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Abstract

Eachyearat ASEEwe hearof all sortsof wonderfulactive learningtechniquesthatengineering
educatorsareusingto involve their studentsin theclassroom.This paperrelatestheexperiences
of onenew engineeringeducatorin trying outsomeactive learningtechniquesin hisclassroom.

As with other teachingtechniques,instructorsmust carefully evaluateactive learningtech-
niquesnot only for pedagogicsoundnessbut alsofor fit with their style. A techniquethatworks
well for otherswill doyounogoodif it doesn’t meshwell with yourcourseorganizationandplans.
This paperdiscussessomeexamplesof techniquesthatfit well with theauthor’s style,somethat
havebeentriedanddiscontinued,anda few thattheauthorhasnotevenattempted.

Mostnew engineeringeducatorspaymuchattentionto studentfeedback,particularlyinformal
feedback,aboutour useof new teachingtechniques.However, therearemany new confounding
variablesin theseevaluationsto dealwith. Often,thecoursethatwe aretrying to introduceactive
learninginto is new to us,or we areextensively revampingtheorganization.We maybeteaching
astyleof studentthatwehave little experiencewith. Wemayevenbelearningnew materialaswe
areteachingit. It is oftenhardto separateoutwhatworksfrom whatdoesn’t work basedonformal
feedback.This paperincludessomeideason evaluationof efficacy of new teachingtechniques,
andsometips onmakingthis evaluationeasier.

This paperdiscussespersonalexperiencesand givesa practicalfirst personperspective. It
investigatestheimplementationaspectsof someof themoreabstractpedagogicaltechniquesthat
new educatorsfind sointriguingandinspiring.

1. Introduction

FromCarlSmith’ssemester-longgroupprojects8 to AngeloandCross’“one-minutequizzes,”1 the
annualmeetingof the AmericanSocietyfor EngineeringEducationbringsmany tried-and-true
techniquesto engineeringeducators.Justasour studentsusuallyseeonly thepolishedendresult
of our problemsolvingin class,engineeringeducatorsusuallyonly seesuccessfulexperimentsin
active learning.

I joinedtheprofessoriatein Fall 1998:asthis is beingwritten, I havebeenteachingfor almost
threesemestersasanassistantprofessor. As anew engineeringeducator, I amextremelyinterested
not only in how well thesetechniqueswork, but alsoin thelittle implementationdetailsthatmay
or maynotkeepmefrom implementingthemin my classroom.Unfortunately, all toooftenanidea
thatsoundedinterestingandimmediatelyapplicableduringthesummerfalls to thewaysidedueto
acombinationof contenttyranny andadministrativeoverheadduringthesemester.

In thefollowingpages,I will describeafew case-studiesof implementationsfor active-learning
techniquesin my courses.TherelevantcoursesareDigital Logic Design, anintroductorycoursein
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logic design,Microcomputer Systems, a coursein embeddedsystemswith theMotorola68HC11
microprocessorasthecenterpoint,andNetwork Analysis, anintroductorycoursein circuit analy-
sis.

2. Whatis ActiveLearning?

Theterm“Active learning”canmeanmany things,baseduponcontext. Bonwell andSutherland3

discussa continuumof active-learningactivities, with thesize,length,andcomplexity of theac-
tivity begin decideduponby courseobjectivesandotherconstraints.Within a course,the length
anddegreeof involvementin active learningcanvary dramatically, basedon whatobjectivesyou
have for theactivity.

In this paper, I will take a broaddefinition for active learningandincludeall activity in the
classroomthatdoesnotfit into thepassivelecturenote-takingframework. Notethatthisdefinition
purposefullyincludesmostlaboratoryclasswork: this is intentionalandmorewill besaidon this
topic later.

3. LectureTechniques

Thesimplestin implementation,andsmallestin scale,of theactive learningtechniquesdescribed
in thispaperinvolveenhancingthetraditionallectureformatby includingshortactive-learningac-
tivities. Thesetechniquesareincludedasbreaksin atraditional50-60minutelecture,andtypically
involvesmallrandomlygeneratedgroupsof students.

Bonwell2 describesfive activities of this sort: The pauseprocedure,shortwrites, think-pair-
share,formative quizzes,andlecturesummaries.Thepauseprocedureinvolvesstoppingthe lec-
tureeverythirteento eighteenminutesto allow thestudentsto dosomethingelse,suchascompare
notesandaskeachotherquestions.Theshortwrite (alsocalled“one-minutepapers”by Angelo
andCross1) aresmallungradedandunevaluatedwriting assignmentsaskingthestudenta simple
questionregardingthe lectureportion immediatelyprecedingthepaper. Suggestedquestionsin-
clude“What wasthemainideapresentedin this portionof thelecture?”or “Describetheconcept
of in your own words.” Think-pair-shareis a populartechniquefor having studentsgener-
ateanswersto questionedposedto theclass.It involveshaving thestudentswork individually on
anansweror solutionfor aperiod,thensharetheir solutionwith a neighbor. Finally, pairsmaybe
askedfor theirsolutions.FormativeQuizzesareungradedin-classquizzeswherequestionssimilar
to thoseseenon examinationsarepresentedto the students,andstudentsareasked to generate
solutionsindividually. LectureSummariesallow studentsto summarizewhatwaspresented,and
immediatelysynthesizethelectureinto acohesiveunit.

I have experimentedwith threeof the five aforementionedmethods. Explicitly scheduling
pausesinto lecturesis seldomdone,andis muchappreciatedby students.Caremustbetakenwith
this, though. OneproblemI hadwasthat over the courseof several weeksthe mid-classpause
beganasstandingandstretching,movedto severalstudentsrunningout to geta drink of water, to
(on a Fridaymorning),mostof theclassmoving to thehallway to talk aboutanupcomingexam
in anotherclass.As thepoint of this mid-lecturepauseis to relaxandregroup,I did not want to
becometoostringentby, for example,requiringstudentsto stayin theroom(this is aclassof about
twentystudents).My solutionfor this wasto keepa closeeye on my watchduringthebreak,and
to begin introducinga new topic afterexactly thesameamountof time eachlecture.Thestudents
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quickly learnedhow long thebreakwasexpectedto be,andtheproblemwasresolved.
Think-pair-share(TPS)iseasilyadaptableintomany engineeringanalysisclasses,whereproblem-

solvingskills arethemaintopic for thecourse.In this method,which is a crossbetweenTPSand
theformativequiz asI implementit, a problemis presentedto theclassthatis relatedto thetopic
just coveredin lecture.Often,a problemis split into severalsteps,andTPSis usedfor eachstep.
First,ageneralsolutionpathis generatedwherethesequenceof calculationsrequiredis generated.
A final solutionpathis decideduponby theclass,thecomputationsareperformedindividually and
theresultssharedwith a partner. Discrepanciesbetweenstudentsareusuallysolvedat this point.
After a consensusamongthe majority of the studentshasbeenreached,the correctanswersare
sharedwith theclass.Thisstepis importantsothatanyonewho hasincorrectanswerscancorrect
their work afterclass.

Thismethodfor workingthroughexamplestakessomewhatlongerthanthattraditionalstyleof
theprofessorpresentingandsolvingaproblemontheboard,but functionsasabreakandformative
quizaswell. Thereareseveralpitfalls to avoid whensolvingproblemsthisway. First, thismethod
requiresthatstudentsbecompletelyup to datewith thesubjectmatter(assumingthatthesolution
requirestheuseof techniquesandknowledgefrom previousclasses).If astudentisn’t preparedto
work problems,it is easyfor theinstructorto spendtoo muchtime answeringremedialquestions
andcoachingthesestudents.Second,very bright studentscansometimesdominatetheproblem-
solvingsession.If you arenot carefulto beequitablein retrieving answersfrom groups,students
quickly learnthat they can’t solve problemsquickly enoughanddon’t bother. This is mostly an
exercisein theamountof time givento theclassto work on a givenproblem.This is anart: too
little time andstudentsdon’t have a chanceto think aboutthe problem,too muchandyou start
gettinginterpersonalcommunicationsandboredom.Ellis etal.6 suggestwaiting for a risein room
volumeasstudentsdiscussthe problem,followed by a drop. At this point, many studenthave
completedthe taskbut have not movedon to othersubjects.Third, you mustbreaktheproblem
into asimpleenoughsizethatstudentscanquickly seethesolutionpath,but complex enoughthat
thestudentsfeel thatit’ sworth their time to work throughtheproblemto thesolution.

One-minutepapersarealsousefulin problem-solvingcourses.OneproblemI hadwith one-
minutepaperswasin presentingtoovagueof aquestionto theclass.For example,it’ smuchharder
for astudentto know (andadmit)whatthey don’t understandthanto illustratewhatthey doknow.
Soaone-minutepaperon“Which of thetopicswediscussedthisweekis mostfuzzy” is not likely
to generatemuchusefulinformation,but “Which methodwould you solve this circuit with (and
why)?” mightdo abetterjob.

4. GroupWork

As Johnsonetal.7 pointout,groupwork in theclassroomcanrangefrom smallclustersof students
working togetheron homework problemsbeforeclassto long-termassignedformal groupswork-
ing onprojects.Whendecidingwhetherto usegroupwork asacomponentof acourse,thecourse
objectivesandcurrentorganizationmustbe taken into account. As new engineeringeducators,
many of usdon’t have the time or the inclination to re-inventcourses,but wish to incrementally
changethemto improve the pedagogicstyle andlearningof students.I’ve describedmy useof
short-termproblem-solvinggroupwork in lecturecoursesabove.

In a coursethat is (or canbe)project-based,suchastheembeddedsystemscoursedescribed
above, project groupsare an excellent way to involve studentsin group work. This gives the
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studentsanopportunityto work with otherstudentsonamoreongoingbasis,but withoutcommit-
ting to a semester-long or year-long partnership.This courseutilizes3-4 projectsthroughoutthe
semester.

Onapracticalnote,thedegreeof structureimposedongroupwork bearsadirectrelationshipto
theseriousnesswith which thestudentsperformthatgroupwork. If thecourseobjectivesinclude
groupdynamics,leadershipskills, andteamwork moretraining andstructureshouldbe imposed
thanif groupwork is usedasan active learningexercise.5 My coursestendto utilize the active
componentsof groupwork suchasbouncingideasoff of othergroupmembersandcriticism of
ideasratherthanexplicitly concentratingongroupdynamics.Therefore,evenin extendedprojects
I evaluatedresultsbasedon technicalcontentgeneratedby the group andnot on leadershipor
teamwork issues.

5. LaboratoryTechniques

Thelaboratoryis almosttheidealsituationfor active learning:this maybepartof thereasonwhy
educatorsandstudentslove themso much. In the laboratory, the theoryandexampleslearned
in coursework is put into practice,forcing thestudentto organizethematerialconceptuallyand
apply it to a (moderately)novel situation. In addition, thereare usually other groupsworking
towardroughlythesamegoalthatareusefulassoundingboardsfor ideas,andfor helpwhenstuck
on a solution.Finally, this allows studentsworking in thesensorlearningstyleto actuallyseethe
ideasput to someusefulpurpose,andto measurethereal-world impactof theories.

Many of thetechniquesdescribedabove for enhancinga lecturework well in laboratorysitu-
ations. In thesecases,the purposeis to causethe studentto integrateandutilize the knowledge
ratherthanto re-involve thestudentinto thelearningprocessafteranextendedperiodof inactive
listening.For example,theprocessof writing abstractsis anexcellentway for thestudentto sum-
marizeandparaphrasethe resultsof the laboratory. Think-pair-sharehappensalmostnaturally,
with interactionsbetweenteamsof lab partners.

6. Evaluationof Efficacy

New engineeringeducatorsoften have problemsevaluatingthe efficacy of a particularteaching
technique.Therearemany confoundingvariables:we have limited knowledgeof theabilitiesand
characteristicsof thestudentaudience,wemaybedevelopingor substantiallychangingthecourse
materialsasthecourseprogresses,or we maybeseeingthematerialfor thefirst time aswe teach
it. In thesesituations,therearemany possiblebarriersto learning.

In anidealsituation,thebestway to evaluatetheefficacy of a particularteachingtechniqueis
probablyto track studentperformanceutilizing metricssuchascontentmastery. This shouldbe
donebothacrosssectionsandover time,varyingonly theapplicationof this technique.Most new
educatorsarenot willing to wait for this collectionof databeforetrying new techniques,andare
significantlychangingthecourseeachsemester, sowehave to rely on otherevaluationmethods.

Don’t underestimatethe valueof your feelings. An educatorcancertainly tell during group
exercisesif thestudentsareinvolvedwith thematerial. Onething that I have doneis to split the
materialinto differentareas,andconcentrateon implementingasmany active learningexercises
aspossibleinto thematerialthat they seemappropriatefor. For othermaterial,I’ve reliedon the
traditional lecturedelivery methodto deliver. By actively varying the concentrationof different
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typesof exercises,you cangeta feel for theexercisesthathelpthestudentsto learnthematerial.
However, a few caveatsapply. First, the inherentdifficulty of thematerialconfoundsthis evalu-
ation. Second,Centra4 pointsout that thecorrelationbetweenself-evaluationof overall teaching
effectivenessandexternal(student,colleagues,andadministrator)evaluationis quiteweak.

Informalstudentfeedbackgivessomeindicationof how well thestudentslike variousexercises,
but may not correlatewith learning. The instructor’s knowledgeof how the studentsaredoing
with thematerial,asmeasuredby one-minutequizzes,homework problemsets,andoffice hours,
is oftenthemostusefulmeasureof theefficacy of thesetechniques.However, studentenjoyment
of classroomactivities shouldnot be discountedentirely. As teachers,we owe it to the students
to try to involve themin thecoursematerialasmuchaspossible.If increasedenjoymentof class
bringsastudentto classmoreoften,thatis notaninsignificantbenefitin itself. AngeloandCross1

give several assessmenttechniquescenteredaroundeliciting studentopinionson the efficacy of
variousstudentactivities.

7. Discussion

This paperhasrelated,in an informal fashion,theexperiencesandideasof onenew engineering
educatorwith respectto introducingactive learninginto theclassroom.Onceyou have anestab-
lishedreputationfor groupwork andactive learning,andthestudentsareaccustomedto this style
of learning,the problemsandissuesfacedwith regardto active learningactivities will no doubt
change.

The two key points that I have seesuggestedin many placesand that I would like to echo
are to evaluatethe proposedactive learningexercisesin light of what you want to do with the
courseandto only implementthe typesof activities thatyou arecomfortabledoing. Thatsaid,I
believethatsomedegreeof activelearningwill helpstudentslearnsimplybyvirtueof theincreased
involvementwith the material. As you becomemorecomfortablewith active learningexercises
andgroupwork, youcanexpandtheirusein theclassroom.Conversely, if youarenotcomfortable
with a particularexercise,the studentswill pick up on that, andthe exercisehasa muchlesser
chancefor success.

In summary, the introductionof active learningdoesnot have to meanthe abandonmentof
lecturesandtheformationof a largenumberof self-pacedchallenginggroupexercises.Not only
canit be insinuatedinto the traditionalclassroomformat, I believe that it hasa betterchancefor
long-termsuccessif it is introducedin this fashion.
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