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Development of a Student-Centered Leaning Tool for Construction Safety

Education in a Virtual Reality Environment
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Abstract
To meet changing education needs due to globalization, interdisciplinary convergence, and ICT development, it is
necessary for engineering disciplines to provide student—centered education. Not only do teaching methods using ICT
reproduce teaching contents in a digital format, but they are also expected to be effective media for constructive
student-centered learning whereby learners build knowledge themselves. The aim of this study was to develop a tool
for safety education using virtual reality technology. To achieve the objectives, the author defined the requirements and
constraints of the tool, and implemented a 3D educational tool in a virtual reality environment. A pilot test with 10

students showed positive results.
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Figure. 1. Research Flow Diagram
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Table 1. List of safety violations

Level Safety Violations
* Holes on the floors without covers e Carrying a tool by the cord
¢ Hammer rests on the edge of the scaffold e Carrying lumber w/o gloves
e Uncap rebar ¢ Missing safety glasses when using nail guns
» Trench - over 4’ deep with no protection systems in place » Electrical - distance between the crane and the power line is
Low ¢ No perimeter cables along the perimeter steel columns <10
¢ Scaffold missing guard rails and toe boards ¢ Personnel inside the swing radius of a crane
¢ Worker on the ladder reaching too far e Cement truck backing onto a worker
¢ No guardrails around stairwell * Worker standing underneath the (moving) hoisted loads
* Missing hardhat when standing underneath scaffolds *  Worker climbing scaffold bracings
* Nails remaining on lumber *  Workers on aerial lifts without fall protection
* Material storage - lumber stacking too high ¢ Trench-spoil pile too close to the trench, no means of
e Ladder not properly secured or set up egress/access, equip working right at the edge, working
* Scaffold platform not fully planked outside the trench box
Medium ¢ Scaffold base plate sits on shaky objects instead of on firm e Using bump hat (instead of hardhat)
foundation *  Workers wearing athlete shoes
* Rusting or damaged shoring posts * Man using jackhammer w/o hearing protection
¢ Electrical tools not in use are plugged in ¢ More than one person on a ladder at one time
e Crane outrigger on unstable bases ¢ Elevated concrete pouring bucket on top of employees
: Lagder not set at a 4_to_1. angle * Steel columns w/ only 2 anchor bolts on the bottom
e Using the stepladder to gain access to upper levels ) ) i
¢ Workers standing on buckets to reach for high objects
* Step ladders on top of scaffolds ) -
) ) ) . ) ) S *  Workers on walkways exposed to opening with extreme
High ¢ Material storage - stacking pipes in racks facing main aisles " )
. o - ) hazardous conditions w/o guardrails
* Material storage - inside buildings under construction shall not ,
IO , ; . Trench - means of egress/access over 25' of reach, ladder
be placed within 6" of any hoist way or 10" of an exterior : ,
wall not extending 3" above the trench box, trench box too low
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Table 2. Survey result

Question Response Corresponding

Requirement
1 How realistic does the game reflect the everyday construction operations? (1-7) 70% (5 or above) 1
o Is the game visually appealing to you? (Yes or No) 90% (Yes) 1
3 Is the game user-friendly and easy to operate for you? (Yes or No) 80% (Yes) 3
4 How challenging is it for you to identify the violations in the game? (1-7) 70% (4 or below) 3
5 Is the learning experience facilitated by the game interactive? (Yes or No) 100% (Yes) 3
g Does the game motivate you to refresh your knowledge on some of the safety topics? (Yes or No) 100% (Yes) 2
7 Is the experience enjoyable compared to the traditional leaming experience? (Yes or No) 100% (Yes) 7
g How much does the game intrigue your learning interests? (1-7) 80% (5 or above) 7
9 How much does your game performance reflect your safety knowledge? (1-7) 80% (5 or above) 6
10 Do you think that the game scoring can be one way to measure your safety knowledge?(Yes or No) 90% (Yes) 6
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