
INTRODUCTION

The construction industry has one of the highest accident rates of any occupation, with onsite personnel being 

constantly exposed to the risk of fatal accidents [20]. According to the U.S. Occupational Safety and Health 

Administration (OSHA), the construction industry is responsible for more than 20 percent of all job-related 

fatalities in the nation’s private sector [24]. Falls from heights, being struck by objects, electrocutions, and 
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The increasing size and complexity of modern construction projects demands mature capabilities of 

onsite personnel with regard to recognizing unsafe situations. Construction safety training is paper or 

computer-based and suffers from a distinct gap between the classroom training environment and 

real-world construction sites; even trained personnel can find it difficult to recognize many of the 

potential safety hazards at their jobsites even after receiving construction safety training. Immersive 

technologies can overcome the current limitations in construction safety training by reducing the gap 

between the classroom and a real construction environment. This research developed and tested a 

new Augmented Reality (AR)-based assessment tool to evaluate the hazard recognition skills of 

students majoring in construction management as part of a construction safety course. The 

quantitative and qualitative results of this research confirmed that AR-based assessment can become 

a very effective assessment tool to evaluate safety knowledge and skills in a construction safety 

course, outperforming both paper and computer-based assessment methods. The students preferred 

AR-based assessment because it provides a realistic visual context for real world safety hazards.
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caught-in-between accidents are construction’s “Fatal Four” leading causes, responsible for 64.2 percent of 

construction worker deaths in 2015 [24]. To deal with these safety hazards, it is critical to equip workers and onsite 

managers with the knowledge and cognitive capabilities required to identify these potential safety hazards on 

construction sites. 

Existing paper or computer-based safety training programs (e.g. OSHA 10-hour and 30-hour training modules) 

cover fundamental knowledge on common job-related safety and health hazards in a classroom environment. 

However, a more effective way to acquire the cognitive capability to recognize potential safety hazards comes only 

through intensive practice in a real-world setting beyond the classroom. There is inevitably a significant difference 

between a classroom training environment and a real construction worksite due to realistic limitations and 

constraints. Unstructured, unique, and complex construction environments cannot be reconstructed in conventional 

classroom settings or described in textbooks. Therefore, despite mandatory safety training, 33 percent to 57 percent 

of safety hazards are simply not recognized by workers, and the rate of hazard recognition becomes even lower 

when inexperienced workers are exposed to multiple hazards at the same time [18, 28, 29]. Furthermore, the current 

paper-based safety training lacks any systematic way of quantitatively evaluating a trainee’s ability to recognize 

hazards either before or after the training, making it difficult to identify those needing additional education. The 

current paper-based/one-way lecturing approach is simply not an effective way of enhancing and evaluating 

workers’ cognitive capabilities. 

To overcome this representational gap, scenario or case-based gaming technologies have been applied for 

construction safety training. Various visualization strategies and human-computer interaction methods have been 

used to realistically simulate real-world scenarios and interactions in typical construction environments. A number 

of interactive safety lectures [20] and hazard identification games have been developed [1]. Nguyen et al. [22] 

proposed aframework to explore, design, develop, and evaluate (EDDE) technology-assisted instruction for 

construction engineering and management. The crane operator safety training scenario developed by Fang and 

Teizer [5] involves a virtual crane operation practice environment for dangerous blind lifting operations. The social 

virtual reality (SVR) for safety education such as that proposed by Le et al. [13] provides an online SVR setting that 

allows multiple students to interact in an immersive virtual environment as they conduct safety inspections. These 

studies demonstrate the technical promise of immersive technologies and gaming technologies for construction 

safety training. In particular, safety gaming integrated with immersive technologies such as Augmented Reality 

(AR) or Virtual Reality (VR) have the potential to make a significant breakthrough in the area of construction safety 

training and assessment by allowing the trainees to view, analyze, and interact under realistic construction site 

conditions.

Despite these benefits, there has been little research into the strengths and weaknesses of immersive technologies 

as a platform to evaluate trainees’ safety knowledge and skills. For instance, a VR tool created by Sacks et al. [30] 

has been used only to improve training. Similarly, although Le et al. [14] used AR for training on various safety 

issues, their study did not seek to evaluate the impact of a truly immersive experience on safety training since they 
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used 2-dimensional (2D) visualization devices instead of fully immersive 3-dimensional (3D) tools. Therefore, in 

this study we sought to explore the potential of immersive technologies as a platform for the assessment of hazard 

recognition skills by developing an AR-based assessment tool to evaluate trainees’ hazard recognition skills in an 

immersive construction environment. The tool created in this project was used for evaluations of undergraduate 

students who had learned relevant safety topics as part of a construction safety course. The effectiveness of AR for 

safety training assessment was then evaluated both quantitatively and qualitatively based on feedback from the 

participants.

This paper is organized as follows. The related work section reviews current safety training practices and the 

existing studies on gaming and immersive technologies used for safety training. The objective and scope of this 

study are then presented, followed by the methodology section, which describes the AR-based safety evaluation 

platform and the content of the safety assessment created for this research. The evaluation section then discusses the 

results obtained when utilizing the new platform to evaluate the safety recognition skills of undergraduate students 

in an existing construction safety class. The final section concludes the summary of this paper including the 

discussion and potential future research.

LITUREATURE REVIEW

Conventional Construction Safety Training and Assessment Methods

Construction safety training is conventionally achieved through traditional educational methods, such as safety 

Toolbox-training, e-learning, a proactive training system, and onsite training [8, 10, 15, 32]. The tools normally 

used to teach construction safety include lectures, conferences, films, and discussion sessions, among others [23]. 

OSHA 10-hour and OSHA 30-hour modules are commonly used training programs that teach basic knowledge to 

enable new workers to identify construction safety and health hazards. However, these traditional methods and 

programs suffer from a number of serious shortcomings. Modifications to paper-based materials involve excessive 

cost and time, even though the content of the training often becomes out of date very quickly. Trainees attending the 

paper-based training programs also find the contents inadequate, ineffective, and less engaging [35]. Interviews 

with construction personnel from 49 projects revealed that traditional training programs are poorly designed and are 

not effective in transferring essential knowledge to trainees [36]. To maximize the learning outcomes, Jeelani et al. 

[9] stressed the importance of providing customized training experiences, which is not easy in conventional 

construction safety training. Shelton et al. [33] agreed, reporting that conventional safety training programs are not 

effective in either engaging students or in scaffolding their learning. As noted earlier, existing construction safety 

teaching methods are primarily limited to paper-based learning, one-way lecturing, and OSHA training lectures. 

These teaching methods are less effective in training students to deal with complex real-world construction 

situations. 
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Gaming Technologies for Construction Safety Training and Assessment

One way to address the shortcomings of current construction safety training and assessment methods could be to 

utilize gaming technologies to boost the achievement of trainees attending construction safety training sessions. Lin 

et al. [18] proposed a game called Safety Inspector, where students play the role of a safety inspector, exploring a 

virtual construction site to identify potential safety hazards. The researchers found that the realistic visualizations in 

Safety Inspector increased student motivation, participation rate, and interest in learning about the construction 

hazards found on a construction site. Nguyen et al. [22] proposed a framework to explore, design, develop, and 

evaluate (EDDE) technology-assisted instruction that provides useful guidance for developing and testing educational 

games. Based on their proposed EDDE framework, they developed a software application, EDDEaid, that adopted 

appropriate gaming strategies such as role playing or a quiz-show, targeted Bloom’s Taxonomy level, and took into 

account their students’ backgrounds to derive effective game-based education designs. Pedro et al. [25] proposed a 

framework to incorporate safety content in other construction engineering courses in an attempt to provide practical 

experience to support safety knowledge acquisition, and Le et al. [16] developed a VR and AR construction safety 

education framework that consisted of three modules: Safety Knowledge Dissemination (SKD), Safety Knowledge 

Reflection (SKR), and Safety Knowledge Assessment (SKA). McKinney et al. [19] suggested that learning strategies 

based on the use of visual simulation and games yielded a better performance in student learning. Nguyen et al. [23] 

concurred, noting that students preferred to have visual simulations included in the teaching process, exhibiting a 

positive attitude toward the use of video and animation technology in a safety training course. 

Immersive AR and VR for safety training

Innovative technologies such as VR and AR are likely to be more effective in delivering comprehensive 

educational materials compared to the safety lectures traditionally used in the construction industry [31]. Utilizing 

immersive technologies is thus a very promising direction because of its effective visualization and manipulation 

capabilities. Pham et al. [26] developed an energy-efficient learning system utilizing web-based panoramic VR 

technology for interactive construction safety education and the crane operator safety training module was 

developed by Fang et al. [6]. The SVR safety education scenario proposed by Le et al. [13] created an online SVR 

that allowed multiple students to interact in an immersive gaming environment to conduct safety inspections or play 

games where they conduct predefined tasks like window installation. Sacks et al. [30] created a VR tool for safety 

training related to concrete construction. Their test results showed that their new VR tool was more effective than 

conventional safety training in making students aware of the potential hazards involved. 

AR demonstrates distinctive features that can benefit effective construction safety training and assessment, creating 

an environment where computer-generated virtual information overlays the user’s view of a real-world scene. Recent 

technical advances have led to the widespread use of AR tools in various areas, including education, training and the 

development of new techniques, a project commissioning, and so on [3, 7]. This growing tendency to utilize AR 

technologies in practical education applications highlights its significant potential for improving existing technologies 



20 ∙ Kyungki Kim, Mohammed Alshair, Brian Holtkamp, Chang Yun, Amirhesam Khalafi, Lingguang Song, and Min Jae Suh

and providing a better quality of training, especially in the disciplines of engineering education, heavy construction 

equipment training, fire protection, human behavior and cognitive processes [2, 4, 11, 17, 27, 34]. Nguyen [21] has 

forecast that by 2018, 50 percent of the current AR solution providers will have been acquired by large consumer 

platforms, moving technology and innovation to resource-rich firms that will enhance their access to a wider range of 

end users for marketing, advertising, gaming, education and other forms of consumer engagement. Li et al. [16] 

conducted a structured literature review of applications of AR in hazards recognition and identification, safety training 

and education, safety instruction and inspection, among other applications, reporting that a near reality and 

multi-scenario environment and knowledge database is the likely next step in the development of these technologies. 

Kim et al. [12] proposed an integration of computer vision and AR that proactively warns workers about potential 

hazardous situations during construction, enabling workers to identify, assess and avoid potentially dangerous 

situations before accidents occur by displaying augmented hazard information on a wearable device. Other researchers 

have suggested an AR-based learning system for architecture students based on a formative assessment mechanism, 

which assists trainees to find answers on their own by providing indirect suggestions when they fail to correctly 

answer questions. An AR application that improves the evaluation of post-disaster damage and safety has also been 

proposed, and various references or pre-disaster information (virtual data) for actual post-disaster building data (real 

buildings) have been provided with a mobile AR application.

This literature review shows obvious evidence to suggest that gaming technologies will enhance construction 

safety training by allowing the trainees to interact virtually with a realistic construction site environment. 

Particularly, AR or VR have significant potential to improve the effectiveness of construction safety training and 

assessment by placing the trainees in a vivid immersive environment where they can view and analyze authentic 

construction site conditions. However, compared to the extensive application of immersive technologies for safety 

training, few studies have examined their effectiveness as a tool to evaluate hazard recognition skills. 

RESEARCH GOAL AND OBJECTIVES

Compared to traditional paper-based assessment methods, immersive assessment has considerable potential as a 

method to properly evaluate hazard recognition skills by placing trainees in a realistic construction environment. 

Since trainees are required to identify unsafe situations under the complex and dynamic conditions present on a 

construction site, assessing their safety knowledge and hazard recognition skills using immersive platforms will test 

whether the trainees can apply the knowledge learned in the classroom on actual construction sites. Therefore, the 

goal of this research is to evaluate the effectiveness of an immersive safety training assessment platform compared 

to traditional paper-based assessment methods. Although several researchers have utilized AR or VR tools to teach 

safety training, as yet few researchers have sought to determine the effect of AR or VR-based safety training by 

performing an appropriate assessment exercise. Therefore, the research question guiding this study is: “What are 

the benefits of adopting immersive AR/VR as a platform for the assessment of construction safety training?” The 

study’s objectives are as follows: 
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• To measure each student’s achievement using both a standard paper-based assessment and an AR-based

assessment. 

• To investigate the statistical correlation between each student’s achievement levels on the paper-based 

assessment and the AR-based assessment.

• To classify the level of difficulty and unfamiliarity involved in using an AR-based assessment.

• To identify students’ preferred assessment method for evaluating their academic achievement for the safety 

training received in a higher education institute.

AR-BASED HAZARD RECOGNITION SKILL ASSESSMENT MODULE

A new AR-based tool to assess a trainee’s ability to recognize unsafe situations from an immersive construction 

environment was developed for this study. The construction site conditions, interactions between workers and 

equipment, and unsafe situations in the environment were designed based on five rounds of in-depth interviews 

with a professional construction safety training provider. Working with the expert in construction safety training 

and assessment, the research team created a virtual construction site and a list of potential safety hazards. Among 

these unsafe situations, some were considered relatively straightforward for trainees to recognize after receiving 

traditional safety education. Examples of this type of hazard include walking/working near open edges, improper 

uses of ladders, and not wearing PPEs. Other unsafe situations are more difficult to recognize, even after education, 

because of the need to analyze interactions between multiple objects. Example here include potential safety hazards 

FIGURE I. VIRTUAL CONSTRUCTION SITE
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such as being struck by reversing trucks, working under a live load, or caught in/ between, all of which require 

observation of the dynamic interactions among workers, equipment, and structures. Based on the list of safety 

hazards and details created, shown in Table I, an AR-based safety skill assessment tool was developed using a 

mixed reality smart goggle, Microsoft Hololens. Figure I shows a typical scene of a commercial building under 

structural construction. In this scene, workers and equipment interact around the nine-story building. 

TABLE I. DESCRIPTION OF UNSAFE SITUATIONS DESIGNED IN THE ASSESSMENT MODULE

No. Unsafe Situations Description of Situation Possible Corrections Scenes

1
Not wearing PPE 

properly

Workers are not wearing one 

of the following PPEs 

(e.g. hard hat, safety glasses, 

harness) or wearing 

incorrectly colored vests.

Employers should provide 

adequate PPE for all the 

operations and enforce their 

use.

2

Not wearing PPE 

properly for specific 

operations

Worker is welding without a 

welding mask.

Employers should provide 

adequate PPE in all the 

operations and enforce their use.

3 Falling from height

Worker is standing near the 

slab without guardrails or 

personal fall arrest systems.

Employees should be protected 

by using of guardrails, nets, or 

personal fall arrest systems.

4
Standing on unstable 

objects

Worker on scaffolding is 

standing on a box of 

materials as a working 

platform.

Unstable objects should not be 

used as working platforms on 

scaffolding.
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TABLE I. DESCRIPTION OF UNSAFE SITUATIONS DESIGNED IN THE ASSESSMENT MODULE (CONTINUED)

No. Unsafe Situations Description of Situation Possible Corrections Scenes

5
Use of top step of a 

portable ladder

Worker is sitting or standing 

on the top step of portable 

ladders.

Top step/rung of a portable 

ladder should not be used 

unless it is specifically 

designed for such purposes.

6
Being in the path of 

moving equipment

Worker is walking across the 

path of a backing truck 

without a flagger controlling 

the movement of the 

equipment.

Flaggers should be deployed 

when there are insufficient 

signs, signals, and barricades 

available.

7

Being close to a 

predefined unsafe 

location

Worker is inside a predefined 

unsafe location inside a 

guardrail.

A danger sign board should be 

placed to prevent access to an 

unsafe location, and workers 

need to be instructed not to 

enter those unsafe locations.

8

Equipment is 

carrying loose 

materials that are not 

firmly strapped.

A forklift is moving a 

collection of pipes that are 

not strapped firmly to the 

equipment.

Rigging equipment for material 

handling should be inspected 

before each use.

9
Caught by rotating 

equipment

Worker is working or 

walking between a rotating 

crane and a fence that can 

lead to a caught-in-between 

incident.

A danger sign board and 

guardrails should be placed to 

prevent workers from walking 

or working near rotating 

equipment.

Safe and unsafe situations change randomly in each assessment, shifting the locations of objects (workers, 

equipment, etc.) and changing the states of objects (e.g. wearing or not wearing PPEs). A rule-based system was 
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developed to allow the random generation of safe and unsafe conditions at the beginning of each assessment. For 

each rule shown in Table II, either a true or false state is randomly assigned, and the situations impacted by the rules 

become safe or unsafe accordingly. As a result, different participants will be experiencing different possible 

scenarios. Even when a participant repeats the evaluation, he/she will be experiencing different states of safe and 

unsafe conditions. For instance, a worker might be sitting on the top rung of a ladder or a signal person can be in the 

path of a reversing truck (Figure II and III) depending on the states. For each new trial, the state will be chosen 

randomly to show either a safe or unsafe state. Each interacting object has one or more rules attached to it.

TABLE II. SAFE AND UNSAFE SITUATION ASSIGNMENT RULES

Object (state) True False

Worker (working, walking) Wearing proper PPE Not wearing proper PPE

Welder (welding) Wearing a welding mask Not wearing a welding mask

Worker (harness, on scaffolding) Wearing a fall harness Not wearing a fall harness

Worker (using a ladder) Properly using the ladder Using the top rung of the ladder

Worker (standing near guardrails) Standing outside the guardrails Standing inside the guardrails

Worker (walking) Passing safe locations Passing unsafe locations

Worker (standing near unsafe zones) Working in safe locations Working in unsafe locations

Signal person (signaling) Providing correct signals to a truck Providing incorrect signals to a truck

Signal person (standing) Standing in a safe location Standing in the path of a truck

Forklift (carrying pipes) Carrying a properly strapped load of pipes Carrying a load of pipes that is not 

properly strapped

Dump truck (moving) Following signals Not following signals

Crane (moving load) Not moving load above workers Moving the load above workers

FIGURE II. A WORKER SITTING ON THE TOP THE LADDER FIGURE III. A SIGNAL PERSON UNAWARE OF A BACKING TRUCK

EVALUATION OF AP-BASED SAFETY SKILL ASSESSMENT

The AR tool developed for this study was used to evaluate the hazard recognition skills of students who had 

learned relevant topics in a construction safety course. The study consisted of 18 undergraduate students that were 

taking the OSHA Construction Safety course. Students completed the evaluation process comprising of both 
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traditional paper-based and AR-based tests. The evaluation procedure was the following five steps:

(1) Pre-Assessment Survey.

(2) Paper-based Assessment.

(3) AR-based Assessment.

(4) Post-Assessment Survey.

(5) Debrief. 

During the study, four sets of Microsoft HoloLens goggles were used simultaneously. The trial was conducted after 

the fifth lecture to ensure that the topics and material in all steps of the test had already been covered in the course.

Pre-Assessment Survey

Before the assessments of their safety knowledge and hazard recognition skills, participants completed a survey 

to collect information on their demographics, familiarity with AR tools, and experience with safety and construction 

projects. The questions posed and answers received are as below:

Demographics

• What is your personal identifier? 

To protect participants’ personal information, a personal identifier was assigned to each one of them at the 

beginning of the evaluation. These personal identifiers were used to collect data from different steps of the 

assessment and automatically linked the associated results for the AR-based and paper-based assessments.

• What is your age?

18 participants had an average age of 25 with a standard deviation of 4.58 (Figure IV).

FIGURE IV. AGES OF PARTICIPANTS

• What is your classification? (freshman, sophomore, junior, senior, or other)

Eleven participants were seniors, and seven participants were juniors.

• Are you a US or an International Student? (US, International Student)

All but one of the participants were U.S. students.
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Familiarity with AR tools

• How many times have you used Augmented or Virtual Reality? The answer of this question was shown in 

Table III.

TABLE III. PARTICIPANTS’ RESPONSES

Never 1 – 5 times 5 – 15 times More than 15 times

12 5 1 0

Safety and Construction Project Experience

• Is this your first-time receiving OSHA certification? (Yes or No)

Four responded “No”, and 14 of the participants responded “Yes”.

• How many times have you worked on a professional construction site? Table IV presented the answer.

TABLE IV. PARTICIPANTS’ RESPONSES

Never 1 – 5 times 5 – 15 times More than 15 times

8 3 0 7

• Have you had any construction management experience outside educational coursework? Table V showed the 

participamt’s responses.

TABLE V. PARTICIPANTS’ RESPONSES

No experience Some experiences A lot of experiences

8 3 7

Paper-Based Assessment

Paper assessment is the traditional approach for giving tests. The participants were given 20 minutes to complete 

the paper assessment. The paper assessment had 14 questions that were created by the instructor teaching the 

Construction Safety course to ensure that participants had learned accurate and relevant safety course materials 

before taking the paper-based assessment. The paper-based assessment covered the following seven OSHA topics: 

(1) Signs, signals, and barricades.

(2) Personal protective and life-saving equipment.

(3) Motor vehicles and mechanized equipment.

(4) Cranes.

(5) Fall protection.

(6) Ladders.

(7) Scaffolds.
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AR-Based Assessment

In the AR-based assessment, participants were asked to explore the immersive construction site and select objects 

(e.g., workers, equipment) that they considered represented unsafe conditions (Figure V). 

FIGURE V. PARTICIPANTS TAKING THE AR-BASED HAZARD RECOGNITION TEST

To support the participants’ observations, the tool allowed participants to rotate and scale the size of the 

construction site so that they could either inspect the entire construction site or zoom in to look at specific situations 

(Figure I, Figure II, and Figure III). After selecting an object, participants were asked to select reasons why they 

thought that the situation was unsafe (Figure VI and Figure VII).

FIGURE VI. UNSAFE SELECTION CONFIRMATION DIALOG FIGURE VII. REASONS FOR MARKING THE SITUATION UNSAFE

Grading Method for the AR-Based Assessment

This interactive assessment tool does not follow a conventional grading approach. The conventional testing 

approach is to ask sets of questions and expect the same sets of answers. If a problem was left blank, then points will 

be subtracted. The interactive assessment assumes that all conditions are safe and expect the participant to only 

mark unsafe situations. The reason behind not following the conventional approach is to make the assessment as 

close to the real-world situation as possible. Safety inspectors should be searching for unsafe conditions by 



28 ∙ Kyungki Kim, Mohammed Alshair, Brian Holtkamp, Chang Yun, Amirhesam Khalafi, Lingguang Song, and Min Jae Suh

examining all cases without anyone pointing out specific sets of circumstances, then report/correct any violations if 

found. By removing any visible indicator, the assessment becomes closer to what a real safety inspector will be 

performing in a real construction site.

Participants were not allowed to modify their answers. As shown above in Figure VI and VII, they could confirm 

a dialog asking whether to mark the item unsafe or cancel and were required to select one or more reasons for the 

situation being unsafe. If participants were allowed to change selections from unsafe to safe, then they might use the 

list of hazardous reasons to see if any items in the list. 

Test scores

Out of 18 test results in Table VI, only 16 were usable because two files in the interactive assessment were 

corrupted. The 16 usable results had an average of 65 percent, a median of 68 percent, and a standard deviation of 

14 percent for the paper assessment and an average of 49 percent, a median of 49 percent, and a standard deviation 

of 12 percent for the assessment tool.

TABLE VI. PARTICIPANTS’ SCORES

ID Paper Assessment HoloLens Assessment ID Paper Assessment HoloLens Assessment

1 64 47 10 36 47

2 71 49 11 64 49

3 Corrupted 12 79 46

4 64 39 13 71 55

5 57 65 14 79 42

6 Corrupted 15 86 59

7 71 48 16 57 45

8 57 53 17 36 55

9 71 16 18 79 61

As expected, participants performed better in the paper assessment than the interactive one. Some of the factors 

for these anticipated results are as follow:

• Participants had clear sets of questions to answer in the paper assessment, but unknown in the interactive one. 

They had to examine the whole scene in search of hazardous situations; the number of variables is high 

compared to the paper assessment. The amount of information given to participants to examine the interactive 

evaluation is far overwhelming than the paper one.

• Participants were not allowed to change their unsafe selection in the interactive assessment, but they were able 

to change their answers in the paper one, which made the participants think twice before attempting to mark a 

situation unsafe.

• Participants had years of practice to take tests using the conventional paper method, but the majority never used 

such technology before. Figuring out and adapting to new technology in a short time is not trivial. 
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Post-Assessment Survey

The post-assessment survey asked two questions about the participants’ feelings during the assessment and the 

comparative effectiveness of the AR-based and paper-based assessments. As shown in Table VII, most of the 

participants felt the HoloLens Trial was an excellent method to test their safety skills and knowledge with three 

participants saying it was a perfect method. When compared with the paper-based pre-test, as shown in Table VIII, 

13 participants considered HoloLens simulation is more accurate than the paper-based test, and all 18 participants 

preferred HoloLens simulation.

Participants’ feelings during the assessment

TABLE VII. PARTICIPANTS’ RESPONSES

Poor Fair Good Excellent Perfect

How well do you think you did on the pre-assessment? 0 5 9 3 1

How well do you think you did on the HoloLens simulation? 1 3 8 6 0

How well do you feel the pre-assessment tested your skill and knowledge of 

OSHA certification?
0 2 7 9 0

How well do you feel the HoloLens Trial tested your skill and knowledge of 

OSHA certification?
0 1 6 8 3

Comparing the paper and interactive assessments for preference and effectiveness

Table VIII. PARTICIPANTS’ RESPONSES

Pre-assessment HoloLens simulation Both the same

Which assessment do you think more accurate for your 

skills and knowledge of OSHA certification?
0 13 5

Which did you prefer? 0 18 0

Which test do you believe was easier? 5 12 1

Debrief

The purpose of the debrief is to encourage participants to provide more feedback for the free-form questions 

orally rather than asking for written responses because people tend to skip free-form written questions. Debrief was 

done in a group setting to encourage participants to share more thoughts because usually when someone says 

something, others are more inclined to agree or disagree or comment by relating to the initially shared feedback 

compared to the one-on-one setting. The group was divided into two to five participants for each group, and then the 

following questions have been asked:

• How did you feel about using the HoloLens before the HoloLens Simulation began?

Few responded nervous or worried, but the majority responded exited, and only one was unsure.



30 ∙ Kyungki Kim, Mohammed Alshair, Brian Holtkamp, Chang Yun, Amirhesam Khalafi, Lingguang Song, and Min Jae Suh

• How did you feel about using the HoloLens after the HoloLens Simulation was over?

Few participants had negative feedback such as “hoped it would be easier to control,” “had zoom issues.”, and 

“eyes hurt.” However, the majority provided positive feedback such as “exciting,” “wow” and expressed a 

preference in taking exams using Microsoft HoloLens rather paper-based exams. One participant and another 

agreed reported that HoloLens assessment was hard than the paper assessment because with the Hololens “you 

needed to perform many actions,” but with paper-based assessment, “you only need to memorize.”

• Did you feel like you were in control of the experience? Did you feel like the augmented world responded well 

when you tried to do something? 

The majority reported issues such as problems with hand gestures, poor battery life, disappearing of the pointer, 

leading restricted views and devices not fitting their head correctly, and others. However, a quarter of responses 

reported no issues after the initial adjustment period.

• If you have used AR/VR before, how did this experience compare to previous experiences?

Only two participants reported using AR/VR. However, only one of them expressed a preference for AR, and 

the other one did not report a preference for VR or AR.

• How would you compare the paper-based assessment to the HoloLens simulation? Which one did you prefer?

Majority of participants reported positive feedback toward HoloLens simulation due to the visualization part. 

However, few felt that paper-based assessment would be better with testing facts knowledge. There was a 

universal agreement that HoloLens provided applied knowledge, and one participant recommended combining 

both HoloLens and paper-based assessments.

• Anything else you want to say?

Majority of responses were positive, but the majority of participants did not provide any more comments. Few 

responses suggested that students would be more inclined to show up to lectures if HoloLens were widely used. 

One participant thought that the tool is more appropriate to be used in a company setting. Several participants 

criticized the tool regarding some of the geometrical aspects, zooming out, and vague menu options, and 

expressed the needs for further improvements.

DISCUSSSION AND FUTURE RESEARCH

In this study, we compared two different assessment methods to determine which of the two the participants 

undergoing OSHA training preferred for assessing their knowledge and skill. Almost all the participants expressed 

their preference for our proposed AR-based interactive assessment based on Microsoft HoloLens over the 

traditional paper-based assessment. Although a group of participants mentioned issues with the user interface and 

control methods, there was still a clear majority of responses preferring the visualization and “fun” factor aspects of 

using the assessment tool. Further work is needed to refine the user experience for participants, after which the 

evaluation should be repeated to confirm that the necessary improvements have been implemented and the issues 

raised minimized.
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When comparing the paper-based assessment results with those obtained using the AR-based assessment, the 

participants returned better results on the paper-based assessment than the other assessment when grading on a 100 

percent scale, even though they thought the AR simulations were easier than the paper-based one. There was a 16 

percent difference between the averages for the two assessment methods. The number of possible choices is taken 

into consideration when weighing these results, however; the paper-based assessment contained 14 multiple choice 

questions, with 4 choices each, while the AR-based assessment had 23 interactable objects linked to 4 safe/unsafe 

questions, leading to 92 safe/unsafe decisions depending on the randomization of that particular run of the 

assessment tool.

The findings of this study show that the interactive assessment provided a unique advantage due to its ability to 

measure the students’ knowledge and ability to identify unsafe conditions on a construction site by creating 

conditions and visualizations that are not feasible using traditional approaches. This case study demonstrates the 

importance and need for assessment methods to bridge the chasm between applied and theoretical knowledge. 

Exposing the participants to contextually dependent safety hazards in a more natural setting than is possible given 

the inherent limitations of a word problem enabled us to explore and begin to test aspects of the hazard recognition 

and OSHA safety curriculum in ways that were not previously possible.

We demonstrated that the assessment developed for this study has strong potential to provide enhanced 

assessments and become an important educational tool, especially for teaching students to identify safety issue in 

complex and potentially hazardous environments such as construction sites. One important component that needs to 

be added and in the future is to develop better evaluation methods for these assessments that allow the participants 

to discuss their results with experts to develop a deeper understanding of the scenarios presented. It would also be 

helpful to explore ways to incorporate more deterministic methods in the scene to investigate whether this 

innovative methodology outperforms the existing subjective methods.
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