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Models and Simulations: An example of using simulation �based
data in an introductory geophysics course
ThomasM. Boyd,ColoradoSchoolof Mines,tboyd@mines.edu

Thedatasetscollectedby thestudentsareremarkablydiverse.Althoughall arecollectedoverthesamegeologic
structure,eachis obtainedwith adifferentsetof surveydesignparameters.Thefigure above,andthetablebelowshow
threeexamplegravitydatasetsall collectedoverthesamesubsurfacetunnel.In termsof costcomputation,the
relevantsurveyparametersincludestationspacing(∆x) andbasestationrepeattime (∆t). In thetopexample,survey
costwasminimizedby usinga relativelylargestationspacing.As a result,thegravityanomalyassociatedwith the
tunnelis poorlydefined.In themiddleexample,surveycostwasminimizedby increasingthebase�stationrepeattime.
Theresultingreduceddatasetis contaminatedwith tidal noisecausingtheobservedanomalyto behighly asymmetric.
Thebottomdatasetrepresentswhatthis particularclassdefinedastheoptimumsurveydesignfor this particular
problem.Althoughmoreexpensivesurveysweredesigned(in thisclassonecostover$250,000),studentsreadily
discoveredthat,giventheclient’sneeds,theincreasein informationcontentdid not justify increasedsurveycostsonce
costsarelargerthanabout$25,000.

Advantagesof CurrentImplementation

• Theuseof interactivetoolsallowsstudentsto develop
aconceptualunderstandingof theunderlyingphysicsat
anintuitive level.
• Theimplementationthatweuseis inherentlyinquiry
based.
• Theinteractivecasestudyapproachis onethat
inherently incorporatesmanyaspectsof gameplaying.
• Studentsto collectdataoveraknowngeologic
structuremanytimes.This allowsstudentsto assessthe
cost/benefittradeoffsof geophysicalinvestigationsand
to doquantitativeerroranalysisof theresultsof a
particularinvestigation.
• Theuseof interactivecasestudiesalsosupportsa
systems�orientedapproachto problemanalysisand
solving.This is facilitatedin two ways.First,
underlyingtheentireapproachis studentanalysisof the
needs.

Disadvantagesof CurrentImplementation

• Studentsarenot exposedto themathematical
underpinningsof thetechniquestheyareemploying.
• Thereis little field experienceincorporatedin thecourse.
• Becausestudentsspendvirtually all their time exploring
specificinteractivecasestudies,theyhavelittle time – or
incentive– to beginto generalizefrom theseexperiences.
• Finally, weshouldrecognizethat thephysicalsciences
tendto work in a reductionist/constructivistmode.The
interactivecasestudyapproachdoesnot indoctrinate
studentsinto thismodeof thinking.

Throughthesupportof theSocietyof ExplorationGeophysicists,wehavedesignedandimplementedaweb �based
learningenvironmentfor teachingintroductorygeophysicsto non �geophysicists.Unlike manyotherweb �based
courses,oursentailsmuchmorethansimplyprovidingtraditionalcoursematerials(e.g.,syllabus,lecturenotes,
references,quizzes,etc.)in anelectronicform. Rather,therelevantmaterialis conveyedthroughtheuseof a
generalizationof thecase�studyapproachwerefer to asaninteractivecasestudy.Unlike a traditionalcasestudy,
throughtheuseof computersimulationsstudentsbecomeengagedin aninteractivecasestudyby makingall of the
relevantdecisions(i.e.,surveydesignandcostdecisions,dataandinterpretationdecisions,etc.)regardingthecase
themselves.In completinganinteractivecasestudy,studentsnotonly developanintuitive understandingof the
natureof geophysicalexploration,butalsodevelopanappreciationfor howgeophysiciststhink andhow to
communicatewith them,andasensefor whatsubsurfacepropertiescanandcannot beconstrainedby geophysical
investigations.

As describedbelow,thecasestudiesusedin thiscoursearecouchedin termsof a requestfor bid (RFB) thatrequires
studentsto useaspecificgeophysicaltechniqueto addressageologicor engineeringproblem.In respondingto this
RFB,studentswrite proposals,designgeophysicalsurveys,collectdatausingthesedesigns,interprettheresulting
data,andreporton their results.All of theseactivitiesaresupportedthroughinteractive,web �basedtoolsdistributed
aspartof thelearningenvironment.Everythingdescribedbelowis freely availableat
http://www.mines.edu/fs_home/tboyd/GP311.

Theintroductorycourseis dividedinto four modules,oneeachon the
useof gravity,magnetic,DC resistivity,andrefractionseismic
observations.Eachmodulehastwo mainsubsections:lecturenotesand
theinteractivecasestudy.

The interactivecasestudyis framedaroundaspecificrequestfor bid
(RFB).TheRFBpresentsaproblemto beaddressedby aspecific
geophysicalmethod.Studentsrespondto theRFBby submittinga
proposalthatincludesageophysicalsurveydesign,adiscussionof
geophysicalnoiserelevantto theparticularsurvey,estimatesof the
geologicalsourcesof signalthatwould andwould not bedetectedby the
survey,andestimatesof thecostof completingthefield acquisitionand
datainterpretation.Examplesof studentproposalsareavailableon the
website.

To helpcompletethesurveydesign,studentsareprovidedwith Java�

basedprogramsthatallow themto modelthegeophysicalresponseover
geologicstructuresrelevantto theparticular(RFB).Themodeling
programsgeneratesyntheticobservationsoversimplegeological
models.Usingtheseforwardmodelingprogramsandcostestimates,
studentsdetermineoptimalsurveyparametersfor theparticular
problem.Becausetheoptimalsurveyis definedin termsof a
cost/benefittradeoff,differentparticipantsrarelybasesurveyson the
samesetof parameters.We encouragestudentsto try surveyswith
differentdesigns.

After designingthesurvey,studentscanentertheirsurveydesign
parametersinto aWWW pageandimmediatelyreceiveadatasetthat
includesrandomandsystematicnoisesuniqueto theirsurveydesign.
Studentsarethenguidedthroughadata �reductionprocedureusing
simplespreadsheetmanipulations.Uponcompletingthedatareduction,
studentscanuploadtheir reduceddatainto Java�basedmodeling
programsthatallow themto interprettheir observations.
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