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Abstract 

Recent studies have explored the use of augmented reality (AR) to improve safety 

training in construction. Multiple studies conclude that it is more effective and 

engaging than traditional methods. However, limited research exists on how 

specific trades such as crane operators and riggers accept and adopt AR 

applications in their workflows. My research aims to explore the development of a 

handheld AR training application designed to support compliance with safety 

protocols and improve hazard awareness, specifically within the New Zealand 

infrastructure construction context. Using a mixed-methods approach combining 

pre- and post-training surveys with focus group discussions, the study evaluates 

changes in participants’ knowledge and attitudes. 

The research question guiding my study is: How can a user-friendly handheld AR 

training application be designed to improve safety awareness and hazard 

preparedness for crane operators and riggers in infrastructure construction? The 

objective is to evaluate its usability, realism, and effectiveness using a mixed-

methods approach.  

Early prototyping revealed that expert advice emphasises user friendly designs, 

realism and site-specific activities to ensure a contextually relevant AR training 

application. My study encourages future research on exploring the long-term 

retention of adopting handheld AR in existing site safety processes to observe the 

benefits of AR incentivised training programs.  
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Chapter 1  Introduction 

1.1 Research Context  

The construction sector plays a vital role in New Zealand’s economy, contributing over 

NZD 17 billion to GDP in 2024 and employing more than 200,000 people—

approximately 10% of the national workforce (Statista, 2025). Despite its economic 

significance, the industry faces persistent safety challenges. Between June 2022 and 

May 2023, WorkSafe reported 6,240 injury cases resulting in more than a week away 

from work (WorkSafe, 2025). These incidents are often linked to inadequate training, 

especially among workers in small to mid-sized firms where formal induction and 

refresher programs are limited or absent (Namian et al., 2016).  

 

1.2 Augmented Reality Technology and Application 

As stated by Azuma et al. (2001), AR is defined as the overlay of digital models onto 

physical environments. AR belongs to the broader reality-virtuality continuum, which 

includes virtual reality (VR) and augmented virtuality (AV) (Milgram & Colquhoun, 

1999). Unlike VR, AR systems operate interactively in real time and align virtual 

content with real-world objects, making them particularly suitable for safety-critical 

applications. AR is categorised under three primary display types. 

 Video-See-Through (VST) systems, such as smartphones and tablets, which 

overlay digital content onto live video feeds.  

 Optical-See-Through (OST), such as smart glasses and head-up-displays, which 

superimpose digital overlays onto their field of view. 

 Projective AR which uses external projectors to project digital content directly 

onto physical surfaces (Khorrami Shad et al., 2024). 

AR has demonstrated value across several domains within the industry such as 

architecture, maintenance, and inspection (Souza, 2019; Adamska, 2023). To ensure 

the deployment of my mobile AR training system, I have investigated available 

Software Development Kits (SDK) targeted for both hardware platforms, such as ARKit 
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(Apple) and ARCore (Google), which are commonly built using the Unity 3D AR 

Foundation package (Unity Technologies, 2025). 

 

1.3 Problem Statement 

This study investigates how a handheld AR training application can be designed to 

improve safety awareness and hazard preparedness for crane operators and riggers in 

New Zealand’s infrastructure construction sector. The primary objective is to develop 

and evaluate a user-friendly AR tool that represents site-specific hazards and supports 

safer lifting practices. The main research question asks: How can a user-friendly AR 

training application be developed to target site-specific safety hazards and improve 

safe lifting practices for crane operators and riggers? In order to answer the main 

research question, the study was guided by four sub‑questions that split the inquiry 

into four distinct areas: usability principles, accurate hazard representation, design 

features for hazard recognition, and user perceptions of AR training compared to 

conventional methods. The sub-research questions are as follows: 

Sub-Research Questions: 

1. What usability principles are most effective for handheld AR safety training in 

construction contexts? 

2. How can site-specific hazards be accurately represented in AR for crane 

operators and riggers? 

3. What design features support user participation and hazard recognition in AR 

training modules? 

4. How do users perceive the effectiveness of AR training compared to traditional 

methods? 
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Chapter 2  Literature Review 

2.1 Traditional Safety Training in Construction  

Previously research has shown that safety training plays a vital role in improving 

worker compliance with occupational health and safety (OHS) requirements. While 

many safety regulations are embedded across organisations, they are best understood 

through the application of the hierarchy of controls, which is a structured framework 

that prioritises risk management measures from most to least effective (see Figure 1) 

(WorkSafe, 2017). This hierarchy, outlined in New Zealand’s Health and Safety at Work 

(General Risk and Workplace Management) Regulations 2016, guides Persons 

Conducting a Business or Undertaking (PCBUs) to “eliminate or minimise risks so far as 

is reasonably practicable” (WorkSafe, 2017).  

 

Figure 1 

Risk management; Hierarchy of controls (WorkSafe, 2017) 

 

 

 

The hierarchy of controls are usually applied in the following order: 
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 Elimination – Remove the hazard entirely from the workplace. 

 Substitution – Replace the hazard with something less harmful. 

 Isolation – Separate people from the hazard (e.g. barriers, enclosures). 

 Engineering Controls – Use physical means to reduce risk (e.g. ventilation, 

machine guards). 

 Administrative Controls – Change how people work (e.g. training, procedures, 

scheduling). 

 Personal Protective Equipment (PPE) – Use protective gear as a last line of 

defence 

In New Zealand, regulatory bodies like WorkSafe provide construction workers with 

guidelines to perform tasks safely and responsibly (WorkSafeNZ, 2017a). Safety is such 

a priority in this instance, and having the right guidelines helps to ensure that workers 

and trainees are safe and skilled to perform their duties well. In this sense, a skilled 

and trained workforce results in a productive organisation while reducing the number 

of accidents and injuries onsite.  

Burke et al. (2006) conducted a comprehensive meta-analysis at Tulane University, 

USA, to evaluate the relative effectiveness different worker safety and health training 

methods. The researchers reviewed 95 quasi-experimental field studies carried out 

between 1971 and 2003, spanning 15 countries and involved approximately 20,991 

participants. Training methods were categorised based on three levels of trainee 

engagement: 

 Least engaging: Passive formats such as lectures, printed materials, and 

instructional videos 

 Moderately engaging: Programmed instruction, feedback mechanisms, or 

computer-based training 

 Most engaging: Hands-on learning, behavioural modelling, and simulation-

based methods incorporating dialogue and reflection (Burke et al., 2006). 

The researchers revealed that more interactive methods consistently correlated 

with stronger outcomes across each dimension, safety knowledge, safety behaviour 

and safety and health. Specifically, the most engaging training approaches resulted in 

effect sizes approximately three times larger than those associated with passive 
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training in terms of safety knowledge acquisition. Additionally, hands-on methods 

were most effective in reducing accidents and injuries. While all forms of training 

showed some positive effect on safety behaviour, the gains were more modest and 

more sensitive to task complexity. The researchers also observed that even minor 

improvements in interactivity, such as including feedback or structured reflection, led 

to significant enhancements in learning retention and application (Burke et al., 2006). 

These findings challenge the overreliance on passive, one-way instructional models 

(including some modern e-learning formats) and support a shift toward learner-

centred, participatory training frameworks, particularly for high-risk work 

environments. 

International research further reinforces the importance of structured training and 

supervisory enforcement. In Kenya, Abaya & Ondieki (2021) explored the impact of 

OSH training on safety-related behaviours among construction workers and 

supervisors in Embakasi South. Using surveys and interviews with 250 participants, 

they found that trained individuals were more capable of identifying hazards, using 

PPE correctly, and following safe operating procedures. Supervisors who received 

training were more likely to initiate toolbox talks, monitor compliance, and intervene 

when unsafe behaviours were observed. This was revealed further after regression 

analysis confirmed a statistically significant link between training and site-level safety 

performance (Abaya & Ondieki, 2021). In South Africa, Othman (2012) investigated the 

causes of non-compliance with health and safety regulations among contractors in the 

KwaZulu-Natal region. Through surveys and interviews with 40 contractors from small 

to large sizes from the Master Builders Association, the study identified key factors 

such as worker negligence (48%), poor PPE use (24%), inadequate training (15%), and 

poor supervision (13%) as drivers of non-compliance. This is echoed further by 

Umeokafor & Umeadi (2014), who conducted a literature-based review of OSH 

compliance in Nigeria’s construction sector. Their analysis identified five broad 

determinants of compliance: institutional/legal (e.g. outdated legislation, weak 

enforcement), socio-cultural (e.g. fatalism, poor attitudes), organisational (e.g. limited 

training, cost-driven decisions), socio-economic (e.g. low awareness, informal labour), 

and industrial (e.g. weak client enforcement, poor procurement practices). These 

systemic issues contribute to inconsistent implementation of safety standards in 
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international contexts settings and point to the importance of interventions that 

effectively enforce these safety standards. 

 

 

 

2.2 Crane Safety Protocols and Compliance  

Crane safety regulations in New Zealand have been developed to manage the critical 

risks associated with lifting operations, protecting workers, the public, and physical 

assets (WorkSafe, 2019). These obligations are formally backed by the Health and 

Safety at Work Act 2015 (HSWA), which empowers regulatory bodies such as WorkSafe 

New Zealand to enforce risk management practices. To support this framework, the 

Approved Code of Practice (ACOP) for Cranes, originally published under the Health 

and Safety in Employment Act 1992 and now administered by WorkSafe, remains a 

recognised guide for preferred work practices. While not formally updated to reflect 

HSWA 2015, it continues to provide practical procedures for crane inspection, operator 

certification, load handling, exclusion zone setup and site communication procedures 

(Department of Labour, 2010). For example, the ACOP specifies key requirements that 

operationalise HSWA duties, such as operator and rigger competency through 

recognised NZQA unit standards, implementing correct rigging techniques, accurately 

reading and applying crane load charts, maintaining clear exclusion zones, and using 

consistent communication methods like hand signals or radio. It also provides 

equipment-specific standards for a range of cranes, including tower, mobile cranes, 

truck loaders and gantries, and introduces structured tools such as inspection 

checklists, risk assessments, and lift planning protocols to enhance hazard 

management (Department of Labour, 2010).  

Although the ACOP defines these procedures, WorkSafe’s Crane Safety for 

Construction Site Managers and Supervisors fact sheet reinforces them by identifying 

common failure pathways and site-level checks (WorkSafe, 2017). Some dangers 

associated with crane operations are noted, such as uneven or soft ground conditions, 

under-extended outriggers, proximity to buried utilities or power lines, and 
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miscalculated loads. Additionally, mechanical failures from poorly maintained 

equipment, incorrect rigging practices, and exceeding the crane’s rated capacity may 

often stem from overlooked planning factors (WorkSafe, 2017). While structured tools, 

such as checklists, lift plans, and risk assessments, form the procedural foundation of 

crane safety management, their effectiveness relies on being actively supported by 

real-time site supervision. WorkSafe (2017) advises that site managers play a critical 

role not just in reviewing documentation but in verifying that exclusion zones are 

enforced, lifting equipment is compliant and fit for use, and that safe lifting sequences 

are executed as planned. This dynamic oversight ensures that paper-based safety 

controls are translated into real-world actions that reduce the risk of tip-overs, 

collisions, and dropped loads (WorkSafeNZ, 2017a).  

Site Safe’s Toolbox Talk: Rigging and Dogman Best Practices expands on the riggers 

responsibilities by providing practical guidance around safe lift planning, selection of 

certified lifting equipment, and the application of correct slinging techniques 

(SiteSafeNZa, 2024). During a planned lift, for example, the rigger is responsible for 

ensuring that the combined weight of the load and associated rigging components 

remain within the crane’s designated Working Load Limit (WLL) (Department of 

Labour, 2010; WorkSafe, 2019). This includes using certified equipment, such as slings, 

shackles, hooks, and thimbles, and routinely verifying that all gear remains fit for 

purpose. 

International research conducted in Europe by Aneziris et al. (2008) provides a 

systems-level perspective on crane-related incidents. The researchers employed 

Functional Block Diagrams (FBDs) and bowtie models to map causal pathways, drawing 

on data from the Dutch GISAI (2005) database, which included 102 reported crane 

accidents. The researchers highlighted the significance of maintaining safe spatial 

distances between personnel and cranes, with worker positioning in “dangerous 

zones” identified as a major risk factor. The models emphasised the role of engineering 

and procedural controls, such as rigging stability checks, proper load management, and 

physical barriers, in preventing fatalities. Aneziris et al. (2008) categorised risk states as 

either “proper” or “improper,” where the former reflects adherence to control 

measures and the latter indicates their absence or failure. For example, during lifting 

operations, the presence of exclusion zones, stable crane placement, and clearly 
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communicated lift initiation points are critical to minimising the likelihood of contact 

between workers and suspended or falling loads. 

Researchers from Western Sydney University in New South Wales (NSW), Australia 

investigated whether crane and scaffold operations on large construction sites 

complied with Work Health and Safety (WHS) laws (Saha et al., 2018). They three case 

incidents that occurred on construction sites in Sydney:  

 A 2012 crane collapse at the University of Technology Sydney  

 A 2014 scaffolding collapse in Mascot  

 A 2014 crane fire at the Barangaroo development project 

The researchers focused mainly on the causes of failure and the level of compliance 

with WHS regulations in each incident. Several key issues were highlighted throughout 

each of these cases: this included non-compliance with WHS protocols, particularly 

around maintenance, inspections, communication, and safety culture which were all 

contributing factors. Moreover, the Ultimo crane fire and collapse resulted from fuel 

leaks and lack of maintenance, which nearly caused widespread casualties in the 

surrounding CBD area. The Mascot scaffold collapse was attributed to broken cables, 

debris load, and prior unresolved safety concerns, leading to injuries and structural 

damage. While, the Barangaroo crane fire originated from a welding-related formwork 

fire in the crane’s vicinity, prompting site evacuation and full crane integrity review 

(Saha et al., 2018). Each of the cases highlighted the absence of regular safety and 

maintenance checks which needed to be carried out to ensure that the cranes were 

safe to work on site. 

Beavers et al. (2006) conducted an in-depth empirical analysis using data from the U.S. 

Federal OSHA Program’s Integrated Management Information System (IMIS). Using 

search keywords such as ‘crane,’ ‘derrick,’ and ‘boom,’ and identified 125 crane-

related fatal events that occurred between 1997 and 2003. This analysis was based on 

full OSHA case files, that provided an in-depth view of each incident by classifying 

cases across several key dimensions: (1) proximal cause and contributing physical 

factors, (2) victim’s occupation, (3) worksite by end-use, (4) construction operation, (5) 

employer’s safety and health program, (6) union representation, (7) type of crane, (8) 

certification and experience, and (9) OSHA citations. The analysis revealed multiple 
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contributing factors behind crane-related fatalities, including improper rigging, 

inadequate supervision, and lack of formal training. These findings underscore a 

systemic issue in safety compliance and training particularly for workers involved in 

crane lifting operations. 

Recent national data on WorkSafe’s fatality summary revealed a 12-month period from 

the beginning of 2024, that underlined 12 work-related fatalities that occurred in the 

construction sector, resulting in a fatality rate of 4.81 per 100,000 workers (WorkSafe, 

2025a). While fatality rates vary across industries such as agriculture, transport, 

manufacturing, disaggregated data show that many of the recorded deaths were 

linked to high-risk incident types: vehicle-related events (28 fatalities nationally), 

rollovers (8), and being struck by falling objects (7). 

These incident types are closely associated with crane-related operations, including 

site mobility, load handling, and lifting tasks. As Beavers et al. (2006) observed in their 

analysis of crane fatalities, such patterns underscore the need for targeted safety 

interventions, particularly during operational phases like mobilisation, steel erection, 

and lifting. 

 

 

 

2.3 Augmented Reality in Safety Training  

Past literature has suggested using game-based technology for virtual training to 

address limitations of traditional methods. For example, Guo et al. (2012) created a 

multi-user safety training platform that applies game technology into safety training 

for construction plant operations. The researchers built a platform using the game 

engine software, 3DVIA Virtools, that supports the use of human-computer 

interaction, multi-user operation, and intelligent functionality in simulating real-world 

conditions of a virtual environment (Guo et al., 2012).  

The authors describe a conceptual framework, consisting of three components, which 

they applied in their research design (see Figure 2).  
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Figure 2 

Conceptual framework for game technology. Adapted from (Guo et al., 2012); figure not 

reproduced due to copyright restrictions. 

 

The key components describe the following: 

 Interactive Instrument: Workers can engage with digital simulations of 

construction sites, using game controllers, keyboards, and multi-user 

collaboration tools to replicate crane operations and safety procedures. 

 Multi-User Instrument: The platform allows multiple users to operate and train 

simultaneously, enhancing team coordination and communication, which are 

critical in high-risk construction activities. 

 Intelligent instrument: Embedded intelligent algorithms identify potential 

hazards, providing real-time warnings and suggested corrective actions to 

prevent accidents.  

The researchers evaluated the training platform with fifteen trainees across five 

construction projects using interviews and questionnaires survey, and found that 

trainees generally reported feeling positive towards the training as well as identifying 

safety risks (Guo et al., 2012). Additionally, trainees felt they could collaborate more 

efficiently especially during the crane tower tasks as communication was essential. 

Although an effective solution, some of the participants critiqued the platform, 

suggesting that as many safety problems arise because of the operatives personal 

behaviour and attitude, resulting in risky occurrence appearing in the first place (Guo 

et al., 2012).  

In their comprehensive review, Chiang et al. (2022) who are based in Shanghai, China, 

explored the use of AR in vocational education and on-the-job training (OJT) across a 

21-year span (2000–2021). They systematically analysed 80 peer-reviewed studies 

across several academic databases. Using specific inclusion criteria, they identified 17 

empirical studies, and 12 of these were selected for a meta-analysis to assess the 

overall impact of AR on training outcomes. Their method combined bibliometric 
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mapping to visualise research trends with qualitative and quantitative analyses of the 

selected studies. The findings revealed that AR was commonly applied in industry 

(35%), vocational institutions (26%), and healthcare (13%), with applications ranging 

from maintenance and welding to hazard identification and surgical training. Their 

review concluded that AR was shown to significantly improve vocational skills, 

particularly in procedural accuracy, spatial visualization, and learner motivation. 

 

In the field of Occupational Safety and Health (OSH) a study by Kamal et al. (2022) 

explored the effectiveness of an AR application called HazHunt, which was created by 

researchers at the university of Malaysia, as a method of improving OSH in mechanical 

and chemical hazards. Their study outlined three key objectives:  

1. What is the effect of implementing AR technology (HazHunt) towards academic 

performances in OSH training? 

2. What is the motivational impact of deploying HazHunt as a part of the OSH 

training? 

3. What is the usability level of the developed AR tool (HazHunt)? 

To achieve this, the researchers first built the HazHunt application using the Vuforia 

Software Development Kit (SDK), which delivers AR content on mobile devices and 

applied hazard pictograms depicting several types of hazards such as corrosion, 

explosion, fire, general, health, oxidizer, and toxicity hazards (see Figure 3) as AR image 

markers. These markers contained media such as videos, descriptions and quizzes, 

which all related each hazard type (Kamal et al., 2022). 
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Figure 3 

HazHunt Hazard Pictograms (Kamal et al., 2022).  

 

 

Secondly, the training was then conducted in two short online training sessions, in late 

2021, during the COVID19 pandemic. The researchers carried out a quasi-experimental 

design that involved an experimental group (EG) and control group (CG), consisting of 

22 participants each, who were all university staff and students. The CG’s training was 

delivered using a presentation lecture followed by a Q&A slot and a post-quiz, while 

the EG’s training were provided with the HazHunt APK file to download. Each training 

group involved officers from the Department of Occupational Safety and Health 

(DOSH) who instructed the participants and acted as trainers. Their performance was 

measured using a post-quiz that assessed their knowledge retention and hazard 

identification skills using multiple-choice questions. Post training, a Reduced 

Instructional Materials Motivation Survey (RIMMS) based on the ARCS model and 

System Usability Scale (SUS) were filled out by both groups, to assess their motivations 

and usability perceptions of the AR application (Kamal et al., 2022). Interestingly, their 

findings indicated, that the EG who used HazHunt, scored slightly higher in their post 

quiz assessment than the CG groups who received traditional training. Additionally, the 

RIMMS survey and SUS highlighted that AR significantly boosted confidence and 

attention of users, as learners noted the AR application to intuitive and highly engaging 

to use as a training tool. However, these comments did not reflect the AR system’s 

success in improving knowledge retention, as the findings suggested that users only 
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felt that the app enhanced the overall experience of certain hazard identification tasks 

instead.  

In Melbourne, Australia, researchers compared the impacts of AR and VR training to 

traditional classroom methods in construction safety education using a hybrid 

evaluation framework based on Keller’s ARCS motivational model (Shringi et al., 2023). 

They recruited 60 trainees who were from construction and engineering fields from 

Monash University who were divided into three groups, each exposed to training 

across the three training platforms, using Australian safety codes as content (Shringi et 

al., 2023). The AR training was delivered using the Microsoft HoloLens 2 headset, the 

Samsung Odyssey for VR, and the traditional method relied on presentation slides. A 

classroom space was used to allow trainees to view life-sized hazards in both AR and 

VR, such as workers falling, PPE use, or improper ladder positioning. They found AR 

was more effective in promoting motivation and knowledge retention in safety training 

compared to traditional and VR training methods (Shringi et al., 2023). 

Further evidence comes from Paes et al. (2024) who developed an optical see-through 

AR fire safety training system that improved fire safety training. The training required 

users to navigate hallways while completing fire response tasks while being guided by 

a virtual firefighter. A controlled between-subject experiment was used with 50 

participants, randomly assigned between two control groups; one who received AR 

using a Hololens 2 and one who received a first-person video on a screen (Paes et al., 

2024). Results from their pre-training, post-training and four-week follow-up 

questionnaire revealed a key reception towards the AR group who demonstrated 

greater confidence towards fire emergencies responses compared to the video-based 

control group. 

A case study was conducted by Gong et al. (2024) who applied AR training towards a 

metro construction site in Suzhou, China (Gong et al., 2024). The researchers used 

accident reports and stakeholder interviews to inform their AR training design, which 

resulted in 15 scenarios covering one of six hazard types identified within the accident 

reports; Crane-related accidents, Falls from height, Vehicle injuries, Collapses, 

Mechanical injuries and Object strikes (Gong et al., 2024). A controlled experiment 

involving 72 participants were randomly assigned between an AR group, who received 
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a QR code that was scanned using a mobile app and a slides group (Gong et al., 2024). 

The training involved three parts. 

1. General site specifications: Introduces how personnel should operate 

appropriately on site. 

2. Hazard-specific practices: where six hazard types are presented and explored. 

3. Construction safety protection: Focuses on the correct use of safety equipment 

(Gong et al., 2024).  

Their findings revealed that AR-trained individuals performed significantly better in 

hazard identification, risk assessment, and response tasks than those trained with 

traditional slides.  

In his case-study developed at the University of Niš, in Serbia, Tatić (2018) developed 

an AR system that improved the occupational safety of circuit breaker tasks, found in 

electrical substations. This AR system had specific key goals to evaluate its success; 

keepi the attention of workers to ensure necessary steps were applied, provide precise 

visual information directly at the workplace, reduce the time in explaining instructions 

by safety officers, and keeping records of all examined task instructions in a database 

for future monitoring and job tracking (Tatić, 2018). Their AR system used several 

modules consisting of UI, AR and tasks that delivered safety and work instructions 

through two registered image plate markers. A case study was conducted on existing 

workers at the substation who tested the AR system, that focused on changing a circuit 

breaker within the electrical substation (Tatić, 2018). Experts in the related field of 

electro-energetics also validated the AR system and approved of its practical value, 

and potential in improving occupational safety across the electro-energetic industry.  

A systematic literature review, conducted by Khorrami Shad et al. (2024) explored a 

number of studies which reflected the trends of AR combined with construction 4.0 

technologies as of late 2021 to 2022. The researchers applied PRISMA to filter out 29 

out of 386 total articles, from several databases, that focused on AR within 

construction safety. Each article was analysed according to their safety aim which 

related to either their pre-event, during-event, or post-event application. Pre-event 

applications aimed to prevent construction-related incidents, while during-event 

applications assisted with managing active hazards, and post-event systems supported 
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damage assessment and response (Khorrami Shad et al., 2024). Additionally, each 

event fell under different sub-safety aims, for instance, pre-event applications aligned 

with sub-safety aims such as intelligent operation, training, safety inspection and 

hazard alerting (Khorrami Shad et al., 2024). During-event applications fell under 

hazard pinpointing and post-event included damage assessment. Khorrami Shad et al. 

(2024) found that 89.7% or 26 studies focused on pre-event applications, 6.9% focused 

on during-event and post-event applications, and only 1 explored post-event safety. Of 

the reviewed studies, five 4.0 technologies emerged; BIM, IoT, AI, robotics, and cloud 

computing (Khorrami Shad et al., 2024). BIM was identified by 59% of studies to be the 

most frequently used technology combined with AR in safety applications.  

As mentioned by Khorrami shad et al. (2024) in their review, the application of AR and 

construction 4.0 technologies is dependent on its pre-, during- and post-events 

application. Furthermore, my research aims to explore more closely the barriers and 

perceptions of these AR technologies as it appears towards specific pre-event and sub-

safety aims. 

 

 

2.4 Perceptions of AR Technology  

Sitompul & Wallmyr (2019) conducted a systematic literature review on the 

application of AR technologies in heavy machinery operations, focusing on cranes, 

tractors, and construction vehicles. The researchers utilised keywords such as 

“augmented reality” and “cranes,” (used across each machinery type), to identify 233 

articles, which were later filtered down to 39 relevant articles based on applicability of 

AR enhanced operator assistance. The studies reviewed were categorised by 

technological approaches and classified into two primary operational types: 

 In-Cabin Operation, where AR enhances visibility and hazard detection for 

operators working inside machinery cabins. 

 Tele-Operation, where AR provides remote support for operators, assisting in 

manoeuvring and task execution from a distance. 
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The researchers revealed in one of the studies that a group of six employees who were 

mobile crane operators acquired a head-down display assistive system designed to 

provide visual guidance during lifting operations. This system presented critical visual 

data on the operations, including load capacity warnings, lifting path indicators, and 

proximity alerts, on a fixed display positioned within the crane cabin. While this system 

intended to improve the situational awareness and precision of workers, Sitompul & 

Wallmyr (2019) notes that it also required operators to divert their attention away 

from the lifting area, which increases the cognitive workload and response time from 

workers. Additionally, this system experienced technical limitations which affected its 

usability within the field, including a limited field of view, inaccurate sensors and 

object recognition, which leads to misaligned tracking of visual overlays (Sitompul & 

Wallmyr, 2019). While head-down display systems in mobile crane operations remain 

largely experimental, their integration into standard workflows is still limited due to 

operator unfamiliarity and lack of practical exposure (Sitompul & Wallmyr, 2019).  

Porcelli et al. (2013) conducted an industrial case study, investigating the 

implementation of AR in a live industrial environment maintenance assistance services, 

and found challenges, that stemmed from unstable hardware performance, unintuitive 

interfaces, and the overall difficulty of integrating AR into existing maintenance 

protocols. The researchers note that in collection with limited staff training and user 

unfamiliarity with AR environments, this led to a growing hesitation and resistance 

during deployment. Therefore the researchers suggested that, the successful adoption 

of AR in this industrial environment would depend not only on the availability of AR 

systems but on how cantered they are with organisational workflows and the 

preparedness of end-users (Porcelli et al., 2013). 

This similarly aligns with findings from Finnish researchers, at Tampere University who 

presented an examination on the organisational adoption of mixed-reality 

technologies (XR), by focusing on the managerial expectations of resistance found by 

employees (Jalo & Pirkkalainen, 2024). The researchers utilised quantitative modelling 

and qualitative interview deployed in two parts, the first part, which was based on a 

conceptual framework, the Technology–Organisation–Environment (TOE), which 

categorised the influences on perceived resistance and value. The second part involved 

interviews with 58 managers from European industrial companies. The researchers 
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revealed in that an employee’s perceived resistance intersects with organisational 

value which influences their intention to adopt (Jalo & Pirkkalainen, 2024). Employees 

will prohibit the uptake of technology such as AR, even when the clear strategic 

benefits of it are demonstrated (Jalo & Pirkkalainen, 2024). Only after certain readiness 

measures are made available, which are labelled under three types; employees 

existing familiarity to AR tech or similar, internal training support, and trial periods; will 

in an increase of an employees perceived organisational value of the this tech, and and 

decrease their resistance towards it (Jalo & Pirkkalainen, 2024).  

In the realm of consumer markets, a qualitative study by Berglund (2023) investigated 

user-centric onboarding processes as a strategy to minimise adoption thresholds for 

AR. Their study examined the structured onboarding approaches of two Scandinavian 

technology suppliers, focusing on their market presence, openness, and activity in the 

AR domain. Using a multiple holistic case study approach, Berglund (2023) conducted 

semi-structured interviews with six industry professionals responsible for onboarding 

programs, alongside additional follow-ups with technical specialists. These interviews 

explored customised onboarding frameworks, including step-by-step product training, 

remote installation and commissioning workflows, and interactive knowledge transfer 

models. The interviews revealed that a gradual implementation approach greatly 

reduced the resistance to adopt AR. Although pertinent to AR adoption, this study’s 

focus was not in the context of construction related safety, as it focused primarily on 

consumer products.  

 

 

Wang & Dunston (2007) conducted a qualitative study at Purdue University, USA, and 

the University of Sydney, Australia, the challenges of adopting AR in construction 

training. They developed an AR-based training system (ARTS) designed to help novice 

heavy equipment operators gain hands-on experience in real-world construction 

environments using virtual materials and interactive instructions. Their research led to 

key barriers to AR adoption being identified, such as technology transfer issues, social 

attitudes, and technological maturity Wang & Dunston (2007). Additionally, they found 

that the limited industry-wide adoption, compatibility concerns, and the absence of 
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standardised AR training frameworks made large-scale implementation of AR difficult. 

It is interesting to note that many experienced operators in the study preferred the 

conventional training method, as scepticism and concern a primary sentiment towards 

AR and the hesitancy to adopt new technologies in general into their workflow (Wang 

& Dunston, 2007).  

To overcome these adoption concerns, models had been established to provide us 

with the metrics that examine the acceptance and adoption criteria of new technology 

systems by users. For example, Davis (1989) explored in his seminal study, “Perceived 

Usefulness, Perceived Ease of Use, and User Acceptance of Information Technology”, 

at the University of Michigan, measurement scales that was validated based on two 

key constructs: Perceived Usefulness (PU) and Perceived Ease of Use (PEOU). He 

defined PU as "the degree to which a person believes that using a particular system 

would enhance his or her job performance" and PEOU as "the degree to which a 

person believes that using a particular system would be free of effort" (Davis, 1989, p. 

330). To test these constructs, Davis conducted two empirical studies involving 152 

users across four application programs, assessing how PU and PEOU influenced system 

usage (Davis, 1989). His findings revealed that PU had a significantly stronger 

correlation with usage behaviour than PEOU, indicating that users prioritised 

functionality over ease of use when adopting new technologies (Davis, 1989). In 

addition, it was later demonstrated using regression analysis that PEOU influenced PU, 

enforcing the idea that systems that are easier to use are perceived as more beneficial 

and useful (Davis, 1989). These findings led to the foundation of the well-known 

Technology Acceptance Model (TAM), which has since evolved within the domains of 

IT (Davis, 1989). This model has since then been tested in different domains such as 

construction safety. While Davis’s TAM framework has faced critique for its age and 

simplicity, its core constructs, perceived usefulness and perceived ease of use, remain 

directly relevant to understanding user acceptance in technology-based training. 

Recent studies (Taherdoost et al., 2024; O’Dea, 2025), have proposed more complex 

frameworks, yet these often introduce methodological overhead and context-

dependent variables that may dilute focus in sector-specific applications. For this 

study, TAM was selected due to its empirical reliability, clarity, and proven applicability 

across domains including construction safety. Its simple structure enables targeted 
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insights into behavioural intent, making it a pragmatic choice for evaluating AR training 

adoption among crane operators and riggers. 

 

More recently, an empirical study in late 2020 was conducted by a group of 

researchers out in Chile, who developed a mobile AR training application which 

allowed construction workers to interact with virtual safety elements related to hazard 

prevention of scaffolding assembly (Placencio-Hidalgo et al., 2022). The researchers 

incorporated marker-based tracking which utilised a mobile device to access the virtual 

overlays of crucial scaffolding components. These included fastening points, railings, 

skirting boards, and structural bracing, (see Figure 4). The researchers assessed the 

app’s impact and acceptance, using a survey that measured key TAM variables; PU, 

PEOU, attitude toward using (ATU), and behavioural intention to use (BIU). Their study 

involved a sample of about fifty construction workers originating from 29 Chilean 

construction companies, these all consisted of trainers and training managers. A survey 

was presented to all construction workers and their responses were collected and 

measurements were evaluated using Cronbach’s Alpha. The results indicated that 

trainers and training managers perceived the AR application as being highly beneficial 

for illustrating scaffolding safety concepts and indicated a user-friendly response to the 

app’s design in minimising cognitive overload.  

 

Figure 4 

AR training application on scaffolding. Adapted from (Placencio-Hidalgo et al., 2022); figure not 

reproduced due to copyright restrictions. 

 

A recent 2024 study led by a team of researchers at the Luxembourg Institute of 

Science and Technology (LIST) developed an AR system, SMARTLab, which simulates a 

training scenario on the correct sequences required to mix two different chemicals in a 

lab; Hydrochloric acid (HCI) and potassium hydroxide (KOH) (Ismael et al., 2024). They 

incorporated the Unity3D engine and the Hololens 2 within their design. The 

researchers tested their AR system on 13 participants aged from 20 to 50 years-, who 
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were all existing lab users from a science research department within the institute and 

had no prior experience with AR (Ismael et al., 2024). The SMARTLab differed from 

other AR systems as it included unique visual cues such as the attention funnel, in-situ 

arrows and virtual assistant which guided trainee attention interactively to the 

positions of virtual objects required to complete each task (Ismael et al., 2024). The 

training involved two stages, equipment selection and lab tests; where the equipment 

selection required trainees to correctly choose personal protective equipment (PPE) 

and be guided by the visual cues, represented as a flying robot (Ismael et al., 2024). 

While the lab tests involved performing a controlled sequence of steps to pouring 

hazardous chemicals supported by the same virtual guidance (Ismael et al., 2024). At 

the end of the training, the researchers collected free-form written responses & Likert 

scale questionnaires consisting of 42 questions from the participants. About 35 out of 

the 42 questions covered nine independent dimensions, assessing the user’s perceived 

acceptance (Ismael et al., 2024). These questions were derived from and adapted 

based on the Unified Theory of Acceptance and Use of Technology 2 (UTAUT2), 

originally proposed by (Venkatesh et al., 2012). UTAUT2 is an extension of the original 

UTAUT model which evolved from TAM, this model was designed to better explain 

consumer adoption of emerging technologies. It incorporates nine core constructs: 

Performance Expectancy (PE), Effort Expectancy (EE), Social Influence (SI), Facilitating 

Conditions (FC), Hedonic Motivation (HM), Price Value (PV), Habit (HT), Behavioural 

Intention (BI), and Use Behaviour (UB). In the study by Ismael et al. (2024), additional 

dimensions such as Personal Innovativeness (PI), Emotional Reactivity (ER), Spatial 

Presence (SP), Attention (At), and Realism (Re) were included to tailor the framework 

to the context of immersive technologies like AR, where user experience and 

perceptual engagement play a critical role in adoption behaviour. 

 

 

2.5 Summary of gaps  

From the literature reviewed, while active, hands-on training methods such as 

simulations and behavioural modelling outperform passive formats in improving safety 

outcomes, current approaches often fail to reflect the operational realities of crane 
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work. Existing AR training tools tend to generalise hazards and overlook the nuanced 

spatial, mechanical, and procedural demands specific to crane operators and riggers. 

Moreover, the emphasis on pre-event hazard awareness leaves a gap in tools that 

support real-time decision-making and dynamic risk response during lifting operations. 

Despite AR’s growing presence in vocational education, its integration into high-risk 

construction roles remains fragmented and underdeveloped. Technical limitations, 

high implementation costs, and resistance from experienced operators, particularly 

when AR disrupts familiar workflows—continue to hinder adoption. Additionally, the 

lack of standardised evaluation frameworks and the absence of immersive design 

features such as spatial presence and realism further limit AR’s effectiveness in safety-

critical contexts. 

To address these gaps, this research proposes a mobile AR training system designed 

specifically for crane operators and riggers. The system aims to deliver task-specific, 

experiential learning that not only reflects the complexity of lifting operations but also 

supports real-time hazard awareness and communication. By prioritising accessibility, 

usability, and contextual relevance, the proposed solution seeks to overcome both the 

technical and behavioural barriers identified in the literature and contribute to a more 

effective and scalable model for AR-based safety training. 
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Chapter 3  Methodology  

The following chapter outlines the design and interactive features of the AR training 

application, including onboarding navigation, hazard scenario development, and real-

time feedback mechanism. These elements were designed to support user 

engagement and safety awareness through scenario-based learning, error correction, 

and cognitive scaffolding aligned with industry training standards. 

 

3.1 Approach 

The primary research question guiding my research is:   

RQ: How do I design a user-friendly AR training application that targets site specific 

dangers in infrastructure construction that are relevant to crane operators and 

riggers? 

To address this, the following sub-questions were explored: 

1. What usability principles are most effective for handheld AR safety training in 

construction contexts? 

2. How can site-specific hazards be accurately represented in AR for crane 

operators and riggers? 

3. What design features support user engagement and hazard recognition in AR 

training modules? 

4. How do users perceive the effectiveness of AR training compared to traditional 

methods? 

 

To answer these questions, both qualitative and quantitative approaches were used 

within my study. Qualitative methods of data collection incorporate interviews & 

groups discussions, which provides greater insight into the causes and behavioural 

perceptions of participants following an intervention. In contrast, quantitative 

methods use numerical values like reports and questionnaires to describe how many 

people might feel those behaviours. This combined the process of three data collection 
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sources, literature reviews, site visits and interviews. The CEO of R&O was interviewed 

for my research. As time was a major factor, I acknowledged that this was a limiting 

factor, as the company’s goals were prioritised. Logistical and access constraints meant 

that other stakeholders’ interviews could not be conducted with (such as managers & 

trainers). The initial prototype of the AR application was developed following these 

data collected, which illustrated an inspection protocol regarding the pre-crane setup 

and lift. A follow-up consultation was then conducted with the CEO to further verify 

the contents of AR experience and the application’s usability. 

As described by Mackenzie2006), four research paradigms are outlined which shape 

the foundations of any study, whereby selecting the appropriate paradigm should align 

with your research question. The research paradigms that are highlighted include: 

 Positivism 

 Interpretivism 

 Transformative 

 Pragmatic  

While positivism focuses on objective measurement and hypothesis testing, my 

research required flexibility to explore user perceptions and contextual factors. 

Interpretivism on the other hand, while valuable for understanding meanings people 

assign to experiences, this too lacked the practical orientation needed for technology 

deployment. The transformative paradigm focuses on social change and advocacy, 

which was not the primary aim of this research. Pragmatism, by contrast, supports 

mixed-methods inquiry and real-world problem solving, making it the most 

appropriate foundation for evaluating AR training tools in dynamic construction 

environments. Elements of constructivism were also incorporated to reflect the role of 

user experience and interpretation in shaping technology acceptance. The TAM 

framework was integrated into my study’s mixed methods design to guide the 

development of survey instruments and interpret user feedback. Its constructs 

informed both quantitative measures and qualitative probes during interviews and 

focus groups. This approach fits well with the pragmatic paradigm’s focus on producing 

practical results and allowing flexibility in methods, thereby supporting the study’s aim 
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to design a user-friendly AR training application that targets site-specific dangers for 

crane operators and riggers. 

 

 

As (Figure 5) presents, this research framework outlines the iterative process used to 

design and evaluate the AR training application for crane operators and riggers. The 

framework integrates multiple data sources, including reviewed literature, expert 

interviews, and site visits, which informed the early probing phase and initial design 

considerations. A follow-up expert interview and issue analysis helped refine the 

technical and experiential dimensions of the app. Participant testing involving pre- and 

post-surveys, followed by a focus group discussion were then conducted to evaluate 

usability, engagement, and perceived effectiveness. The findings were synthesised, 

and the outcomes directly informed the final recommendations for industry 

deployment and future research. 
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Figure 5 

Research Framework  
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3.2 Method 

3.2.1 Participants and Evaluation Design 

For my research, I partnered with crane company Riggers and Operators ltd NZ, who 

are a small growing business, based in Auckland, New Zealand that provide crane and 

scaffolding services. As reflected in my literature, it was important to design an AR 

training application that aligned with the end-user. For my study, I aimed to co-design 

and develop the AR training application with trainers, supervisors, crane operators and 

dogmen (riggers). However, this was an unlikely outcome as the company R&O were 

committed to growing their own company’s operations. This proved to be a major 

constraint in my study’s design, as I initially anticipated conducting two phases of data 

collection and user testing to improve the AR application through an iterative process. 

For my participant selection, 3 workers from the company were involved in this study 

to collect data from. Prior to the study session, participants were provided a consent 

form which outlined the purpose of this research (see Appendix B). Amongst the 

participants, these included a crane operator with over 5+ years and 2 dogmen with 5-

10 years of experience. Pre-tests and post-tests survey were developed to measure the 

changes in effects of the AR training application and its perceived use and realism. A 

focus group session was conducted to gather deep behavioural feedback from 

participants regarding the AR training.  

The primary outcome of this study was safety awareness, assessed via a custom 

Likert-scale survey administered pre- and post-training. Success was defined as any 

positive shift in individual scores. The sample size (n=3) reflected logistical feasibility 

and limited access to crane and rigging personnel during the scheduled training period. 

My research incorporated three instruments to evaluate participant experience and 

outcomes: a custom safety awareness survey (see Appendix B), the System Usability 

Scale (SUS), and the NASA Task Load Index (NASA-TLX). For the custom survey, 

participants rated items on a 5-point Likert scale, with higher post-training scores 

interpreted as improved safety awareness. The survey was reviewed by one academic 

expert and one construction consultant, who confirmed the relevance and clarity of 

each item. SUS scores range from 0 to 100, with scores above 68 indicating acceptable 

usability (Brooke, 1996). Additionally, NASA-TLX scores range from 0 to 100 across six 
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workload dimensions, with lower scores reflecting lower perceived cognitive and 

physical demand (Hart & Staveland, 1988). 

 

3.2.2 Development Framework 

In the design phase, I chose the Unity game engine (2021.3.6f1) as a development 

framework that supported the built environment of a mobile application in AR. I 

additionally selected Blender as the modelling software that I’d develop my 3D models 

within, to import into my AR application. Additionally, a number of premade 3D 

models were chosen from the marketplace store within Unity and other free open-

source platforms, which included a main mobile crane model, construction materials 

and construction workers. 

   

3.2.3 Data Collection 

To begin this process, I initially brainstormed the most important hazards and 

accidents commonly experienced by crane operators and riggers on construction sites. 

The central problems were based on accidents report and guidelines presented by the 

official reports by WorkSafe New Zealand (WorkSafeNZ, 2017a). The most common 

accidents that were experienced as presented by the report included being struck by a 

falling object, powerline electrocution, crane tip-over, unsecured load. These hazards 

correlated most with mobile type cranes, which are often stationed within dense 

residential areas or infrastructure sites. Ultimately, I chose to focus on infrastructure 

construction sites for its often challenging and dynamic environment. In addition, most 

mid-large size construction projects require workers to be formally trained and 

inducted to ensure all responsibilities are carried out.  

For each the site visit, I looked at infrastructure construction sites in my local area, the 

Auckland Central Business District. This allowed me to capture data that were relevant 

to mobile crane hazards on the construction sites.  

The first site visit was an underground train station also known as Karanga-a-Hape 

Station (see Figure 6) which is an infrastructure project in development. Within its’ 
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open space there is little room for the mobile crane’s boom to manoeuvre which 

increases the risk of boom collision against nearby structures. Additionally, this scene 

also represents a potentially unsafe situation in which the crane’s boom could be 

overextended onto oncoming traffic, which results in an obstruction hazard.  

Figure 6 

Site visit 1 – Karanga-a-Hape Station, Entrances at Beresford Square and Mercury Lane, off 

Karangahape Road, in Auckland CBD, Aotearoa New Zealand, visited on 08 October 2024.  

 

 

 

The second visit was in another similar narrow space, where a small business building 

was under development. Much like site visit 1, (Figure 7) presents a similar scene, 

having the mobile crane positioned outward towards a public road. The narrow zone 

involving a mobile crane near a public road, creates a situation where the risk of a load 

dropping caused by unsafe manoeuvres with the much heavier load, or incorrect 

rigging setup. One of the controls in this scenario is to include spotters and exclusion 

zones that provide a safe zone for the mobile crane’s lift.   
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Figure 7 

Site visit 2 - MOXY HOTEL | 16fl | 61–63 Wakefield St | Under Construction, Auckland Central, 

visited on 08 October 2024.  

 

 

 

After capturing the data from two sites site visits, I sought to develop my initial AR 

scenes that demonstrate some of the unsafe scenarios from each scene. Due to 

constraints on time and limited access to larger project sites, I was unable to capture 

additional data on sites that had mobile cranes. Capturing additional data from other 
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similar sites would improve the relevancy of contents and site conditions, in relation to 

crane operations. Since different infrastructure sites incorporate different types of 

cranes, tower or mobile, this study continued to focus on the telescopic boom crane 

type and enforce the hazards observed around this type of crane, situated within 

infrastructure projects. Therefore, while these valuable additions were not doable, I 

decided to move on to the next data collection method to further validate these 

unsafe factors. 

 

3.2.4 Stakeholder Interviews 

During this study, two informal interviews were conducted with the CEO of Riggers and 

Operators (R&O) who gave consent to provide his contextual feedback to inform my 

applications design. With over a decade of experience in crane operations across 

multiple sectors, the CEO underlined the critical hazards prevalent in crane operations, 

focused on site-related hazards, as they appear in infrastructure sites. The initial 

interview was conducted to detail these types of hazards, and a second follow-up 

interview was conducted to validate the accuracy and relevance of the AR module 

during an initial development phase. The CEO’s qualifications are outlined as follows: 

 10+ years of experience in crane industry 

 Oil and gas, Stevedore, Construction field 

 General manager/Director 

 

First Interview: 

1. What hazards are most prevalent and should be considered within operations 

overall? 

2. What type of hazards and appear on site-specific conditions such as those in 

infrastructure projects? 

3. What do you think of AR style training to improve the hazard recognition skills 

of crane operators and riggers? 
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Site-specific Hazards (Infrastructure projects): 

 “Hazard such as PPE are important to be checking with our guys. Is the worker 

wearing the correct PPE?, Safety goggles, helmet, safety boots, safety harness.” 

 “Sometimes there is unstable or muddy terrain, wet terrain, particularly in lift 

zones” 

 “Wet or slippery ground conditions, impact the rigging stability; is the load 

secured properly?” 

 “Overhead loads and swing radius risks, especially in confined environments; is 

the boom at risk of structural failure if it needs to overextend to reach load.” 

 “Communication breakdowns between crane operators and dogmen, especially 

during complex lifts” 

 “I do think that AR training has the potential to improve the hazard awareness 

of personnel” 

 

 

 

Second Interview: 

1. Are the hazards conveyed in each of these scenarios relevant to what crane 

operators and riggers might face as they appear on unique environment 

conditions in infrastructure projects? 

2. Do the iterative features of this AR application appear to be easy and intuitive 

to use? 

3. What improvements and suggestions would you add to improve the contents of 

the application to tailor it to the operators and riggers on site? 

 

Validation of AR content: 
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 Hazards such as muddy terrain, wet surfaces, and overhead loads are common 

and often overlooked until they become critical, which the AR application has 

conveyed quite clearly. 

 The AR module’s realism and clarity were seen as strengths, and its simplicity—

activated via a marker and navigated through basic tap interactions are also 

considered easy-to-use. 

 The risks simulated appear to be site-specific and dynamic, which indicates a 

positive impression from the CEO. 

 This type of AR-based application helps pre-visualise hazard zones, reinforce 

spatial awareness, and pre-lift planning. 

Suggestions for improvement: 

 Some suggestions were made, regarding the hazards outlined, such as uneven 

terrain, overhead loads, and unstable rigging, which included the inclusion of 

animations and dynamic overlays. These elements could simulate the real-time 

consequences and reinforce hazard recognition through visual cues. The CEO 

also suggested the application clarified hazards contextually during different 

set-up scenarios to minimise cognitive load while improving the workers 

situational awareness. 

 

 

3.2.5 Early Prototyping Phase 

Initially the scale of the AR experience was brainstormed that would demonstrate that 

the application matched the expectations of a user-friendly scale. Setting this scale was 

important as this directly affected how the workers interacted with the AR application.  

This meant that the AR experience was shaped by its tracking method, with two known 

approaches applied in this context: marker-based and marker-less tracking. While 

marker-less supports the use of computer-vision to portray virtual points of known as 

features points, within the physical environment, these act as anchors for the AR host 

to appear in the real-world context. This can be difficult to calibrate however, as live 

site operations are often affected by weather and other environmental factors, causing 
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a ‘drift’ in the AR experience; a tracking error that causes 3D objects to shift from its 

originally tracked position. The other option is a marker-based approach, which 

operates by using predefined visual markers such as a pattern or 2D image. The AR 

system uses the device’s camera to detect the image in the physical environment, 

calculate its position and orientation, and render certain virtual content at the location 

of the marker. There are several methods of marker-based tracking, such as QR code, 

Hiro markers, Image references and Real-life objects. I’ve reviewed these different lists 

of AR tracking methods, and each illustrate an advantage over the other; yet the most 

commonly identified methods; Hiro and image-reference are the most familiar and 

well-research approaches used by researchers (Kamal et al., 2021; Placencio-Hidalgo et 

al., 2022; Wang & Dunston, 2007). The image reference method was used in my study 

as illustrated from the early prototype phase, and this is conjured from three hazard 

signages common in mobile crane operations, as shown in  (Figure 8). 

 

Figure 8 

Crane Hazard Signages (SafeCrane, 2016; HealthAndSafety, n.d.; abcHealthandSafety, n.d.)  
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The marker was programmed using AR foundation’s image tracking component, based 

in the unity game engine, which stored the images as references and allowed the 3D 

models and animations of each scene to be hosted in AR. This would then be activated 

after the phone’s camera scanned the marker. The signage hazards were placed within 

unity’s scene, where I could ensure that I could effectively position and correct the 

orientation of the 3D models and triggers within the scene  (Figure 9). 

Figure 9 

Unity AR-marker - Crane Hazard Signage 

 

 

 

I aimed to select the key hazards that would simulate the AR training scenarios based 

on the hazards outlined in the interviews and the site visits. This involved using 3D 

models that focused on hazards that related to a pre-setup crane operation as it may 

occur in infrastructure site environments. Textures and materials were employed 

which help the 3D models appear realistic. I avoided complex extrusion and sculpting 

techniques that often enhance the realism feature of 3D models, though this leads to a 

higher polygon count, which results in performance issues in the app. It is therefore 

encouraged to use lower polygon count or less objects in scenes, as to not over 

process the hardware. To avoid a time-consuming approach like sculpting, I developed 

and assigned textures and PBR materials for 3D construction models that I had created 
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within my scenes. Additionally, I developed 3D models of loads and slinging assets to 

help construct the hazards tied to a rigging instability module. I incorporated three 

different types of rigging type, chain slings, wire-rope and web-slings, each with their 

own shackle, and spreader configurations. This was important to ensure that I could 

create diversified scenarios within the same instability load module, which presents 

unsafe situations related to infrastructure sites. Since models needed to avoid being 

complex, the balance between realism and low poly count was struck based on the 

priority of the hazards scenarios that I was trying to simulate within my AR modules. 

To help me achieve this development and save time, I chose pre-made 3D models that 

were selected from free opensource platforms, some of which included the mobile 

crane pack, construction prefab pack and road pack, that all helped to demonstrate 

key hazards within the AR modules. I ended up emphasising realism in each asset in 

this case, and each asset was tested within the scene for usability to ensure that the 

application could run without excessive instances of lag from relatively high poly count 

based models.   

To demonstrate the range of hazards addressed within this application, six scenarios 

were initially developed to represent key stages of mobile crane operations where 

risks are most likely to emerge. Each scenario highlights conditions that could lead to 

similar or recurring incidents, thereby encouraging the identification of corrective 

measures to minimise or eliminate those risks. 

As presented in Figure 10, a scenario was developed to present a pre-operational 

briefing focused on verifying whether the crane operator is equipped with the required 

personal protective equipment (PPE) before commencing work on site. The scene 

provides four options of PPE that the participant can select to identify which of those 

items is missing. These options are based on standard site-specific PPE requirements 

for crane operators. Upon selection, a brief description confirms whether the response 

is correct and visually highlights the missing PPE item. 
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Figure 10 

PPE Compliance  

 

 

 

An uneven terrain scenario was developed based on observations from Site Visit 2 to 

highlight the importance of ground stability in mobile crane setup (Figure 11). The 

terrain was divided into three visually bounded zones, each requiring assessment to 
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determine which area provided the most stable foundation for crane placement. This 

scenario reinforces the need for pre-lift terrain evaluation, particularly in constrained 

environments. 

Figure 11 

Unstable Terrain 

 

 

 

An unsecure load scenario was developed to examine the hazards surrounding 

different load’s configuration that could lead to load dropping during a lift (Figure 12). 

This focused on three critical elements: Sling attachments points, shackle integrity, and 

load centre alignment. To demonstrate this, three rigging types were selected, such as 

chain slings, wire-ropes, and web-slings. Each offer distinct advantages for securing 
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different load types. These loads and rigging slings are inspired by site visit (2) and the 

supporting literature (Department of Labour, 2010). 

 

Figure 12 

Unsecure Load 

 

 

 

A boom overextension scenario was developed to illustrate the risk of structural failure 

when a crane boom is extended beyond its safe operating radius in an attempt to 

reach a load. This condition compromises the crane’s stability and can result in 

mechanical collapse if not properly managed. This situation is also inspired by Site Visit 

(2) (Figure 13).  
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Figure 13 

Boom Overextension 

 

 

 

The next scenario describes a communication protocol between the dogman(rigger) 

and the operator. The dogman communicates one of the three outlined signals in this 

scenario; ‘swing left’, ‘stop’ and ‘hoist’ which is represented by a hand signalling icon, 

as affirmed from the Approved Code of Practice (ACOP) for cranes (Department of 

Labour, 2010). Three responses are offered for this scenario for the purposes of 

enforcing the signals portrayed during lifts. The incorrect response leads to the lift 

being halted (Figure 14). 
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Figure 14 

Dogman Signal Miscommunication 

 

 

 

A crane boom path scenario was implemented that evaluates potential collision risks 

with nearby structures and overhead powerlines (Figure 15). Each obstruction is 

represented as a distinct zone, alongside a designated clear zone that indicates a safe 

lifting path. Before initiating a lift, each zone must be assessed to determine whether it 

presents a clear or obstructed path. These pre-check decisions were informed by 

spatial constraints observed during Site Visit (2) and supported by literature addressing 

common obstructions such as powerlines (SafeCrane, 2016).  
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Figure 15 

Obstructed Path 

 

 

 

The next stage involved gathering Initial feedback on the AR application and its 

interactive features to ensure these safety protocols were validated, as the second 

round of consultation was engaged with the CEO in a follow-up interview. 
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3.2.6 Software Design 

Following the second stakeholder interview with the CEO, I further developed the AR 

training application to emphasise experiential and reflective learning. These core 

principles are best described by Swiss psychologist Piaget in his seminal work “The 

Theory of Stages in Cognitive Development”, which describes how new knowledge is 

constructed through exploration, experience, and interaction within an individual’s 

own environment (Piaget, 1971). The stages of cognitive development follow the order 

of sensorimotor (hands-on exploration) to preoperational (symbolic thinking), concrete 

operational (logical problem-solving), and finally formal operational (abstract 

reasoning and hypothesis testing) (Piaget, 1971). To emphasise these principles within 

my AR application, I have focused on the applying each principle of Piaget’s theory, in 

the following ways: 

 Hands-on interactions (Sensorimotor) - Users physically explore AR objects to 

understand concepts: 

 Symbolic representations (Preoperational) - Visual elements are used to 

simplify abstract ideas: 

 Logical problem-solving (Concrete Operational) - Encourages users to apply 

reasoning through the interactive challenges: 

 Abstract thinking (Formal Operational) - Promotes hypothesis testing and 

problem-solving within the AR scenarios: 

 

My study emphasises the user navigation of first-time or returning users, by 

implementing a simple onboarding menu screen to ease the navigation into the AR 

scenarios (Figure 16). Wireframes of the app’s onboarding interface were developed 

using a prototyping tool, Uizard. This begins with an introduction screen that guides 

users through role selection; crane operator safety and rigging safety are the two core 

training paths for this application. Following this, a task overview page presents a 

series of unsafe scenarios each linked to an option for live exploration in augmented 

reality.  
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Figure 16 

Onboarding UI wireframe – AR Crane safety app 

 

 

 

To enhance the interactivity, an error-correcting feedback loop was introduced, 

inspired by the feedback from the second expert interview. This system utilises a 

multiple-choice quiz format, with visual colour coded feedback. When the user selects 

an answer, the system immediately displays a green or red banner to indicate 

correctness, accompanied by contextual explanations. This is illustrated below in 

(Figure 17). 
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Figure 17 

AR Hazard quiz UI 

a.  Caution banner b.  Incorrect – banner c.  Correct – banner 

   

    

d.  Option based quiz e.  Incorrect option selected f.  Correct option selected 

   
 

Each quiz option is mapped to a unique tag identifier (ranging from 1 to 4), allowing 

the system to track user selections with precision. When the correct option is selected, 

a corresponding "Correct" banner is triggered, providing immediate visual 

confirmation. Conversely, selecting an incorrect option activates the "Incorrect" 

banner, accompanied by a brief explanatory description. This feedback clarifies why 

the chosen response was inaccurate, and the system provides guidance by highlighting 

the correct answer. For every correct response, a score increment is recorded and 

stored within the app’s internal tracking system. Additionally, a stopwatch feature was 
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implemented to monitor the duration of the user’s training session, which provided 

insight into task completion.  

Three distinct UI prompts were developed to display either a "Caution," "Correct," or 

"Incorrect" label, each initiated upon the activation of each hazard. For instance, when 

the first hazard is introduced, a caution banner appears after a brief delay, prompting 

the user to respond by selecting either the green or red button. This interaction 

triggers a follow-up banner that visually confirms the user's choice—either a "Correct" 

or "Incorrect" indicator—represented by a thumbs-up or thumbs-down icon. To 

maintain a clean and unobstructed AR viewing experience, a dropdown toggle was 

implemented, which ensured users could expand or collapse the option panel. This 

design choice aligns with best practices in user experience, ensuring the interface 

remained intuitive, responsive, and minimally intrusive. 

The design of the multiple-choice quiz features was based off established pre-

competency assessments, such as those SiteSafe (2019) and SiteWise (2018) for crane 

operator qualifications. The structure and phrasing of the questions were informed by 

the official guidebook developed by Crane Association of New Zealand (2016) and the 

hazard awareness resources provided by (SafeCrane, 2016). While safety standards 

continue to evolve, this guidebook remains a foundational resource for crane 

operations and safety awareness. However, to ensure ongoing compliance and 

relevance, this should be cross referenced with current legislation, particularly the 

Health and Safety at Work Act 2015 (HSWA) and its associated regulations and codes 

of practises, which are actively being reformed to better address critical risks and 

industry needs (Department of Labour, 2010).   

An additional scenario was incorporated (Figure 18), which simulates a tower crane 

structure lift, emphasising the need for inspection at each stage. This scenario was 

inspired by site visit (1) and highlights critical safety hazards, including the absence of 

missing exclusion zones, spotters and properly deployed outriggers. 
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Figure 18 

Roadside Hazard – Tower Crane Structure 

 

 

 

To ensure the stability of the mobile crane, all four outriggers must be extended prior 

to initiating the lift. The next step involves selecting the appropriate slings, determined 

by the loads working load limit (WLL). A red warning overlay visually marks the area 

surrounding the load as unsafe, prompting immediate corrective action, and the 

implementation of proper lifting protocols. If the incorrect actions are selected, an 

animation is triggered that depicts a negative consequence, specifically, the load being 

dropped (Figure 19).   
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Figure 19 

Roadside Hazard – Tower Crane Structure Unsafe 

 

 

 

As shown in (Figure 20) a telescopic boom truck crane has been used across each 

scenario, since it represents a commonly cited mobile type involved in crane accidents 

(Beavers et al., 2006). While this model was chosen for its relevance and accessibility, 

it does not fully capture the nuance of other mobile crane types, such as crawler 

cranes or lattice boom configurations. Due to certain technical constraints in 

developing these different mobile crane types, the telescopic boom type was retained 

through each scenario. Scene variations were introduced to highlight specific hazards, 

including the use of worn or damaged slings. One scenario depicts a compromised web 

sling lifting a hollow metal load, illustrating the high risk of load failure. Another 

scenario features uneven terrain, requiring users to identify a stable zone for proper 

outrigger deployment. Additionally, a fuel hazard was simulated, where extending the 

boom near fuel barrels poses a risk of fire or explosion. In each case, the incorrect 

action would trigger a negative consequence, such as a hazard escalation or dropped 

load. 
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Figure 20 

AR model and the hazard training scenarios  

a.  In-person view of scanning crane 

danger sheet using a smartphone 

camera in AR. 

b.  Worn-out Web Sling 

  

c.  Crane Load Dropping d.  Incorrect PPE 

 

e.  Unstable-Ground Hazard f.  Fuel Barrel Hazard 

 

g.  Select Safety Scenario Menu UI h.  AR hazard explained 
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Chapter 4  Results  

This chapter presents the findings from participant evaluations of the AR safety 

training app, including pre- and post-training Likert-scale surveys, and post-training 

usability and workload assessments. It also synthesises insights from the focus group 

sessions, outlining critical factors such as perceptions of realism, deployment barriers, 

and integration potential. 

 

4.1 Survey Results 

This study involved 3 participants which included two riggers and one crane operator, 

all currently employed on infrastructure construction sites. All were male, aged 

between 36 and 45, with 6 to over 10 years of experience in their respective roles. 

Their educational backgrounds included trade certificates and a high school diploma, 

and their ethnic background all included Māori and/or Pasifika. The table below 

presents a compact result of the workload and usability outcomes of the software and 

noted down each participant’s score related to the task time, error rate, SUS score, 

workload, and safety awareness changes during the training (see Table 1). The total 

SUS scores of all participants revealed a range from 65 to 78; with two participants 

exceeding the benchmark of 68. This indicates an above-average usability perception 

amongst the group. Supplementary to that, the NASA-TLX workload ratings of each 

participant ranged from low to moderate, suggesting that the cognitive and physical 

demands of the AR task were manageable.  
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Table 1 

Participant Evaluation Results 

Participant Role Task 
Time 
(min) 

Errors SUS 
Score 

NASA-TLX 
(Workload) 

Pre/Post 
Safety 
Awareness 
Change 

P1 Dogman/Rigger 4.0 0 72 Moderate +1 level 

P2 Dogman/Rigger 3.8 0 78 Low +1 levels 

P3 Crane Operator 4.2 0 65 Moderate +1 level 

Note: SUS scores range from 0 to 100, with scores above 68 indicating above-average usability. NASA-

TLX workload ratings are based on participant self-assessment across six dimensions. Safety awareness 

change reflects Likert-scale shifts before and after training. 

None of the participants had prior experience with AR technology, and their frequency 

of digital technology use ranged from occasional to weekly. Their attitudes toward 

digital tools for safety training were cautiously positive, with one participant 

expressing a positive view and two indicating slightly positive perceptions. Each 

participant undertook the AR training using their own smartphones and spent an 

average total time of 4 minutes. Before going through the training, each participant 

completed a pre- test survey consisting of 10 Likert-scale items designed to assess 

usability expectations, protocol understanding, hazard recognition, confidence, and 

attitudes toward AR-based safety training. Upon completing the AR training, a post-

test survey was administrated consisting of similar Likert-scale items. Their responses 

were scored on a 5-point scale (1 = Strongly Disagree to 5 = Strongly Agree), and their 

mean scores were calculated across all items. This is illustrated in a clustered bar chart 

below which compared the mean pre- and post-test scores across all items is 

illustrated below (Figure 21).  

Figure 21 

Mean Likert scores for survey items before and after AR safety training.  
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The chart reveals a consistent upward trend in participants’ perceptions following AR-

based safety training. The most notable gains were observed in endorsement of AR 

technology. Scores for “AR training improves safety” and “Prefer digital/AR training” 

increased significantly, indicating strong support for the use of immersive tools despite 

participants’ lack of prior exposure. These results suggest that AR was not only well-

received but also perceived as a valuable enhancement to traditional safety methods. 

Scores for “AR app easy to use” and “Understand training purpose” showed modest 

improvements, reinforcing that the interface was intuitive and did not interfere with 

comprehension of safety protocols. In terms of hazard recognition, “Recognise crane-

specific hazards” improved slightly, suggesting that the AR module effectively 

highlighted role-specific risks. Meanwhile, “Identify common hazards” and “Familiar 

with procedures” also showed positive shifts, indicating broader gains in hazard 

awareness and procedural understanding. Confidence-related items such as “Confident 

in safety protocols” and “Prepared to respond” remained stable or improved slightly, 

contradicting any assumption of diminished self-efficacy. These results may reflect a 

nuanced recalibration effect, which indicates how participants became more critically 

aware of their limitations without losing overall confidence. Interestingly, “Traditional 

training sufficient” remained relatively flat, suggesting that while AR was positively 

received, participants still recognised the foundational value of conventional methods. 

 

 



53 

4.2 Focus Group Findings 

Following the AR training session, the participants engaged in a facilitated focus group 

discussion to reflect on their experience. Their discussion was recorded by audio, and 

the transcript was thematically analysed, and their discussion categorised into five 

core themes. These related to the perceived value, limitations, and future potential of 

the AR safety training tool. These themes are presented below (Table 2) with 

participant quotes. The focus group discussions revealed nuanced perspectives on the 

AR module’s design, usability, and future potential. Participants emphasised the 

realism of the scenarios, noting that hazards such as unstable terrain and lift zones 

mirrored actual site conditions. This realism appeared to prompt reflection on risks 

that are often normalised in daily operations, reinforcing the module’s value in 

promoting site-specific hazard awareness. While the interface was generally praised 

for its intuitiveness, concerns were raised about its practical deployment—particularly 

in relation to PPE compatibility, weather conditions. Conversely, participants also 

expressed strong interest in integrating AR into existing safety workflows, such as 

toolbox talks and pre-start briefings. This suggests that AR is seen not as a replacement 

for traditional training, but as a complementary tool that could enhance engagement 

and retention. The participants also mentioned the barriers of adopting the app, which 

related to cultural resistance to new technology, regulatory constraints, and the need 

for buy in from safety managers. All the participants agreed that this AR application 

could be enhanced, with proposals to include multi-role scenarios which includes 

multiple users, collaborating to engage a lift.  
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Table 2 

Focus Group Themes and Participant Insight 

Theme Summary Operational Relevance Participant Quote 

Realism and 
Relevance 

AR scenarios reflected 
actual site hazards and 
workflows. 

Reinforces site-specific hazard recognition 
and encourages critical awareness. 

“That’s exactly the kind of stuff we deal with—especially 
around lift zones and uneven terrain.” 

Usability and 
Accessibility 

Interface was intuitive but 
concerns about PPE and 
weather conditions. 

Highlights deployment constraints in real-
world settings. 

“It’s easy to use, but not sure how it’d work with gloves or in 
the rain.” 

Integration 
Potential 

AR could complement 
toolbox talks or site 
inductions. 

Suggests blended training integration. 
“Would be good to run this before a lift—like part of the 
morning briefing.” 

Adoption 
Barriers 

Cultural resistance, 
regulatory approval, and 
scalability concerns. 

Indicates need for stakeholder engagement 
and policy alignment. 

“Some of the older guys won’t touch it. And you’d need sign-
off from the safety manager.” 

Improvement 
Suggestions 

Desire for more complex, 
team-based and dynamic 
scenarios. 

Points to future development opportunities. 
“Would be good to see how the dogman and operator work 
together—like a team version.” 
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Chapter 5  Discussion 

This chapter addresses each of the sub-RQ’s based on the feedback gathered by 

participants during training session. Each sub-RQ explores how the observed shifts in 

perception, confidence, and hazard recognition reflect the underlying pedagogical and 

operational factors that shape crane and rigging safety practises. 

 

Sub-RQ 1: What usability principles are most effective for handheld AR safety training 

in construction contexts? 

The findings suggest that usability in handheld AR safety training is shaped by 

principles of simplicity, intuitiveness, and contextual adaptability. The survey results 

indicated above-average usability perceptions, with SUS scores ranging from 65 to 78 

and two participants exceeding the benchmark of 68. This suggests that the AR 

interface was generally easy to navigate and did not impose excessive cognitive load. 

NASA-TLX workload ratings further supported this, with participants reporting low to 

moderate demands, suggesting that the training tasks were manageable within the 

handheld format. The focus group discussions supported these outcomes. Participants 

described the interface as intuitive and straightforward, noting that it did not interfere 

with their comprehension of safety protocols. However, concerns were raised about 

deployment in real-world conditions, particularly regarding PPE compatibility and 

weather constraints. One participant remarked, “It’s easy to use, but not sure how it’d 

work with gloves or in the rain,” highlighting the importance of designing for 

environmental and occupational realities. Together, these findings indicate that 

effective usability principles for handheld AR safety training include clarity of interface 

design, minimisation of workload, and alignment with the physical conditions of 

construction sites. While the current module demonstrated strong usability in 

controlled settings, future development should incorporate design adaptations for 

field conditions to ensure sustained effectiveness. 
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Sub-RQ 2: How can site-specific hazards be accurately represented in AR for crane 

operators and riggers? 

The findings demonstrate that AR can effectively represent site-specific hazards when 

scenarios are designed to mirror the operational realities of crane and rigging work. 

The pre- and post- scores indicated modest but positive gains in hazard recognition. 

Scores for “Recognise crane-specific hazards” and “Identify common hazards” 

improved following the AR training, demonstrating that participants were able to 

connect the virtual scenarios with risks encountered in their daily roles. This 

improvement highlights the importance of embedding hazards that are directly 

relevant to crane operations, rather than relying solely on generic site conditions. 

Participants commented within the focus group sessions on the realism of the AR 

scenarios, noting that hazards such as unstable terrain and lift zones closely resembled 

actual site conditions. This realism prompted reflection on risks that are often 

normalised in routine operations, thereby strengthening hazard awareness. One 

participant remarked that “That’s exactly the kind of stuff we deal with, especially 

around lift zones and uneven terrain,” underlying the operational credibility of the 

module. The effectiveness of site-specific hazard representation in this study is 

emphasised within prior literature that mention the importance of realism and 

contextual fidelity as critical for immersive learning (Bower et al., 2014; Shringi et al., 

2023), while extending these insights to trade-specific crane and rigging workflows. 

 

Sub-RQ 3: What design features support user engagement and hazard recognition in 

AR training modules? 

Specific design features within the AR module contributed to both user engagement 

and hazard recognition. The survey results revealed notable increases in endorsement 

of AR technology. Scores for “AR training improves safety” and “Prefer digital/AR 

training” rose significantly after the training, suggesting that participants found the 

interactive and visual design features engaging. Gains in “Recognise crane-specific 
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hazards” and “Identify common hazards” further demonstrate that hazard-related 

content was effectively communicated through the module’s design. Focus group 

insights reinforced these findings. Participants highlighted the realism of the scenarios, 

noting that hazards such as unstable terrain and lift zones mirrored actual site 

conditions. This realism was perceived as a critical design feature that enhanced 

hazard recognition and credibility. The interactive format was also praised for its 

intuitiveness. However, concerns were raised about practical deployment, particularly 

in relation to PPE compatibility and weather conditions, which may limit engagement 

in real-world contexts. Additionally, participants also expressed interest in more 

complex, team-based scenarios, indicating that collaborative design features could 

further strengthen engagement and hazard recognition. This suggests that while 

individual hazard-focused modules are effective, expanding to multi-role interactions 

would enhance authenticity and deepen user involvement. 

 

 

Sub-RQ 4: How do users perceive the effectiveness of AR training compared to 

traditional methods? 

Users perceived AR training as a valuable complement to traditional safety methods, 

rather than a replacement. Survey results showed significant increases in endorsement 

of AR technology. Scores for “AR training improves safety” and “Prefer digital/AR 

training” rose notably after the training, indicating strong support for immersive tools 

despite lack of prior exposure from participants. At the same time, the item 

“Traditional training sufficient” remained relatively flat, suggesting that participants 

continued to recognise the foundational role of conventional safety instruction. This 

balance highlights that AR was perceived as an enhancement to existing practices 

rather than a standalone solution. Participants during the focus group session 

expressed enthusiasm for integrating AR into established workflows, such as toolbox 

talks and pre-lift briefings as a way of sustaining engagement, but also emphasised 

that it should complement, not replace traditional training. One participant noted, 

“Would be good to run this before a lift, like part of the morning briefing,” emphasising 
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the perceived value of AR as an additive tool. However, they also noted several 

barriers to adoption and concerns related to cultural resistance and regulatory 

approval, highlighting that successful implementation would require buy-in from safety 

managers and union representatives. These findings suggest that AR deployment is not 

only a technical challenge but also a cultural and institutional one. These barriers align 

with TAM’s emphasis on perceived usefulness and ease of use (Davis, 1989), and with 

UTAUT2’s recognition of institutional support (Venkatesh et al., 2003). The 

participant’s concerns about regulatory approval and cultural resistance highlight the 

importance of these constructs in shaping adoption. 
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Chapter 6  Conclusion  

6.1 Conclusions 

My study aimed to address the following research question “How do I design a user-

friendly AR training application that targets site specific dangers in infrastructure 

construction that are relevant to crane operators and riggers?”. To explore this, four 

sub-research questions were developed, each addressing a distinct focus of the AR 

training design and evaluation. These are discussed below: 

 

Sub‑RQ 1: What usability principles are most effective for handheld AR safety training 

in construction contexts? 

A usable handheld AR safety training app should involve a clear design interface that 

minimises the cognitive load to use. Additionally, the handheld AR safety training app 

should be adaptable across changing construction site environments, including 

weather and noise, impact of PPE on device use, and practical demands of crane and 

rigging tasks. The current AR module demonstrated strong usability in controlled 

settings; however, these refinements would be essential to ensure a consistent level of 

effectiveness in real-world contexts. 

 

Sub‑RQ 2: How can site‑specific hazards be accurately represented in AR for crane 

operators and riggers? 

For site-specific hazards to be accurately represented in AR, the training modules 

should simulate the real working conditions of crane and rigging operations as best as 

possible, enhancing its credibility and familiarity with reoccurring or site-specific 

hazards. Hazards such as uneven terrain, and lift zones, should be incorporated within 

the AR training module, to convey the dynamic operational risks apparent on site, 

which in turn reflects the contextual relevance and accuracy of hazards. Making the 

training more effective in preparing workers for hazards on different sites. 
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Sub‑RQ 3: What design features support user engagement and hazard recognition in 

AR training modules? 

AR training modules should involve design elements that enable users to simulate real-

time consequence of hazards in context to the site that their working on. Additionally, 

intuitive user flow and collaborative learning features that allow safety managers to 

get involved, will enhance the user engagement and compliance as progress can be 

tracked and monitored. These features would encourage active participation in hazard 

recognition that extend beyond individual tasks and into routine practises.  

 

Sub‑RQ 4: How do users perceive the effectiveness of AR training compared to 

traditional methods? 

AR training modules are perceived as most effective when integrated into blended 

safety frameworks that complement traditional practises such as toolbox talks and 

pre-lift briefings. While AR enhances engagement and hazard recognition compared to 

traditional methods, its adoption depends on organisational readiness, stakeholder 

support, and regulatory alignment. 

 

RQ: How do I design a user-friendly AR training application that targets site specific 

dangers in infrastructure construction that are relevant to crane operators and riggers? 

This study demonstrates that a user-friendly AR training application for crane 

operators and riggers must combine clear usability principles, accurate representation 

of site-specific hazards, and design features that foster engagement and hazard 

recognition. Effectiveness is maximised when AR modules are embedded into blended 

safety frameworks that complement traditional practices, while adoption depends on 

organisational readiness, stakeholder support, and regulatory alignment. Together, 
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these findings provide a structured basis for designing AR safety training that is both 

credible in real-world contexts and sustainable within industry practice. 

 

 

6.2 Limitations  

This study had several limitations. For instance, only a small sample (n=3) of 

experienced crane and rigging personnel were recruited due to contextual constraints. 

The single-phase pre/post design lacked longitudinal follow-up, limiting insights into 

long-term knowledge retention and behavioural change. Testing occurred in a 

controlled environment (AUT, WG Building Level 10), which did not replicate real-

world site conditions such as weather, ambient noise, or operational time pressure. 

Additionally, the AR app featured a limited number of simulation tasks with low 

complexity, which may not fully reflect the dynamic challenges of live rigging 

operations. As a result, these factors constrain the generalisability of findings to 

broader construction crews and less experienced users. 

 

 

6.3 Recommendations 

6.3.1 Recommendations for Industry Stakeholders 

To improve and scale the AR safety training app across crane and rigging operations, 

industry stakeholders should prioritise aligning site-specific risk scenarios with current 

legislation, including the Health and Safety at Work Act 2015 (HSWA) and its evolving 

codes of practice (Department of Labour, 2010). Furthermore, the AR app could be 

deployed during toolbox talks, onboarding or pre-lift briefings through the personal or 

company issued smartphones. As a visual aid, the app can support the hazard 

preparedness of personnel and their awareness of hazards, as well as procedural 

compliance. This is especially important for improving language accessibility and 
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presenting clear, intuitive warnings that help prevent mistakes caused by unclear 

instructions or overlooked risks. Stakeholders may consider integrating the AR 

modules with existing Learning Management Systems (LMS) or digital site registers to 

centralise training records and automate compliance tracking. Other practical 

considerations around device management include safe and hygienic use. For instance, 

with shared handheld devices, stakeholders should establish clear hygiene protocols, 

including regular sanitisation, use of protective casings, and handover procedures. 

Additionally, site IT policies that involve secure access controls, such as user 

authentication, role-based permissions, and data encryption, should be implemented 

to protect sensitive information. Where possible, hands-free usage options should be 

prioritised to maintain operational safety and minimise manual interaction during 

active lift operations or high-risk workflows. 

 

6.3.2 Recommendations for Future Research 

Future studies should involve a larger and more diverse participant pool to improve 

generalisability and statistical power. This includes recruiting workers from multiple 

infrastructure sites, a range of age groups, and varied roles such as crane operators, 

dogmen, supervisors, and engineers. Such diversity would enable deeper analysis of 

role-specific training needs and usability patterns. Longitudinal research is also needed 

to assess the retention of safety knowledge, behavioural changes on-site, and evolving 

attitudes toward AR technology. Follow-up surveys or observational assessments 

conducted 4–6 weeks post-training could provide valuable insights into long-term 

impact. Participants in this study expressed interest in scenarios that simulate team-

based coordination, particularly between crane operators and dogmen. Future 

iterations of the AR app could explore multi-user experiences, where groups interact 

with shared AR content to identify hazards during synchronized lifts. 

Finally, future research should evaluate how AR modules perform when embedded 

within existing safety protocols, such as site inductions and toolbox talks. This includes 

assessing usability, engagement, and knowledge retention across different deployment 

formats. Collaborative studies with safety managers and training coordinators will be 
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essential to ensure alignment with operational workflows, policy requirements, and 

practical constraints. These investigations will support the evidence-based refinement 

of mobile-first AR tools for crane and rigging safety systems. 
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Glossary  

AR   Augmented Reality 

SDK  (Software Development Kit) software tools and 
programs used by developers to create 
applications for specific platforms. 

Polygon A 2D, closed, flat shape, which has straight sides 
and various angles 

OHS Occupational Health and Safety  

App Application software 
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