
A pilot study of the role of visual attention locations 
and work position in underaround coal mines 

G tPrRGB M0BIL.E BQUPMFNT such 
uous miner (Photo 1) is m e  d the most 
jobs fhat workers p e r f m  in under- 

ground coal mining. When mdqmund coal is 
mined by tlw worn-and-pillar method, moms are 
frmsd by cutting into the coal bed [seam), leaving a 
series of pillars or columns of coal ta help support 
the mine roof and create assages for the flow of 
k h  air Generally, a comp P eted room is d9 to 6.1 m 
(approximatdy 16 ta 20 f t) wide and the pillar is 305 
to 36.6 rn (approximately 100 to 120 f t) wide. As min- 
ing advances, a grid-like pa Item of rooms and pillars 
is brmed, resulting in mkiw of horizontal mine 
pasageways (Figure 11, 

The Continuous Mining Rwess 
Typically, to begin a room, the ~anlinuous miner 

engag= b-~ cufting [removal) a 3 m (9.8 ft) wide sec- 

tion of coal to a depth dekmhd b be sak hsed 
on lmal geologic randitions and minlng reg& 
t i o n ~ n  average up b 6.1 m, Deeper cuts can be 
made (tailed cxtenddxu t mmm@ with spcial per- 
mission from state and federal mining q u l a h r s  

After the cut coal is b a d d  onto haulage vehicles, 
the operam then barks the continuous miner out of 
the partially formed room, repusitions the machine, 
and remters to begin removing an addikionai 3 m 
section of ma1 to produce a wider enhy This p m  
is repeat& until a section of the seam is moved,  
foming a m m  appdmakly 122 m (approxi- 
makly 4(1 ft) long and 6.1 m wide, 

By law, roof suyort is required belore continuing 
to extend h e  room sdeph or ~uthng perpendicular 
to the mom. Therefore, to allow other equipm~t ta 
install roof support) the continuous miner is 
~ ~ e d  (moved) to anather location b begin cut- 
ting another room Thraughou t the mining sequencet 
when forming ~xlms or h r n m i n g  to another loca- 
tion, the ma+e -lor, helpers, crew boss, mah- 
tenance mechanics and other equipment operators 
are put at risk by dose proximi to the cmtinuous 
miner machine and o b r  haza r? rrus situations assu- 
ciated with mining underground coal 

MSHA accident data from 2Q02 to 2006 indicate 
that the coal indushy averages 6,407 accidents per 
year in underground mines, Of thw total accidents 
per year, 21% (1,345) involve mobile face equipment, 
which includes m~tinuous miners, m f  holm and 
haulage vehicles for undergrad mines; 4% (286) 
occurred while operating con tinupus mining 
machines, Unfortunately, in relation la this study, 
MSHA accident investigation reprts do M t contain 
sufficient information ta aid in studyhg interactions 
betweesl a machine and its operator. Comquently, a 
survq consisting of a questionnaire was tssed to 
,&her pertinent information about operating a cm- 
tinuous miner m d v d  coal mines. 

In the past, a continuous mining madine was 



operaw and mnholled by 
an operatot seated in the 
m b d  m&e mb. New 
remote co~~trol kchnology 
allows operaton more flari- 
biliky ta gositioq thaselves 
to better view khe work en* 
roment Unfortrinaiely, it 
has also a h e d  operators to 
positim themselves in bz- 
ardous positions. 

The use of radio remote 
cantrol- operators from 

*b a* P h m  t:Opratin~ largemabfleequipmentsuch a. LWI~IJKUWS lrmrlrw D ullaur 
&ern S@ktany 'pram the most dangerous job that work- perform in underground coal midng. 
~osition within their line of 
kght Wkde cu&g d remotely, the operator typi- 
d y  takes a work p o & h  behind wd to one side OF 
the machine behind the last row of roof support. In 
high cod seam, whre  the machine is less of an 
obstruction, the operator trams the eontinuaus 
miner using a remote control while wallung near the 
rear of fhe machhe. h low ad seams, the opexabr 
c d  see wer the machine fm the mar, so s/he 
barns the machine usjng a remote m t m l  while 
walking near lhe front of the rnachhe. 

Howma, operators knd to step alongside a 
moving cwHnuous miner or beyond the supported 
mi for a better view w!de coal cutting or tram- 
ming. Adding 10 this h a d  is mtrictd work s p m  
with r e d u d  visibjGv. & work m v h m t  Figure 1: When undergmd coal lr mined by the 
hund in low c d  seams of 357 cm puts continuous mom-ad-pi)kr rooms am formed h at- 
miner opratm and helpers in awkward work pos- tfns into tha bed. leaving a series of pillars or 
tu- for h e  job, with tasks reqrequicing quick reactions mkrmns rrf -1 to hela support the mine roof and 
to avoid being struck by movirtg equipment. me* passages for the flow of fresh air. 

Weaxh has eonfirmed that modem mining prac- 
new have i n d  the * what operam i w d  to see and mmquently w b ~  to 

involved in continuous miner m a t h e  opetation. podtibn t'hem&ve~ in ~Qrer rn p e r h  tkir @k 
B a u ~  Smer and Hamrick (1994) RPQ* k t  the Humanlmachine interactions and behaviors 
practice of extended-cut mining has hawed opera- &odd be considered b equipment design and work 
tors' tendency e t i m  L h m d v e ~  in hazardous envbpment layout Aftet analyzing the data pre 
lwatim. Addit iwy.  Steinec Tiuk and Himrick sented in lhis arti&, ow can see that the ractice of 
(1%) state that an LI&- ~~rwqum~e of m a t e  operators pitiming themselves in a L r d o u s  
control kchn01~gy is that opaabrs can position position in o d a  t~ see visuat amtion l o c a w  
thefnsetues in -emus or hazardous Lmtians WAh)  may k a major comi i t ing  factor b injuxies, 
which could mult ult a hhlity or injury from p b l e  A VAL can be d e f d  as d w  a d i m e  @nt 
roof falls, micle w d  W o u k ,  pindl-points or ohm swh as enter of the cu- head or a general a m  
vehicle WC. Finally, kwis  (1986) note that hw that an operatar visually scarrs such as the mine 
lighting conditions a d  ~ t r i c t e d  v i s l i i l i ~  found in rib. Previous studies by Sanders and K e U q  (198l) 
many mina furtha complicate khe tasks invotwd in have pmvided a b e e  of VAZs that identified f a c  
operating equipment such as continuous m k .  tors assdated wtth ah-mounted opemlion of can- 

The mining industry uses an operalor guideline ~ U M I S  miners. However, the information is not 
catled rd zones to help operators of m o k  ccdnuous completely appliible to way's remote conb1 oper- 
miners understand and avoid dangerous a r t s  ation.  approach^ to d e k m  qmbr VAts 
around the turning d u s  of fh madine. While dne were also devd~ped by Cornelius, Steher and Turin 
concept of the red-mne technique, a pictorid p / n *  (ZWS), who identified operator vjsuaI cus in extend- 
go &&&eIoped by MSHA and the Virgrnia &-cut mining based on coalminers' experience. 
Department of M h s ,  MhmIs and Energy (MSHA, The purpose of the study described here was k~ 
am)-has been mund for weral years, hfatalities perfect a method of gathering Marnation on work 
and injuries continue to mur with moving machinery positions and Y A b  needed by opetatom during the 
underground. The red-zone guide rmly addresses cutfing pkase and while the continuous miner tt&hs 
potential hazardous sihrations, ignoring the issue of to a new lwation. This study p&es a future in- 

Abstracl: Underground 
cwl mine mbL equ~t. 
ment k often dperated 
in a restricted wrkspace 
with d ~ e d  uislbiw 
This pub machfne q e r -  
ataa in awkward pm- 
~ V M  h r  task that 
*quire awareners of 
their s u w w n d i n ~  a d  
kt reactlms to avoid 
hazardous sltuatim 
i k~aKhe I3  cp- a 
pilot h d g a t i a n  that 
&loped a mettrod to 
gather v h l  attention 
Iwationr and vvwk p s i -  
tim usd by machine 
operam while wntml- 
ling the machine, 



vestigation using the developed survey that will rec- 
ommend injury prevention interventions based on 
the influence of work positions and VAIs on ttae risk 
of potential injury. 

study Medlod 
fhe Survey 

A pilot w e y  was used to collect information on 
VALs from 12 continuous miner machine operators 
with experience ranging fmm 2 to 30 years i t  seven 
mine sites. A scripted interview tedrnique was 
selected as the most efficient method of collecting 
and consolidating this information. The pilot study 
was used not only to collect information but also to 
judge the effectiveness of the questions in exkacting 
the desired data. 

The survey evolved through a series of discus- 
sions by individuals with years of mining research 
and continuous miner operator experience. Experi- 
enced operators have a wealth of knowledge, skills 
and abilities =garding machine job tasks, gained 
from years on the job. Researchers determined 
which phases of the continuous miner work 
sequence should be studied based on a combination 
of statistical information from MSHA's annual mine 
accident database, Sanders and Kelley's research 
(1981), and job task analyses for macline operators. 
The survey covered two components of the con- 

tinuous miner work sequence: 1) the cutting phase 
with 15 questions and 2) the tramming phase (move- 
ment from one location to another) with 16 questions. 
Each component was field tested at swen mine oper- 
ations to evaluate effectiveness of questions and 
value of the data collected. In addition, during the 
mine visits, mearchers arranged to go underground 
after the interview to observe the operator perform- 
ing his job. These observations helped the researchers 
evaluate tfie data collected during the interview and 
validate the responses. 

Cmthuoue mhuw Minin machine designed to 
movedfromthefaca bloadthatdintoearsor 
mveyow. 

2 
Cuw Operation of making opdngg amam a 

d s & t m  
C u ~ i d n m \ : ~ d n r m w I t h c a r b i d e ~ t h a t c u ~  

ttrecaalfromtheseam. 
h d e d  cut Cutting an entry that is more than 20 ft 

working plaice w k  mmfng is pmadmg. 
P'lomrlBdtwnofadseamwanyather~deposlt. 
Haulage: S p a n  of hauling caal out of a mine (usually 

mobile which cw mveyor). 
ow~~se€unof$Bhcrmareiec#nsidered 
than 48in.iscowidedZaw. 

~ C o f u m n o f d o r c m l a f f t o  
s k a t z i o r ~ ~ m a m i n e ,  zleaultingina 
-*my. 

R e d $ ~ 1 1 e : h a t o t m d a n o p e r a ~ ~ t h a t ~  
m b e e n ~ 5 m ~ ~ .  

Roof:Rorkimmdatel aboveadseam 
Roof~l lppksystem I pmmting~ofroofmmines. 

&o~usuat ty from1~4m(3toUf i ) l angmdr i l l ed  
u p d i n t h e r o o f , a n d b b l ~ o f 2 ~ 2 5 m ~ t o 1 i n ) o r  
m o r e m d i a m e t e r a r e ~ h b t t e ~ a n d ~ a t  
~ t o p b y a s p l i t c t m , ~ ~ a r ~ g p + $  

Room.*ElaoeabutthganentrymaiFwayw~~& 
c#ehasbaenmined 
Room and pillor: System of mining in which tapidly 

flat-lyingbedsofdcwcmareminedinrooms~kd 
b y ~ o f ~ ~ r o c k l e f t f o r r o o f ~  

~.Stratuff lorbedofor#rlorother~&peraUy 
appied tohrge~tscbaoal.  

SectiomP~dthewmldngaaaofamine. 
Ttam:Mavingadf-propeUedmoMlemaEhIneframone 

plaaetoanother, 
VentilaJtion: Mine w- are mndy  subdivided bo 

hseveral  qwabevenKlahgdisl&b. Eachdistrisfis 
givenaspdied p l y o f ~ a b a n d i s f t e e t n m t ~  
inationbytheair a ~~~ 

W a f e t s p r a ~ ~ o f a ~ ~ w h i l e c u t t i n g t o d u c e  
aifbarruedusk 

Nok. Wgim& rmpild @ the U.S. Buwu *Adin&. Additional-d&#- 
nitionsrrurk1binadat- 



AR operator must assimilate and prww several 
VAZs and machine feedback cues to safely control a 
continuous miner. The survey questions were 
d e s i i d  to pmvidedata not anly on what theom- 
ator h k s  at and fmm what @ition, but also on 
why an operator uses ertain visual cues and 
ma;.hine €&back cues to make deckions on how to 
operate he equipment and select a work location. 

For example, questions addressed possible 
obstructions skh as &st, water spray light housings - + I , - -  
and the glare from light sources that might block the fi 

- * *  
operator's view of vital VAb, and the operafor was 
asked what he would dc~ about these obstructions. 
Also, a series of questions d d t  with initial work 
posikimsI opestor postures. and possible deviations - .  

horn that initial positian during the work s e q u e  
whiIe orxratin~ the continuous miner. 

the mf or EImr ougide of a coal seam. This do& not 
rn-. that the roof and floor become invalid VALs, 
but they are blocked from view in his instance. 
Because of this, the survey included questions about 
tjne machine feedback cues and how the owrator 
uses this idorplation to perform the job. 

Underground mine configurations and coal 
~moval plans vary ak each mine operarion based on 
mining pdemces, seam height and local geology. 
Cmsequently, the cutting phase to complete a room 
can take four separate cuts, two longer cuts or even 
one cut if k e  oontimou$ miner (full-face miner) is 
fitted with the cutt% appenda wide enough to 
aceommodate the plsmd' wid dr d the room. The 
methad of hauling and loading -1 is also wide- 
ranging, involving such options as continuous 
hadage systems, shuttle cars and hnt-md loades. 

I)es~ite these variations. much of the information 
an o&ator requires in the way ot trisual cues to 
operate the conti~~uous miner is the same. Far this 
reason and to normalize the data. the survev used 
variods illustrations that apply to' a broad &e of 
mining aperations and mine environments as inta- 
view aids. The differences between mining configu- 
ratians can k divided into t h e  general layouts 
b a d  on the type of haulage and width of the cut, 

Other difference3 include a variation in the 
sequence of cutting pattern, such as taking h e  fiat 
cut on the left rather than on the tight side of the new 
entry. The set of illustrations used at a particular site 
was based on a arevisit interview with mine man- 
agement fa de&e mining methods and cutting 
sequences used at hat operation. 

Ln particular, these illustration aids helped to 
identify the operator's work positions and &e VAts 
specifii to an area, a particular spot or ather objecfs 
(peopIe and machines] within that operation's work 

Interview Technhue ~ g u r s  2: work posi- 
The data were collected using a scripted inter tions during cutting 

view technique following survey questions as the and tramming. 
outline. The interviews were conducted at the mines 
during the shift chaflge in above~round settings 
such as the bath house or maintenance shap, since 
operators do not typically have enough time for 
interviews while working underground. In addition, 
through 6dd triab of the survey, the aboveground 
loadom proved to be mnvdent for cunducting 
multiple interviews and eonfir& how relaxed and 
focused operators were with their respoflse~ 

Each interview lasted about 1 hour and was con- 
ducted by two mearchers, one who recorded while 
the other conducted the bterview. The inmiewer 
acted as a facilitator, so the other mearcher record- 
ed the wspnnses in detail, because many questions 
were design& to lead the operator into comprehen- 
sive d i i o n s  rather than just a one- or two-word 
answer. This two-person approach allowed ample 
time to focus the Interview and concentrate On 
understanding each operator's ratianale in hS deci- 
sion making to process a lot of information for con- 
lrdling the continuous miner. 

Tailoed to reflect the s p d c s  of each mine visit, a 
series of colowd, 3-D Uustrabns was prepad a 
visual aid depicting that mine's sequence of tasksand 
undeqpmd coal mining quipment These ilhstra- 
tions aided in the interview pmces and remxd'ing of 
the cqmses. R was obvious to reseaxhers that the 
use of visual aids helped the operators explain where 
and why they positioned themselvesl and iden* 
discmte paints or general areas they watched while 
operating the wnlinuous miner, 
h addition, the survey contained tables (such as 



Table I, p+ a), listing locations where the operator 
might look while mnh- the machine and with 
what frequency (i.e,, always, sometimesr never), 
These tabk made it easier Eor operators to formdate 
thei~ ~ m s m  by idmbfyq VAL h a t  they would 
use and pmvided them the opportunity to discuss 
probable reasons for iheir choices. This hformation 
helped m e h e r s  d e k m h  the impothnce of the 

When you take a srralght cut from where you we normally located, how I 
often do you use the following as referenre points? 

1 HOW db~  I -- . - -. - -- 
Thin@ you lbok at 1 Always I Sornetlmer I N m r  I 
Edge of the machine on the slde you 
dfe on 
Center line of the machine 3 5 4 
Back end of the boom 8 4 - 
cut tin^ head W 5 4 3 

HOW far the sw~ngc 1 - I 4 
4 l 8  7 I 

Haulage vehlde lnby bumper 1 1 1  4 
Haulape vehicle owrator 1 3  1 T i 7  2 I 
Flaw at the face 1 7  1 2 1 3  
Roof at  the face I 11 I 1 1 - 
Rlght edge of drum 4 8 
Left edge of d m  5 T 
Center or other point on the d m  2 8 2 

I 
Ribs on left side of miner 3 1 7 2 
Ribs on right d& of miner 5 5 Z 
Lser bardspot 5 2 5 
Center line of entry 9 3 

When taking a firnight c l f r o m  where you Indicated you normally 
position yourself, do any of these things Mock wr view sf thinm yau 
need to see? 

Machhe Ilght husing 2 10 
5gmy from twuxks 2 4 6 I Steamfmmbm 1 1 10 

I I I 
Braace 1 1 1  2 1 4  I 

Coal p m  on w h i n e  1 2 1  b 
~dter owrator on miner tw~tm-not I - 1 '  I 
~II mine; use th~s r n a M ~ e  

L 

Do you a w  t& the drum off for 
t 5 7 

aperators' choice jn the'i resprws assaciat& with 
each VAL listed in h e  tables. 

After completing each inhmiew, r e p o m s  w e  
examined far possible adjustments ta the survey. 
The first t h ~ ~  interviews led to minor adjusbmnis, 
such as r ~ w *  a question, changing queiim 
sequence, or inowmg contents to clarrfy a table or 
an illustration. The chanp wae considered &- 
tive when the operabrs being interviewed no longer 
asked for clarification an ihe questions or had sug- 
geskrts to make the uestions clearer, These adjust- 
ments were made 9 or clarity and flow of the 
interview and would nof have changed responses 
from the three previous intefiiews. 

Data Analvsis 
The datatawealed three types of cues an optator 

uses to a t m l  the machine: visual, audible and tac- 
tile. The operator tesportses indicated that VALs 
w e  the most imporht and h a t  the other cues 
were used as substitutes when visual infarmation 
was obscured or mstrickd. After an interview had 
been wiewed and analyzed, it was validat& by 
observing interviewed operators performing heir 
jobs. This verified that they w m  constantly 1) mon- 
itoring multiple VAL5 by scararing the wotk am:  
2)  &king machine feedback dudrig operatiw arid 
3) mu finely observing the location of other workers 
and equipment in c k  proximity of the work m a .  
h addition, it was observed that operator location 
muld be dynamic, changing as the situation 
required. Figure 2 (p. 31) shows the frequency with 
which operators identified specific work pitions 
during both the cutting and trammbg WE. 

The VATs and the work psitimts that the opm- 
tors eonsided vital w e  consistwit frarn mine tO 
mine. Table 2 mnnwh data collected on visual 
amtion locations for the cutting phase and Table 3 
p m t s  data for the tramming phase. VALs are 
de€ined as a general a m  around the machine, a spe- 
dfic point on the machine, ar a mobile object such as 
am& p m n  or machine around the 'mntinuous 
miner machine. Some VALs are machine appendap 
associated with a d i i d m  of movement such as 
up/dawn, wing left, swing right or swing centered. 
Those V A k  around the continuous miner that have 
movernerd-uch as people atid othermdim o p e  
a-re defind as mobile to imply the posriibiliQ 
d moving in any d i i o n .  

Many V A k  the same  OF both the cutting and 
kamming phases, although the reasons for their 
imporlanee may differ. For example, in the cu&g 
phase, the tad of the continuous miner is watched 
while loading the haulage vehicle with coal. In khe 
tramming p k r  Lhe apeiabr watck khe machire's 
hil to avoid h i m  the roof w h  uneven floor caus- 
es the machine t~ bduhte OK when turning a m e r  
to avoid striking the side d d-te coal seam. 

As expected, the data showed that the line of 
sight to VAL plays a major mle in the spator's 
decision on w h  to stand during the job. Ob- 
w i n g  operators undwpsmd proved to re- 



searchers that operators tried to select a work posi- improves on the left cut, but so does the temptation 
tion which provided the best line of sight to VAb. to move forward for a better view and, consequent- 

However, other factors also seemed to Muence ly, move underneat11 unsupported roof-which is 
the selection of a work position such as equipment not only illegal, but aIso unsafe. By comparing the 
concerns or mine layout. An example of an equipment operator's view at different positions, insight can be 
corn is the need to not run over the eleckid cabk gained into the VALs the operator needs to control 
that supplies power to the continuous  mine^ A mine . . - . -  . - -- 
layout example alledmg work position is the requie 
ment that operatmi stand claw to a source d ventira- r -3 
tion which supplies fresh air and moves dust from 
the work area, These factors limit which work p s i  
tions an operator would use at a partiEular mine. 

Resulb 
An example of results from intenrim questioa 

that helped to dwelap a list of VALB k shown h I 
Tables 4 (p. 34) and 5 (p, 35). Operabrs were asked to 
indicate how lixquently they looked at specific VALs. 
Other questions were more subjective, allowing oper- 
ators to provide additional information that the sur- 
vey had not covered, This combination of questions 
allowed for a prioritized list of VALs to be generated. 

The data generated can be analyzed by various 
techniques with the goal of improving operator safe- 
ty The detmnhation of aperator work positions, for 
example, can be compared to Figw 3, w M  repre- 
sents injury zones derived from the MSHA accident 
injury database. The zones are divided by the type of 
injury most likely to occur in that zone. 

An example would be injuries in zone 8, whicl 
would most likely be the tesult of a crudzing acci- 
dent by the tail boom. By comparing the frequency 
of injuries in a particular zone with the operator 
position frequency, recommendations can be made 
on p r e f d  positions. 
The data also permit the use of simulation tools to \ 

determine which VAL are blocked from Ihe opera- 
tor's view at any work position at a desired point in 
the mining cycle. The mulls gathered from 12 opm- 
amrs were usxi Q determine operator pasitions in a 
simulated environment using a digital human m e 1  
and simulation soffsva~. VALs were represented as 
individual paints for a VAL that fep-nkl a sped- 1 
ic oint on the machine, or as a mahix of pints far - 
V 1 Ls assaciakd with a general a m ,  By representing 
areas as a matrix of points, the percentage of the area 
seen or blocked from the operators' view-from any 
perspec t iv~u ld  be determined. The operator 
could then be placed in any of the work positions 
d e t e w d  from the data ( F i i  4, p, 34). 

Egure 5 (p. 34) ~preser~ts the perspective view ' 
h m  the digital human's qtes of what the operator 
might see from any position. These perspective 
views allowed mearchers to analyze the pusitions 
h a t  the opera tor tslkes trying to see VAZs while oper- 
atiag the machine. These views helped b reveal how 
limited an operator's field of view can be. The scan- 
ning f e a t u ~  of the software allows for an automatic 
determination of which VAL5 are seen or blocked type of injury 
from any position. This allows a numerical means of most likely to 
comparing one work position to another, which can occur in ?hat 
then be comparsd to the accident inju zones. S zone. 

To demonshate, the operator's eld d view d 



Most important VAb Cutting 
VAL D i d o n  of 

A-J-Vobjecti movement 

last tow e f b ~ ~ ~ .  area I 
Center line of entw area 
Center line of machine 1 area I 
,Rib riaht slde area 
Rib left side area 
Edge of machine right side area 
Edge of machine left side area 
Top of drum at certter area up/down 
bttom of drum a t  center area 1 uddown 
Right edge of drum I SWt: upldown 
Left edae of drum mot 1 uddown 
Roof at right edge of drum . spot 
R o d  a t  left edge of drum spot 
Floor at rkht edne of drum S D O ~  

Floor at left edge of drum I spot 
Center line of machine at drum 1 mot 

End of tall boom swing I Icft/riaht/center 
Rmf at tail boom I spot I 
Floor at tail boom 5 P M  I 

I 
. . 

Cut depth mark added to 
spot machine 

Haulage machine (shuttle car, 
mobile briduel I ctijm I moweo 

Operator of shut& 
car/bridge/ram car oqert m&lle 

Face boss I eblsct I mobtle. 

Figure 5: Operator's eye view, which allows the 
re~arrhers to analyze the positions that the miner 
takes trying to see VALs while operating the machine. 

the machine safelv as well as vositions where the 
operator could be t greater risk'. 
lhs information helped researchers to determine 

the importance of the operators' positions in their 
responses associa led with each job task. Additionally, 
the information indicated the impfiance of the oper- 
a tors' choices in their mponses assdated with each 
of the VALs liskd in the tabls. Furthermore, it pro- 
vided the operator the opportunity to discuss proba- 
ble reasons for the c h o i c ~  made. 

Discussion 
The results of this pilot study showed that the 

method of data collection and analysis successfully 
identifies the work positions and tk quality of info;- 
mation available to a continuous miner operator to 
control the machine safe1 y. With the help of research 
tools such as computer models and simulations to 
evaluate visual data, the resulk of this article reved 
that knowing the work positions and visual needs of 
operators in performing their job has the potential to 
improve both equipment design and machine oper- 
ating practices. Additionally, Mason, Rhades and 
Best (1 979) report that the use of the opera to^^' s p  
cific locations and visual perspectives as a mining 
tool could help operators make better decisions on 

$ Area: specific area around the machine; spot: specEfic point on the 
machine; person: another worker around the machine. 
0 Moblle VAL Is located near the 
any dlrectlon. - 

-K-- - - - - - . . - - - - -  . . - - safe work pas- tio on. 
A we& study using the developed interview is 

currently underway to provide an indepth exami- 
nation of khe VALs, operator positions and mac- 
fedback cues that operators use for controlling a 

tools to deter- continuous miner. A larger number of interviews (70 

mine which VAL to 100) are planned at mine operations throughout 
are blocked from the U.S. to analyze the VALs, work positions and 

their relative importance to the machine operator. 
Ranking the VAL5 will allow improved evalua- 

work position at tions of each job phase for all  mining configurations; 
however, a larger database is needed to do this. A 
larger data& must have a htter repmtation of 
operators and mining methods from a c ~ s e c t i o n  of 
underground mine operations in both e a s k n  and 
western states. Additionally, the complex relation- 
ships between visual locations must be defined. For 
example, an opera tar on the tight side of the machine 
might be able to imagine the VALs on the left side of 
the cutting drum if the right side of the drum is visi- 



ble. Also, with a larger and 
more diversified database, com
paring work positions and nec
essary VALs to injury data will 
be investigated. How these 
relationships apply in different 
situations, the operators' de
pendence on them, and poten
tial control interventions 
adapted to machines to enhance 
VALs and optimize operator 
positions will be explored. 

Results indicate that the sur
vey and underground observa
tions were a good combination 
and technique to develop a 
database of important visual 
cues and locations an operator 
can see from a given work 
position and posture. Analysis 
techniques that determine 
which VALs an operator sees 
from a variety of positions in a 
computer simulation is shown 
to be potentially useful to the 
mining industry for design of 
work practices and section lay
out, and could impact equip
ment design or selection 
for improved worker safety 
through training. Based on the 
promising results of this study, 
an in-depth examination of 
operator cues and positioning 
is underway. 

Table 5 

Most Important VALs Tramming 
Direction of 

VAL Area/ spot/ object:J: 
movement 

Center line of entry area -
Center line of machine area -
Rib right side area -
Rib left side area -
Edge of machine right side area -

Edge of machine left side area -
Roof at center of drum area -
Top of drum at center area up/down 

Centerline of entry at 20 ft area -
Roof at 20 ft area -
Centerline at necessary 

area -
stopping distance 

Roof at necessary stopping 
area -

distance 

Floor at necessary stopping 
area -

distance 

Obstacles at necessary 
area -

stopping distance 

Right edge of drum spot up/down 

Left edge of drum spot up/down 

Roof at right edge of drum spot -
I 

Roof at left edge of drum spot -

Floor at right edge of drum spot -
Floor at left edge of drum spot -
Center line of machine at 

spot -
drum 

swing 
End of tail boom spot 

left/ right/center 

Roof at tail boom spot -
Floor at tail boom spot -

Cut depth mark added to 
spot -

machine 

Other moving equipment object mobileO 

Mechanic object mobile 

Face boss object mobile 

* Area: specific area around the machine; spot: specific point on the 
machine; person: another worker around the machine. 

o Mobile VAL is located near the continuous miner machine and moving 
in any direction. 
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