
Designing Drone Game for
Construction Site Inspection
Kenneth Lawani1*, Billy Hare1, Iain Cameron1, Hamid Homatash2 and Julie Campbell 2

1Department of Construction and Surveying, Glasgow Caledonian University, Glasgow, United Kingdom, 2Department of Applied
Computer Games, Glasgow Caledonian University, Glasgow, United Kingdom

The use of drone technology in the construction sector promises faster and more
streamlined working practices. Forward-thinking contractors are investing in digitizing
their operations and the use of drones with the capability of providing real-time site
information is already a reality. Deploying drones for site inspections can help construction
and safety managers avoid placing workers in precarious situations and the ability to
quickly gather site aerial data can be invaluable. This study focuses on creating a drone
flying game for inspecting a virtual construction site and identifying potential safety
hazards. The single-player, user-focused game is built using the Unity game engine for
WebGL which renders interactive 3D graphics to be played in modern web browsers
without the use of plug-ins. The game’s aim is to give a simulated experience of piloting a
drone and using it to identify potential hazards in an active simulated construction site, and
educating players of the effectiveness of using drones for this task, without the real-world
risk of collision, damage or injury. Preliminary findings from 47 purposive sampled
participants revealed that the drone game was engaging; participants found the game
intuitive to use and easy to pilot the drone; the hazards and the simulated construction
environment were realistic; and the game satisfies the main aim of highlighting the benefits
of using drones on a construction site. The target audience for user experience and
usability testing are construction and safety managers, construction professionals and
students working in the industry. The skills acquired from playing the educational drone
game for virtual construction site inspection and monitoring could be successfully applied
when flying a real drone on a live construction site. The significance of learning how to fly
drones for site inspection during Covid-19 pandemic where workers need to be physically
distanced is timely and relevant.

Keywords: drone, site inspection, simulation, game-based, site safety, web graphics library

INTRODUCTION

The adoption and use of innovative technology to improve construction operations, most
significantly health and safety is becoming a norm as it is less expensive and more reliable than
before. The use of drone technology in the construction industry has substantial potential in terms of
improving safety inspections and construction practices (Xiang et al., 2019; Homann andMcAllister,
2018). Workers within the industry are susceptible to accidents which could either be fatal or lead to
permanent disablement as the HSE construction statistics in Great Britain for 2020 identified (HSE,
2020). The construction industry plays a significant role in economic growth in all countries.
However, workers employed in this industry worldwide tend to experience a disproportionately high
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rate of injuries and fatalities; for example, the UK
(United Kingdom) recorded 40 and 39 fatal injuries to
workers in 2019/2020 and 2020/2021 respectively, and this is
consistent with the annual average over the last 5 years (HSE,
2020; HSE, 2021). This plateau in rates illustrates the need for new
thinking and innovation.

Construction companies promote the zero-accidents mantra,
but this cannot be solely achieved with over-reliance on manual
and random on-site inspections. The adoption of drone
technology could serve as an intervention strategy with the
capability of providing real-time information and feedback for
construction managers, safety managers and workers. This
becomes even more important when work on site is currently
being conducted using a phased approach due to the global
Covid-19 pandemic. The Health and Safety at Work Act 1974
stipulates that all workers have a right to work in places where
risks to their health and safety are properly controlled and safety
managers have a responsibility to ensure that this goal is achieved.
The idea of inspection or monitoring has been described by Toole
(2002) as the frequent walk-around the site to acquire real-time
information through direct observation and interface with
workers. Depending on the complexity of the site and the
project, site inspection could become a time-consuming
exercise for the safety manager. It can also become irregular
with failure to establish standard controls, get real-time data, and
provide requisite feedback because Occupational Safety and
Health (OSH) personnel are required to carry out audits and
inspections (Cameron et al., 2007). Therefore, the strategy to
design a drone game for virtual construction site inspection is to
introduce technology that could ease inspection of real
construction site safety issues, provide real-time feedback, and
improve safety management (Hallowell et al., 2010). The use of
drone technology is considered a useful tool due to its capability
to fly over difficult to reach and highly dangerous locations by
ensuring that workers are safe; there is improved and streamlined
time to conduct site inspections; and improved audit trail,
(Irizarry et al., 2012).

Furthermore, the construction market is seeing extensive
use of drones on projects. The drone game should provide
some level of awareness for safety managers and construction
workers with the capability of learning how to fly a drone on a
simulated construction site before undertaking the training
towards acquiring the remote pilot drone licence with the UK
Civil Aviation Authority (CAA). Therefore, playing the drone
game allows the players to experience the speed at which
inspections can be undertaken and the accuracy and level of
detail that can be acquired; the ability of the drones to reach
inaccessible areas of the construction site, and the capability
to transfer real-time information. The cornerstone of
implementing a good site inspection and safety initiative is
fundamentally reliant on how the construction and safety
manager can plan, manage, monitor, and control their work
area in line with the CDM 2015 regulation which is why the
adoption of the drone technology becomes important. The
aim of this study is to explore the design and development of a
drone game for a virtual construction site as a tool for
engaging and educating construction managers and safety

practitioners to adopt drone technology for site monitoring
and inspections.

RESEARCH MATERIAL

Use of Drones
Drones or unmanned aerial vehicles (UAVs) is a technology that
can be deployed in the construction industry for site inspection
purposes. The current issues around limiting the number of
workers on a construction site due to the Covid-19 pandemic
(social/physical distancing) have consequences on the ability of
safety managers to successfully undertake their site inspection
responsibilities, most especially on complex or mega project sites
(Zhou et al., 2018a). Technically, site inspection or walk around
in itself can be maximised with the adoption of emerging
technology like drones that are capable of undertaking site
operational inspections in the unstructured construction
environment (Zhou et al., 2018b). Drones are normally
operated under remote/autonomous controls without any on-
board pilot. That means, the operation relies mostly on human
involvement and the acquisition of drone flying skills, knowledge,
and experience. The deployment of drones for safety inspection
purposes (Tantum and Liu, 2017), with the capability of
providing real-time video of the ongoing construction
activities cannot be ignored. The adoption of this technology
as an add-on suggests that safety managers could potentially be
able to provide immediate feedback and communicate with the
workers in real-time, whilst not relinquishing their key
responsibilities (Zhou et al., 2018a).

Within the UK construction industry, the most common
causes of fatal injuries and the kinds of accident in the top
five based on RIDDOR 2019/2020 and 2020/2021 are–falls
from height; trapped by something collapsing/overturning;
struck by moving, including flying object; struck by moving
vehicle; and contact with electricity (HSE, 2020; HSE, 2021).
Some of these fatal injuries could potentially have been detected
or prevented via an aerial drone inspection. The rate of fatal
injuries in the UK construction sector has not changed
significantly over the last 5 years based on HSE statistics for
the construction industry (HSE, 2020). The misunderstanding of
the inherent risks associated with working in the construction
industry can be linked to inadequate supervision and failures by
management to address the unacceptably high rate of accidents
(Gheisari and Esmaeili, 2019; Lawani et al., 2019). This could be
due to the fixation in correcting the immediate causes or
symptoms without addressing the root causes that could have
been captured during routine audits, supervision, monitoring, or
inspection. Therefore, the design of automated methods useful in
identifying and monitoring hazards on a construction site can go
a long way towards mitigating these types of accidents that
workers can be exposed to (Fullerton et al., 2009). The
development of the drone game for a virtual construction site
is to serve as an educational resource to raise the level of
awareness, improve the adoption of the real drone technology
and to significantly increase the skills and competence of
potential drone pilots towards successfully flying a real drone
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or gaining the pilot licence. The essence of the drone game is for
players to be able to deploy a real drone on construction projects
for site monitoring (Wen and Kang, 2014), inspection of building
façades (Roca et al., 2013), safety inspection (Irizarry et al., 2012),
ability to survey sites and projects (Siebert and Teizer, 2014), and
construction progress monitoring (Han et al., 2015) without the
personnel physically interacting with any of the dangerous
activities on site. Other essential elements of using drones are
the low cost of acquiring a drone, the speed at which information
can be gathered, the high level of safety associated with data
gathering and the manoeuvrability of the drones (Siebert and
Teizer 2014).

Safety Management and Real-Time
Information
Drones have the capability to collect real-time data on the safety
features or hazardous situations on a construction site. In one
example, a major contractor in South Florida deployed drones
towards improving safety performance and designers could
virtually meet to review real-time situations and make changes
before construction began (Goodman 2017). Therefore, the
adoption of the drone technology as an intermediary tool for
remote site inspections and real-time feedback is an added
advantage with features such as the ability to capture images
and site videos, useful knowledge for decision-making, and site
safety planning.

Construction Monitoring and Inspection
Rather than having the construction or safety manager conducting
site inspections on foot; a fully trained drone pilot has the capability
to safely operate the drone by collecting real-time site information
whilst reducing the risk to every worker on site (Irizarry et al.,
2012). It is understandable that the manual process of accessing,
monitoring and inspection of motorways, bridges, wind turbines,
building cladding systems, roofs, and façade systems can be time-
consuming and ineffective most especially when managing
complex mega projects (Osunsanmi et al., 2020; Macrina et al.,
2020). Therefore, deploying drones for monitoring and inspection
purposes can improve site safety (Li and Liu, 2019) while also
effectively monitoring the distinct phases of construction project.
The ability of the construction or safety managers to have a bird’s-
eye view of the construction site can provide accurate and up-to-
date information of the site which helps in making more informed
decisions about any ongoing work.

Ethical Issues
The use of drones has its own ethical dilemma. As the use
increases on site, workers and the general public become more
alarmed about their rights to privacy and data protection
(Agapiou, 2021). Many workers perceive that deploying drones
on a construction site is not all about improving efficiency, site
safety and security but another way for the employer to utilise the
drones to invade their private lives or work (Irizarry and Costa,
2016; Agapiou, 2021). The height at which drones are flown is
another issue of utmost importance to worker and the public. The
UK Civil Aviation Authority places the legal height limit of 120 m

(400 ft) for flying a drone to reduce the risk of coming across
other aircraft e.g., air ambulances and police helicopters that may
fly below this limit. Also, the CAA advises that drone pilots must
keep a minimum horizontal distance of 50 m between the drone
and people, buildings and transport and to Keep at least 150 m
away from residential, recreational, commercial and industrial
areas. This raises safety concerns for tall structures, such as cranes
and the safety of workers and the public during close inspections
of structures or facilities of interest on site (Finn and Wright
2012). Therefore, this educational drone game is an opportunity
for potential drone pilots to learn how to navigate and mitigate
the consequences of any type of real drone failure without
compromising the safety of anyone, misuse, and operator
error that could result in physical injuries before they embark
on flying an actual drone.

GAME DESCRIPTION

This section gives a vivid description of the final version of the
game and the embedded functionality. The game was built using
the Unity game engine forWebGL (Web Graphics Library) which
renders interactive 3D graphics to be played in modern web
browsers without the use of plug-ins. The game is designed to be a
single player experience and requires the player to control a
quadcopter drone using the keyboard and mouse to pilot it
around a virtual construction site. By default, the player is
taken through a tutorial at the beginning to get accustomed to
the flight controls of the drone. This involves the player flying the
drone through floating hoops that are at different elevations
situated above the virtual construction site across different
points. This activity is essential to familiarise the player with
the flying controls on an active virtual construction site with
machinery and workers to avoid, Figure 1.

Other features that are available to the player is their ability to
change camera viewpoints between a third person camera by
looking at the drone and an on-board camera that is situated on
the drone, Figure 2. The third person camera is practical to
navigate around the virtual construction site in wide open spaces
in the same way an actual drone operator will use their eyes to
observe the drone in the sky, while the on-board camera view is
recommended to be used when the drone is near objects and
people. Again, this mirrors how a drone operator would control
the drone for real construction site inspection purposes.

The objective of the player is to fly the drone to inspect the
virtual construction site and locate hazards. This is achieved by
piloting the drone using the inbuilt compass at the top of the
screen that indicates the general direction and range of the drone
to hazards. When the drone is close to a hazard, the player must
actively spot and capture the hazard using the on-board drone
camera. The on-board camera contains a viewfinder that changes
colour when a hazard is detected and by default, when there is no
hazard in view, the viewfinder remains black. The viewfinder
turns to red if the hazard is in view but not the centre of focus, and
it turns green if the hazard is centrally focused. Once the hazard
becomes centrally focused, the player can enter amore zoomed-in
version of the hazard where the player can play a minigame for a
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more detailed review of the hazards, which could be multiple
hazards. Figure 3 shows the full sequence of using the viewfinder
to locate a hazard and enter the minigame. The top left screenshot
shows the black viewfinder indicating no hazard. The top right
screenshot shows the red viewfinder indicating a hazard is in view
but not fully focused. The bottom right screenshot shows the
hazard is in full focus and can proceed to the minigame. The
bottom left screenshot shows the hazard minigame with the
viewfinder removed to provide a better perspective of the
temporary support prop that has moved and become loose.

When a player is in the minigame state, they must actively
locate the hazards and select the hazards by hovering the mouse
over the hazard. If the object is a hazard, it will turn red, and the
player can click to confirm identifying the hazard with an audio
cue that will signify if they have located the hazard. If the object in
question is not a hazard, then nothing happens, and the player
resumes inspecting and locating hazards in the virtual site. A total
of 13 hazards were incorporated around the virtual construction
site. The full list and description of hazards can be seen inTable 1.

The players have limited amount of time to spot all the hazards
in the virtual construction site. This simulates the battery life of
the drone and the reality for the operator of the drone to work
quickly and efficiently. This provides a bit of pressure and
motivation for the player to perform the task, otherwise the
game would become too easy and not engaging. If the player
identifies all the hazards and complete the game, the results
screen will be presented showing the hazards that they located
along with how dangerous the potential risk was. If the player fails
to find all the hazards in the allotted time, then only the hazards
they found will be shown to the player and the missed hazards will
be shownwith a blurred-out image as a hint but not informing the

player of the exact hazard or its location. The player is then
encouraged to replay the game to find all the hazards so that they
can see the ones they missed out.

RESEARCH METHODOLOGY

The game was developed using an iterative agile approach to
development called Scrum (Scrum.org, 2021) which is a common
and efficient approach to developing a game (Keith, 2010). In
Scrum, the project is broken down into sprint’s that typically last
between one to 4 weeks. A sprint is a focused body of work usually
on a specific goal, which incorporates a planning stage at the
beginning and a retrospective stage at the end. The retrospective
stage is important as this allows the project team to analyse
working processes during the sprint and therefore future
consideration can be given to how to improve the efficiency of
development as the project continues (Przybylek and Kotecka,
2017). For this project, the sprints were weekly and the whole
project was set over a period of 24 weeks as this was the timeframe
available for the project. This gave 24 iterations of the project
during the entire process of development. As well as using Scrum,
the project was split into two phases. The first phase pre-
production was where the game concept and design were
constantly prototyped to figure out what the game design
should be and how to gamify the educational experiences to
meet the aims of the project. The second phase, i.e., the
production made use of the existing solid foundation in
refining the game content to become professional looking
whilst making small iterative changes to improve the overall
game design based on more extensive playtesting feedback. This

FIGURE 1 | Screenshot of tutorial hoops the player must pilot the drone through to learn the drone controls.
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then allowed the game to be evaluated with the participants of the
study. Figures 4, 5 shows the focus in each sprint till the end of
the project for both preproduction and production and therefore
how the project was organised using an iterative approach.

It is worth noting that the final organisation of the project was
not planned upfront as this would go against Scrum and agile
methodology. However, key milestones for the project were
planned upfront which coincided with key sprints which are
highlighted in orange (sprints 4, 8, 12, 16, 20, and 24). Since the
project adopted Scrum and agile methodology, the final focus of
each sprint became dependent on the state of the project at that
time. It was useful to have points in the project where the
stakeholders could give formal feedback on the progress of the
project to ensure positive direction for the project and the game,
and if not, then the direction of the project could be changed. For
instance, during Sprint 4: Concept pitches, the development team

presented three viable game ideas but the key stakeholders were
very enthusiastic about two of the ideas. After the concept pitches,
it was decided to take this feedback on-board and consolidate
both ideas together. This approach significantly helped to shape
the outcome of the game, and this would not have been achieved
if stakeholders were not part of this process in the early stage. A
second stage of stakeholders’ involvement during Sprint 20:
Playtesting with stakeholders was another step that helped
shaped the project positively. The stakeholders in this case
were the project team made up of six gamers and lecturing
staff within the Applied Computer Games and Construction
and Surveying departments. The playtest confirmed the game
was engaging and fun, but it had issues with the readability and
understanding of the user interface and the tutorial. This
discovery was further factored into future sprint planning to
address the concerns. This reactive and agile approach to the

FIGURE 2 | (A) image shows the third person viewpoint and (B) image show the on-board camera viewpoint when piloting the drone.
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game development ensured that time and resources were spent
where they were most needed, and the focus of the game was at
the forefront of the design of the project throughout.

GAME DESIGN AND METHODS

The following game design and methods used were applied
across the lifetime of this project, though during specific

sprints they sometimes became the focus depending on the
stage of the project. Before going into the detailed game design
methods adopted, it is important to clarify the rationale for
creating this novel game. By creating a game that introduces
the concept of drone technology in an engaging and
inexpensive way for those that manage, monitor and
inspect construction sites, the expectation is that by playing
this game, it will motivate them to adopt the physical
technology (the actual drones) quicker and more efficiently

FIGURE 3 | Screenshots showing the different states the viewfinder can be in when trying to locate hazards using the on-board camera of the drone.

FIGURE 4 | Diagram showing the preproduction phase of game development for this project.
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by experiencing the benefits of drone usage in the virtual
construction site.

Ethical Approval
This study sought ethical approval from the School of
Computing, Engineering and Built Environment Ethics
Committee for the non-invasive research involving human
participants which was approved. Participation was voluntary
with the option to withdraw at any time, and the purpose of the

study was disclosed through adjoining instructions. Ethical issues
such as personal disclosure, authenticity, credibility, and personal
privacy were also addressed in line with the UK General Data
Protection Regulation (GDPR). The process of participant
selection adopted the nonprobability purposive sampling
strategy as it was considered useful for situations where
targeted participants could be sampled quickly and where
sampling for proportionality is not the primary concern. The
rationale for the purposive sampling approach was to get the

FIGURE 5 | Diagram showing the production phase of game development for this project.

FIGURE 6 | Example of the hazard minigame. If a player spots a hazard using the drone they will be taken to a zoomed-in version of the hazard where they must
click on all the hazards which will highlight red when clicked to signify and confirm it was a hazard.
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opinions of the participant population which resulted in 47
participants (29 males and 18 females). The participants for
the testing session were not required to disclose personal
information aside their gender neither was it mandatory to
have the requisite knowledge of construction projects.
However, the baseline for participation was for the players to
have the fundamental understanding and some experiences of
playing games and therefore could validate if the game was
enjoyable and realistic as part of the core objective of the
playtest i.e., testing both the objective (usability, reliability, and
functionality) and subjective (convenience, enjoyable, engaging)
characteristics of the drone game.

User Experience
The user experience focused on how the player’s experience can
be improved and how players interact with the game, such as
navigation, ergonomics, and usability when playing the game
(Irizarry et al., 2012). The user participation evaluation was
performed following a simulated task with 47 participants. The
players were required to fly the drone over the virtual
construction site as a form of inspection and spot specific
number of hazards within the construction site without
crashing into any structure or workers.

Usability Testing
Systems have traditionally been designed and developed through a
technology-centred perspective (Endsley et al., 2003). In such a
perspective, the designers would accept the technology as it is and
replicate same technology in different domains without considering
the principal element–the end-user (human). In a technology-
centred perspective, the end user and all its requirements are
considered as identical even in different domains. For this study,

a user-centred approach was employed. Unlike the technology-
centred approach, the very first issue that this study resolved in a
user-centred perspective was to ensure that the technology is
usable–considering the real users’ experience and their own
requirements in a specific domain (Irizarry et al., 2012; Gheisari
and Esmaeili, 2019). Thatmeans easy set of controls that are intuitive
i.e., easy to figure out how to play the game and improve, cognitive
affordance, visual language, and accessibility towards reaching a
wider audience. This user-centred usability-based step provided a
grounded base for understanding the requirements for practical
application of the drone technology in a domain. Developing the
drone game technology seemed particularly useful for safety
inspection practices. The main issue that needed to be resolved
was whether this technology could be used by construction and
safety managers and construction workers. A usable system should
be easy to use and learn to work with the least number of design
errors by always keeping the game state clear and comprehensible.

User-Focused Perspective/User
Experience
A user-centred approach was employed in the development of
this game following standard practices employed within the
games industry (Irizarry et al., 2012; Gheisari and Esmaeili,
2019), by providing satisfying feedback in every action
through art, animations, sound effects, camera behaviour,
and user interface. The design also ensured that added
elements like the visual effects, art, level of design and
audio increases the level of satisfaction provided by the
game mechanics. Since this project is focused on educating
construction workers who may not be adept with playing
computer games, the game had to be designed with the specific

TABLE 1 | Description of all hazards in the game.

Hazard type Hazard area Danger level Description

Fallen ladder Scaffolding Medium A ladder has fallen connecting to levels of the scaffolding and is partially hanging off the scaffolding platform
Loose support beam 1 Scaffolding Medium A supporting beam on the scaffolding is loose
Loose support beam 2 Scaffolding Medium A supporting beam on the scaffolding is loose
Disconnected cable Crane High Cable of lifting hook on crane has become disconnected
Unstable acrow prop Side building Medium Acrow prop to hold up supporting structure of side building is misaligned
Sheared cable Pile driver Medium Cable for the pile drive has sheared
Pipe 1 Pipes storage Low Unrestrained pipe in storage area
Pipe 2 Pipes storage Low Unrestrained pipe in storage area
Pipe 3 Pipes storage Low Unrestrained pipe in storage area
Pipe 4 Pipes storage Low Unrestrained pipe in storage area
Hoist bucket Top of main building High One cable on the on the hoist bucket has snapped leaving it dangling
Employee smoking 1 Propane tank High Employee is hiding and smoking next to a propane tank
Employee smoking 2 Propane tank High Employee is hiding and smoking next to a propane tank

TABLE 2 | Frequency of study participants.

Male/Female Frequency Percent Valid percent Cumulative percent

Valid Male 29 61.7 61.7 61.7
Female 18 38.3 38.3 100.0
Total 47 100.0 100.0 —
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user in mind, using the on-boarding tutorial as a way of
introducing players into the game and the mechanics and
goal of the game. Therefore, the game had to be simple to
operate, easy to access and intuitive to use. Early design
decisions were made for the game to run in a browser
using WebGL to facilitate easy access for players.
Furthermore, the decision to use WebGL was founded on
the premise that most people would have played some form of
browser-based games and therefore, more likely to
understand how to operate a game in their browser or at
the very least, be comfortable with using a browser. That
meant by using WebGL, the game was accessible and readily
available to anyone.

To ensure the drone game was easy to play, accessibility
was a fundamental priority throughout the development, and
this was not just limited to the technology of choice for this
project. User stories were created based on the target audience
to gather the requirements for this project. This led to several
prototypes of small portions of the game which were tested
internally to ensure that the ideas in the user stories were
appropriate, meaningful, fulfils the goal of the game and fit
with the game design intentions. Several ideas were discarded
during design but those that seemed plausible were collated
and expanded before being documented in the form of a game
design document. This outlined the key features the game
must have to be successful from the perspective of users and
what the current designs were that would achieve these goals.
The primary features identified were:

• The piloting of the drone had to be simple, feel intuitive and
enjoyable to fly.

• The interface that users would play through should be
simple and easy to understand even with no prior
knowledge of playing games.

• The construction site itself had to feel animated, busy, and
realistic enough to feel believable.

• The hazards had to be as realistic as in a real construction site
but also visible enough to be able to identify them, otherwise
users will not learn anything or enjoy the experience.

• For users to retain the knowledge and make the experience
more impactful, simple mini games with emphasis on
construction hazards was introduced (Figure 6). This is
important in highlighting the significance of finding the
hazards which in turn would show why using a drone is safe
and beneficial to undertake this type of site inspections.

The steps above outline the preproduction process of the game
with emphasis on gathering analysis requirements for the drone
game (Figure 4). It involved deducing the key features and
requirements by the stakeholders and it was also essential that
a vertical slice–a functioning playable prototype of the game was
produced to ensure the idea itself was viable. After showcasing the
vertical slice to multiple stakeholders, it was evident that the
overall idea of the drone game as an educational resource was
practicable and could proceed into full production with the
general design needing some iteration.

FINDINGS AND DISCUSSIONS

Cognitive Design
The full production of the game was crucial to ensure that the
cognitive design of the game including the functional and
emotional expectations aligned with that of the target
audience. The principle of the game was not only to teach
users about the benefits of drone usage on a construction site
for inspections and the practicality of spotting hazards, but to
be an enjoyable experience and an educational resource
capable of motivating users to interact and engage more
with the drone simulation. Users that enjoy interacting
with a game or find it fun are more likely to retain
information (Przybylski et al., 2010). The focus of the game
was not only to learn the basic skills of piloting a drone or how
to safely operate and fly a drone, but to use a drone to spot or
identify hazards so that users can visualise the benefits that
drones offer for construction site inspections, whilst avoiding
the inherent risks of collision, damage and injury associated
with learning to use such equipment on actual sites. To
credibly do this, the game had to feel natural, easy to learn
and fly the drone without complex interfaces, engaging the
player and feel realistic which was a difficult challenge.
Striking a balance between these features which can often
compete with one another is a difficult choice when designing
an educational game. To resolve these challenges, the
development of the game meant addressing the following
key points during the game design:

• The design of the construction site, scenario and hazards
presented feel realistic.

• This design should be easy to use or recognise for someone
that does not play games.

• The drone game should be engaging and fun to play to
promote players to experience the whole game and to help
them retain knowledge.

By reviewing the various aspects of the game design using these
criteria it resulted in several design and development issues being
averted. For example, the flying of the drone itself was designed to feel
realistic and with the use of simplified controls to avoid overloading
the cognitive abilities of the user (Ackerman, 1988; Lawani et al.,
2018). The drone also had to be practicable in terms of the size and its
starting position in the virtual construction site to allow users to be
fully immersed in the simulation. Most importantly, the drone game
was designed to have elements of fun and an enjoyable experience to
pilot and designed to be practical and realistic. Without the
integration of the engaging and fun elements, users will be
reluctant and amotivated to play the game and therefore struggle
to comprehend the significance of using a drone for construction site
inspection. Therefore, designing the drone game by integrating the
fun features with simplified controls to lower the cognitive load was a
challenge but it improved gameplay. Furthermore, the use of controls
that are too simplistic as part of the design process could diminish the
believability of the simulation.However, designing the game such that
the controls are real and complex could potentially mean players
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taking longer time to understand how to operate the drone and
hence, the user experience will be less engaging and less fun while
learning how to fly a simulated drone for construction site
inspections. Therefore, the design and development of the drone
game had to strike a balance between believability and realism,
enjoyment, and ease of use.

Usability Testing/Playtesting
Usability testing is essential to ensure a product is useable.
However, the design of the drone game went a step further
with playtesting to be able to evaluate the user experience not
just from a user interaction-based approach but also their
cognition, emotion, and enjoyment (Pagulayan et al., 2018).
This approach could be very subjective as people’s cognition,
emotions and what they enjoy can differ greatly. Therefore, this
study considered playtesting as an extremely important lifecycle

of developing the drone game. This was achieved by playtesting
multiple times both internally (within the development team) and
externally (preliminary testing with the participants). This helped
validate if the objectives of the drone game were met by ensuring
it was functional, usable, reliable, fun, enjoyable, and meeting the
educational goals. The development of the drone game also went
through continuous informal testing by the development team to
allow the design team to gather informal feedback quickly and
therefore design improvements to the game. The informal testing
sessions helped to ensure that the overall design of the game and
the way it interacts felt credible, indicating that the game was
practicable with a high degree of confidence. To formally validate
that the drone game was fun, understood, intuitive, easy, clear,
fluid, realistic, and useful whilst teaching the player about the use
of drones for construction site inspections and hazard
identification, a preliminary external pilot playtest was

TABLE 3 | Likert Scale playtest questionnaire.

Question Response set Likert scale 1 Likert scale 6

How fun did you find the game? Fun Not fun Very fun
Do you understand the benefits of using drones on a construction site? Understanding No understanding Full understanding
How intuitive did you find the flight controls? Intuition Not intuitive Very intuitive
How easy or difficult did you find the hazard mini-games? Ease Not easy Very easy
How useful did you find the compass for locating hazards? Compass Not useful Very useful
How clear was your objective in the game? Clarity Not clear Very clear
How fluid did you find the transition between controlling the drone and entering mini-games and vice/versa? Fluidity Not fluid Very fluid
How realistic did the construction site feel? Realism Not realistic Very realistic
How useful did you find the different UI elements? Usefulness Not useful Very useful

FIGURE 7 | Questionnaire participants results for how fun they found playing the game.
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conducted with 47 participants (Table 2). From the output
shown, there were 29 males (61.2 per cent) and 18 females
(38.3 per cent) in the sample population.

The data collection adopted the Likert-Scale approach to
scaling responses in survey research to measure participants’
responses to a particular question adopting the ordinal
measurement so that the attributes can be rank-ordered, using
the self-designed Google Forms questionnaire, see Table 3. The
study used the Likert Scaling unidimensional method which is the
branch of measurement that involves the construction of an
instrument that associates qualitative constructs with
quantitative metric units as they are easier to understand.

The inspection of the shape of the histogram provides
information about the distribution of scores based on the
assessment conducted. The findings implemented a benchmark
where participants’ responses were grouped into two major
categories based on gender–male and female. The participants’
responses were also grouped into two—levels 1, 2, 3 was
considered as negative whilst 4, 5, 6 were classed as positive.
The results from 45 participants (about 96%) that participated in
the playtest of the drone game for construction site inspection
indicated it was fun to play and enjoyable with only two of the
game players indicating otherwise (one male and one female
player), Figure 7.

It is suggested that the type of multi-rotor drone implemented
in this game (quadcopters—four rotors) are also useful for
professional aerial mapping and aerial surveying (Tkáč and
Mésároš, 2019; Shahmoradi et al., 2020) which makes the
flying and inspection skills acquired from gameplay directly
applicable and transferrable to live construction site inspection

and monitoring. Most of the participants population made up of
28 males and 16 females (44 or 94%) understood the benefits and
the significance of using drones for construction site inspection
(Figure 8).

The significance of this study is timely in introducing and
exposing the participants to the educational game most especially
during the Covid-19 pandemic where workers needed to be
physically distanced; work packages had to be sequenced; and
with restrictions on the number of workers that can be present on
site at any point in time during the pandemic. Therefore, the
ability to deploy a drone for site inspection purposes that allows
the project team to have an overview of work progress would be
an added advantage to monitoring the schedule of work and an
improvement on site safety and security (Han et al., 2015;
Goodman, 2017). The benefit of flying the drone over a virtual
construction site could enhance the skill and experience of flying
a real drone useful for identifying the root causes of accidents on
site and for prioritising the potential preventive measures. Other
potential benefits could be in monitoring operations of boom
vehicles or the use of lifting equipment like cranes working near
overhead power lines or unprotected edges (Gheisari and
Esmaeili, 2019), for seamless information collection for
construction and safety managers (Li and Liu, 2019), and
improved site safety (Tkáč and Mésároš, 2019).

Most participants indicated that the game was intuitive and
easy to pilot the drone (Figure 9), and they found the hazards in
the simulated construction environment real, which satisfies one
of the main requirements of the playtest. However, it has been
suggested that the additional skill required for controlling or
piloting a drone when added to the safety manager’s

FIGURE 8 | Questionnaire participants results for the understanding of the benefits of using drones on a construction site.
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responsibilities could become a more onerous task (Irizarry et al.,
2012). This study indicates that playing this game and
understanding how drones can be implemented on a project

site for inspection purposes might be an added benefit to the
project team and a source for building on their practical and
individual experiences (Tkáč and Mésároš, 2019).

FIGURE 9 | Questionnaire participants results for how intuitive they found the controls for flying the drone.

FIGURE 10 | Questionnaire participants results for how difficult they found the hazard minigames.
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Although the hazard minigame which is useful for hazard
identification was considered fun by some players (Figure 3),
almost half of the players (23 players, Figure 10) struggled to

complete the minigame task or understand that the requirements
of the hazard minigame was for obstacle avoidance, (Shahmoradi
et al., 2020). The hazard minigames were important for the

FIGURE 11 | Screenshot of game showing pedestrian access routes on the construction site.

FIGURE 12 | Questionnaire participants results for how useful users found the compass in locating hazards.
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players to understand and to gain the experience required for
identifying construction site hazards as it is a useful skill required
for inspecting and monitoring construction sites (Macrina et al.,
2020). Although the feedback from participants suggested that
the game was a success, further refinements and other minor
improvements were incorporated into the final version of the
game e.g., clearly designated pedestrian access routes and
vehicular routes (Figure 11).

Thirty-nine participants (23 males and 16 female players)
indicated that the compass was useful for hazard location and
progress monitoring of ongoing activities within the virtual
construction site. However, eight participants suggested that
there were key issues that needed to be resolved in the
gameplay that will be useful when flying a real drone on a
construction site. For example, elements of the user interface
like the signal metre that displays the range the drone could fly
before losing signal could be designed to be more explicit
(Figure 12 and Figure 13). Therefore, adopting the CAA
guidance regarding keeping a minimum horizontal distance of
50 m between the drone and people, buildings, and transport and
to Keep at least 150 m away from residential, recreational,
commercial, and industrial areas might have an impact with
the compass in terms of signal loss. However, most participants
acknowledged that the in-built compass for identifying and
zooming into a hazard was useful in easily capturing site
hazards within the virtual construction site. A fully functional
compass that is integrated into the drone game could be useful for
data collection from embedded video cameras or vision cameras
and this will make the adoption of similar drones more useful in

identifying hazards during construction, monitoring resources
and worker safety on a real construction site (Gheisari and
Esmaeili, 2019).

The drone game was designed so that players would be able to
fly the drone on a virtual construction site for optimising,
inspecting, and monitoring the construction work process and
progress. This included the ability to fly the drone for undertaking
safety risks assessment within the virtual construction site like
what is required on a live site; routine inspections including site
surveys, asset protection, and inspecting areas and structures that
are inaccessible to operatives; and general conditions of the
construction site. About 45 (96%) participants considered that
these objectives were clearly presented within gameplay and
fulfilled a function of the game design. In a practical sense,
these objectives could potentially minimise the operational
cost of training for inspecting and monitoring actual
construction sites (Figure 14).

The playtest sessions for stakeholders proved to be especially
useful towards improving the drone game elements in terms of the
transition between controlling the drone and entering minigames
and redesigning of certain features of the game. For example, the
signal meter graphics was redesigned analogous to a wireless signal
meter and this aesthetic improved a revamped Heads-Up Display
(HUD) from the perspective of the players. The external playtest
has also been extremely useful as this has led to improvements in
the keys used for the controls such as an alternative set that suited
non-traditional game players. The hazard minigames were also
improved by using better in-game communication and
instructions to guide the players stepwise, thus making the

FIGURE 13 | Screenshot of game showing using the compass at the top of screen with the star symbol on it to locate a hazard which has changed the drone view
finder to green.
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virtual construction site layout and the hazards more obvious.
Significant playtesting of the drone game will be further conducted
with the specific target audience (safety managers/inspectors,

construction managers/supervisor) to ensure that the game is
appropriate and without ambiguity. Forty-five participants (29
males and 16 females) indicated the game transition was easy in

FIGURE 14 | Questionnaire participants results for how clear the objective of the game is.

FIGURE 15 | Questionnaire participants results for how fluid the transition between entering and exiting the minigame is.
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FIGURE 16 | Questionnaire participants results for how realistic the construction site felt.

FIGURE 17 | Screenshot of the modelled construction site that is used in the game.
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terms of controlling and entering the minigame while two
participants suggested that they found it difficult controlling the
drone and entering the minigame environment (Figure 15).

There is a consensus that construction sites are busy, inaccessible
and with areas that are hard-to-reach, unsafe and a hazardous
environment, and the site layout changes rapidly as work progresses.
Therefore, the virtual construction site was designed to reflect and
integrate these features so that flying the drone over the site can be
used to capture site safety and operations activities; inspect and
monitor site progress instead of safety managers conducting manual
visual observations and walkthroughs. All 47 participants
unanimously agreed that the design of the drone game and
virtual construction site fulfilled the requirements of a real
construction site where multiple activities concurrently take place
(Figure 16 and Figure 17). All the players alluded to the fact that
playing the drone game on a virtual construction site indicated that a

regular and more robust routine site inspection can be
instantaneously conducted on a real and complex construction
site. Furthermore, visual site and safety inspections can be
restrictive in inaccessible areas and the adoption of drone
inspection have the potential to improve the safety performance
on construction sites (Gheisari and Esmaeili, 2019).

Forty-two participants indicated that the user interface (UI)
elements which are defined by the complexity of the drone game
was extremely useful whilst five participants did not find the
different UI elements particularly useful (Figure 18). Since the
design of the drone game was to make the overall gameplay
simple and realistic, initiating complex interfaces can
potentially disorient the players which defeats the overall
purpose of the game. Therefore, the design integrated a well-
defined visual hierarchy considered as a key factor in good user
interface into the drone game. Due to this integration in the

FIGURE 18 | Questionnaire participants results for how useful the onscreen user interface elements are.

TABLE 4 | Variable output from Mann-Whitney U Test.

Test
statisticsa

How fun
did you
find

the game

Do you
understand
the benefits
of using
drones

How intuitive
did you
find

the flight
controls

How easy
or difficult
did you
find

the hazard
minigames

How useful
did you
find

the compass

How clear
was your
objective
in the
game

How fluid
did you
find

the transition

How realistic
did the

construction
site
feel

How useful
did you
find

the different
UI elements

Mann-Whitney U 228.500 212.000 243.000 246.500 247.000 249.500 229.500 256.000 188.500
Wilcoxon W 399.500 647.000 414.000 681.500 682.000 684.500 400.500 427.000 623.500
Z −0.750 −1.261 −0.489 −0.326 −0.331 −0.294 −0.775 −0.205 −1.697
Asymp. Sig. (2-tailed) 0.453 0.207 0.625 0.745 0.741 0.769 0.438 0.838 0.090

aGrouping Variable: Sex.
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game design, the UI helped the players to easily interact,
navigate, acquire vital information, and accomplish the
required goals (Gheisari and Esmaeili, 2019), thus making
the game more relatable.

Therefore, the drone game for the virtual construction site
inspection has the capability of being adopted as an informal
educational and awareness training tool before players undertake
the formal test for the remote pilot drone licence issued by the UK
Civil Aviation Authority International (CAA). The playtesting
was beneficial in understanding how the use of drones can
improve site safety, increase accuracy in identifying unsafe
conditions, improve consistency of reporting, monitor site
progress through real-time spotting of hazards, and improve
efficiency of site operations.

TESTING FOR DIFFERENCES USING THE
MANN-WHITNEY U TEST

The analysis conducted using the Mann-Whitney U Test was
important in testing for differences between the two independent
groups of participants (male and female). The test is useful for
evaluating whether the ranks for the two groups differ
significantly (Tabachnick and Fidell, 2007; Pallant, 2011).
Table 4 show the main values that are important from the
output Z value and the significance level, which is given as
Asymp. Sig. (2-tailed). Since the sample size is larger than 30,
an approximate value for a z-approximation test includes a
correction for ties in the data (Pallant, 2011). Table 4 gives
the following rounded z values for the distinct set of variables
(−0.75, −1.26, −0.49, −0.33, −0.33, −0.29, −0.78, −0.21, −1.70)
with a significance level (p) of p = (0.45, 0.21, 0.63, 0.75, 0.74, 0.77,
0.44, 0.84, 0.09). The probability values (p) shows that there is
none less than or equal to 0.05, so the results are not significant.
Therefore, there is no statistically significant difference in the fun,
understanding, intuition, ease, compass, clarity, fluidity, realism
and usefulness scores of males and females that participated in
playing the drone game for site inspection. That means gender
does not have an impact on how the drone game is perceived by
the players neither does it play any role in the outcome of the
game play.

Furthermore, to calculate the effect size statistics, the study
adopted the value of z that is reported in the output to calculate
the approximate value of r.

r � z/square root of N

where N = total number of cases.
The calculations of the effect size using Cohen (1988) criteria

means the value of “r” and the effect size would be considered as
follows: 0.1 = small effect, 0.3 = medium effect, and 0.5 = large
effect. The output from the Mann-Whitney U Test revealed that
there is no significant difference in the variables for male and
female participants. The approximate “r” value calculated for
each of the variable indicated a minimum value of 0.03 (very
small effect) to a maximum value of 0.25 (small effect) based on
the calculation of the effect size statistics.

CONCLUSION

The drone game for virtual construction site safety inspection
reinforces the interactions between the players and the systems
through the sensations and emotions provided by the gameplay. The
minigame was another way of introducing players into the goal of
the game and its story to improve first-time user experience. This
study demonstrates the usefulness of virtual simulation to help
improve the adoption of drone technology for site inspections.With
the slow adoption of digital technology in the construction industry
compared to other sectors, the work presented in this paper shows
how this particular type of technology can be adopted and
consequently accelerate skills development and training that can
eventually make real-world drone use for site inspections more
pervasive, thereby improving management of site hazards and
reducing injuries and harm. The drone game acts as a “stepping
stone” or “enabler” to allow drone pilots to learn about construction
occupational safety and health (OSH) hazards, and for construction/
OSH practitioners to acquire drone flying skills so that the benefits
of drone technology can be gained to reduce construction site
incidents. Although the use of drones can simplify safety
inspections, it however takes away the human interaction
associated with site walk-around by the construction or safety
managers, thus having a direct impact on workforce engagement.
In the fullness of time, Artificial intelligence (AI) might probably
take over this task, but this may be many years in the future and this
work shows that the benefits of drone technology can be realised in
the short to medium term if this game was to be developed for e.g.,
The Construction Industry Training Board (CITB) to incorporate
into a training course. Also, there are ethical challenges regarding
the deployment of drone technology on construction sites regarding
privacy of workers and issues of data protection and usage. The use
of real drones in a complex site could potentially increase efficiency
as the data captured can provide real-time information of the site
conditions while autonomously inspecting the site very quickly. The
adoption of drone technology for construction site inspections has
the potential to also improve quality control in terms of using the
drone to monitor design specifications during the construction
phase of a project. The cognitive skills acquired from playing the
educational drone game for site inspection and monitoring can be
successfully applied when flying a real drone for monitoring or
inspecting a multipurpose or complex construction site. The game
offers the player a realistic level of understanding of the mechanics
of flying a drone on site. The game also creates high level of
awareness, confidence and improved skill that can augment the
skill required to secure the remote pilot drone licence issued by the
UK CAA. The biggest challenge however was designing the game
for specific audience that are potentially non-game players so that
the game is easy to learn, engaging, intuitive, and truly immersive.

LIMITATIONS

Further testing in the future with more diverse population will
aim at collecting other demographic factors that could be tested
e.g., age, experience, discipline/occupation etc. which is a shortfall
for the restrictive statistical analysis that is permissible for this
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current study. Another limitation is the complexity of deploying
the specification of drone (quadcopter) used for the virtual
simulation for live drone inspection and monitoring of inside
buildings or enclosed areas as they will be susceptible to crash
easily and struggle to detect the unsafe condition/act of workers.

A Reflection on the Drone Game Design
The end-product of the drone game had its own difficulties
during play testing with some of the participants indicating
that they were unable to easily identify the hazards properly
even though the minigame tutorial was noticeably clear and
concise. Some participants indicated that playing the game
brought issues of construction health and safety challenges to
limelight and that using the drone for site inspection brought
about the awareness of site hazards. The design of the game
incorporated a live construction site sound design giving it a
realistic ambience to help make the virtual construction site feel
real without making the game boring and monotonous. Overall,
the players alluded that it made the game engaging giving it an
accurate depiction of a construction site thus helping the player to
be immersed in the game. However, some players felt that the
repetitiveness of the sounds felt intrusive. The loading of the game
which is dependent on the available broadband speed could result
in lagging without a good broadband. However, the participants
suggested that the game ran smoothly at a decent framerate for
WebGL using any of the popular web browsers. The players
indicated that flying the drone and the movement was fun; and
the construction site models and textures with the background
animations and fluidity of the drone animation were of a high

standard. Other aspects that need to be considered in future
designs are the controls, issues related to motion blur, flexibility
to angle the first-person camera up or down in first-person mode,
and increasing the demo time to properly allow players to learn
about construction site hazards. Overall, the players considered
the drone game for virtual construction site inspection to have
some good potential and could be a fun and interesting way to
educate players about construction projects, inspections, and
hazards on site.
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