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Abstract

Eachyearat ASEE we hearof all sortsof wonderfulactive learningtechniqueghat engineering
educatorsareusingto involve their studentsn the classroom.This paperrelatesthe experiences
of onenew engineeringeducatoiin trying out someactive learningtechniquesn his classroom.

As with otherteachingtechniquesjnstructorsmust carefully evaluateactive learningtech-
niquesnot only for pedagogicsoundness$ut alsofor fit with their style. A techniquethatworks
well for otherswill doyounogoodif it doesnt meshwell with your courseorganizatiorandplans.
This paperdiscussesomeexamplesof techniqueghatfit well with the authors style, somethat
have beentried anddiscontinuedanda few thatthe authorhasnot evenattempted.

Most new engineeringeducatorgay muchattentionto studenfeedbackparticularlyinformal
feedbackaboutour useof new teachingtechniques However, thereare mary new confounding
variablesin theseevaluationgto dealwith. Often,the coursethatwe aretrying to introduceactive
learninginto is new to us, or we areextensvely revampingthe organization.We may beteaching
astyleof studenthatwe have little experiencewith. We mayevenbelearningnen materialaswe
areteachingt. It is oftenhardto separat@utwhatworksfrom whatdoesnt work basecbn formal
feedback.This paperincludessomeideason evaluationof efficacy of new teachingtechniques,
andsometips on makingthis evaluationeasier

This paperdiscussegersonalexperiencesand gives a practicalfirst personperspectre. It
investigateshe implementatioraspectof someof the moreabstracippedagogicatechniqueghat
new educatordind sointriguing andinspiring.

1. Introduction

FromCarl Smith’s semestetong groupproject$ to AngeloandCross’“one-minutequizzes,! the
annualmeetingof the AmericanSocietyfor Engineeringeducationbrings mary tried-and-true
techniquedo engineeringeducators.Justasour studentausuallyseeonly the polishedendresult
of our problemsolvingin class,engineeringeducatoraisuallyonly seesuccessfuéxperimentsn
active learning.

| joinedthe professoriatén Fall 1998:asthisis beingwritten, | have beenteachingfor almost
threesemesterasanassistanprofessorAs anew engineeringeducatorl amextremelyinterested
notonly in how well thesetechniquesvork, but alsoin thelittle implementatiordetailsthatmay
or maynotkeepmefrom implementinghemin my classroomUnfortunatelyall too oftenanidea
thatsoundednterestingandimmediatelyapplicableduringthe summerfalls to thewaysidedueto
acombinationof contenttyranrny andadministratve overheadduringthe semester

In thefollowing pages] will describeafew case-studiesf implementation$or active-learning
techniquesn my coursesTherelevantcoursesreDigital Logic Design, anintroductorycoursen
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logic design,Microcomputer Systems, a coursein embeddedystemswith the Motorola68HC11
microprocessoasthe centerpoint, andNetwork Analysis, anintroductorycoursein circuit analy-
Sis.

2. Whatis Active Learning?

Theterm“Active learning”canmeanmary things,baseduponcontext. Bonwell andSutherland
discussa continuumof active-learningactuities, with the size,length,andcomplexity of the ac-
tivity begin decideduponby courseobjectvesandotherconstraints.Within a course the length
anddegreeof involvementin active learningcanvary dramatically basedon what objectvesyou
have for theactuity.

In this paper | will take a broaddefinitionfor active learningandinclude all actvity in the
classroonthatdoesnotfit into the passve lecturenote-takingframeavork. Notethatthis definition
purposefullyincludesmostlaboratoryclassvork: thisis intentionalandmorewill be saidon this
topic later.

3. LectureTechniques

The simplestin implementationandsmallestin scaleof the active learningtechniqueslescribed
in this paperinvolve enhancinghetraditionallectureformatby including shortactive-learningac-
tivities. Theseechniquesreincludedasbreaksn atraditional50-60minutelecture,andtypically
involve smallrandomlygenerated@roupsof students.

BonwelP describedive activities of this sort: The pauseprocedure shortwrites, think-pair
share formative quizzes,andlecturesummaries.The pauseprocedurdanvolvesstoppingthe lec-
tureeverythirteento eighteerminutesto allow the studentso do somethingelse,suchascompare
notesandaskeachotherquestions.The shortwrite (alsocalled“one-minutepapers’by Angelo
andCrosg) aresmallungradecandunevaluatedwriting assignmentaskingthe studenta simple
guestionregardingthe lectureportionimmediatelyprecedingthe paper Suggestedjuestionsn-
clude“What wasthe mainideapresentedn this portionof thelecture?”or “Describethe concept
of in your own words” Think-pairshareis a populartechniquefor having studentgyener
ateanswerdo questionegosedto the class.It involveshaving the studentsvork individually on
anansweror solutionfor a period,thensharetheir solutionwith aneighbor Finally, pairsmaybe
asledfor their solutions.Formative Quizzesareungradedn-classquizzesvherequestionsimilar
to thoseseenon examinationsare presentedo the studentsand studentsare asked to generate
solutionsindividually. LectureSummariesallow studentdo summarizevhatwaspresentedand
immediatelysynthesizahelectureinto a cohesve unit.

| have experimentedwith threeof the five aforementionednethods. Explicitly scheduling
pausesnto lecturess seldomdone,andis muchappreciatedy studentsCaremustbetakenwith
this, though. One problem| hadwasthat over the courseof several weeksthe mid-classpause
beganasstandingandstretchingmovedto severalstudentsunningoutto getadrink of water to
(on a Friday morning),mostof the classmoving to the hallway to talk aboutan upcomingexam
in anotherclass. As the point of this mid-lecturepauseis to relax andregroup,| did notwantto
becomeoo stringentoy, for example requiringstudentdo stayin theroom(thisis aclassof about
twenty students) My solutionfor this wasto keepa closeeye on my watchduringthe break,and
to begin introducinga new topic afterexactly the sameamountof time eachlecture. The students
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quickly learnedhow long the breakwasexpectedo be,andthe problemwasresohed.

Think-pairsharg TPS)is easilyadaptabléento mary engineeringnalysisclasseswhereproblem-
solving skills arethe maintopic for the course.In this method,whichis a crossbetweenrPSand
theformative quiz asl implementit, a problemis presentedo the classthatis relatedto thetopic
just coveredin lecture.Often, a problemis split into several stepsand TPSis usedfor eachstep.
First,agenerabkolutionpathis generatedvherethesequencef calculationgequireds generated.
A final solutionpathis decideduponby theclass thecomputationsreperformedndividually and
theresultssharedwith a partner Discrepancie®etweerstudentsare usuallysolvedat this point.
After a consensusmongthe majority of the studentshasbeenreachedthe correctanswersare
sharedwith theclass.This stepis importantsothatanyonewho hasincorrectanswersancorrect
theirwork afterclass.

This methodfor working throughexamplegdakessomavhatlongerthanthattraditionalstyle of
theprofessopresentingndsolvingaproblemontheboard,but functionsasabreakandformative
quizaswell. Thereareseveralpitfalls to avoid whensolving problemshis way. First, this method
requiresthatstudentse completelyup to datewith the subjectmatter(assuminghatthe solution
requireghe useof techniquesandknowledgefrom previousclasses)If astudenisn’t preparedo
work problemsit is easyfor theinstructorto spendtoo muchtime answeringemedialquestions
andcoachingthesestudents.Secondyery bright studentscansometimesiominatethe problem-
solving sessionlf you arenot carefulto be equitablein retrieving answerdrom groups,students
quickly learnthatthey cant solve problemsquickly enoughanddon’t bother This is mostly an
exercisein the amountof time givento the classto work on a given problem. This is anart: too
little time and studentsdon’t have a chanceto think aboutthe problem,too muchandyou start
gettinginterpersonatommunicationsindboredom Ellis etal.® suggestvaiting for arisein room
volume as studentsdiscussthe problem, followed by a drop. At this point, mary studenthave
completedthe taskbut have not moved on to othersubjects.Third, you mustbreakthe problem
into a simpleenoughsizethatstudentcanquickly seethe solutionpath,but complex enoughthat
the studentdeel thatit’ sworth their time to work throughthe problemto the solution.

One-minutepapersarealsousefulin problem-solvingcourses.Oneprobleml hadwith one-
minutepapersvasin presentingoo vagueof aquestiorto theclass.For example,it' smuchharder
for astudento know (andadmit)whatthey don't understandhanto illustratewhatthey do know.
Soaone-minutgpaperon “Which of thetopicswe discussedhis weekis mostfuzzy” is notlikely
to generatanuchusefulinformation, but “Which methodwould you solwve this circuit with (and
why)?” mightdo a betterjob.

4. GroupWork

As Johnsoretal.” pointout,groupwork in the classroontanrangefrom smallclustersof students
working togetheron homevork problemsbeforeclassto long-termassignedormal groupswork-
ing on projects.Whendecidingwhetherto usegroupwork asacomponenbdf a course thecourse
objectvesand currentorganizationmustbe taken into account. As new engineeringeducators,
mary of usdon't have thetime or the inclination to re-invent coursesput wish to incrementally
changethemto improve the pedagogicstyle andlearningof students.l’ ve describedmy useof
short-termproblem-solvinggroupwork in lecturecoursesaborve.

In a coursethatis (or canbe) project-basedsuchasthe embeddedystemscoursedescribed
above, project groupsare an excellentway to involve studentsin groupwork. This givesthe

€/€2'G abed



studentsanopportunityto work with otherstudentn a moreongoingbasis but without commit-
ting to a semestetong or yearlong partnership.This courseutilizes 3-4 projectsthroughoutthe
semester

Onapracticalnote,thedegreeof structuramposedon groupwork bearsadirectrelationshigo
the seriousneswith which the studentgperformthatgroupwork. If the courseobjectvesinclude
groupdynamics |leadershipskills, andteamwork moretraining andstructureshouldbe imposed
thanif groupwork is usedasan active learningexercise> My coursegendto utilize the active
component®f groupwork suchasbouncingideasoff of othergroup membersandcriticism of
ideasratherthanexplicitly concentratingpn groupdynamics.Thereforegvenin extendedorojects
| evaluatedresultsbasedon technicalcontentgeneratedyy the group and not on leadershipor
teamwvork issues.

5. LaboratoryTechniques

Thelaboratoryis almosttheidealsituationfor active learning:this may be partof thereasorwhy
educatorsand studentdove them so much. In the laboratory the theory and exampleslearned
in coursework is putinto practice,forcing the studentto organizethe materialconceptuallyand
apply it to a (moderately)novel situation. In addition, there are usually other groupsworking
towardroughlythesamegoalthatareusefulassoundingooardsfor ideas andfor helpwhenstuck
on asolution. Finally, this allows studentswvorking in the sensoiearningstyleto actuallyseethe
ideasputto someusefulpurposeandto measurehereal-world impactof theories.

Many of the techniqueslescribedcabove for enhancinga lecturework well in laboratorysitu-
ations. In thesecasesthe purposeis to causethe studentto integrateand utilize the knowledge
ratherthanto re-involve the studentinto the learningprocessafter an extendedperiodof inactve
listening. For example the processf writing abstractss anexcellentway for the studento sum-
marizeand paraphrasé¢he resultsof the laboratory Think-pairsharehappensalmostnaturally
with interactiondbetweerteamsof lab partners.

6. Evaluationof Efficacy

New engineeringeducatorsften have problemsevaluatingthe efficacy of a particularteaching
technique.Therearemary confoundingvariables:we have limited knowledgeof the abilitiesand
characteristicsef the studentaudienceywe maybe developingor substantiall)changinghe course
materialsasthe courseprogresseyr we may be seeingthe materialfor thefirst time aswe teach
it. In thesesituationstherearemary possiblebarriersto learning.

In anidealsituation,the bestway to evaluatethe efficacy of a particularteachingtechniques
probablyto track studentperformancautilizing metricssuchascontentmastery This shouldbe
donebothacrosssectionsandovertime, varyingonly the applicationof this technique Most new
educatorarenot willing to wait for this collectionof databeforetrying new techniquesandare
significantlychangingthe courseeachsemestersowe have to rely on otherevaluationmethods.

Don't underestimatehe value of your feelings. An educatorcan certainlytell during group
exercisedf the studentsareinvolvedwith the material. Onething that| have doneis to split the
materialinto differentareasandconcentraten implementingasmary active learningexercises
aspossibleinto the materialthatthey seemappropriatefor. For othermaterial,l’ ve relied on the
traditionallecturedelivery methodto deliver. By actively varying the concentratiorof different
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typesof exercisesyou cangeta feel for the exerciseghathelpthe studentdo learnthe material.
However, afew caveatsapply. First, the inherentdifficulty of the materialconfoundsthis evalu-
ation. SecondCentrd pointsout thatthe correlationbetweenself-evaluationof overall teaching
effectivenesandexternal(studentcolleaguesandadministratorevaluationis quite weak.

Informal studenfeedbaclgivessomeindicationof how well thestudentsike variousexercises,
but may not correlatewith learning. The instructors knowledgeof how the studentsare doing
with the material,asmeasuredby one-minutequizzes homevork problemsets,andoffice hours,
is oftenthe mostusefulmeasureof the efficacy of thesetechniquesHowever, studentenjoyment
of classroomactuities shouldnot be discountedentirely. As teachersye owe it to the students
to try to involve themin the coursematerialasmuchaspossible.If increasednjoymentof class
bringsa studento classmoreoften, thatis notaninsignificantbenefitin itself. AngeloandCross
give several assessmenechniquesenteredaroundeliciting studentopinionson the efficagy of
variousstudentctuities.

7. Discussion

This paperhasrelated,in aninformal fashion,the experiencesandideasof onenew engineering
educatowith respecto introducingactive learninginto the classroom.Onceyou have an estab-
lishedreputationfor groupwork andactie learning,andthe studentsaareaccustomedo this style
of learning,the problemsandissuesfacedwith regardto active learningactuities will no doubt
change.

The two key pointsthat| have seesuggestedn mary placesandthat| would like to echo
areto evaluatethe proposedactive learningexercisesin light of what you wantto do with the
courseandto only implementthe typesof actwvities thatyou arecomfortabledoing. Thatsaid, |
believethatsomedegreeof activelearningwill helpstudentsearnsimply by virtue of theincreased
involvementwith the material. As you becomemore comfortablewith active learningexercises
andgroupwork, you canexpandtheir usein theclassroomCorversely if youarenotcomfortable
with a particularexercise,the studentswill pick up on that, andthe exercisehasa muchlesser
chancdor success.

In summary the introductionof active learningdoesnot have to meanthe abandonmenof
lecturesandthe formationof alarge numberof self-pacedchallenginggroupexercises.Not only
canit beinsinuatednto thetraditionalclassroonformat, | believe thatit hasa betterchancefor
long-termsucces# it is introducedn this fashion.
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