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Abstract: The use of robotics and automation in construction has become increasingly popular in recent
years, but negative attitudes toward working alongside these technologies persist. This is a significant issue,
particularly for construction students who are future construction professionals. Understanding the safety
challenges and countermeasures associated with working with robots on-site is essential for improving
attitudes toward them. However, logistical and financial constraints present challenges in incorporating an
effective robot-related learning tool or alternative into construction education. To address this issue, this
study developed a virtual site visit, which integrates Virtual Reality (VR) technology and immersive
storytelling to expose students to a robot-dominant construction site. The virtual site visit allows users to
navigate a robot-dominant construction site and learn about four-legged robots, their applications, safety
challenges, and countermeasures for working safely with them. This study aims to explore the potential
relationship between students' backgrounds, specifically their construction experience and familiarity with
construction robots, and the impact of virtual site visits on improving attitudes toward construction robots.
The findings indicate that following the virtual site visit, there was a significant decrease in negative attitudes
among students with limited construction experience and limited knowledge about robots.
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1 Introduction

The construction industry has shown increasing interest in utilizing construction robots in recent years, as
on-site robotic systems have the potential to revolutionize and address various shortcomings of the industry,
such as stagnant productivity and safety concerns. By performing repetitive tasks such as bricklaying,
finishing, and rebar-tying, construction robots can enhance productivity and allow workers to focus on more
complex tasks that require human skills and capabilities [ 1]. Additionally, the use of automation and robotics
can help reduce project costs by enabling construction work to continue during adverse weather conditions
[2], [3]. Construction robots also have the potential to mitigate labor shortages and increase workforce access
by enabling underrepresented groups, such as disabled individuals, to engage in construction tasks.
Furthermore, these robots can execute hazardous and labor-intensive tasks like demolition, reducing injuries
and fatalities in an industry known for its dangerous work environment [4]. However, a significant challenge
to leveraging robots in construction is the negative attitudes that humans often present toward working
alongside robots. This is especially true for new construction workers who lack experience working with
robots, as they may not be familiar with dynamic working environments and collaborative working
environments with robots.

Humans are less willing to work with or alongside robots when they are unfamiliar with novel
technologies. Negative attitudes towards robots in construction may lead to the limited promotion of
construction robots on the site and workers' negative attitudes towards learning how to operate or work with
robots during safety training, affecting learning efficiency [5]. As future construction professionals, learning
and adopting innovative technologies, such as construction robots, is essential for these construction students.
Many studies explored learning and training contents to introduce the robot's various components, safety
management, and general guidelines used for robots [6] and integrating VR technology to simulate robot-
dominant construction scenarios where users can observe or interact with these robots without exposing
themselves to unnecessary risks [7]. However, there is a research gap in understanding construction students'
attitudes toward robots in construction. This study explores the innovative use of a virtual site visit, which
integrates VR technology and immersive storytelling to expose students to virtual four-legged robots within
a construction site. The aim of this study is to explore the use of the virtual site visit to understand and
improve construction students' attitudes toward robots in construction. In this paper, we will develop the
virtual site visit as a valuable tool for incorporating knowledge about four-legged robots in construction
within the construction curriculum and help reduce students’ negative attitudes toward robots’ use in
construction sites.

2 Related Works

2.1 Applications of four-legged robots and their safety challenges in construction

The construction industry is currently facing a significant skilled labor shortage, which has led to the
integration of robots becoming inevitable. One increasingly popular type of robot in construction is the four-
legged robot, also known as the quadruped robot. These robots offer adaptability and mobility that is ideal
for various construction applications [8], [9]. They are commonly used for monitoring and inspection
activities, as they are capable of traversing and scanning job sites more frequently than humans. This
enhances the effectiveness of the inspection and monitoring process by generating digital replicas of job sites
that can be used for manual or automated assessments [10], [11]. Several recent studies have demonstrated
the effectiveness of using four-legged robots for various construction applications. For example, [10] [11]
utilized BIM-enabled automated reality capture and GPS technology to enable four-legged robots to
autonomously capture 360-degree images for frequent construction inspections, reducing the need for
manual labor. Another study proposed the use of a 3D LiDAR-equipped four-legged robot for monitoring
scaffolding operations from a safety perspective by collecting 3D point cloud data of the scaffolds [12].
Additionally, Kolvenbach’s research group deployed the ANYmal four-legged robot to inspect concrete
deterioration in sewer systems, providing deterioration levels through their autonomous inspection system
[13]. Furthermore, four-legged robots have been proposed for transporting materials and tools on job sites,
constructing building elements, and assisting in the building process. For example, a study used employed a
four-legged robot equipped with a robotic arm to facilitate safe interaction between humans and robots in



collaborative tasks, such as opening doors and carrying payloads [8]. With the rapid advancements in robotic
technology, such applications may soon become more prevalent in the construction industry.

However, as the deployment of four-legged robots increases in construction, there will be more
interactions between human workers and robots on job sites. Safety concerns have been highlighted
regarding the rising interactions between humans and robots in shared workplaces. These safety concerns
can be classified into three categories: physical risks, attentional costs, and psychological impacts [14].
Physical injury to humans is one of the primary safety challenges in human-robot interaction in construction.
Such injury can result from collisions with robots or contact with robot components, including their moving
parts. The National Institute for Occupational Safety and Health [15] has noted that "falls" are the primary
cause of work-related deaths in construction, which could be worsened by the introduction of four-legged
robots to construction sites. This risk may arise from various factors, including robots colliding with workers
on scaffolding or ladders or the harsh conditions of construction environments that can cause robotic
navigation systems to fail in detecting accurate walking paths, resulting in collisions with humans [8], [16].
Apart from the direct physical dangers brought about by robots, the presence of robots on a construction site
could also influence the way workers typically carry out tasks, which may lead to new safety hazards. For
instance, robots could serve as a distraction to workers, causing them to constantly switch their focus
between executing hazardous tasks and monitoring the robots [17]. Besides, the implementation of robots in
construction sites can have a psychological impact on workers as most robots are equipped with cameras or
other sensors to capture worker activities. This could lead to a sense of "being watched" among workers,
causing feelings of anxiety and stress.

To manage the risks posed by these robots, measures such as regulatory and administrative
interventions, technological interventions, training interventions, and cyber and privacy interventions have
been developed [18]. Morris and Cannady proposed that controls can be implemented to abate workplace
hazards and protect construction workers [18]. The primary approach to ensure workplace safety is to
eliminate hazards completely to prevent accidents or fatalities. The second approach involves the substitution
or replacement of the hazardous source with a non-risky alternative. The third strategy is to implement
engineering controls that can isolate people from potential hazards that cannot be eliminated or substituted.
For instance, this can be achieved by placing physical barriers, like safety fences, around workers who
operate in close proximity to four-legged robots or by cordoning off the area where robots are working. The
next strategy is administrative control, which involves modifying the way workers perform their tasks to
minimize the risk exposure while accommodating robots. This may include the introduction of safety
guidelines or precautions for workers to follow while working with or around robots. The final strategy is to
provide appropriate Personal Protective Equipment (PPE), such as hard hats, safety glasses, steel-toed shoes,
and safety gloves when working with four-legged robots. This information is essential for construction
students to understand and become familiar with the use of four-legged robots in construction [19]. This
study will use the above information about four-legged robots to develop the virtual site visit.

2.2 Attitudes toward robotics in construction

New-generation technologies, including robotics, have demonstrated significant potential for widespread use
in the construction industry. However, construction workers and students often exhibit reluctance to trust or
harbor negative attitudes toward these new technologies. Research has shown that building a culture of trust
and positive attitudes regarding the potential and reliability of new technologies can play a critical role in
enhancing adoption levels within the construction industry [20]. Moreover, the adoption of robotic
technologies in construction sites is increasing human-robot interaction, which necessitates trust in the new
technologies. Therefore, it is crucial to improve the attitudes of construction workers and future professionals
toward robots in construction. Construction robots belong to interdisciplinary fields such as computer
science, engineering, mathematics, statistics, and psychology, which enable them to learn from existing data
and past experience and perform tasks that typically require human intellectual processes [21]. The
complexity of this interdisciplinary nature may reinforce concerns among users or future users of this new
technology regarding operational complexity and hazards. Latikka indicated that advanced new-generation
technologies, when deployed well, should provide transparency and interpretability to reduce human bias
[22]. Particularly in robotics, learning or training agents are capable of providing explanations for robotic
actions and rationale. Several studies have explored the use of virtual site visits to study and enhance trust
and positive attitudes toward robotics and automation in various fields [23]-[25]. In construction
applications, Adami’s study used a virtual learning environment to enable trainees to remotely operate
construction robots and measure workers’ trust in the robot [6]. Results showed that the virtual environment



significantly increased trust in the robot compared with traditional in-person training. However, no study
has focused on understanding the impact of the virtual environment on construction students’ attitudes
toward robots. Particularly investigating the knowledge gap in students’ backgrounds, such as their
construction experience and familiarity with construction robots, could be associated with the effects of the
virtual environment on improving attitudes toward construction robots. This study proposed the virtual site
visit, which incorporates storytelling content related to four-legged robot technologies, applications, safety
challenges, and countermeasures in a VR environment. This approach provides an opportunity for students
to fully understand and enhance their positive attitudes toward four-legged robots in construction.

3 Methods

This study aims to develop a virtual site visit platform that integrates immersive storytelling and virtual site
visit technologies to provide an opportunity for students to understand and enhance their positive attitudes
towards four-legged robots in construction, as well as to investigate the association between students’
professional backgrounds and their attitudes towards robots in construction. The study will present the
creation of immersive storytelling and technological design of the virtual site visits (See figure 1), followed
by a pre-and post-survey on students’ attitudes towards robots [26]. The following sections will discuss the
development of the virtual site visit and the study metrics used for attitudes assessment. During the analysis
phase, the participants were divided into groups based on their professional backgrounds, and their attitudes
toward robots were compared between groups using statistical methods to investigate their association.
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Figure 1. Creation of immersive storytelling and virtual site visit
4 Technical Development

The development of the virtual site visit can be divided into two main sections: natrative generation and
technical development. The primary purpose of the narrative in virtual site visits is to help construction
students understand the potential applications of four-legged robots in construction sites, the safety
challenges associated with their use, and the countermeasures to address those safety concerns. According
to the narrative content, a virtual site visit comprises three primary elements: the virtual construction site,
virtual instructor, situated scenarios, and user interfaces (see Figure 2). The Unity® game engine was utilized
to build the construction environment in VR. To create the virtual robot-dominant construction site,
construction equipment, workers, and four-legged robots were arranged and animated in the virtual
environment. Next, several technologies were used to develop a virtual instructor who uses natural verbal
and nonverbal language, including text-to-speech, lip-synching, and animation technologies. Situated
scenarios were animated in accordance with the project narratives. Finally, user interfaces were developed,



including a virtual learning board, a "Back to Instructor" button, and a Mini Map, enabling users to track
learning objectives, return to the instructor's location, and locate themselves and the instructor in the virtual
environment. These elements were required to successfully integrate and correctly place them at designated
positions in the immersive environments, considering the narrative contents at that time.

(a) Virtual construction site (b) Virtual instructor
© g e

(c) Situated scenario (d) User interface (red mark)

Figure 1. Primary elements within the virtual site visit

5 Attitudes Towards Robots in Construction Between Different
Backgrounds

To achieve the research goal of this paper, an experiment was conducted aimed at construction students with
varied working experience and familiarity with construction robots. Forty-one males and fifteen females
participated in the survey and used desktop computers to individually experience the virtual site. Participants
were recruited from the College of Design, Construction, and Planning at the University of Florida, and they
had an academic or working background in construction, architecture, civil engineering, or landscape. The
experiment was exempted from the UF Institutional Review Board (IRB). Prior to the survey, participants
responded to a demographic survey that included questions about their gender, working experience, and
familiarity with construction robots. Table 1 provides the demographic details of the study participants.

Table 1. Participant study grouping based on their background (experience and familiarity with robots)

Group Code Number
Parameters
(Percentage)
Experience in Construction Less 1 year A0 33 (59%)
Industry Over 1 year Al 23 (41%)
Familiarity with Construction None and Some Knowledge of BO 42 (74%)
Robotics Fair and Competent B1 15 (26%)

To measure whether people generally have a positive or negative attitude towards robots, the Negative
Attitudes Toward Robots Scale (NARS) was used. The NARS includes 12 five-point Likert-scale questions,
with a focus on the extent to which one would be reluctant to interact with robots, which reflects negative
attitudes towards interacting with robots, the social influence of robots, and emotions in interaction with
robots. The NARS scale has been validated in previous studies, such as Nomura’s study [5] investigated the
relationships between negative attitudes, anxiety towards, and allowable distance from a robot. A higher
score on the NARS indicates more negative attitudes toward robots. In this study, students participated in
pre- and post-NARS questionnaires, and the results reveal that after experiencing virtual site visits,
participants' negative attitudes towards robots significantly reduced (from 2.74 to 2.53), indicating the
effectiveness of the proposed virtual site visit in improving students' attitudes towards robots. Furthermore,
participants were divided into different groups according to their experience in the construction industry and



familiarity with construction robotics. An independent sample t-test was used to compare the means of pre-
and post-NARS scores among the diverse groups of students, as determined by the Shapiro-Wilk
normalization test [27] (all, p>0.05). As shown in Table 2, there was no significant difference between
groups with different construction industry experiences in both pre-and post-NARS scores, while there were
significant differences between groups with different familiarity with construction robotics in pre- and post-
NARS scores. Therefore, it was found that prior experience in the construction industry does not result in a
different level of attitudes towards robots in construction, while students' familiarity with construction
robotics significantly impacts their attitudes towards robots. Students who have fair and competent
familiarity with construction robotics presented lower negative attitudes towards robots than students with
no or some knowledge of familiarity.

Table 2. Results based on different professional backgrounds

Professional Pre-NARS Post-NARS
Background Mean (SD) Mean (SD)
Experience in A0 Al Difference of P- A0 Al Difference of P-
. mean (SE) value mean (SE) value
Construction 2.62 0.20 2.57 2.45
Industry 2.82 (0.49) (0.50) (0.14) 0.14 (0.38) (0.45) 0.12 (0.11) 0.29
Familiarity Difference of P- Difference of P-
with BO Bl mean (SE) value B0 Bl mean (SE) value
Construction 2.44 0.39 " 2.61 2.29 %
Robotics >4 O47) 0 4g) (0.14) 0.01 (0.38) ©40) 032012 002

*P-value < 0.05

To determine whether the virtual site visit has a different impact on students with various professional
backgrounds (i.e., construction industry experience and familiarity with construction robotics) in enhancing
their attitudes towards robots, dependent t-tests were used to compare means between pre- and post- NARS
based on the different professional backgrounds, as determined by the Shapiro-Wilk normality test (all,
p>0.05). The results showed that there were significant differences between pre-and post-NARS for students
who had less than 1 year of construction industry experience and none to some familiarity with construction
robots. As shown in Table 3, these students' negative attitudes towards robots in construction were
considerably reduced after experiencing the virtual site visit. In contrast, no significant difference was found
between pre- and post-NARS for students who had over 1 year of construction industry experience and fair
to competent familiarity with construction robots. Thus, students with different professional backgrounds
may require different learning or training methods to improve their attitudes toward robots in construction.
It is suggested that students with more years of experience in the construction industry and higher familiarity
with construction robotics could receive a shortened version of the virtual site visits or learning content,
while those with less experience in the construction industry and lower familiarity with construction robotics
may benefit more from the full virtual site visit.

Table 3. Differences between pre- and post-NARS based on different professional backgrounds

Professional Difference of means
Background (SE) 95% CI P-value
A0 0.24 (0.06) (0.13,0.36) 0.00*
Pre - NARS vs. Post Al 0.16 (0.08) (-0.00, 0.33) 0.06
- NARS BO 0.23 (0.05) (0.12,0.34) 0.00*
Bl 0.15 (0.10) (-0.06, 0.36) 0.14

*P-value < 0.05

6 Conclusion and Future Work

As an increasing number of construction projects adopt construction robots on-site, it is crucial for future
construction professionals to be familiar with these technologies and have positive attitudes towards working
with them. This study proposes a virtual site visit that incorporates storytelling content related to four-legged
robot technologies, applications, safety challenges, and countermeasures into a VR environment. This study
also provides an opportunity for students to learn about four-legged robots in construction, enhance their
positive attitudes toward them, and investigate the association between students' professional backgrounds
and their attitudes toward robots in construction. The virtual site visit platform enables students to navigate
a robot-dominant construction site and learn about four-legged robots, their applications, safety challenges,



and countermeasures for working safely with robots. Four main components were established in the virtual
site visit: virtual construction site, virtual instructor, situated scenarios, and user interfaces. An experiment
was conducted during the virtual site visit to understand students' attitudes towards robots in construction
and investigate whether students' construction experience and familiarity with construction robots could be
associated with their attitudes towards robots. A total of 56 participants were surveyed to collect data and
analyze their attitudes toward robots in construction before and after experiencing the virtual site visit. The
results indicated the effectiveness of the proposed virtual site visit in improving students' attitudes toward
robots. Furthermore, students' prior experience in the construction industry did not result in a different level
of attitudes towards robots in construction, while students' familiarity with construction robots significantly
impacts their attitudes towards construction robots. Students with fair and competent familiarity with
construction robots presented lower negative attitudes towards robots than students with no or some
knowledge of familiarity. On the other hand, the results revealed that students with different professional
backgrounds might require different learning or training methods to improve their attitudes toward robots in
construction. It is suggested that students with more years of experience in the construction industry and
higher familiarity with construction robotics could receive a shortened version of the virtual site visit or
learning content, while those with less experience in the construction industry and lower familiarity with
construction robotics may benefit more from the full virtual site visit. Furthermore, to enhance the
understanding of the effectiveness of the virtual site visit in improving students' positive attitudes toward
construction robots, future studies should consider gathering a larger sample size to improve the
generalization of the results. Also, this study did not focus on how the virtual site visit would influence
students' learning outcomes and experiences with construction robots, and future studies could focus on this
topic to gain more insights into the effectiveness of the virtual site visit.
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