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Drones are increasingly being utilized in the construction industry, offering a wide range of
applications. As these drones have to work with or alongside construction professionals, this
integration could pose new safety risks and psychological impacts on construction professionals.
Hence, it is important to understand their perceptions and attitudes towards drones and evaluate the
cognitive demand of working with or near drones. Limited research has explored individuals'
perceptions of drones, particularly when engaged in construction activities at job sites. This study
specifically targets construction students, the future professionals in the field, to understand their
responses to drone interactions on job sites. An immersive virtual reality construction site was
developed using a VR game engine, allowing construction students to interact with drones while
engaging in typical construction activities. Through a user-centered experiment, the influence of
drone presence on construction students' attitude, cognitive workload, and perceived safety risk was
evaluated. The results suggest that presence of drones did not significantly elevate cognitive load or
foster significantly negative attitudes among construction students. Instead, they perceived only mild
safety risks, suggesting a general acceptance and adaptability towards drone technology in
construction settings.
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Introduction

Drones, also known as unmanned aerial vehicles (UAVs), have become increasingly popular in the
construction industry, which has shown the highest adoption rate of drone technology. Over 80% of
drone users in the construction industry intend to expand or maintain their investment in drones
(DroneDeploy 2021). Drones can accomplish tasks more efficiently and at a lower cost on construction
sites, performing construction activities more cost-effectively and with greater control (Zhou and
Gheisari 2018). However, construction consistently ranks as one of the most dangerous industries,
resulting in more than 5,000 fatal work injuries in the US in the past five years (Bureau of Labor
Statistics 2022). As drones become more prevalent on construction job sites, there are increasing safety
concerns for construction practitioners in such a dynamic and complex environment. In the near future,
drones with various responsibilities will collaborate with human workers to carry out a wider range of
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construction-related tasks (Zhu et al. 2023). Given the foreseen ubiquity of worker-drone interaction on
construction sites, workers’ perceptions of drones while working on site could critically affect their
safety. Specifically, if workers perceive drones as a potential threat rather than a valuable tool or
friendly colleague, they may experience heightened stress and anxiety, reduced job satisfaction, and
other negative impacts on worker well-being (Jeelani and Gheisari 2022). However, limited research
has investigated the detailed relationships between the presence of drones on job sites and the various
dimensions of perception among individual construction practitioners, particularly when they are
engaged in construction activities around drones and exposed to potential negative safety impacts. This
study specifically targeted construction students who will become construction professionals and work
with drones on job sites in the future. An immersive virtual reality construction site was developed in a
game engine where the construction students could interact with drones. Results of post-surveys were
assessed quantitatively and qualitatively to investigate how the presence of drones on the site impacts
construction students' perception of negative attitudes, cognitive load, and expected risks.

Background

Drones have been increasingly utilized throughout the entire construction lifecycle, with applications
including building inspection (Eiris et al. 2021), damage assessment (Calantropio 2019; Li and Liu
2019), site surveying and mapping (Irizarry et al. 2016), progress monitoring (Martinez et al. 2020),
and safety inspection (Zhou and Gheisari 2018). However, increasing interactions between human
workers and drones raises novel occupational safety and health concerns for construction practitioners
(Jeelani and Gheisari 2021), especially regarding the psychological and cognitive outcomes resulting
from negative perceptions. These outcomes, such as mental fatigue and cognitive impairment, can lead
to unsafe behavior (Namian et al. 2018) and deficient work performance. Existing research about
perception of drones in construction industry are mainly focus on surveys and interviews for perception
of drone overall applications barriers (Sabino et al. 2022; Umar 2020). In these studies, the participants
did not directly interact with drones and perceived the presence of drones when they were working on
job sites. For acceptable human-robot interaction, there may be a discrepancy between actual situation
and user perception, that a robot must avoid taking actions that might create an unpleasant situation for
humans even if its actions do not cause any physical harm (Akalin et al. 2022). As drones will be
increasingly involved in construction operations requiring a shared working space with humans on site,
it is crucial to investigate if construction practitioners perceive drones as a support, a team member or
a flexible part of construction activities (Bonci et al. 2021). Negative safety perceptions of drones can
lead to worker fear and privacy concerns regarding surveillance while working with or around drones
(Chang et al. 2017), leading to cognitive distraction and heightened accident risks (Jeelani and Gheisari
2021). Multidimensions of perception for robots have been studied through user-centered experiment,
such as attitude (Xia and LeTendre 2021; Zafari and Koeszegi 2021), workload (Kaufeld and Nickel
2019; Nenna et al. 2023), and risk perception (Hanoch et al. 2021).

Research Methodology

This study is aimed to assess the influence of drone presence on construction students' attitude,
cognitive workload, and perceived safety risk on job sites. As illustrated in Figure 1, this study first
developed a virtual reality (VR) scenario in which construction students can perform construction tasks
while perceiving the presence of drones on construction sites. After the development, a user-centered
experiment was conducted by disseminating demographic surveys and post-surveys measuring
participants' perceptions, which covered cognitive load, negative attitudes, and risk perceptions.
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NASA Task Load Index
(TLX)

Negative Attitudes Toward
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Interaction Subscale

Safety Risk Perception
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VR Development for User-centered Experiment Data Analysis for attitude, cognitive
construction job site scenario with Drone Presence in VR workload, and perceived safety risk

Figure 1 Research Methodology
Experiment Scenario Development

A fully immersive VR scenario was developed to facilitate subject interaction with drones within a
construction site context. People tend to perceive interacting with drones on a construction site as
unsafe, especially for workers who already face a hazardous working environment daily. This concern
is particularly significant given the high risks associated with falls, slips, and trips, which account for
46.1% of fatal injuries and 31.4% of non-fatal injuries recorded in the construction industry (Bureau of
Labor Statistics 2022). Furthermore, fatalities resulting from falls are most commonly associated with
work locations such as roofs, ladders, and scaffolding (Brown et al. 2020). Therefore, a construction
scenario was designed to involve an inspection task on a platform located near scaffolding at heights.
To replicate a range of potential interactions, two distinct types of drones were introduced into this VR
scenario: an inspector drone, responsible for monitoring work progress by following a predefined flight
path around the virtual site, and a delivery drone, tasked with collecting toolboxes and delivering them
to specified locations on the platform. To replicate this construction scenario within the VR
environment, all necessary assets were imported and animated using the Unity3D® game engine. This
included static objects such as buildings and temporary structures, dynamic objects like drones and
equipment, and virtual workers, enabling a comprehensive construction site simulation that allows users
to interact with virtual drones in a realistic manner (Figure 2).

Construction related game objects Construction scenario in VR

Figure 2 Experiment Scenario
User-Centered Experiment Procedure

The user-centered experiment was approval from the University of Florida Institutional Review Board
(IRB #202300203). 15 subjects who are students from Rinker School of Construction Management
were recruited. In the experiment, subjects initially reviewed and consented to the study by completing
a consent form. Subsequently, they were required to fill out demographic surveys that collected data
regarding their individual experiences, including age, work experience in the construction industry,
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knowledge levels related to construction (including major and educational status), knowledge levels of
VR, and knowledge levels of drones. After completing the experimental tasks in the VR scenario,
participants filled out a post-experiment perception survey on negative attitudes, cognitive loads, and
risk perceptions.

Study Metrics

Negative Attitudes Toward Robots Scale (NARS) Interaction Subscale (Nomura et al. 2006): NARS is
a validated tool widely used in HRI studies, which was designed to determine human attitudes toward
robots when interacting with them. In this study, the subscale of NARS specifically focusing on
"negative attitude toward interaction with robots," was employed. This subscale includes six items, and
each item is scored on a five-point Likert scale. Cognitive Workload by NASA-TLX (Hart and Staveland
1988): NASA-TLX is a widely used instrument for assessing cognitive and mental workload during or
immediately after performing a task. It comprises a multidimensional score based on a weighted average
of ratings on six subscales: mental demand, physical demand, temporal demand, performance, effort,
and frustration level. In this study, each subscale was scored on a seven-point scale from very low to
very high. Safety Risk Perception Scale (Hallowell and Gambatese 2009; Pandit et al. 2019): the safety
risk perception score was calculated using the formula: Safety Risk = Incident Frequency x Incident
Severity (Fortunato et al. 2012). In this study, this metric was adapted from a safety risk perception
quantification survey instrument developed by Pandit et al. (2019). The validated safety risk perception
score for each risk classification is provided in Table 1 (Hallowell and Gambatese 2009). To compute
an individual's score, the scores for each risk classification are summed. For instance, if a participant
perceives all levels of incident injuries as "likely" to occur, the total score would be 0.19 (i.e., 0.01 +
0.03 + 0.04 + 0.05 + 0.06).

Table 1

Scores for safety risk perception survey

Injury Frequency Not Possible Unlikely But Very  Almost

Severity Possible Likely Likely  Certain
Discomfort/Pain 1.25x10* 1.25x107 0.01 0.06 2.5
First Aid 2.75x10* 2.75%103 0.03 0.14 5.5
Medical Case 3.50x10* 3.50x10 0.04 0.18 7.0
Lost Work Time 4.00x10* 4.00x107 0.05 0.20 8.0
Permanent Disablement or Fatality 4.75x10* 4.75x1073 0.06 0.24 9.5

Results and Discussion

The results from the demographic survey, which collected individual experience data, are presented in
Table 2. Most subjects were male (60%), aged between 20 and 30 (66%), and are graduate students
(80%). Furthermore, almost every subject had previous work experience on construction sites (93%),
and nearly half of them have more than two-year of professional experience in the construction industry
(47%). Most subjects possessed different levels of knowledge based on their previous experience of VR
(93%) and drone (93%).

Table 2
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Demographics of the participants

Variable Category Number (Percentage)
Gender Male 9 (60%)
Female 6 (40%)
Age <20 2 (13%)
>20 and <25 5(33%)
>25 and <30 5(33%)
>30 3 (20%)
Educational Status Undergraduate Student 3 (20%)
Master Student 7 (47%)
PhD Student 5 (33%)
Work Experience in Construction Site None 1 (7%)
Less than 6 months 3 (20%)
6 months to 1 year 1 (7%)
1 to 2 years 3 (20%)
More than 2 years 7 (47%)
Knowledge Level of VR None 1 (7%)
Some Knowledge of 6 (40%)
Fair 6 (40%)
Competent 2 (13%)
Knowledge Level of Drone None 1 (7%)
Some Knowledge of 8 (53%)
Fair 5(33%)
Competent 1 (7%)

Table 3 presents the findings related to the NARS interaction subscale, which has an overall neutral
score of 2.78. The data reveals that participants provided negative ratings (> 3) for the statement "I felt
uneasy when I worked on site and drones came close to me" (3.47), and "I felt nervous when working
around drones on site" (3.13). These results suggest that when drones were flying in close proximity to
the participants, they experienced slightly increased discomfort and anxiety. This sentiment aligns with
qualitative feedback from some participants. For example, one expressed feeling uneasy when drones
approached them, stating “I was very uneasy having the drones come near me and near other workers
on site. The presence of the drones was very distracting too.” Similarly, another one specifically
mentioned that the sounds of drones would make them feel nervous by stating, “The buzzing of the
drone was annoying and nerve-wracking because I could sense it getting closer.” However, the
participants tended to disagree that they would feel nervous working with drones in front of other people
on site (2.87). Their agreement decreased further when confronted with statements using stronger
negative language, such as “Drones meant nothing to me when I performed the task on site” (2.47) and
“I hate drones performing tasks automatically and making decisions on site” (2.47). These results
suggest that although participants may experience uneasiness and nervousness when drones operate in
proximity, they do not perceive drones as inconsequential or harbor a strong aversion to drones
autonomously executing tasks and making decisions on site. Finally, the participants scored the lowest
score on the agreement of the statement: “I felt paranoid when I tried to communicate with drones on
site” (2.27). This result could be because they did not feel necessary to communicate with the drones
all the time during the experiment.

Table 3
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NARS: Interaction Subscale results

NARS: Interaction Subscale Questions* Mean + SD
1: I felt uneasy when I worked on site and drones came close to me. 3474136
2: Drones meant nothing to me when I performed the task on site. 247+1.13
3: I felt nervous working with drones in front other people on site. 2.87+1.25
4: 1 hate drones performing tasks automatically and making decisions on site. 2.47+1.30
5: 1 felt nervous when working around drones on site. 3.13+£1.25
6: 1 felt paranoid when I tried to communicate with drones on site. 2.27+0.88
Overall 2.78 £ 0.63

* Likert Scale: Strongly Disagree (1) to (5) Strongly Agree

Table 4 presents the outcomes for NASA-TLX, encompassing various subscales such as mental
demand, physical demand, temporal demand, performance, effort, and frustration. In summary, the
participants reported an overall neutral score of 3.24 for NASA-TLX scale. They perceived working
around drones was characterized by a slightly low to moderate level of mental demand (3.60) and a
slightly lower degree of physical demand (2.93). They also noted that the task's pace was not excessively
hurried or rushed (3.27). Furthermore, they perceived a somewhat high level of performance in
accomplishing the task (5.00), with a perception of needing to apply a slightly low level of effort to
achieve their performance level (3.33). Additionally, the participants reported a slightly low level of
frustration performing tasks around drones (3.33). Overall, the results show that the participants did not
experience a notably high cognitive load across various dimensions. However, it is worth noting that
they perceive slightly higher mental demand than physical demand. This perception difference could
be caused by the participants having not had full knowledge of the drones' flight paths and the ability
to control them to prevent potential risks, such as physical contact between drones and workers. For
instance, one participant expressed concerns, stating, ““I felt like the drones were doing their job ... Only
worry was that drones would collide or cause damage.” Such uneasiness can be aligned with the results
of NARS scale, where most of the participants agreed that they feel uneasy when working on site and
drones came close to them. Furthermore, some participants also mentioned that they thought they
needed to be more vigilant to avoid safety risks while working with or around drones, stating, “/ think
it was important to stay vigilant about your environment because I did not (know) if the drone was
going to collide with anything.” This perception may also contribute to extra mental demand for the
participants working around drones on job sites.

Table 4

NASA-TLX results

NASA-TLX Questions* Mean + SD
1: Mental demand: How mentally demanding was the task? 3.60 +1.35
2: Physical demand: How physically demanding was the task? 293 +1.44
3: Temporal: How hurried or rushed was the pace of the task? 327+1.34
4: Performance: How successful were you in accomplishing what you were asked
to do?** 5.00+1.37
5: Effort: How hard did you have to work to accomplish your level of

3.33+1.29
performance?
6: Frustration: How insecure, discouraged, irritated, stressed, and annoyed were
you? 3.33+1.58
Overall 3.24+0.94
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* Likert Scale: Very Low (1) to (7) Very High
** Statement worded reversely, and the overall score was calculated with the reversed score

The participants' collective risk perception score averaged 2.73 based on the scores in Table 1. This
score is slightly higher than the risk score for Discomfort/Pain, indicating that, overall, the expected
safety incidents of working around drones on site can only result in the mildest safety consequences. A
distribution of their responses is detailed in Table 5. The results reveal that most of the participants
(53%) perceived experiencing discomfort and needing first aid as highly probable when working with
or near drones. When it comes to the risk perception of medical case incidents, participants exhibited a
divided perception, with 33% deeming them as unlikely but still possible and another 33% viewing
them as highly probable. As for incidents leading to lost work time, more participants (33%) perceived
that it is very likely to happen while working with or near drones on site. Finally, when it came to
incidents resulting in fatalities, a majority (40%) perceived them as unlikely but possible to happen
based on their experience on the virtual site. It is also worth noting that none of them perceived that
fatalities were almost certainly to happen during such experiences.

Table 5

Percentage response results for safety risk perception scale

Unlikely
requency Pofs?‘gle But Likely = Very Likely éirrr‘:;sr: Total

Severity Possible
Discomfort/Pain 7% 13% 0% 53% 27% 100%
First Aid 0% 33% 0% 53% 13% 100%
Medical Case 7% 33% 20% 33% 7% 100%
Lost Work Time 13% 20% 27% 33% 7% 100%
Fatality 27% 40% 7% 27% 0% 100%

Conclusion and Future Work

The increasing integration of drones in the construction industry has created new opportunities to
improve operational efficiency and data collection. However, this technological shift also introduces
new challenges, particularly concerning the safety and psychological well-being of construction
professionals. Recognizing the potential impact of drones on those who will soon enter this field, this
study aimed to understand the perceptions and reactions of construction students—future industry
professionals—to drones in a simulated construction environment. In this study, an immersive virtual
reality construction site was developed, enabling participants to interact with drones in a controlled yet
realistic setting. Through a user-centered experiment, the study evaluated the cognitive load, attitudes,
and perceived safety risks of these students when exposed to drone presence during typical construction
tasks. The overall results show that when performing construction activities around drones on job sites,
construction students did not perceive significantly high cognitive load or negative attitudes. They also
expected only mild safety incidents while working in the presence of drones on site. However, it is
worth noting that in qualitative feedback, some participants mentioned feeling uneasy and nervous when
drones came close to them. Additionally, the lack of transparent information about the drone's job raised
concerns about potential physical contact or other risks. Since the construction site environment and the
drone tasks vary for different projects, these results can only provide insights into specific human-drone
interactions on job sites. Our future study will focus on a wider array of construction contexts, including
human-drone collaboration on the same target tasks. Furthermore, to address the safety concerns of
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construction students when drones approach them and they lack information about the flight status,
innovative information exchange systems such as human-drone communication protocols are needed
to enhance perceptions and improve the actual safety performance of construction practitioners working
with drones on jobsite.
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