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The use of professional software is an integral part of 2 student's education in the mining
engingering curnculum at The Pennsylvania State University, Even though mining engineering
represents a imited market across LS, educational institubions, the goal stll exsts for using this
type of scftware to envich the leaming enviranment with visual elements and, therefore, enhance the
students' ability to understand design principles i 2 mare systematic manner, All of the students are
requred to develop a complete mine-design project, from conception to completion, which indudes
the selection of appropriate mining components and systems to meet desired needs, However, the
question that is aften asked is whether or not the desred benefits from using suth software can be
Justified in terms of india! cost, and programming time required for bath the instructer and students
of small engineenng programs, such as mining engineering. The objective of this paper i to evaliate
the expenences of faculty and students with typical profissional software tools avaiable for mining-
engineering educational programs, and bo assess their abity to enhance active teahing and
learming through computer-based problem solving in a manner which is cost effective for a small
enralment engineering major,
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The Effective Use of Professional Software
in an Undergraduate Mining Engineering
Curriculum

Vladislay Kecojevic®, Christopher Bise, and Joel Haighe

The Penmpvoania Sie Theieersiey, G54

The ke of peolesssonal sallwace is an integral par of & sudvsl's educstion in  fhe rining
enpineering coeiveluee ui The Penrsyhvnniz Srare Ty, Eden though mining snginecriog
represcnts A o okt aconss TS, sdueariona] inaditions, e moal w6l exists for nzing this
e af saftvars toencich tie learming enstronmeent i viseal clepsen and, theretors, sehanee die
amidente” abilioy po wndersiund desdim prineieles in8 pigre svsionete mannes Al of the studenn
are requieed, w0 dovclop wocumnplete mins-design prejoct, froos conception moermanistion, which
melides e seladtion of approprigte mining compancaz A0 svsazns o mest desited nesds
ITrewewey, rhe question Ll s olten asred 5= wherher ar por tee desiced Bemsfits frors uzing guoh
selasre con be fusdfed we weene of iniial easr, and progiaupaing Lme requered for Borly e
imstracior end smdenes ol saiall cugiuecring pregrams, sucho g misioe coemeering. The nbjscrive
ul’ s paper ds ooeevaloane e cxperences of faoaly and anidens widy tepic] professional
salbwars kals weailaSle for minbg-cagineoring educntionz] programs, aud o assess cheit abiline @
clabianies active tenching and leareiog brough computer-hased preblom solaie in 2 monner whkich
15wl eibzctive for 2 smablcrologeot cogineering maiar,

1, Intreduction

Clver he [nsc 40 years, compulers hove increagingly played more imterral rales in
mining gotivities, Theyr have been used o all areas of mining, Trom exploration o
it plannme and design, mine opembons, reclamation, surveying, maintenance,
wentery conol, GIPS applications, snd so forth. The main obpective of computer
applications i W simplify the process ol slorage, reericval, and analysis of mining dara,
facilivere the. desipn, ‘simulation, and monjtormg of mine plans and mining
opemiions, sl e assist ongineers in the day-to-day decision-making procoss
(hadinzammn, 19U8L Prior to the wiid- 1970, computer applicatiung for mining
enginzesieg were Hmited, due 1o high costs, inefficient hardwace snd sofoware, the
recuuicement for highly slilled compurer progriommers, snd the inaldlizg of sofowars ro
“earesprading wathar. Collape of Bal amd Minem! Sceences, The Pensisgvania S Dnlveasdty,
1% Hosle Hudlding, Universiog Pk, P2 18802, 1USA Trazil EEape ey
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iclidress comples problems beyond s single el (Hladwsz, 1996), Durng thet ume;
most =0alaire deselopment was conduceed 2t undsversiries and focised on research-
supported prograrns, such us Vicginia Tech's FACESIM, an underfground coal mine
precdueton simlator, and The Peansvlvania 3tatc Universin®s Cheincefnmh Penn
arare; THEMHS (Underground Matedals Handlicg Stmulatery and Mine Vencilation
Simulacor. Sinee these were produced throngh supported vesearch, they sweres widely
disseminared theough the wmiming mdustey for those companics. with muainframs
computor capabilitics. Since these progrions were developed g universitics, they
became inregral cammpanents in the vnidergradiae mimng engmesring corricula.

Lhe explozion of wechoical compuring in the T9E08 poel gpcly 19905 surmulaced the
development of pew hardware acd softwace capalle of wldressing multipls problems
erod besl, and dmaller and mcre pesscrfol computers, 0oy more cos-efeotive
cempaiing envirenment CWEHkinsan, 20020, Since then, new alxoridums god sefiesare
louls hewe been developed to salve the mnst difficulr mining problems whale, at dae
sproe tioms, hardwars bes been developed tn cnahle these teals to fur Gister pnd more
elficientdy. A computer techinology evobred and Incresised in sophisticulion and
perdesry ooeyy onder dnd dimension opeoed, which i lindies] only by the user's
irnpnination, Dilizing un inceracdve three-dimensional (3-TH srapbical eovirumment,
mubiiple tasks cam now be solved, Providing a visual design allows ihie pser o pesg
apperaticenl ilens sl denufy problems befors they ace seached eperiionally inoa real
setfling where an error ¢an be guite costly. Likewise, the wisual environment
commuicates crucinl planning concepts to mins-opcrations indlvdaals g formal
fhat can be eepcily swderstovd, Complex calculations can be performed gquickdy,
llomringg stimulation modelbng to provide sccurate representanions of veal ornioge
sitamons and, A% 4 congeijuence, can be anabyeed hefore making substantial
restments. Compurer-aided. design (CADY) peckages have changed mast engineer
Ing curricula, raalkdng ir possille for veers woanalyse snd design ar fovels of peecision
considersd exrremelyr ditficolr roonceomplisk by hend: calculatings, alane (Philpal,
20007, Lot clazsroom insmractian, the vse ol PCs sned projecdan equipment, aoupsled
with recently dewvcloped software and spresdsheets, ensbles mining-cngineering
ecucators, for the feer time, to cobidudl mme=desien classes with real-tine discussion
of the etfects created by varyving iopul perpmeters,

The miming indusay's need for enginedn educoted and trgined o the Tates
softwinre hgs significanty increased in the kst decwd e, Thomes, laresz, and Kumppa
CAOEY stpe thet the mining mdosos s a lamge consumer of advanced software andd,
wiile. Lniversily courses should abwavs concentrine on e ondecpinning “theainy
and ot on safiware desizm, these tools™ need o be infexeaisl o the curriznluny in
the smne weay that they sre congidered o be intesral paris of day-to-day sine
aperatiang, Alka, seoreditdd mining engincering programs are required to comply
with the Acereditation Buard of Engincering Technology’s (ABET') program
criteria. whicl states that students are cxpected m develop un ability to use the
wechniques, skills, and muodem sngineering tools necessary M erginsering practice.

Fooognizing these regperements, the mtegration of professional softweres into Penn
Srate's ining cnpinetring progmam 1%oan important part of 4 stodent®s edoestion.
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The Fallowing secticns of Mis paper demansrraze how o take advantage of, and
ssgess, cuerently denilahle goitiing-edges sofivware o educsrs the noXc generation ot
mininE=engineering professionals,

2, Currently Available Mininpg Software

The purchase of @ single software product can ceprasent 2 substuntipl amount of
funds, and addigonal expenses associnted wath subssguent updates continoe 1o add
oo the initigl invesonent. Lo meny selveare products, 160 s customaey (o have o basic
program umit, which con be supplemenigd with addivonal peogeaim imodules, cach
desigred to solve specilic oipes of snmneering problems, When cach of fhese moduoles
st be purchased, the expenses pre oflendifculr e abard by academic programs
that cater o speciulized Gelds; a5 2 resull, detpand @5 imincd. Bor ceample, the
Surpus sellware paclage used in geological modelling and surface mine dexign coats
B2 00, wath an sl maintenance Feaoof $59EL Ofrentmics, a sclution isfmund by
tukdne aclantoge 0T 1he educational veisions of largs sofnrare packages being offared
gl substenosl discounts o the universitics. Usually, professional micstings -and
svmmpiesia provide exhilition halls sfere software companics moet with umiversity
il memnbers G the purpose of determining cose effective wayvs of providing the
softwire i the universitics. Software manufaeorers are often recepdve o the ides of
dizmating their producis as one methed o promote their products. Bepardless, if the
soliwire 15 chiber donaved o sold with an educarer’s discoune, such practicss provide
sruclents wirh an carly apportunity to wrork with softwsce they will use mprolessiomel
pracfiog.

Amang rthe assembly of commercial softwers incorporiie] ot Teon Stne’s
mining cogincefing currcclum aee;

8 SURYCAL, by Carlson Softwars - a progoem tocsi] o the design of enderground
mines, peological mapping and reserve siodiss,

& hurpac Vizom, |:|_1.r EI:LI'L'_F-EI':.' Sofwere Internatior] (88T — o comprehoasiae 3-10
softward syvetem lor sxplocpiion amd geological modelling, and mine and wagte
dump destgn,

Talpsc, by Furge dining Tres = sitnalation of 2 lnader-vrock sysmem,
SplvoSim, by Voelva Conalrrdctinn Eguipmeonr — simalation of Yolro’s oader-
(ruck syslerm,

o DiragSin, by Runge Mining Tie,. — shore- and leng-teomn planning of dragline
ATH R R
DieTFat; Tor DePar — madelling of drilling and blasting operaton, and
Belt Anabvsr UL by Chrerland Conveyor Company - desipn ol bell convevirs,
panging from the small, n-plant conveyors, to everland conveyons,

Twno recens ndependent survevs: on mine plannimg Saftesce apphcations in
Anstalia were conducted and included 106 surface and 59 undereround metallic
mines [Australin’s Miniog Monthiy, 300H7, The resulis ol ibese sueveys ane shiosh’in
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Prgure 1. Surpac by 85T, used exiensively in the Penn Srare mining engpneering
curriculum, is also nsed abread. Wit the global economy being emphagized in TS,
figher educadon, it malws important e nole what softwers packages are being ysed
weurldwide.

3, Mining Copineering Example

The dMining Tngineering aculty at Ponn Srare is committed to e developmient of
ar) interaciive waching and learning envicomiment, The goal 12 to insure thar students
play an active rile in the leaming procesa. The program strongly supports innovadon
in it teachimg mmssion, vee of compoedng, neoworking, oo nformalion cescurses w
mepire and manivate siodents o develop a fifclong arachnent 19 (he discipling of
mining engincering. Stafe-of-the-art sophisticated compurer facilities el profes-
gional softwers packages are made weailable iz suppore of reaching and lesrning. As =
result, the program has macde o commatmens, and secursd funding ro maintan thege
up-to-dare sofrram packazes,

Une eaching rechaigne that & popular with engineering cducarois is 1o incorporile
handz-cn projects intn the sarion: enginsering courscs (Reagan & Shoppand, 19967,
Penn Starc’s mining-relared projects are enhanced through the use of professional
softweare within the following desipneoreluled courses: Mine  Maredals Hardling
Systemy (MNCG-404), Surface Mining Sysiems and Desipn (MBG 4417, Mining
Ergineering Projece (MNCE 45107, an:d P i T _['1':;_:||'_'.'I_|.I:En:-11 {MINE 4713

Aran egwnple of how totrain studears in the use of prifessional software, MM
441 students tollow a cwo-step process. The (st step mncludes 3 ane-hour-nes-wieok
leciure sessiun where the students are provided the thepretcal backpround necessare
o understand the basic principles and processes ineoiperated within the sofrerarc.
The secundd siep includes a three-hour-per-week laborntory sesson. This menlves
instruction en how o vuse the software, the ratinnale behind its orpertzation, and irs
arvamge e, including mpat, mun, validaricon, and oolpot

N swlaes mrirg 8 armargra e meag

iNIng |nsUnTy
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Fraure 1. Applicarion of professicoal odnioe seltware by che merzllic mining iacve ey o Awstadia
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I'he smidents uge the depeartment’s computerized lab, which i eguipped with g
subficient number of sofbware lizenaes to eneble each of them to féllow and repeat
instructions provided v the faculor, Az the end of exch lab sezsion; the students are
azked o repezat the procedure for 3 parocular problem tvpe untl ey feel conhdent
that they understand the applivetion. The task of the facully s to provde 5 stcuctured
lrarning process for the students, go that they can bemn e v the software exrly in
the courss, and mre shle o perform design sk celabivele gumckdy, This process s alse
neecded because autput must beanubysed el dnierpreied oo e, coneis, and
mesmneiul Deshion

T ke malvnnuege of the 3-TF capalyilivies of sofware foe oeeliody analvsis and mineg
-;lt':j,]'@, t1_|:|_i_u:|_||_|_|:|_| ]]’_I:cll_r_'l'id]zi i|_| L}ji—e _|_-:_:-r|||_ :}r 5I:‘||'|-c|:al'-.! Ponclic "l.-r'i-:']q_"l.‘:- Tnrevleaee {."'.";.-'-[:l
sielens Tiles herve Boen deveboped Toe MBG 2 L The resulnng files are smvall and Higllby
corpressed, and  include the derailed,  fall-mocion, on-sercen activity of the
instruste s compurer-basad  isrruenions,. Adsng all owm-sercon images, including
(- mensls, e selecrions, pop-upwindons, lagcred windowrs, messsge boxes,
and cursar mevements are recorded. Advanced options are incorporatsd fneo the
degigns oo enable students to pavse, branch. or dtop for faccher remediation,
exploratind, of enhatcoment opportunitics. Az a result, mere than 1,000 templates
wers coitsrracted imoorder to motivate the stodents in the lesmming process, Instesd of
senditig s hard copy 200-peee stacie cucorial wo the students,; the same meaterial & sent
using dyviamic demonscrations, dues stimulating their involvement. These cenl-time
videos are locared onoa deparmmencal secver, muking them accessible through the
Intranst. Such ies cun be viswed with the widely diziobotesd] Wil ows Medin Player
or BealBetwerks ReulPluyer soltvare.

Using Lhe Surpee soliwers svstem, MING 30 cnidents e expogsed o damabiase
creston for explomtion Jdew stworpgs, deill hole cepresensarion, dnrerprerainn . of
meodogical propertes, orebody represersation by block and swaegraphic medelling,
i)l terrem modeliing and contouring, dasizr of surfee arine ami waste dump
greormelry Dy uging steing and Degiel Teeeain Maodels [TXTM), designe of deilling sed
h!s_g.[]ng r_\-|||_|_r:|"_'.5: prll-:|||-:_'|i-;_'|:-| ;-;Tu:h-. -:_:-.'-rll:l:|_. wrad et and Tl l.--:liurrll_":, wnid ;|:||:|J||-'_'Ti-!'-r|
sehiedluling, Figure & shows esmpmples of copper, ivon, and dtoie surface mines; as well
o s e oy, desisned Bay saodernns.

Thie Talpae solleare wystem s used for production and soonomic evaluation of
hazlingg andd haolage equipemene. The stodestss sre aught o o ser o materizl
o pesnics, catabilish rosrers, appropriatcly selecr lnading and haulage cguipment, and
o defing the haulage cvele.. Producton, ccopomic, envircnmental, and safoty
crzluations are perfonmed using either a determimstc or s stoechssac spproach,
[neremaental analveis (s alzo inroduced morder to evaluate the system's performance
i verions stages of mine development. Fizure 3 shows an exsmpls of & student's
work on the simulagon of 4 loader-truck system.

Short-= and long-term planning of dragline opecations g performed osimg the
DrrapSim softwsee packaize. This graphical acd anaiytocel wonl bes been nsed to
st the sbodents s smuoluben ol waste el by aodeagline, s determinetion
ol prodnetivity, selomes, o aned maierial cosns, mine sequencing arad valome
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Fipurs E A uxaniple ul suzlees muoes and- o weste Jump sdesipeed by m:uﬂl.::u.h

balancing, and sensitivine analyses of aclecred wmﬁ@tﬂ and dragline paramerers,
Figure 4 presenms an cxample of o student's work on dragline operation ar a-coal
inz. ) '

DelPar sofnaare i8 used o organize and analyae rock drilling and blasting syatcms,
Itinciudes a definition of rock propertzes. a selecdon of deilling equipment and typical
arrangements, snd g selection of the sppropriace toe of sxplostes, Based npon thess
input parameters, the students have an opportuniy W analyse Fugment size
diztribution, tming, dolling seomemy, md o compure drilling and blasting costs
culculated fur vanwus blasting despn putterns. They wre also eble @ determine the
potendal smpect on the enviconment from @ pardcolir blasting regime, Figaee 5
shiwes the tesults of » sudent’s work on drilling and blasdng desiern,

The Delt Analyst I soltwsrs 15 uged te simulate the hanjuze procssy by belt
canveyors. In o ramge of applicationg, the stedents must et all required input
parsmeters, run the seneletion, pedfomm calibration; walidation, angl sensigy
analyses, and compare the ohined resulis,. The stuclens are als reguirved
prosluge eemml-comparible parpan, Covdee supporting e pregrn gosals 1o enliance.
the stucdent® communicarion sRills, Figuee 6 shoaws the resules of o stodenr™s work on
bedr corweynr design.

4. Asscssmicnt of Instructional Eq-&warh

Jemes, Mclnniz, and Devln (2001) indicate that assessment needs o be consistent
with the objectives of the courss and whatis tought and lesmed, The effectiveness of
ferrming wol suveessiol completion of project sssipenments are largely dependent
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Froue 2 Ao el of 3 smodear’s woek on the desipn of 2 loader-mack sysem,

upon well-prepared torortals, and worked-cur cxamples based vpon real-ficld daza
provided by minlng indusoy represcntstives. Clrcating exicnaively documendad
ruzarials iz ditficule and time conswming, Thers iz 8 preat desl of dme nvolved 1n
lzarming predessions) software, snd most of that lesening eoouns outsides the regulucly
scheduled class, Students can spend 82 much g5 20 hours each week werking oo
sulvimg the problems presents] in oass In additon w the inwractive compater
communicslions. beoween the instrucior and  stoden. and  wmong stsdenty
Urernselves, 10 alse bos been pecessaey e provide bord copiss end elecirone versions
el sty materials that Bove been dlemved oo both vendor®™s manuals and wowosls,
s wel] s e the insrracme's mwen - experience amd koosledzs abour g perticalae
sofreare package. These efforms are designed 1o improve learcing, bar the eost m tme
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Firume 5. A exausple vl o dadeiit’s wok en deilling and blasing desizn.

and ctfort cannot be mumimaeed. Pest stoches bove shown thar the rione desored. oo
plograrmming etiort sy ol nhwnys. De justified when the gonl is 0 gr_uf::‘a]ij' dascribe
a ine plen (Bise & Alher, 19550,
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Vigre & An exomple aof 2 smadent’s work an hell coavesar desemn.

Fenn Stare studenie are provided witly o convenional, post-Course guesiunmce,
cicitded the Stodent Bating of Teaching Bllectveness (SETE) This aniversiiy-
produced form sllows students Woassess the courss and osirocior alnbotes of o
cotirse on a [ to 7 seale provisions sre alse made Liropen-emlsl, weitien commenis
The SETLEs provide the Geoulty with dmely responses desenbing the degree w which
stucdent sepectilons are bemg met. As animdicetion of the efectiveness of softwire
tegching snd learning, the Bllewing example con be gsed, Theough the SETE sheels,
spudenes were psled whal |J_'|,i.:':-,' hlkeod best abaonat their ciourses, T|::E:|-' rL"ﬁ[:lllldﬂ-:] ikead 1he
conrses Buve aiven them o valuahle exposare (0 computer peageon: applicable e
roimizgs el Since the ranings ore on wseven—point scile, scores bagher than 50 ae
considered] o e ey good s escellen stnge. & recent ser of SETE: for MG 44
wizre s Tl lodgs!

Fare the overall gualing of this course: 600

Bate the owerall guality of the instractor: 540

Fate the clarizy of the instructor’s presentatony: 5.30

Fate the metrecor’s willingness to help students maks progress; 3.30

Fate the mmstrueor’s skill creatng o climate conduciye @ leaming: 5.70
Bate the sdeqoacy of the mmstracter’s knowledee of the subjsct matter; .20
Eate the instructor interm of bisther prepamanion for class: @44

& B @& B @ @ ®
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# Rale the organization of the course in teome of i logioa ] amingement of mareriil
el pebvideys: 6,10

Ohwanuoaly, the stodents appreciate the aurboees of the courss gy well gz the
LsrrEcior.

Penn: State mining snginzering snidents somplete 2z addisional survey on cach
course which sowsed fov ABET evaliation purposes. The survey lsts the Mining
Lngincering Progrnm Obiecoves end agks e stodents 0 rate the COLFSR, x4 ta 2
roale, wirth regard e how well the courses satsfy the program ohjectives, These
raOngs are comparel 1o the level to which the instructor tergered the course o meet
the pragram cljeciives. Tablz | provides the stydents” and instructor's marings for
MING 441, Obvicusly, the studenm rvare the course ss high or higher than the
instructor’s ntention 1o mest the program objectives, indicsting overall sarisfiction
vath course content aml delivery, Of parcicular significance 15 the high score providil
by the dtadenes for Progrem Objective 83, which desls with computzr-based
technolomy,

However, o Foll asscssment of the gse of commercial soltwsrs CEQUITCR: 3
campanion with the stzndard {non-computer-aided) merhod of content defivenr.
Toado this, the comparizon erireeia invlude dnidsl cost, anneal renewal developmentr
i, real-tme capabilities for in-class demenstradons, and capabilides for three-
dimenziansl prezemtation. Tahle 2 summunzes o costhencfit analess for s surface
mine design pourze cnhanced with professional software applications, when
enmipire:d to s stmilar course wiich does not include compurer-aided design,

Talde 1. Swedents” evalunsfon of the suifies udung course, MM 44

sdunlng cimmicering program abiestives Imsrcrar’s g Swdenis' raring

(2 G
=1

T deliver cornonlum foocecial Gt dsaf sufficianr 3 =
duaence 2nd snginecring rleor o cnsure thos shedenes

Je dhe hests B enreciog due oclvde oo public seernes ag

szt enginesrs, or Figher ofueatisn, i they snochroge,

-

T cable students waoeaprehomd U aornelationships ) 2
R RTETNY |.;l.'l.'-|u|.;l.'. explararinn, walvariog. duvdlppnent,

exploiatien, und peetessing af mimeeal dépuesits in oo

coiditated vmnner, Fomorthe introducay oy

EONCRE [0 CApsiae nene-design canrse

T encciraps stadunts wee of compuarers and nlocoa- 2 2
e rechiaslegy ol @ comprehensive manner, 53 1 nclas

m enginesring apelicanms for mineml reanrese,

Lo sEmulore snidenrs’ Aaiicieeds diod appredintion foi 1 1.3
sociviml concerns wirh pegaed e e wial enviranmiensr,

brealthe and sabery sarminabls devilopment, kslong

beurmieg, and rhe cofasreation of cur poum] resrcrces;




Il

e

Ci

£ Lo

Uindevmradna

3

et Dol Profcesssnsd Softuare 7

F

FESAL ROOME] FOE S2LP0E 00 I UoaTEessa,] (C-) PRIl g-=aaig . — 4
sarngrdery ACArT SRr SR - A

(o askauos sad snog sy, WAORIRAZTT ST < ]
[FAtATE] RNAOST S0 1500 — 7

1800 PR - g

[FF DA 0 S0 19 TR -

SIZOIS — TGO, |0y T L ] LA LT [

SN~ YEATRENT T]MT AD — DLTEROy 15E50

CT 0 TEI 85 sapmaidy AL = VT[T NEEE— 10 a]

L0 (R4 B 6] EIET PR 30 00 Suby - wdns MO — CUYSSNI ]
=i pun “rrancdpiaiap JREMT W 0] B TV T ETET P L ALy (e aanstapied
528, o £ POE FOSOEEIUMERY ST 2] 7 ARaT ancg — seding auauw — aedmyg A POOTEND QE[ PLE siioer ]
PRIETT o AEanT £ R s qF7 PR 3TIN9] (AR
g q iz o i 2

sl lls aumsaps [PEMRSAnad Iy PORTEYTS J52000 USImAp JULL SORANG T 107 SIRATRITE TOURSEET | JQE L



12 1 Rlecofens. ot al,

Aocloze Gmepecrion of Table 2 reveals than the moss wadely vsed softeare s available
b cducarors for g minimal amount of time Ohwinusly, the nitel. prepeeition. of
rueorials uzing eetoweare (5 hoors por cobact Boar) raguires more ane then the
standard Ieccure and lab formart {3 howrs per eontact howred, Howeaver, annual upsalaes
of the material require less than 13 minutcs por contacr hour,

The e advenmae to be gained using chip approach Is whart can be done in the
classroum. Lier sxumepls, o would walee one hour C3 homewsarlk assignment) for a
stclent p de v baod wiloulsden of g cosl-reserve estimation utilizing the data from 24
dollholes: that same caloulsuen, in class with a laptop computer and & peajectinn
syalem for cless periicipation, would ke cos mioeee. Cleacly. the shilice for an
insrctor B perform sensilvity snalveis inod real-fime setting greatly adds oo the
educatiena] expenence, sl maouoow] cost and  lomited, sdditional mecease o

1lr|.-.|:.|'r||l.'i-.'-r| tirme,

5. BSumitiary and Caonclusions:

Protessicnal software cobances the understandiog of loswe modnng waorks, wool soogdents
should be edocared and skilled roouse these mols The application of professional
sefrware in the tzaching and learning process cnables seadents tooacguire slalls o
compucer-hazed problem solving, eomputer geaphics, and CATY echmigues, Toalse
provides stedenes with the oppacrooniey rooesaloare Tedie vesnleg in an anelyocal wnoed
graphiosl fashion, #nd to ctocosvely commenicate theid thoughiz on engineering
suladens, both mdiddually end in 3 tcam enviconmens, Addirdenal curcemes inclode
the development of skills to optimize iwining cngincering unirs and sysrems 1o meel
desired prostusction snd coss requirements,

Oine giher pepect that 15 sipmifcant relaces to che employmant poreicial of mniaing
engineering sraduntes who possess understanding of modern mining-relired
sofiwere packazes, Tt bag been cor abservation that a recently emploved mining
cogioeer with  koowlecdsre of modern softwsre packspes can prodoce resules
comparable o independent comsulient ar less than 23% of the cost. Cloarly,
codngrabies will Aod b meee cosieelectve Lo do this work in-heovse with properdy
rrained gradnares,

Io ennclusion, minng eonzineerimg sdocuiion 1o te 215t century emphasizes active
learning o the parr of the stodenly, goeap problem solving, aod a global porspective
ot the indasny, Fven though st mining engrineenne classes are small, those goals
can srill Be et rheough (Be elfemivs use of computsr technology and sotoware,
copplad st real-time dizcussing aced peablam solving, Tn the fotore, the web-based
c-lcarning echnelagics will Become the poorary choice of debivery tor teaching and
learning of profezsional mining software. These rechnologies will be Qully appreciared
when I:ll.‘}ti.b:i"zl.'_l." iz nct-:‘.td:, and e -.:I.I.:I”L'I-'.Hl_'!'i al :Jihlll.rll:r.--|n::ur|1|nl_r| will hove o Do
afdtessed s format be maximize acceszibility (Cortin Thoversiy of Technolegy.
20 Oeloswnslkd, 2002: Thoma:s cr &l, 2003). Clearly, progressive mining-
coglnesring edocntonsl proprams must comoic © weing peofessional soflvame in

thieir s,



Hilecieve De of Dvodessional Softawoees & Unddorgradiee Contonlion 173

Acknowledgimenis

The authors and Penn Srate etining siodents nee especially gracetul @ Runge Mining
Inc., Vol Construction Equiporem; aod Overlamd Coanvever Company for donarivg
their seltwure. The genernus gifts puowidad by 1lsse cornpaniss enable students oo he
exmosel to suphisteated design sools peiar to gradaation

Melerences

Auseralin’s Mining Menthly, 0001 Chideipriis apuipmenc &8ssty 200G, Ratricrod
Dlecarnar, 200G fram Linpsssw udog aoothly curr,

Budimmnni, 0 09900 Campurer medseds. Lo B Hozoown (Bl SME mogmg ensinesie
Nomatonk (pp. 390 G2ED, Tirrleron: Sociory for dloue, detallungy and Fxplarztiom.

Bise, O, & Alher, T OV0EY Compacson of peedel and siomulaton wehniguss fiar prodoerian
anulvis 'in underground conl mines. SME Teonneotim: 225, IETH— LREA.

Curtin L piversicy of Techaalagy (2003, Fedeninge s s Botrieved December; 2007 fram
herpflsncurrinc ey,

Csalosineki, 17 P2O02 Online mining educaten: A reality, Fmvene of Movorsd Hasowvces Engineariog,
TAiL), 137 .- 146:

Hlwesze, L (0006 omwed mine. Rarricvod Theoembed, 2005 from bip:dpraneethe inpad .com)
b3 32 hirml )

beanes, B, Molomas, O, & Dheeding B G200 ] Asiesing frevwi ie aAwatraor imivsdemas, Remievsd
Dreeepaber, 2007 Iram hrpedwaneeashennmmelb ed o awdsiacss el casmingndes hml,

Plilpor, 1 A (2000, MGl Soliware o hidae the zap bervcen lectuies and Swmnewark in
st al psiterials Sereosaciniad Tl of Sieisseior B, 5, 401 - 407,

Frgans odo, & Shegpad, 50 D0 (19865 Tniemotvs rooldmedin cotsaemrai: and busicda-on leaming
cupeticas A sscsmment stady. AEEE Foaciad of Feeiaoeder Edion, 8302, 123-130,

Tanmne, S, Tares, S & Buedgpa, M, (200350 Opcmization of delivery of miiioe cducation
exrevial stodenis, Lo B Bimehal, K Peras, 800 Clhivwenaly (Bde i Cenmnse siadicaiion in she
tigiwserig fubindnmer fon CO, w0 T Lol AN

Whilkitgem, WA (200, Elouenis ol praphicul mine pianning, Tn W, Wilkinson e, (B, 2402
SME wpnend i feepmieis dan CL prepior 9204685 Linlemn: Socieny for S,
Wiesallurpy and Bxploration.



Viadislay Keonjevic

I'ape 1 of 1
PF_,"\J{'&.;S' ATE Search; This Yite | F5U Peopie | PSU Departmeils | P50
E MEFAETAT ST OF

ENERGY AND GEO-ENVIRONMENTAL ENGINEERIM

CRLLLGE €10 CARITL Al D TN LRAL SCILNCES

Viadislav J. Kecojevic
Asslslant Professor, Teaching
Pinirey Enginaering
Centannial Career Developrment
Frofessarahip in Mining

ERgiaey Research
154 Hosler Buiiding
Unfwarsily Farle PA 16302-5000
d14-d6a-4200
f1d-ARG-3248 {fax) Sorvice

Pl IR paL; a0y
e e ...

|-l |

A And-gzap | Apian | Austn | Avala | Biensweskl | Bise | Boehman | Ghandel | Songiding | DeSaly
| Elewrarth | Ertekin | Eser | Flick | Frantz | Ga | Grader | angves | Faight | Flallesk | Haidy'| Hogy | lvokumbt

| harpyn | Kecojevic | <lima | Koh | Lockiz | Lugking | Lvoy | Mamlo-valer | Mathaws | Mutrmensky |

| Dsaen Asace | Falver | Fovzek | Phoips | Bisupati | Bedomeky | Radovic | Raman) | Soarni |
| Betrlssln | Schalat | Barg | Thiowes | Vasiols | Yalker | Yeteor | Wnmsad | Yeaoal) | Yeung |

| Al Fauiby |

DEPT. OF EMNERGY & GEOQ-ENVIFONMENTLL ENOINE EFING

110 geier Duissirg. Univemny Sark, P& SERDA-RINN
Pharsr B94-355-0457, Fae, §1<-585-084 5, Emal; COLES s pe i
Framey and Lol Sloldrisnly | Sephraphil @ SN0

hiftpetfamow e zee penLedu Faculty ke cojevic him

G TR 2006



Christopher J, Bise Page | of |

PEMNM E'rmlrf_ Search: This Site | PSU People | PSU B (frents | S0 W
.;;__l.-ﬂ- - T Y T SE S §
W ENERGY AND GEO-ENVIRONMENTAL ENGINEERING
CORLLGE €80 LABTE AMD .‘-'IIH'LIA_I. SCIEWHCES
. Christopher J, Bise
Prafessor Mining Enginearing and
Industrizl Health & Salaly SEEN.
George H. and Anne B. Deike Chairin Mining
- Engineering
Undergraduate Program Chair, Mining
Engineering and Industrial Health & Satety Research
1034 Hesler Buiding

Limversity Parls, PA 16B02-5000
CB14-363-1644
B14-BES-3248 (f2x) Service

p b pEl el

Lot SR ———— — =

| Anasumi | Andndsin | Apan | Aushn | Ayl | Bisnkwshi | Bise LEIc.r:-hn-ar- | Ghanmsr | Cansikbne | DeSalo
| Elsiioniy | Laukin | Eser | Elick | Fran |_G-'J | G | Giovss | Haight | Hallesk | Hardy | Hoag | Byosumbl
| Baipen | Kaonieis | Klinva | Koh | Luckie | Lusking | Luend | Marpdo-vater | Mathaws | Mutmansky |
| Cssea-Aspes | Palner [ Hacizak | Phelos | Pistipat | Bacoimsks | Badoyvic | RBamani | Eczanoni |
| Echisster | Schabar] | Song | Thrower | Yasicda | Waiear | Wirlson | Weonseard | Yebosn | Yaung |
| Al Faauity |

DEFT. OF ENEROY & GEO-ENVIRONMENTAL ENGINEERING

170 Heelar Suding, Usewarsily Parde. 78, 15302 50060
Fhronm: 2 14-856-3437 Tl 09A4-0R5 0240, Srnals =G5 @l e A

v anil Loga Sastmants | Coowignl 52008

file: 40 Documens$i2 Gand %208 etlings VURALE Local %208 ettings Tempomany® 2., 08.08.2006



Joel M Haight Page 1 of 1

PENNSTJ"LTE Saarch: This Site | PSU Mroapls | PSH Depiriments | P50 W
ﬁ DIF FATTANT BT 43
ENERGY AND GEO-ENVIRONMENTAL ENGINEERIN

SAVLLL L L0 CAICLIE AR RPN LI AL SO LML

Joal M. Haight
Associste Professor tanghing
Imdustrial Health & Safauy

224 Hosly: Building
University Park, PA 16802-5000 Rosearch

BiA-B83-4400
BAA-265-3248 {fax)

[ i L e
Service

| Acavwum | Andrémen | Aplan | Austing] Avela | Bienlawski | Bise | Boehiman | Chander | Considine | DeSslve

| Slawiith | Erekin | Ezar | Flick | Front | Ge | Grade: | Groves | Haight ] Hetlesk | Hardy | Hean |itgekumon
I
wi | Mulmingky |

| faroyn | kacezevic | Kitha | Koh | Luckie | Lueking | Lvey | Merolo-Yaler | Mathew
Osspe-fsare | Palmer | Parzek [ Phelps | Pisujati | Radomsky | Badovic | Rarnasi | Scaroni

|
| Gchisgher | Schobart | Song | Tanmwer | Vastcla | Walker | Watson | Wyngased | Yebazl | Young |

ODEPT. OF ENERGSY & GECO-ENVIROMMENTAL ENGINE ERING

110 Huzler Doy, Unkaors by Fars, P 1830223000
Ploe: S14-055-3047 “re § M-085-2248; Ervuil: ©2575 dGerns pon anti
Frrearny sl Lol Staimneris - Sapyrpht & 2005

hipeifaww epee peu.edudFacultyhaiehit him OR.08. 2006



