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CREATING GAME-BASED DRONE FOR IMPROVING CONSTRUCTION SITE SAFETY 

Abstract  

Technological advances 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 construction sites and identifying potential safety hazards. 
The single-player, user-focused game comprises of fun flying mechanics to control the drone and this 
is an integral part of enabling users to gain the experience of simulated flying of a real drone. The 
game platform is the WebGL for rendering interactive 3D graphics within any compatible web browser 
without the use of plug-ins. The target audience for user experience and usability testing are 
construction and safety managers, construction professionals and students working in the industry. 
Preliminary findings revealed that the drone game was fun to play; the game was intuitive and easy 
to pilot the drone; the hazards in the simulated construction environment looked real; and the game 
satisfies the main aim of the playtest. The skills acquired from playing the educational drone game for 
site inspection and monitoring can successfully be applied when flying a real drone in a construction 
site. The significance of using drones for site inspection during Covid-19 pandemic where workers 
need to be physically distanced is timely and relevant. 
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Context   

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., 2018; Homann & McAllister, 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 experience a disproportionately high rate of injuries and fatalities; for 
example, the UK (United Kingdom) recorded 40 fatal injuries to workers in 2019/2020 and this is 
consistent with the annual average over the last 5 years (HSE, 2020).  

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 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 a 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 create game-based drone for 
improving construction site safety is to use technology to ease inspection of 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, see (Irizarry et al., 2012).  

Furthermore, the construction market is seeing extensive use of drones on projects. The purpose of 
the game-based drone is to provide safety managers 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 game allows the safety 
managers 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 adequately implementing 
a good safety initiative is fundamentally reliant on how the construction and safety manager are able 
to plan, manage, monitor and control their work area which is why the adoption of the drone 
technology becomes important. The aim of this study is to explore the development of a drone game 
as a method for engaging construction managers and safety practitioners to adopt drone technology 
for site monitoring and inspections. 

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. 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., 2018). 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 & 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. 

Within the UK construction industry, the most common causes of fatal injuries and the kinds of 
accident in the top five based on RIDDOR 2019/20 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). The rate of fatal injuries in the UK construction sector has not 
changed significantly over the last five years based on HSE statistics for the entire annual fatalities in 
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 adequately address the unacceptably high rate of accidents (Gheisari & 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 development 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 is to serve as an educational resource to raise the level of awareness, improve the 



adoption of the drone technology and to significantly increase the skills and competence of potential 
drone pilots towards successfully flying a real drone or gaining the pilot licence. The essence of the 
drone game is for players to be able to deploy the 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 important 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 & 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 & 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 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 & Liu, 2019) while also effectively monitoring the different 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 concerned about their rights to privacy and data protection 
(Agapiou, 2020). Many workers perceive that deploying drones on a construction site is not all about 
improving site safety and security but another way for the employer to utilise the drones to invade 
their private lives or work (Irizarry & Costa, 2016; Agapiou, 2020). The height at which drones are 
flown is another issue of utmost importance to worker and the general public. The UK Civil Aviation 
Authority places the legal height limit of 120m (400ft) 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 50m between the drone 
and people, buildings and transport and to Keep at least 150m 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, 
misuse, and operator error that could result in physical injuries before they embark on flying an actual 
drone.  

Rationale for game design/Methods  



The rationale for gamification in the context of this paper is to asses if this novel approach helps to 
introduce the concept of drone technology in an engaging and inexpensive way so that those 
managing, monitoring and inspecting site safety adopt the physical technology (the actual drones) 
quicker and more efficiently. 

User experience - The user experience focused on how the player’s experience can be improved and 
how players interacted 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. The player was required to fly the drone over the site as a form of inspection and spot specific 
number of hazards (six) within the construction site without crashing into any structure or the 
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 ultimately considering 
the very important 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 & Esmaeili, 2019). That means 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 very useful for safety inspection practices. The main 
issue that needed to be resolved was whether this technology was usable for both 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 & Esmaeili, 2019), by providing satisfying feedback in every actions through 
animations, sound effects, camera behaviour and animated post-process. The design team 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. This meant that user stories were created for the 
intended target audience and their relative experience with games in general. 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 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 (Web Graphics Library) to facilitate easy access for players. 
Furthermore, the decision to use the WebGL was founded on the premise that most people would 
have probably 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 drone game is capable to run on mobiles, thus making accessibility 
and game play 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 main 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 minigames 

with emphasis on construction hazards was introduced (Figure 1). This is important in 
showcasing 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. It involved deducing the key features and requirements by the 
stakeholders and it was also essential that a vertical slice – a 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. 

 

Figure 1: The hazard minigame  

Findings and Discussions 

Cognitive design - During full production of the game, it was crucial to ensure that the cognitive design 
of the game (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 and the practicality of spotting hazards, but to be an enjoyable experience and an educational 
resource that will motivate users to interact and engage more with the 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 to teach the basic skills of piloting a drone, how to safely operate a drone, and 



how to use a drone to spot or identify hazards so that users can visualise the benefits that drones offer 
on a construction site. To do this convincingly meant making the game feel natural, easy to learn and 
use without complex interfaces, engaging, and very realistic which was a difficult challenge. Striking a 
balance between all these features which can sometimes compete with one another is always an issue 
when designing an educational game. To resolve these challenges, the development of the game 
meant adequately addressing the following questions during the design: 

• Does this scenario happen in a real construction site? 
• Is this design easy to use or recognise for someone that does not play games? 
• Does this feel exciting or enjoyable to play? 

By reviewing every aspect of the game design using these queries resulted in several design and 
development issues being averted. For example, the flying of the drone itself needed to feel realistic 
and with the use of simplified controls to avoid overloading the cognitive abilities of the user. The 
drone also had to be practicable in terms of its size and starting position in the virtual construction 
site so that users would be fully immersed in the simulation. Most importantly, the drone game 
needed to have elements of fun and enjoyable experience to pilot, and designed to be practical and 
realistic. In the absence of the fun elements, users will be reluctant to play the game and most likely 
not comprehend the significance of using a drone for construction site inspection. Therefore, 
designing the drone by incorporating the fun features with simplified controls to lower the cognitive 
load was a challenge. The use of controls that are too simplistic will diminish the believability of the 
simulation, while making the controls real and complex means players would take longer time to 
understand how to operate the drone and hence, the user experience will be less fun learning the 
game. Therefore, the design and development needed to strike a balance between believability and 
realism, and enjoyment and ease of use.  

Usability testing / Playtesting - Usability testing is essential to ensure a product is useable. However, 
game design goes a step further with playtesting which considers the user experience not just from a 
user interaction-based approach but also their cognition, emotion, and enjoyment (Pagulayan et al, 
2018). This can be very subjective as people’s cognition, emotions and what they enjoy can differ 
greatly. Therefore, playtesting is an extremely important lifecycle of developing a game. By playtesting 
multiple times both internally (within the development team) and externally (preliminary testing with 
the intended target audience), the team was confident that the developed game was on track towards 
achieving the objectives of the product, i.e. functional, usable, and reliable. The team regularly tested 
the game internally every week by gathering informal feedback on improvements. The internal testing 
helped to ensure that the overall design of the game and the way it interacts feels credible, indicating 
that the game was practicable with a high degree of confidence. To validate that the game was 
enjoyable whilst teaching the player about the use of drones for construction site inspection and 
hazard identification, the first preliminary external pilot playtest was conducted with seven 
participants. The seven participants for the preliminary testing session were construction managers 
with requisite knowledge of construction site health and safety challenges. They also had some 
experiences of playing games and therefore could validate if the game was enjoyable and realistic 
which was the core objective of the playtest i.e. testing both the objective (usability, reliability and 
functionality) and subjective (convenience, enjoyable, engaging) characteristics. The data collection 
adopted the Likert-scale approach to scaling responses in survey research, through the Google Forms 
questionnaire, see Table 1.   

The results from the preliminary testing indicated that the drone game was fun to play and enjoyable. 
The participants understood the benefits of using the drone for construction site inspection most 



especially during this period of Covid-19 pandemic where workers need to be physically distanced, 
work packages have to be sequenced, and with restrictions on the number of workers that can be 
present on site. Most participants indicated that the game was intuitive and easy to pilot the drone, 
and found the hazards in the simulated construction environment real, which satisfies one of the main 
aims of the playtest. 

Table 1: Playtest Questionnaire extract 

Question  Participants  
P1 P2 P3 P4 P5 P6 P7 

How fun did you 
find the game 
overall? 

Very fun  Very fun Fun  Mostly fun  Very fun Very fun Very fun 

How well do you 
understand the 
benefits of using 
drones on a 
construction 
site? 

Mostly 
understand  

Fully 
understand 

Mostly 
understand 

Fully 
understand 

Fully 
understand 

Fully 
understand 

Fully 
understand 

How intuitive 
did you find the 
flight controls? 

Very Intuitive Very 
Intuitive 

Mostly  
Intuitive 

Not very 
Intuitive 

Not very 
Intuitive 

Mostly  
Intuitive 

Mostly  
Intuitive 

How useful did 
you find the 
compass for 
locating 
hazards? 

Very useful Mostly 
useful  

Very useful  Not useful  Mostly 
useful  

Very useful Mostly 
useful  

How realistic did 
the construction 
site feel? 

Very realistic  Very realistic Fairly 
realistic 

Mostly 
realistic 

Very realistic Fairly 
realistic 

Very realistic 

Did you find the 
worker/vehicle 
paths realistic? 

Yes Yes Yes Yes Yes Yes Yes 

What did you 
particularly 
enjoy? 

Complimentary 
messages when 
you identify a 
hazard 

Flying 
around the 
site 

The graphic 
seemed 
good and 
controls 
seemed easy 

The entire 
game 
experience  

Flying 
around the 
site 

The controls 
and able to 
fly the drone 

Piloting a 
drone 

Any additional 
comments? 

Great game, I 
liked it. 

Really 
enjoyed it 

None  None  None  Great idea, 
just a few 
tweaks and 
It will be a 
great wee 
game 

Very 
enjoyable 

 

However, there were some issues that needed to be addressed, e.g. element of the user interface was 
a bit confusing like the signal metre that displays the range the drone could fly before losing signal. 
Most of the participants identified that the in-built compass (Figure 2) for identifying and zooming into 
a hazard was useful in easily capturing hazards on site. Furthermore, the hazard minigames (Figure 1) 
although fun, some participants struggled to complete them or know precisely what they were 
required to do. Based on the feedback which indicated that the game has been a success, further 
refinements and other minor improvements were incorporated into the final version of the game e.g. 
clear designated pedestrian access routes and vehicular routes (Figure 3). These external playtests 
have proven to be very useful as the team improved these elements and, in some cases, redesigned 
them. For example, the signal meter graphics was redesigned to be more similar to a wireless signal 
meter and this aesthetic carried through a revamped Heads-Up Display (HUD) from the perspective of 
the drone’s viewpoint. Improvements to the keys used for the controls were introduced along with an 
alternative set that suited non-game players. The hazard minigames were also improved by using 
better in-game communication and instructions for what the user had to do and making the hazards 
look more obvious. Significant playtesting of the drone game will be further conducted with larger 



target audience (safety managers/inspectors, construction managers/supervisor) to ensure that the 
game is appropriate to the target audience and without ambiguity. The drone game inspection can 
serve as an educational training tool before undertaking the formal test for the Remote Pilot Drone 
Licence issued by the UK Civil Aviation Authority International (UK CAA). This will benefit the players 
in understanding how the use of drones can improve site safety, increase accuracy in identifying 
unsafe conditions, improve consistency of reporting, improve safety conditions through real-time 
spotting of hazards, and improve efficiency of site operations.  

 

Figure 2: Drone game compass for locating hazards   

 

Figure 3: Drone game inspection of pedestrian access routes 

Conclusions 

The drone game for 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. The play testing and user testing of the drone game shows that the use of drones for 
safety inspections could be extremely beneficial in improving construction site safety. 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. Also, there are ethical challenges regarding the deployment of technology on 
construction sites regarding privacy of workers and issues of data protection and usage. The use of 
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 have 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 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 probably non-game players so that the game is easy to learn, engaging, intuitive, 
and truly immersive. 
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