 

Oregon Department of Transportation utilized a VR 

simulator to conduct a randomized factorial experiment 

evaluating the effects of three independent variables—

lateral offset, flight path, and lane use—on driver 

distraction caused by drone operations near roadways. 

The study revealed that the frequency and duration of 

glances at drones increased when drones were positioned 

closer to the roadway, with unsafe glances exceeding 2 

seconds observed at lateral offsets of 0 feet, 25 feet, and 

50 feet [26]. In another study, Ryan et al. employed a 

driving simulator featuring an actual driver’s seat within 

a real vehicle and a screen positioned in front of the driver. 

Their findings indicated that drivers were distracted by 

drones, with critically long glances observed in 11% of 

cases [27]. These studies collectively demonstrated that 

VR and simulator-based approaches are effective tools 

for examining drone-induced distractions in driver 

participants. They used monitors to display the virtual 

environments for the drivers. 

In the construction domain, the researchers adopted 

VR headsets to facilitate human-subject experiments and 

training. VR headsets allow construction worker 

participants to engage deeply with virtual construction 

environments, creating a highly immersive setting for 

studying distraction effects. Jeelani and Gheisari utilized 

virtual reality to simulate a construction site for 

conducting experiments aimed at evaluating the impact 

of drone presence on workers' attention and stress levels. 

The findings indicated that unmanned aerial vehicles 

(UAVs) could distract workers, especially when 

operating at distances of 12 feet and 25 feet. However, 

the drones did not have a significant effect on workers' 

emotional or psychological distress [28]. Albeaino et al. 

employed virtual reality to create a simulated 

construction site, enabling the evaluation of the 

attentional impact of drones on construction 

professionals at varying distances. The study revealed 

that drones positioned at greater distances resulted in 

more frequent and prolonged visual fixations on drones, 

emphasizing their potential to distract workers and 

providing insights into safer operational distances for 

drone use on construction sites [29]. 

Most of the existing studies focused on how the 

presence of drones diverts participants' visual attention 

from their primary tasks. However, they did not explore 

how this diversion of attention affects participants' ability 

to recognize and identify hazards. 

2.4 Experimental Design for Drone-Induced 

Distraction 

To study the human’s visual attention to drone-

induced distraction, the approaches of human study 

experiments from previous studies can be divided into 

two categories. First, some studies adopted between-

subject design [2], [12], [29]. A between-subjects design 

is a research method in which different groups of 

participants are exposed to distinct experimental 

conditions, allowing comparisons to be made between 

groups without the influence of repeated exposure [30]. 

Second, other studies adopted within-subject design [25], 

[26], [27]. A within-subjects design, also known as a 

repeated-measures design, is a research method in which 

the same participants are exposed to all experimental 

conditions, allowing researchers to compare their 

responses across different treatments while controlling 

for individual variability. 

The studies collected the participants’ fixation time 

and/or count to analyze their visual attention during 

distractions. Studies using a within-subject design 

exposed participants to the same set of conditions, which 

may cause sequence effects, where the order of exposure 

impacts the outcomes. Thus, usually, participants will 

experience the same set of conditions but with different 

sequences. The design helps the researchers to 

investigate if there is any sequence effect. Some of the 

studies fit the variables for evaluation into and linear mix 

model to check if the sequence effect is significant or not. 

Then, the variables are further analyzed by analysis of 

variance (ANOVA) to determine the significance of 

variables across different conditions. 
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3 Problem Statement, Objective, and 

Research Question 

Existing studies emphasized the potential hazards 

posed by drone-induced distractions for construction 

workers. Although they have investigated several aspects 

of drone-related distraction, a systematic examination of 

the influence of specific drone flight configurations on 

workers' situational awareness remains unexplored. Thus, 

this study aims to analyze workers’ visual attention to 

hazards in response to drones operating at varying 

heights and directions. The research question of this 

research is: “How is the amount of distraction related to 

drone flying height and direction?” 

4 Experiment Design and Implementation 

4.1 Procedure 

 
Figure 1. A participant performing material handling 

tasks in a virtual construction environment using a VR 

headset and omni-directional treadmill. 

 

In the beginning, participants were provided with an 

IRB-approved consent form, which they were required to 

read and sign before participation. The consent form 

detailed the purpose of the study, emphasizing its focus 

on drone safety in construction site environments. As 

shown in Figure 1, participants were equipped with a VR 

headset (Meta Quest Pro) and positioned on an omni-

directional treadmill (ODT) (KAT Walk C2+). The VR 

headset facilitated full immersion in virtual construction 

environments developed using Unity. The virtual 

environments provide a realistic and immersive 

experience by incorporating real background 

construction noises and drone flying sounds. Using Unity 

further enhances this realism by enabling spatially 

accurate drone sounds, allowing participants to hear the 

drone's flying noise in stereo based on its distance and 

location. The ODT enabled participants to navigate the 

virtual environments by physically walking, replicating 

the physical demands of real-world construction tasks. 

After a 5-minute training process, the participants then 

move on to the official experiment scenes.  

For our experiment settings, they included three 

independent variables, namely, drone presence (Yes and 

No), height of drone (16, 48, and 82 ft.), and direction of 

drone (Back and Front). Three heights of drones were 

chosen since they are the working heights of the drones 

for visual inspections [31]. By these three independent 

variables, there were a total of six combinations of drone 

height and direction, along with a seventh condition 

where no drone was present. 

For our experiment design, a repeated measures 

design was adopted to minimize variability across 

participants and enhance the reliability of the findings 

[32]. Thus, each participant was exposed to all seven 

scenes in a randomized order to minimize learning effects 

and bias. To be more specific, participants were 

randomly divided into seven groups. The participants in 

different groups experienced different sequences of 

scenes. The design of the sequence in each group follows 

a Latin Square design [33], which ensured an 

approximate balance in the sequence of scene 

presentations.  

In each scene, participants were tasked with carrying 

a 16.5” x 12” x 14” box along a designated route from a 

starting location to an endpoint twice. During the task, a 

virtual drone (DJI Mavic 3 Pro) appeared randomly in 

one of the two trials. The selections of drone type and 

required task are made in consultation with Mortenson, a 

construction company, to ensure the relevance of 

construction practice. Figure 2 illustrates a virtual 

construction scene, where the participant's route is 

depicted by the yellow lines (dashed and solid). To 

ensure the drone appears from either the front or behind 

the participant, each virtual construction site included a 

straight segment of the route, represented by the solid 

yellow line. The drone’s flight path is marked by the red 

dashed line.  

 
Figure 2. A sample of the virtual construction site 
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4.2 Data Collection, Processing, and Analysis 

This study aims to investigate the situation awareness 

of workers through their visual attention to hazards. Thus, 

eye gaze fixation time and count on danger areas were 

chosen as our dependent variable for analysis. The 

danger areas included openings and edges and the fences 

around them in the virtual environment. 

During the experiment, the participants' gaze points 

were collected by VR headset with a frequency of 100 

Hz. The raw data consisted of gaze points recorded 

sequentially over time, resulting in a total of 57,600 data 

points. For each scene, fixation time and count were 

computed by summing the fixation events occurring 

within predefined danger areas. This approach enabled 

the determination of the total fixation time and count on 

danger areas for each scene.  

To analyze the effects of different drone flying 

configurations on participants’ fixation time and count, a 

repeated measures linear mixed model was applied. Due 

to the occurrence of zero fixation times and counts, the 

model was applied to the natural logarithm of fixation 

time plus one (ln(TP1)) and fixation count plus one 

(ln(CP1)) to enhance the normality of residuals. TP1 

denotes "time plus one," while CP1 represents "count 

plus one." The model included six variables, with 

participant variability treated as a random effect. Fixed 

effects included the sequence of scenarios experienced, 

drone flight configurations, their interaction, and a 

constant term. A Type III ANOVA was used to evaluate 

the statistical significance of each fixed effect, 

particularly the influence of drone flight factors. Results 

were considered statistically significant if the p-value 

was less than 0.05. All analyses were performed using the 

lme4 and lmerTest packages in R [34], [35]. 

5 Preliminary Results and Discussion 

 
Figure 3. A sample of a construction worker doing our 

experiment using a VR headset and an ODT. 

So far, a total of 17 test participants (12 males and 5 

females) were invited, including construction interns, 

professionals, managers, and workers. Figure 3 illustrates 

the first-person perspective of a construction worker, 

represented as our test participant, performing a material 

handling task within a virtual construction environment. 

The red dot in the figure indicates the participant's eye 

gaze point. 

From the preliminary results, there were three 

findings. First, Figure 4 shows the participants’ 95 

percent confidence intervals for fixation time on danger 

areas in all 7 different scenes. In the horizontal axis, “F” 

means the drone flying from the participants' front, and 

“B” means the drone flying from their back. The number 

after the latter means the drone flying heights in feet. 

Since the fixation time in no drone scene is significantly 

higher than in all the other scenes, drones reduced 

participants' fixation time on danger areas. Second, 

Figure 5 compares the participants’ 95 percent 

confidence intervals for fixation time on danger areas in 

different drone flying heights. The fixation time on 

danger areas of a drone flying at 82 feet is much higher 

than a drone flying at 16 feet. Drones flying at lower 

heights (16 feet) significantly reduced fixation time on 

danger areas. Figure 6 shows the comparison of the 95 

percent confidence intervals for fixation time on the sky 

in different drone flying directions. The presence of 

drones approaching from the front results in a significant 

increase in fixation time on the sky. Overall, the findings 

suggest that participants experienced greater distraction 

when the drone approached from the front below 48 feet. 

Figure 4. Fixation time on danger areas in different 

scenes. 

 

 
Figure 5. Fixation time on danger areas in different flying 

heights. 
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Figure 6. Fixation time on the sky in different flying 

directions. 

6 Discussion 

The findings of this study contributed to 

understanding the influence of drone flight height and 

direction on the visual attention of construction workers. 

Specifically, our results indicated that participants 

experienced greater distraction when drones approached 

from the front, particularly at lower altitudes (16 ft and 

48 ft). These findings aligned with prior research 

demonstrating that drone interventions can disrupt 

workers’ visual focus, while also extending the literature 

by examining how specific drone conditions modulate 

the degree of distraction. 

When drones approached at heights of 16 feet and 

48 feet, the participants’ fixation time on danger areas 

significantly decreased, potentially impairing their 

ability to maintain attention on hazardous zones. This has 

critical implications for construction site safety, as 

diminished focus on danger areas increases the risk of 

accidents such as slips, falls, and trips. Furthermore, post-

experiment interviews revealed that half of the 

participants reported feeling distracted by the presence of 

drones, reinforcing the need to address drone-related 

safety concerns in dynamic construction environments. 

Despite these important contributions, this study 

has few limitations. First, the experiment only used a 

single type of virtual drone in the experiment. Drones 

differ in attributes such as sound, size, and intended 

purpose, all of which could influence distraction levels. 

For instance, larger drones with louder noise might 

induce greater distraction compared to smaller, quieter 

drones. Future research should investigate the effects of 

various drone types to assess their specific contributions 

to worker distraction. 

Second, the study focused on a material handling 

task. However, construction work encompasses a wide 

range of activities, such as operating vehicles or heavy 

machinery, where the consequences of drone-induced 

distractions may vary. For example, the impact of 

distractions on excavator operators or truck drivers may 

differ significantly from their effects on workers 

performing material handling tasks. Future studies 

should explore a broader array of construction tasks to 

provide a more comprehensive understanding of how 

drone interventions affect worker safety across diverse 

job roles. 

Third, to maintain experimental control and isolate 

the effects of drone distractions, we designed the virtual 

environment with a simplified construction setting. A 

more complex and dynamic environment could introduce 

additional variables, such as moving equipment or other 

workers, which may confound the results. By minimizing 

unnecessary distractions, we ensured that participants’ 

visual attention responses were primarily influenced by 

drone presence rather than other environmental factors. 

However, real construction sites might be more complex, 

and future studies should incorporate more realistic 

elements to enhance the ecological validity of the 

findings. 

7 Conclusion 

This study provided valuable insights into how 

drone flight configurations affect construction workers' 

visual attention, particularly their focus on hazard areas. 

Using a VR-based experiment, the research showed that 

drones significantly distract workers, especially when 

flying at lower heights (16 ft and 48 ft) or approaching 

from the front. These conditions reduced fixation times 

on danger areas, impairing hazard recognition and 

increasing accident risks. The results underscores the 

need for carefully planned drone operations and defined 

safety parameters in construction environments. 

Despite its contributions, this study has several 

limitations that highlight opportunities for future 

research. The experiment utilized a single type of virtual 

drone and focused solely on material handling tasks, 

limiting the generalizability of the findings to other drone 

models and construction activities. Additionally, to 

isolate the effects of drone distraction under different 

flight configurations, the virtual environment was 

intentionally simplified, excluding other potential 

distractions such as moving machinery and additional 

workers. Future studies should examine how different 

drone attributes impact workers across various 

construction tasks within more complex and dynamic site 

conditions to enhance the applicability of the findings. 

The findings highlight the need for safety protocols 

to mitigate drone-induced distractions, such as restricting 

drone altitude, flight paths, and directions, especially in 

high-risk areas. While workers may adapt to drones over 

time, new or inexperienced workers may still face 

distraction risks from drone. These insights can inform 

training programs that expose workers to drone 

distractions before they start to work on a real 
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construction site. Which can help them adapt in advance 

and reduce the risk of safety incidents from unexpected 

attention shifts.  

8 Data Statement 

All data collected from our test participants during the 

study are proprietary or confidential in nature and may 

only be provided with restrictions. Specifically, the de-

identified data can only be requested by the National 

Institute for Occupational Safety and Health, UW-

Madison regulatory and research oversight boards and 

offices. Some or all code generated or used during the 

study are available from the corresponding author by 

request.  
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