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BG 4 BENCHING TRAINING SOFTWARE 
Investigating the use of virtual environments, NIOSH researchers have developed software to train mine rescue 
benchmen and other team members to inspect, assemble and test a BG 4 mine rescue breathing apparatus 

BY JASON NAVOYSKI, MICHAEL J. BRNICH , JR . , CMSP, AND TIMOTHY BAUERLE, MA 

Researchers at the National Institute for 
Occupational Safety and Health (NIOSHJ 
Office of Mine Safety and Health 
Research (OMSHRJ have been conduct­
ing research aimed at assessing the utility 
of virtual environments for teaching criti­

cal mine emergency response skills. As 
part of this, researchers developed the 
Draeger BG 4 Benching Trainer software. 
The software allows mine rescue hench­
m en and other team members to inspect, 
assemble and tes t a BG 4 mine rescue 
breathing apparatus in a virtual environ­
ment. The software is ideal for henchmen 
and other mine rescue team memhers to 

use to mentally practice benching the 
apparatus during or between regular 
tra ining sessions. Mine rescue instructors 

can also use lhe BG 4 Benching Trainer 
software as a supplemental method to 

introduce new team members to the 
apparatus , and to provide targeted train­
ing to leam members who may have diffi­
culty with one or more segments of the 

BG 4 benching process. 
NIOSH chose lo develop lhis proof of 

concept training tool around the Draeger 
BG 4 apparatus becau se il is the mos l 
commonly used min e rescue breathing 
apparatus in the United States. Data from 
the rv!ine Safety and Health Administra­
tion (MSHA) published in 2014 reported 

there were 382 underground mine rescue 
teams in the United States. Of these, 185 
served me lal /nonme lal mines and 197 
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Figure l: BG 4 parts on a virtual bench ing table. 

computer game tech nologies and game­
p lay prin cip les for purpos es heyond 
entertainment, such as training, assess ­
ment or marketing. As one example , in 
2008, "'Foldit," a protein folding serious 

game developed by the Univers ity of 
Washin gton's Center for Game Science, 
challenged its users to design better pro­
teins using the in-game too ls. In 2011, 
p layers of the game created an enzyme 
that scientists had not heen able to repli ­

cate during 15 years of using traditional 
research methods (Khalib el al., 2011). 

Training, a serious game that teaches and 
tests mine map reading skills (Mallett et 
al., 2009). Trainees learn terminology and 
concepts needed to read and understand 
an underground mine map. Traine es 
then naviga te within a virtual mine envi­
ronment while at t he same rime learn ing 
about different mining concepts and ter­
minology. This training module has been 
used to introduce new employees to the 
underground mining environment with­

out them having ever been in an actual 
mine. 

served coal operations. Across all under- More recently, studi es h ave been con -

ground teams, there were 2,692 mine res­
cue breathing apparatus in use. Of this 
number, 1,947, or 72.3%, of the apparatus 
were the Draeger l:K; 4 (M SHA, 2014). 

Serious Games 
The BG 4 Benching Trainer is an example 
of a "serious gam e" that builds on previ­
ous NIUSH simulation research, as well 
as the latest developm en ts in serious 
game technologies . Seriou s games use 
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ducted looking at the use of serious 
games for medical applications including 
teaching patients limb movement follow­
ing stroke (/\fa and Bechkoum, 2008) and 
for enhancing technical surgical qualiry 
for new surgeons (Crochel cl al.. 2011). 

The military, eme rgency response 
planners and the mining industry c ur ­
rently use serious gam es for a vari ety of 
purposes. In 2009, NIOSH r eleased the 
Underground Coal Mine Map Reading 

The Role of Benchmen 
The henchman is a mine rescue t eam 
m ember wh ose respo n sib ility is to 
inspecl, prepare and test the team 's 
closed -circuit breathing apparatus. 
Federal Jaw requires a person to have 
training in the use and care of the breath­
ing appara tus used b y a mine rescue 
team. This is to inspect and test the appa­

ratus no less than every 30 days (30 CFR 
49). Mus i m ine res1.:ue teams have a 
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memher designated as their henchman. 

Using a procedural systematic method, 
the henchman visually inspects Lhc parts 
of th e apparatus he for e reassemhling 

them intu the housing. Once assembled, 
the henchman tests th e reassembled 
device for leaks, positive air pressure and 
other functions before a rescue team 
member uses the apparatus. Team mem ­
bers arc also expected to know the basics 
a bout the care and functioning of their 
apparatus because they may be required 
to u se it in potenti ally life-threatening 
environments. They rely on the expertise 
of their henchman to ensure their appa­
ratus are fully functional should that time 
arise. 

Curre n tly, turnover of mine rescue 

team members is common as a result of 
memhers retiring from the workforce, 
leaving the team lo take another job al a 
mine , or being unable to commit to the 
training time requirements. There are 
also a number of composite mine rescue 
team s .. ma de up of me mbe rs who com ­
monly work for d ifferent companies. 
Generally, these memhers travel to a des­

ignated mine rescue s tation for regular 
training. Whether their apparatus are 
stored at their mine site or at some cen -
tral station, henchmen and o the r Leam 
m embers often do not have ready access 
tu an apparatus fur benching practice. 
Therefore, it is important that all rescue 
team members, not just the des ignated 
henchman, have training on henching 

their BG 4 apparatus. Composite mine 
rescue team members can use the J3G 4 
Benching Trainer software be tween 
hands-on training sessions Lo help main­
tain their ben ching skills. The modul e is 
also an ideal supplemental training tool 
that can he used to train new apparatus 
henchmen and team members. 

Benching Training 
Training mine rescue personnel to prop­
erly check the working condition of thei r 
brea thing apparatus helps ensures their 
safety and well-being when responding 
to an emergency. Federal regulations 
require each mine rescue team member 
to complete an initial 20 hours of instruc­

tion on Lhc use and care of Lhe breathing 
apparatus used hy their team. After initial 
training, Leam members must wear their 
apparatus under oxygen for at least two 
hours every two months. Actually wear-
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ing the apparatus is important to unde r­
stand their u se and function. Hands-on 
training and pracLice wilh actual devices 
is a lso critical to becomin g proficient in 
benching thal apparatus. 

Hands-on training is the main m ethod 
used to train team members to bench 
apparatus, including the Draeger BG 4. 
PowerPoint presentations and training 
videos demonstrating the benching pro­
cess can supplement team u-aining. Often, 
teams spend lime Lraining fur apparatus 
benching as part of mine rescue competi­
tions to reinforce skills. During timed 
competition benching, judges may place 
one or more tlaws, or "bugs," in the appa­
ratus. A flaw can range fro m a tear in a 
breathing air bag to a missing 0 -ling. The 

henchman working on lhc unit must find 
the flaws hy visually inspecting the parts 
uf the uni t and tes ting it tu de te rmine 
what the flaw may be. They mus t also 
assemble the unit, with no flaws remain­
ing, in the correct sequence. Like Ii ve 
hands-on maintenance training and com­
petition training, the 13G 4 13cnch ing 
Trainer software 's scenario huilder fea­

ture permits trainers lo inserl one or more 
flaws that trainees must find and correct 
before testing the apparatus on the virtual 
Draeger RZ Tesler. 

Skills Maintenance 
Draege r RC 4 b enching m akes use of 
motor skills for comple ting the Lask. 
Motor skills are those used hy trainees to 

disassemble, manipulate and replace var­
ious J3G 4 components. Regardless of the 
task, a person's motor skills degrade over 

time if th ey do not use them regul arly . 

Mental practice has been shown to rein­
force mo Lor skill re tention and lead Lo 
improve d task pe rforman ce. Research 
conducted by the U.S. Bureau ufM ines 
looked at using mental practice for help­
ing miners remember the self-contained 
self-rescuer (SC:SR) donning sequence. 
Trainees who regularly used a mental 
practice aid showing a "3+3" SCSR don­
ning sequence performed more profi­
ciently 90 days after initial training than 
did trainees who did not have the m ental 
practice aid (Vaught et al., 1993). More 
recently, mental practice has been used 
in other settings to improve motor skills 
indudin g learning and re ta ining 
sequencing skills (Wohldman et al. , 
2007). n e urological rehabilitation of 
patients following stroke (Mulder, 2007) 

and enhancement uf surgical skills 
(Arona et al., 2011). 

BG 4 benching also involves the use of 
cognitive skills. Cognitive skills are those 
that make it possible for individuals to 
process information for a varie ty of rea­
sons including performing tasks. 
Cognitive skills are made up of declara­
tive knowledge or fa ctual inform ation 
(Driscoll, 2000) . In the case of the BG 4, 
declarative knowledge includes under­
standing of apparatus compone nts, how 
they function and flaws that can exist 
within each component. Cognit ive skills 
also include procedural knowledge -
that is knowing how to do something and 

being able to demonstrate how to do it 
(Driscoll, 2000). Knowing how and in 
what order the BG 4 components fit into 
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the case and huw the breathing drcuit is 
tested are examples of procedural knowl­
edge. Utilizing both declarative and pro­
cedural knowledge, trainees practice the 

task of benching a BG 4. As they continue 
to practice, trainees' ability to bench the 
apparatus correctly co ntinues to im­
prove. With s ufficient practice, trainees 
potentially can seamlessly and auto­
nomously bench the apparatus. 

The BG 4 Benching Trainer software 
supplements hands-on training in main­
taining cognitive skill s hy giving trainees 

the oppo11unity to use procedural knowl­
edge to tear down an apparatus, Lest il, 
a nd put it back together along with 
declarative knowledge used in examining 
components for flaws and assembling it 
in the correct sequence. The BG 4 
Benching Trainer software also helps 
trainees s h arpen and maintain motor 
skills by mentally practicing benching the 
apparatus. 

How the Software Works 
NIOSH developed the BG 4 Benching 
Trainer software by integrating realistic 
3-D mod els of the apparatus with a 

robust user interface into the Unity game 
development platform. Service and train­
ing representatives from Draeger acted as 
suhjec t matte r experts a nd provid ed a 

working BG 4 apparatus for so ftware 
developers to use as a reference as they 
created the 30 image content. The sys­
tem requirements tu run the software are: 
Microsoft Windows 7 or Windows 8, dual 
core processor or equivalent , at least 4 
GB of RAM, a non-integrated graphics 
card, and 500 MB of free disc space. 

Functions 
After launching the software, the trainee 
enters a virtual training room by a tab le 
with all the BG 4 parts on it {Figure 1). 

There is an empty BC 4 case to the right 
of an RZ tester unit (Figure 2). 

Using the computer mouse, the 
trainee can select BG 4 parts from the 
table. The selected part will slide into 
view, allov;ing the trainee to rotate it and 
inspect it at different angles . Trainees can 
"explode" th e view of a part to sec the 

subcomponents or a larger surface area 
of the part. They can "swap" parts if a flaw 
is found and then place the part in the 

correct location in the case. lf the trainee 
is new to benching the FIG 4, there are 
animation videos showing how the part 
correctly fits in the case. After examining 

and assembling the BG 4 parts, the 
trainee can test the apparatus on a virtual 
RZ Tester, which allows them to complete 
all the tests needed to bench the unit. 

Training Modes 
The software includes different modes of 
operation to help th e trainee lea rning 
how to bench an apparatus as well as to 

help the trainer who is using the software 
to teach. There is a tutorial mode that 
explains how to navigate through the 

software and use its tools. The intro to BG 
4 mode is useful to new trainees since 
they are able to work at their own pace 
while practicing benching. The quick 
ben ch mode randomly places flaws into 
parts and functions much like a real-life 
hen ching competition. The scenarios 
mode is useful to trainers who wish to 
create custom scen arios for their 

trainees. This allows trainers to pick spe­
cifit; flaws fur the ir customized training 
session. An in stru ctor's guide d es igned 
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for use by the trainers is also included 
with the software. 

Performance/Scoring 
The BG 4 Benching Trainer software has a 

scoring feature that allows trainers and 
trainees to assess performance. After a 
benching session is rnmpleted, the soft­
ware presents a printable score sheet that 
includes the name of the trainee, the time 
it took to complete the exercise, and a tal­

ly of the total score that may include dis­
counts if the user failed to find a flaw or 
complete a test. Thi s can be useful for a 
trainer tu assess the competency of 
tra inees when learning h ow to bench by 
using the sofuvarc. 

Tips for the Training Setting 
The I3li 4 I3cnching Trainer software is 
adaptable in different training settings to 
meel lhe needs of trainees (Figure 3). 
Ideally, each trainee should run t he soft­
ware on his or her own PC or laptop. 
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However, two or three trainees can work ratus. In a larger group setting, trainers can useful for introducing the BG 4 apparatus 
togedier at a single PC or laptop and help use a video projector to display the screen to new mine rescue team trainees who have 
each other wh ile benching the virtual appa- from a sin gle computer. This approach is never worked with the apparatus. 
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Field Test Statistics 
As part of the NlOSU training evaluation 
process, researchers administered sur­
veys to the ;JO rescue team members who 
t ested the BG 4 Benching Trainer 

as a way of getting a sense for the differ­
en l levels uf experience represented 
among mine rescue team members and 
whether ur nut they thought the training 
was worthwhile and relevant. About 
one -third of trainees had prior virtual 
reality experience, and about one-third 
had real emergency experience as a 

ways tu think abuul benching, trainees 
who had more benchin g experience 
were more likely to say that they would 
recommend the training to other mine 
rescue team members and henchmen. 
This group also said that when it com es 

to benching training, instruction in a 
virtual environment is a good supple­
ment to training in a real -life environ­
ment. Additionally, cum pared to those 
t h at had not experienced a real mine 
emergency, trainees who had the real ­
world mine rescue experience were even 

a real mine emergency. These find ings 
suggest that the RG 4 Benching Training 
module is a viable training product and 
has strong potential as a supplemental 
t raining tool fo r fulure genera lions of 
mine rescue team members . 

Conclusion 
The BG 4 Benching Trainer Software 
allows mine rescue team members of all 
levels of experience to practice benching 
a virtual l3G 4 on a laptop or PC. Field 
testing of the software with 30 mine res-

' ' NIOSH developed the BG 4 Benching Trainer software by 
integrating realistic 3-D models of the apparatus with 

a robust user interface into the Unity game J J 
development 

mine rescue team member. J\ddilionally, 
around half had at leas t one year o f 
apparatus benching experience. 

Researchers found that while nearly 
everyone thought the training included 
rel evant content and gave them new 

more likely to think that the training 
covered knowledge and skills needed 
during a real mine emergency. This 
group fdt that the training made lhem 
better prepared and more confident that 
they could correctly bench a BG 4 during 

cue team members revealed that trainees 
judged lhe module to be useful fur leach­
ing RG 4 benching ski ll s and that t he 
mudule helped them learn new way~ to 
think about apparatus benching. The RG 
4 llenching Trainer cannot replace actual 
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hands-on train ing, but can serve as a 
high-fidelity, cost-effective training sup­
plement to aid mine rescue team hench­
men and o ther team members in 
maintaining and improving their knowl­
edge, ski lls and abi lities in benching an 

apparatus. This software is downloadable 
from the NIOSH mining website at 
\>VWw.cdc.gov I niosh /mining/\i\7orks/ cov­

ersheetl877 .html. 
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