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ABSTRACT: Conveyor belts have a high accident and fatality rate associated with them because of the dangerous
environment their constantly moving parts create. Because of this high fatality rate, different methods are being
considered to improve current safety training methods. By looking at the principles of cognitive learning and what
makes a computer-based training program successful, a safety training program using virtual reality (VR) is being
proposed. The training program structure includes four steps in creating a comprehensive two phase training
program that will train personnel on the required operational processes in an instructional-based phase and then
test their abilities through an interactive task-based session that tracks the user’s progress and choices, tallies
points based on corrective actions taken, and gives immediate feedback and consequences to the user’s actions.
This paper focus on the task-based phase of the prototype development and what steps are taken in creating an
individual exercise. One example exercise is described in detail from choosing the material that is tested,
implementing the animations and coding using Right Hemisphere’s Deep Creator and LISP coding, implementing
the tracking methods, and the output file that has been designed to keep track of the user’s performance.

KEYWORDS: virtual reality, safety, training, conveyor belt,

1. INTRODUCTION

Conveyor belts are an important form of bulk material transportation within the mining industry and offer a method
for constantly transporting large amount of materials. With this large capacity and constant movement comes a risk
of injury and fatality. Goldbeck (2003) reported that between 1996-2000 that there were 459 injury cases (fatal/non-
fatal) due to surface belt conveyors; 13 cases (2.8%) were fatalities and 22 cases (4.8%) were permanent disabilities,
42% of the cases reported (including 10 of the 13 fatalities) occurred while performing belt maintenance and
inspection. Goldbeck (2003) also reported that the cost of a fatality in a mine was estimated to be $1.02 million in
1986; which is equivalent to $1.9 million in 2007 according to the US Bureau of Labor and Statistics (2007)
inflation value. This value was calculated by considering medical expenses, worker’s compensation, accident
investigation, loss of family income, and lost production value. Permanent disability accidents of less severity were
estimated at $237,000 and each lost-time accident was also estimated at an average of $5,000 (Goldbeck, 2003) or a
2007 value of $440,820 and $9,3000 respectively (www.bls.gov). These statistics are the basis of research leading
to the development of a new safety training program for belt conveyors.

The majority of the fatalities occur due to failure to follow safety procedures and guidelines specified during
training. MSHA’s Code of Federal Regulations (CFR) part 46 and 48 requires only 24 hours of training for new
hires. This training is typically given as 4 hours of training before the employee starts with the other 20 hours
within the first 60 days of work (Goldbeck, 2003). Training procedures and guidelines are not adequately addressed
by the major professional organizations such as ANSI conveyor safety standards, OSHA regulations, and the safety
engineering professional associations and are left to the owner/operator to fulfil MSHA’s requirements (Shultz,
2002, 2003). Inadequate training by owners of both operation and maintenance personnel is one of the many factors
that cause conveyor accidents. Current training programs are lecture-based and are merely dependent on slides and
video presentations to convey safety guidelines and procedures. Without actually reflecting upon and experiencing
the information presented, it may be quickly forgotten and its learning potential lost (Gibbs, 1988). To enhance the
learning it must be tested out in new situations. Another drawback to current safety training methods is that
consequences are inadequately experienced or not experienced at all. This is because the real environment would
not allow the trainee to perform what-if scenarios on safety training.
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Virtual reality (VR) offers a potential for a safety training program to reduce the number of injuries and fatalities
through the representation of real-life events and environments digitally. VR offers a cognitive learning method for
trainees to think through actions needed to complete tasks, act them out in a virtual environment, and come in
contact with direct consequences while receiving immediate feedback. With the user having control over the
environment and playing out tasks and activities, it is more likely they will be able to perform those tasks safely in
real life situations. Testing methods can also track user performance and determine a user’s skill level. It is this
cognitive learning experience that places interest of the use of VR above other current methods of safety training
within the mining industry for conveyor belts.

A VR-based safety training program for conveyor belts is currently being developed as a four step process (Fig. 1).
Through data collection of site visits and literature review, specific training areas were defined. The training is then
implemented in a program prototype that consists of two modules, an instructional-based module (Lucas, et. al,
2007a) and a task-based module. The instructional-based module introduces the data that has been collected and the
training areas that have been defined to the user where as the task-based module then tests the knowledge of the user
to help determine the user’s skill level. Upon completion these modules will be evaluated by novice users consisting
of faculty and students for ease of use and then by industrial professionals for feedback on accuracy and
completeness. Based on comments and suggestions the system will be reviewed and revised.

Step 1: Data Collection 1.1 Site visits
1.2 literature review
>
Step 2: Define Training 2.1 Information about conveyor and components
Areas 2.2 Possible Hazards
2.3 General Safety Practices
i 2.4 Skill Testing Methods
Step 3: VR Prototype 3.1 Instructional-based Modules

3.2 Task-based Module

Implementation °
3.3 Evaluation of system

A

Step 4: Evaluation and 4.1 Novice evaluation (in-house faculty and students)
Feedback 4.2 Industrial feedback

Fig. 1: Four steps to safety training program structure

The focus of this paper is on the second phase of the research. Within this phase a prototype implementation for the
task-based module (step 3.2) is being developed. The paper also discusses the skill testing methods (step 2.4) that
were used in development. Current training methods and why VR and cognitive learning can be beneficial to the
industry as a safety training program. Current task-based training research being conducted with the use of VR is
presented. It discusses in some detail the skill testing, how it is implemented in the task-based session, and how the
user’s actions are tallied and feedback is given to the user.

2. COGNITIVE LEARNING AND VIRTUAL REALITY IN TRAINING

Training has evolved from traditional classroom training to computer-based interactive training in many fields.
Classroom training is still utilized and found desirable because of the knowledge that a quality training professional
can instil in trainees during classroom sessions, however computer-based training is becoming more popular in
educational, commercial and industrial sectors as it is believed to enhance the cognitive learning of the user.
Cognitive learning is a process of acquiring knowledge and understanding through thought, experience, and the
senses.  The information that is acquired thorough cognitive learning undergoes a process known as cognitive
information processing (CIP). CIP is based on the thought process behind the behaviour. The change in the
behaviours is observed, but only as an indicator to what is going on in the trainee’s mind. CIP is used when the
trainee plays an active role in seeking ways to understand and process the information that he or she receives and
relate it to what is already known and stored within memory. CIP seeks to explain how learning occurs in a
“multistage” theory of memory. In this model of learning, the human mind collects information and moves it
around to be associated with other existing related pieces of information and stored in larger files (Driscoll, 1994).
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A similar model of cognitive learning is the integration of working memory and long-term memory. Working
memory is the “center of cognition and scaffolds all the active thinking activities that occur” (Clark & Mayer, 2003).
Working memory (Baddeley & Hitch, 1974) deals with the consciousness of our everyday lives. Where as long-term
memory is the final stop in the cognitive information-processing path where the information is permanently stored
(Shiffrin & Atkinson, 1969). Integration of new knowledge from working memory into long-term memory is called
encoding. Later this knowledge from long term memory is pulled back into working memory to apply it within a
real-life context. This is termed retrieval (Clark & Mayer, 2003). Thus the learning progress reaches completion
when acquired knowledge is successfully retrieved and applied in multiple contexts. Meaningful learning ensures
that well learned content held in long-term memory is easily brought into working memory. Retrieving and
applying the data stored in long-term memory is crucial to solving high level problems involving complex
interactivities (Ericsson & Kintsch, 1995).

These theories of cognitive learning can be applied to virtual reality. Within a VR training environment, the user
goes through a series of training (instructional-based session) and rehearsals (task-based training). Unlike with
traditional slide show methods and videos, it is an active learning experience where the user is in control. The
situations that the user is put into virtual require them to think out proper actions. If improper actions are taken the
consequences are immediately shown. These actions and reactions as the user goes through the system are placed in
working memory until they are encoded into a larger file of similar information in the long-term memory. When the
user comes across a real-life situation the appropriate knowledge is retrieved from long-term memory and applied to
the situation (fig. 2) where the user would already know of the consequences of mishandling a situation.

Training &
Rehearsal
| i T T T T T T T T T T T T T TSR Ao EEEE
Encoding :
Working Memory < > Long-term Memory Brain
Retrieval

Applying Real-life
Situations

Fig. 2: Overall Steps for Second Phase Prototype Implementation

Learning

A

With the use of cognitive learning theory research has shown that computer-based training applications can enhance
the training process and give the trainees a better understanding of the material when they are interactive and active
in nature. Some work that has been done by using VR and computer-based representations for crisis simulations
are: for fire-fighters (Querrec, et. al., 2001), mine safety training (Filigenzi et.al., 2000), security in a refinery
(Haller, et. al., 1999), buildings' fire detection systems (Bukowsky, et. al., 1997) and shipboard fire fighting training
(Tate, et. al., 1997). Some other examples of VR simulation that replicate an action/reaction scenario and task-based
training methods within the mining industry have been conducted by the School of Mining Engineering at the
University of New South Wales, Australia with simulated situations of safety in underground mining dependant
upon an individuals actions (Stothard, et. al., 2004). Similarly, work at the Spokane Research Center (NIOSH) used
VR to test the knowledge gained through training by giving trainees tasks within a VR environment to complete
safely (Orr, et. al. In Press).

A VR simulation should replicate the work environment into which a trainee will be placed and then test the trainee
with a problem based learning exercise (McAlpine & Stothard 2003). A simulation should also include a method of
testing trainee’s ability to identify and remedy risk with a method to quantify. In order to enhance the cognitive
learning process, the simulation should also demonstrate to the trainee the consequences of poor decision-making
and risk taking behaviour (Stothard, et. al., 2004).

With the models of cognitive learning coupled with the ability of VR to simulate a realistic working environment, a
task-based session is being developed for safety training with the use of conveyor belts in mining. This prototype
replicates a working environment, trains the user of the information that they will be responsible for, and lastly tests
the knowledge by assigning a task to be completed, this process is described later in the paper.
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3. TASK-BASED PROTOTYPE DEVELOPMENT

Based on the theories of cognitive and active learning, coupled with the features that have been observed as making
a VR program successful, the task-based phase of the prototype development is being developed as part of four step
structure for creating a complete safety training program. This task-based phase consists of multiple exercises that
test the user’s knowledge of the information that is distributed to them in the first, instructional-based, phase. Each
exercise is designed by using a five part framework that evolves around instructional design theory and the ADDIE
(analyse, design, develop, implement, and evaluate) model. A more advanced design model as described by
Crawford (2004) is the Eternal, Synergistic Design and Development Model that revolves around the user’s needs
and their critique and feedback. Similarly, this research project is focused around the training needs of industry
professionals and then is revised according to feedback and comments received from the industry, or the project’s
comments.

The five part framework for each exercise is as follows (fig. 3): determine skills to test, define training scenario,
determine consequences and reward, animation and programming, and then implementation and testing for quality
assurance. In each exercise it is essential to determine what the user will be tested on by forming a reasonable
selection of activities to place within one exercise for the user to complete while in the virtual environment. The
feedback given and questions asked to the user have to be defined with a tally system to keep track of the actions.
Once the actions and reactions are defined, they have to be animated and programmed within the system, and lastly
the system is put into implementation for testing and quality control.

1: Determine skills to test (examples in italics) Information from step 1 is
o Safety procedures _rela_ted_to the mformatlon that
8 o De-energize and lock-out & tag-out processes for belt. is distributed to the user in
Z Replacing guarding after maintenance performance. Instructional-based Module.
S e  Hazard Recognition The mfor!natlpr_] is received
o Recognizing guarding requirements and cleaning through site visits and
excessive material. literature review.
2: Define Training Scenario Scenarios are defined through
5 e  Specify task that needs to be completed examination of accident
a e Environmental Conditions statistics and what went
© e Define step by step activities wrong to cause the accident.
0 Inspect belt, energize belt, check for proper performance
. . Reactions (injury/ fatality)
5[ & Dermine G ever oot
?_) [ ] . .
é e Determine tally point system g)o?r?tzpaerg In real life.
. ; given on relative
e Determine system questions and answers seriousness of action.
4: Animation and programming Animations are completed
e Animate what is needed to complete assigned task using Right Hemisphere’s
= o Animations and programming are required for energizing | D€ep Creator. LISP coding is
= the belt, replacing components, removing hazards, etc. done within the program
2| e Program tallies thr_ough thg b.uilt-i.n Ll.SP
E | « Design system output editor to aid in animations
o .txtfile output file stating steps of process taken and points |and tracking. The output is
accumulated for recognizing hazards and correcting created with the user’s name
® situations. as a .txt file.
§ - - Implement, test, and revise.
g | 5 Testing and evaluation Industry professional review

for quality assurance.

Fig. 3: Task-based Prototype Implementation Framework
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When the session is created it is important that the session’s objectives are clearly defined for the user. The main
scenario needs to be defined as well as the environment that the user is working in. The objective will set out the
tasks the user will have to complete, each task is then broken into sub-tasks. This will help in programming the
needed animations and consequences accurately as well as help the programmer determine what questions will be
asked about completing the sub-tasks. Once the tasks and sub-tasks are defined, the consequences and tally system
can be determined. The tasks that the user will be required to complete fall under two general categories, those of
“Safety Procedures, and those of “Hazard Recognition,” table 1 lists some examples of these.

Table 1: Exercise 1 Organization.

Objective: Start the shift by inspecting the belt to ensure all safe guards are in place and all hazards removed. After
energizing the belt, make sure it is running properly before going on break.

Environment Conditions: Start of shift, the belt is de-energized, and there are no other employees in the area.

Safety Procedures Hazards Recognition
0 Lock-out & Tag-out before performing maintenance. 0 Ensure proper guarding
0 Sound alarm when starting conveyor belt o Ensure proper railings
0 Remove built-up material

Once the objective, environment conditions, and tasks are defined, a flowchart (fig. 4) is created to visually describe
the processes that the user will go through. Included within the flowchart is the maximum number of points
available for each action, the questions that are asked with each task with the possible answers, consequences for
missed actions or wrong answers, and what animations need to be programmed within the system.

™ T T T QUESTIONS AND ANSWERS RESPONSE TO ANSWER ANIMATIONS/PROGRAMMING
2 e s = s i e e nesn s EER E=w A REGUIRED
| sue-rask2 | I 1T
AR NG 7\, Whatis wrong with this? 1 pt) I _ _ ]
I GUARDING AT I [ || © A Noting B is the comect answer, any moving part O Animation: Highiight 8 a5 comed answer |
RETURN IDLER AT [ 8. Ioler needs cuarding | wilnin 7" reach of minef needs to be guarded. | - | Animation: Show poner being tumed of an
I BELTEC5 ‘-." s £ idler needs cleaning I I— Corect, any moving parl within 7° reach of fock being placed with key being ramoyed
I ) G Idle # miner needs to be guarded. I and a rofs "Keep key in you pockel untt
e e - B istre comect answer, any movieg part work Is compigled” |
SUB-TASK I within 7' reach of miner needs to be quarded, I I
I I I ~» Highlight 3 as correcl angwer I
£\ What would you do first to fix this hazard? {1 pt ) | L . S I I it 5 » I
~ i : 5 is Ine comect answer, lhe belt needs lo be < Animafion; Highilighit 8 a5 comoel asnwer
S :'e: ;‘::; %ﬁfﬁmu e el QK belore e o g loceed-out by the mner performing the work I I Animation: i ihe belt is runviing, the vser iz
I (") B. Call tha plant oparator {o shut down the bel:, |1 before any maintenance is performed. f.::ﬁ ::;;:&cmwr point and its explzined |
then go e lock-out the correct conveyor | I " Highlight 8 as correct answer | | Animation: e beitis of; bt e system s
before replacing Ihe guarding. ittt e bl |
' () ©. Callthe glan: operator to shul the belt down fiotIocred oul, the user s wemed about
™ and mae sure he does not hum e beiton | | B iste cotactanswer, the bet needs to be I | i‘ﬂ m‘ﬁ"ami e i
while you are putting the guarding ug loc<ed-gut by the miner performing the wiork
I before any mainlenance is performed.
FARPANE R R ) (S Mg e

Fig. 4: Partial scenario flowchart

The example shown in Figure 4 shows an example of a sub-task within a developed session where the hazard of a
missing idler guard exists. Each sub-task is listed in line on the left hand side of the flowchart. When that item is
selected by the user, a series of questions are asked. The questions with the possible answers are listed to the right
of the sub-task. Each possible answer is connected to a response to the answer including corrective actions and
consequences for wrong answers. Lastly, what is being programmed and animated for each consequence and action
is listed to the right of the response. The amount of points that the user receives for finishing certain tasks and
answering certain questions varies based on the severity of the consequences if the action was not completed
accurately. Analysis of accidents and case studies were used in helping to determine the severity in placing point
values on actions. The analysis revealed that 56% of all conveyor related fatalities that occurred between 1995 and
2006 were due to entanglement (Lucas, et. al., 2007b In Press). With this in mind, the actions requiring the
replacement of guarding are worth more than the amount of points available on removing built up material which
could result in costly damage to the belt if the material interfered with the rotation of parts but not as likely to cause
fatalities and serious injuries. The overall flow chart includes all of the tasks, sub-tasks, questions, answers, and
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possible consequences with the adjoining animations for each action. Once the flowchart is developed and the
prototype can be implemented by using the flowchart as a storyboard and checklist for the needed animations.

4. SCENARIO IMPLEMENTATION

After the flowchart is completed the 3D environment is programmed and animated for each session. This step takes
a completed conveyor belt model that has been developed in Autodesk’s 3DStudioMax, exported as a .3ds file and
imported into Right Hemisphere’s Deep Creator. In Deep Creator basic animations, such as rotation of idlers and
moving the mapped .jpg across the belt surface, are applied. These animations are then connected to a trigger
animation object that turns the conveyor belt system on within the virtual environment. The trigger object is
attached to the control room switch (Fig. 5). When the user clicks on the button to turn on the belt, the animations
start, and the belt appears to be moving across the rotating idlers. Sounds that are applied to the environment are
also turned on to give the effect of working within the actual environment. LISP coding is applied to the trigger
animation object so that it is easier to follow what animations are connected to the trigger. LISP coding also allows
for the check of variables that exist within the environment. One such variable is that if the power breaker is locked,
meaning maintenance is being performed, it cannot be turned on until the lock is removed. This is achieved by the
use of system variables and the use of “if” statements.

vhile (¢ counter 10) following function will run until

(strcat "II° (itoa counter)))
i of i of text

. 1toe 1 1 o a
. Sam; TR "I13 list of triggeranimal
{setq counter (+ counter 1))) ... adds 1 to counter

turn on troughed idlers

({setq counter 0)

= (vhile (< counter 200)
(triggeranimation (strcat "TI" (itoa counter)))
(setqg counter (+ counter 1))}

. Turn on return idlers
{=etq counter 0)
‘= {while (< counter B0}

= {(triggeranimation (strcat "RI® (itoa counter)))
({setq counter (+ counter 1))}

25, Pos 200 Ins  Parenthesis Match

When the power button is selected, it triggers the lisp coding which
then triggers the animations to start the belt.

Fig. 5: Power Switch and Example of LISP Coding Used to Make Belt Turn On.

After the model is completed with animations to make it appear that it is operational, the consequences and rewards
from the user’s actions and questions that are answered have to be programmed into the system. LISP coding is
again utilized to activate the proper animations and display messages to the user about their actions and the
environmental conditions. One situation that relies on the system variables programmed with the LISP coding deals
with an action of replacing missing guarding of the return idler (fig. 6). Before the conveyor is turned on the power
lever is in the down position and the variable “lever” equals “0”, and when the system is turned on the power lever is
in the up position and the variable “lever” equals “1”. When the variable is “0”, points are rewarded and the
“Guarding successfully replaced, +3pt.” message is displayed. If the variable is “1” and the user clicks in the
vicinity of the missing guard in order to replace it the user is digitally entangled between the idler and belt. This is
done with a camera animation that takes the user into the idler and then drops them to the ground with an
“Entanglement due to unguarded idler...” message appearing. After the animation the session starts over, keeping
track of the termination that is then noted on the designed print-out.
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el

(objectono bl =11 gtfrrooer— i Turms ottt

= (if (= lever 0) :.: If balt is OFF
- ( progn

(setq guardingl 1) :: used for output file "Return idler guarding successfully..
{triggeranimation "guardingltext”) .. succe 1 replacenent text
{triggeranimation "Guardingl® 1) .. replace guarding

(= lever 1) : if belt is on
Rroghn

{setq guardingZ 2) :: use for output file "E
(triggeranimation "guardingltest2") ent
(triggeranimation "gl_camns®) aninated cam

nglement occured
t text
for entanglement

TRIGGER OBJECT

IF Beltis ON

IF Belt is OFF

Guarding should be replaced
when belt is de-energized.
Entanglement occured, probable
serious injury or death.

Guarding sucessfully replaced
+3 pt.

Fig. 6: Using system variables allows for different results when the same object is clicked by the user.

Other consequences are shown through the use of proximity type sensors. In order to accomplish this, two objects
are needed, a plane, that is not rendered, to determine a collision point to trigger an animation, and a mass that
represents the user within the environment. The mass is a cube, that does not render, that is placed at the location of
the camera that moves with the viewport. When the mass and collision plane come in contact with each other, it
triggers an animation. This situation exists when the user gets to close to a broken railing without first clicking on it
to fix the hazard.

When all the proper system variables are put into place, the progress of the user can then be tracked through the
LISP coding. A system variable is set up as a counter that tallies points after each successful step is taken and
questions are answered properly. At the beginning of the session this counter is set at “0” and points are added to
the sum upon completion of a sub-task, the new sum is then stored as the system variable. The total sum at the end
of the session is then used to determine a percentage score for the user.

The final animations and programming required is to set up an output file (Fig. 7) that can then be saved and printed
so an employer can keep track of their employees training and performance during training. In designing the output
file, it was chosen that the name of the file will correspond with the name of the user. At the beginning of the
session the user inputs their name into a text edit field, this is then stored as a variable which is used in creating a .txt
file. The information that is included within the .txt file is the user’s name, the exercise title, task, environment
conditions, questions and given answers, and the steps that the user took to complete the session. In order to
determine what the user did and did not complete, the system variables are taken into a series of “if, then”
statements that then write a string of text to the output file (highlighted in figure 7). At the end, a percentage based
on the accumulated tally and the maximum available points are given and written as another string of text. This
output file allows an administrator to view what the user has done without needing to watch or record each step as
they are doing it.
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Task Based Session 1: Morning Start-up

Task: Start the shift by inspecting the belt to ensure all safe guards are in
place and all hazards removed. After energizing the belt, make sure it is
running properly before going on break.

Environment Conditions: Start of shift, the belt is de-energized, and there are
no other employees in the work area.

User: Jason Lucas

Hazards found:

Missing guarding at RETURN IDLER replaced +3 pts
Missing guarding at MOTOR not found, O pts (possible 3)
MATERIAL ACCUMULATION removed, +1 pt

BROKEN RAILING fixed, +2 pts

Fixing Broken Idler:

System locked out and tagged out before working, +3 pts
Guarding removed, +1 pt

Idler Replaced, +1 pt

Guarding replaced, +3 pts

System unlocked and powered on, +1 pt

Total 15 out of 18 points

Possible Injuries or Fatalities:
Improper guarding at motor can cause serious injury. Any moving parts within 7~
reach of miner needs to be properly guarded.

Fig. 7: Sample from output file created at end of session.

The last step of creating an exercise is to have a test group go through it to make sure that all possible solutions were
accounted for within the planning session, and to make sure all programming/computer bugs are eliminated before it
is put into final implementation. The potential problem is not planning for, or leaving an outlet for, a common
condition that can arise. This is where the test group of a variety of people with different backgrounds and
experiences can be of tremendous benefit to the developers. Other problems can arise if too much information is
being programmed into one exercise, mistakes can be made with trying to track the processes, and the user has a
higher chance of becoming confused with what is being asked. This is why a series of exercises with various levels
of difficulty covering the range of knowledge needed for proper and safe operation was chosen instead of a single,
inclusive training session.

5. EVALUATION METHOD AND DISCUSSION

After its completion, the entire prototype will go through unstructured evaluations for accuracy and completeness by
industry professionals. As the system is reviewed by the professions, comments and thoughts are recorded and
suggestions are taken. As part of the professional feedback, the desk-top system will be examined at MSHA’s
TRAM Conference in October of 2007 in Beckley, West Virginia. The comments are then reviewed and the system
is revised to make sure all valid comments are included to improve the knowledgebase of the system. The system is
also going through structured evaluations with users of various skill-sets to determine the usability of the system and
the effectiveness of the user interface. The comments and observations from these two study groups will be used to
revise the system. The structured evaluation will examine the usability and benefit of a desktop interface and
compare it to the CAVE (Cave Automatic Virtual Environment) at Virginia Tech, and a PowerPoint based
presentation. Within this evaluation, each participant will go through one version of training and be given the same
general knowledge test at the end of the session. Influences from skill level will be used to adjust scores through the
use of a comparative test at the beginning of the session to judge the skill level. Finally, all of the comments and
evaluation information will be used to revise the system (Fig. 8).
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Fig. 8: Evaluation structure.

Once the system is revised, it will go through another round of structured evaluations. This will help determine the
ultimate goal of the research, which interface is more beneficial to develop for a future training program. Based on
past comparisons and initial discussions both the CAVE and desktop application are expected to be more beneficial
then the typical PowerPoint training methods but a better placement of preference will be available after the first
round of evaluations are completed.

It is hoped that this research can be a valuable alternative to classic training methods and validate the goals of the
research to provide an effective method of training that can ultimately reduce the number of accidents and fatalities
that occur due to the lack of training. The knowledge and face to face interaction that occur with a skilled training
professional cannot be replaced, however it is believed that programs being developed in this research and future
research can offer an invaluable tool to those training professionals to test the knowledge of users and provide a safe
training environment to replicate real-life events.

This type of training exercise can cover a wide variety of activities that are required in working in a mining
environment with conveyor belt systems. The flexibility that programs such as Deep Creator, coupled with basic
programming in common languages such as LISP, allows for almost endless possibilities in training. When models
of cognitive learning are employed in the development process of these exercises, allowing the user to make their
own decisions in the learning process, the user can face the consequences and actions that would occur in real life if
those actions have been taken. In conclusion, a VR based training that can replace on-the-job training with a safe
and realistic environment that would otherwise be expensive to replicate, can be an extremely valuable asset in
improving safety training for conveyors throughout the mining industry.
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