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Abstract —Thispaperpresentsourexperiencespromotingac-
tivelearningin programmingcoursesfromintroductoryto ad-
vancedlevels. We usea varietyof techniquesasour courses
varygreatlyin sizeandour facilitiesvaryin layoutandequip-
ment.For large lectures,wepresentactiveinterludesthat re-
quire studentsto work in small groups,respondto periodic
polls, or help a professorprogram. For moderately sized
courses,we ask studentsto work in groupsand share their
observationswith theclass. Finally, in our InteractiveCom-
puter Classroom we havealmostcompletelydepartedfrom
long lecturesto run thecoursein a workshopformat,giving
studentsa chanceto workonthecomputeralmosteverydayin
a supervised,safeenvironment.In short,althoughthesetech-
niquesoften require longer preparation time, we showthat
active learning can be donein any classroomsituationand
studentsmustbe active everydayto remainengaged in the
material.

Keywords —Activelearning, computerscienceeducation,
cooperativelearning.

INTRODUCTION

Studentshave severalobstaclesto overcomein their intro-
ductoryprogrammingcourses:learningaboutcomputersci-
ence,learningaboutprogramdesign(structuredandobject-
oriented),learningaboutprogramming,and, in somecases,
learningto be a studentat a college/university. To help this
process,we have developeda variety of techniquesthat en-
couragestudentsto collaboratein problem solving during
their scheduledlecturetime. Researchin cooperativeandac-
tive learningliterature[1], [2], [3], [4], [5], shows that stu-
dentsmastermaterialto a greaterdegreeandretainmorein-
formationwhenactivelearning is incorporatedinto theclass-
room.Studentsengagedin active learningmaywrite, discuss,
or attemptproblem-solvingduringclassasanalternativeor in
additionto lecture.

We tell studentsthey cannotlearn to programsimply by
readingand studyingthe concepts;they must practicepro-
grammingas one would practiceplaying a sport or musi-
cal instrument. However, traditionally, only separateclosed
labs [6], [7] have been used to give studentssupervised,
hands-onexperiencewith conceptualmaterial,and the typi-
cal closedlabdoesnot involveany dynamicexchangeamong
studentsor betweenteacherandstudent.In contrast,interac-
tive lecturesarecommonin otherdisciplinessuchashuman-
ities. For example,in a foreignlanguagecourse,studentsand
theinstructorengagein conversationmostof theclassperiod,
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either discussingexercisesor acting out real-life situations.
In fine arts,studiosessionsareheldin which studentsreview
their peers.

Thenext sectiondescribesthestructureof our coursesand
the facilities which supportthem. Thentwo methodsof ac-
tivelearningarediscussed:onethatcloselymirrorstraditional
lecturestylesandonethat reduceslecturingto a minor com-
ponent. Finally, several issuesspecificto large coursesare
discussedincludingwaysto encourageequalstudentpartici-
pation. In eachcaseseveral alternativesarepresented,each
tailoredto achieve our goalsgiven differentcourseenviron-
ments.

STRUCTURE OF OUR COURSES

At Duke University the computerscienceundergraduate
coursesrangein sizefrom 15 to 250students.Currently, the
introductorysequenceof ComputerSciencecoursesfor ma-
jors, CompSci6 andCompSci100 (ACM CS 1 and2 [8]),
aretakenby morethan500studentsperyear. Ournon-majors
courses,CompSci1, CompSci4 andCompSci49Saretaken
by nearly400studentseachyear, with themajorityof students
taking CompSci1. CompSci1 (ACM CS 0) is an overview
of computersciencewith a small programmingcomponent,
CompSci4 is a non-majorsprogrammingcourse,andComp-
Sci 49Sis a specialtopicscoursefor freshmenlimited in size
to 15. Ourupper-levelundergraduatecoursesusuallyhavebe-
tween30 and80 students.In total morethan1,500students
takeaComputerSciencecourseatDukeUniversityeachyear.

LargeintroductorycoursessuchasCompSci1 andComp-
Sci 6 arestructuredto have a lecturetwo to threedaysper
weekanda small lab oncea week. To alleviate the burden
of suchlarge courses,we have sometimesbeenable to of-
fer multiple sectionsof the samecoursethat have different
lecture times, but shareall other out-of-classwork. Some
smallercourseswith enrollmentslessthan40 (anda few sec-
tions of CompSci6) are taughtin our Interactive Computer
Classrooms,ICCs, with computersfor studentsto usedur-
ing class. Many of our courseswith size50 or moreeither
have thesmall lab oncea weekor smallerrecitationsections
oncea week. All computersciencecoursesat Duke Univer-
sity aretaughtby faculty. Graduateteachingassistants,TAs,
usuallyleadtherecitationsandundergraduateteachingassis-
tants,UTAs, leadthelabs.

Structure of our Classrooms

Threedifferent typesof facilities are usedfor Computer
Sciencecourses.An auditoriumis the largestsizeroomwith
maximumseatingfrom 100 to 300 seats. The designof an
auditoriumis usuallymany long rows of fixed seatsthat are

0-7803-7444-4/02/$17.00 c
�

2002 IEEE November 6 - 9, 2002 Boston, MA
32nd ASEE/IEEE Frontiers in Education Conference

T2A-16



Session T2A

progressively moreelevatedfrom thefront to therear. A reg-
ular classroomhasmaximumseatingsizeof 20 to 80 seats
andusuallyhasa grid of fixed or movableseatsthat arenot
elevated.Theseclassroomsmayhave long tablesor deskson
which thestudentscanwork. Our third typeof room,anICC,
is a roomwith many computersdesignedfor studentsto use
thecomputerduringclass.All classroomshave Internetcon-
nectionsandonecomputerin eachclassroomcanbeprojected
on a largescreen.

TherearethreeICCsatDukeUniversity, onelargeandtwo
small. The largeICC has20 computersand40 seatsfor stu-
dents,while thesmallerICCsarehaveonly 8 computerswith
16 seats.Roughlyhalf of the ICC is designedfor usingthe
computers(for the largeclassroom,either20 studentswork-
ing aloneor 40studentsworkingin pairs)andhalf theroomis
designedfor working in smallgroupsat movabletables.Fig-
ure1 showsalayoutof thelargeICC.Thereare20rectangular
tables,eachwith onecomputer(shown asa square)andtwo
seats(shown ascircles). In addition thereis a printer table
(labeledP), a teacher’s console(labeledTC) and4 movable
work tables. The work tablescanbe spreadapartfor group
work.

TC

P SCREEN

FIGURE1
LARGE ICC LAYOUT

TheICCsaredesignedto helpinstructorscontroltheroom
by arrangingthecomputersin aU-shapearoundthesidesand
backof the room. Fromthe front of the room,the instructor
canview all monitorscreensandcanseequickly if anyoneis
falling behindor having difficulty. Thestudentsfacethefront
of theroomfor discussionandrotate(facingthebackor sides
of the room) to usethe computer. Sincethe studentsmust
turn 90 or 180 degreesto facethe front for a discussion,the
instructorcaneasilytell if anyoneis not payingattention.

Several computersciencecourseshave beentaughtin an
ICC, CompSci4 andCompSci49S,andsectionsof CompSci
6 andCompSci100. Otherdisciplinesalsoteachin the large
ICC includingmathematics,statistics,biology, sociology, re-
ligion, economics,film andvideo,culturalanthropology, and
French.Thewriting programfor first-yearstudentsis thede-

partmentprimarily usingoneof thesmallICCs.

ACTIVE LEARNING TECHNIQUES IN CLASS

Two styles of using standardlecture time designedto
achieve morestudentinvolvementarepresented:active lec-
turesgiving studentsa chanceto checktheir understanding
during the lecture by working on short exercises;whereas
workshopsallow studentsto work in a supervised,safelab
settingwherethe instructor lecturesonly briefly. However,
thestylespresentedbelow canbeusedin traditionalor ICCs.

Active Lectures

Thetermactivelecture in this paperrefersto a simpleuse
of active learningsimilar to the lecturestyle usedby most
universityeducatorsmodifiedto includeotherrecentattempts
to bringactive learningto scienceclasses[9], [10], [11].

An active lecturebeginswith a story that relatesthe day’s
topics to a real-world/industrialexperiencethat will be fa-
miliar to students.For example,in discussingcompression
andHuffman coding in CompSci100, the introductiondis-
cussesNapster, MP3, andlossy/losslessJPEG/GIFcompres-
sion. Thesediscussionsfocusnot only on technicalcontent,
but on ethicalandpragmaticconcernsin usingNapster. After
theopeningstory, materialis presentedin a traditionallecture
format.

The key elementof an active lectureis a reflectivepause
or interlude. Stoppinga lectureafter 15 minutes,pausinga
minute, and then proceedingincreasesstudentcomprehen-
sion [12]. A reflective pauseis directly relatedto the part
of the lecturejust given,but engagesstudentsin answeringa
questionor solving a problemrelatedto the lecture. For ex-
ample,in the lectureon Huffmancodingstudentsareshown
how an optimal tree/trieis constructedfor encodingcharac-
ters. The lecturediscussesthegreedyalgorithmusedfor the
construction,propertiesof greedyalgorithmsin general,and
thespecificcodeusedin generatinga treefrom a sequenceof
characters.During thereflectivepausestudentsareaskedtwo
questionsto testmasteryandcomprehension:uncompressa
sequenceof 30bitsgivenadiagramof atreestoring8 charac-
ters;andthink aboutcreatingchangeusingaminimalnumber
of coinswhentherearenonickels.Thefirst problemtestsba-
sic understandingof how informationis storedin a Huffman
tree. Thesecondrequiresstudentsto think aboutpossibleal-
ternativeswhena greedyalgorithmdoesnot work in certain
situations.Both questionscanbeansweredby studentsindi-
vidually in oneor two minutesperquestion.Someprofessors
have studentsdiscussthe answers,but this is not an integral
partof anactive lectureor a reflectivepause.

A typical lectureis 50-75minutes.This leadsto dividing a
lecturetopic into two or three15-20minutechunkswith each
chunkfollowedby a reflective pause.Eachpauserequiresa
follow-up to discusstheanswersandto ensurestudentshave
a basicunderstandingof materialsbeforeproceeding.

In the beginning programmingcourses,simply coding in
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front of thestudentscanbevery beneficialandleadsto qual-
ity discussions.It helpsstudentsbetterunderstandthe pro-
grammingprocessbecausethey seetypos, compiler errors,
andotherproblemsencounteredwhenprogramming;it makes
themmoreattentive becausethey try to find our mistakesbe-
forethecompilerdoesandit seemsto makethemmoreexper-
imentalandwilling to ask“what happenswhenif ”. Usingthis
technique,we have createda didactic form of pair program-
ming in our largelecturecourses.Theinstructoris thedriver
while the classasa whole (from 40 to 180 students)works
togetherasthenavigatorof thepair-programmingteam[13],
[14].

Workshops, not just Labs

Anothertype of active learningusesthe workshopformat
andcanbe donein large or small coursesduring lectureor
in an ICC. Eachworkshopperiodconsistsof a sequenceof
modules. Eachmodulecontainsa mini-lecture (5-15 min-
utes)followedby anexerciseto beperformedby thestudents
in groups,followedby a wrap-updiscussingthedifferentap-
proachesstudentsexplored. The format alsoallows for just-
in-timeteaching [10] wherethelectureis changedto address
concernsthatariseasa resultof eachworkshopexperience.

While studentsareworking in class,it is importantto give
themasmuchqualityfeedbackaspossible.Themosteffective
waywehavefoundto dothis is to movethroughouttheclass-
roomvisiting with eachgroupor evenjustobservingtheirdis-
cussions.However, astheclasssizeincreases,it becomesless
practicalfor onepersonto reacheverygroup.To alleviatethis
problem,UTAs areusedduringclassto helpvisit groupsand
answerquestions. Many UTAs are not preparedto support
studentswell in thesesituations[15], soUTAs attendweekly
meetingsto discussteachingtechniquesandto outlineimpor-
tantissuesto becoveredin futureclasses.Additionally, UTAs
provideexercisesandbringupissuesthataremeaningfulfrom
their experiencetakingtheclasspreviously.

For example,for CompSci6 in theICC, we usethework-
shopformatwith onemodulepermeeting.Classbeginswith a
shortreview of thelastmoduleandanoverview of thenew ac-
tivities for thatday. Thestudentswork in pairs(onecomputer
perpair) on thediscovery exercisesfor mostof the classpe-
riod. The instructorandteachingassistantsactively monitor
the room helpingout andoffering advice. If many students
arehaving the sameproblem,all studentsareasked to stop
working anda shortdiscussionis held. At theendof class,a
wrapupdiscussionis alwaysheld.

Hereis anexampleof a CompSci6 lectureusingC++. In
the third lecture,studentsare given a 10-15 minute lecture
on parameters,function signaturesandinput. They arethen
giventhefollowing program.

void Sweeps (string city)
{

cout << "Amanda Harris, you’ve won TEN "
<< "million dollars!"

<< endl;
cout << "Amanda, that’s what you will hear "

<< "if you have the winning ticket."
<< endl;

cout << "Imagine, Amanda, you could be "
<< "cruising in a Porsche down Main "
<< "Street in " << city << "."
<< endl;

}

int main ()
{

Sweeps("Georgetown");
return 0;

}

Thereareseveralmodificationsstudentsareaskedto make.
The first oneaddstwo morestring parametersfor first name
and last nameto the Sweeps function. Next they call the
Sweeps function twice, oncewith eachof their namesand
hometowns.Next they doseveralexercisesintendedto cause
errors,changeoneof thecallsto passjust oneparameter, and
passtheparametersin adifferentorder. Thenthey addastring
variableto main for thefirst nameandinput thename.Next
they addstatementsto readin the last nameandcity. That
endsthefirst exercise.Therearetwo moreexercisesof mod-
ifying programsanda fourth optionalexercisefor thosestu-
dentswho completetheearlierexercisesmorequickly. Work
is checked off by the instructoror UTAs eitherat the endof
classor at thebeginningof thenext classto allow thosestu-
dentswho do notfinish duringclassto finishoutsideof class.

For classesnot run in anICC, many of theseexercisesare
simulatedusingpencilandpaper. Studentsaregivena work-
sheetwith codeandmodificationsto be doneandgive them
time to work on theseproblemsduring lecture. Theseexer-
cisesaredifferentfrom typical closedlab sessionsin a num-
ber of waysthat help encouragea morecollaborative atmo-
sphere:often studentsareworking in pairs to completethe
exercises;thecoursestaff is actively moving aroundtheclass-
room eavesdroppingandgiving timely feedback;andoften,
studentsolutionsarepresentedto theclassfor discussion.

We have found the last techniquebetter than traditional
techniquesfor engagingstudentsattentionby giving themin-
vestmentin the materialpresented.In the past,even when
groupactivities wereusedtherewaslittle feedbackprovided
to studentsabouttheir solutionsnor was thereany way for
themto testtheir solutions. In general,theremay beseveral
solutionsto a givenproblem,but theinstructoronly hadtime
to presentoneor two solutions. Studentswere frustratedif
their solutionwasdifferentbecausethey have no methodfor
determiningif their solutionis correct.Now, moretime is de-
votedto showing studentsolutionswhich usuallyvary more
thanthe instructor’s examples.And, the processof viewing
multiple solutionsinvariablyprovidesaneasyway to discuss
all of thepedagogicalpointswewould havewantedto show.
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Studentsshow their work in a numberof ways: write their
solutionsonanoverheadtransparency with thepensprovided,
write theirsolutionsonordinarynotebookpaperwhich is dis-
playedusinga documentviewer, or simply call out the next
line of codefor theinstructorto type.

MAKING LARGE LECTURES MORE ACTIVE

In teachinga large introductorycomputerscienceclass,it
is especiallyhard to make lecturesmoreactive andcreatea
betterlearningexperience[16]. Among the main problems
with largelecturesare:gauginghow well thecoursematerial
is beingunderstood;creatinga moreengagingandenjoyable
learningenvironment; andencouragingstudentsto cometo
classon time andrewardingthosethat do comeandpartici-
pate.

Encouraging Participation

One steptowardsaddressingtheseissueswe have devel-
opedis thepick-a-studentsystem.An importantpartof ask-
ing a questionis to get everyones’attentionandnot have a
dialoguewith only the few studentswho always volunteer.
At any point in lecture, if there is a questionto be asked
aboutthe materialor if a student’s work is to be selectedto
be displayedon the screen,the pick-a-studentsystemran-
domlyselectsastudentanddisplaystheirpictureandnameon
thescreen.If theselectedstudentanswersthequestion,they
receive credit andtheir pictureandnameare removed from
the pool. The pick-a-studentmustbe sufficiently employed
throughthesemesterto cyclethroughall of thestudentsin the
courseat leastonce. This requirementshouldencouragethe
instructorto askmany questionsandreceive feedbackfrom a
widecross-sectionof thestudents.

It is vitally importantstudentsknow it is reasonablenot to
know the answerandthat any attemptis worthwhile. When
studentshave no ideawhatsoever, they have severaloptions:
simplysay“I don’t know”; askaquestionbackto theinstruc-
tor thatmayhelpelucidatetheproblem;or call uponanother
studentin theclass,or eventheir entirerow, to helpthem.

Therearea numberof addedbenefitsto thepick-a-student
system. It makes it much easierfor the instructor to learn
students’namesandthatin turnseemsto makestudentsmore
comfortableinteractingwith the instructorboth during and
outsideof class. Studentsalsoseemto enjoy the processof
seeingtheir facesappearon the big screenandwonderingif
their namewill bechosen.Presumably, it hasa similar draw
asgamesof chance. We have even usedthe pick-a-student
systemas a later assignmentin our CompSci1 coursethat
allowsstudentsto experimentwith randomnessandarrays.

Thepick-a-studentsystemis fairly easyto createif youcan
get picturesof the studentsalong with their names. For a
yearly cost, the university can provide ID picturesfor each
student. Instead,we have tried a moreplayful approachby
passingaroundadigital cameraandsheetof paperon thefirst
dayof class.Theinstructortakesapictureof thefirst student,

andeachstudentsubsequentlytakesa pictureof anotherstu-
dent,with the last studenttaking a pictureof the instructor.
Studentssign the paperin the ordertheir picturesaretaken.
Oncethe imageshave beensaved with the studentsnames,
thereareseveralwaysto displaythem:wehavewrittenasim-
ple programthat readsin the directoryof picturesandflips
throughthe pictures,randomlystoppingon a student;or on
WindowsandMacintoshcomputers,standardslideshow soft-
warecanbeusedto flip througha folderof images.

Group Activities

Organizingstudentsinto groupscanleadto amoreproduc-
tiveuseof classtimeandcanbebeneficialto studentsin many
ways.We assignpairsof studentsin smallcoursesandassign
groupsof size3 to 5 studentsin largercourses.Studentsre-
ceive a seatingchartwith their nameandtheir assignedseat
andareexpectedto sit there.Groupsarechangedaboutonce
a month,or about4-6 timesduringthesemester.

Thereareseveral advantagesfor instructorsto assignstu-
dentsseating.For largecourses,having assignedseatsmakes
it possibleto handouthomeworkduringclass.Thehomework
is sortedby seatingandcanbepassedout quickly. This task
wouldtakeaverylongtimein acourseof 200studentsif each
student’s namewascalledout andthey hadto walk up to the
front to pick up theirwork. Having assignedseatsalsomakes
it easierfor theinstructorto getto know thestudentsbecause
they sit in thesameplaceandhe/shecanlook up their name.

Assignedseatingandgroupsandchangingthemoftenhas
benefitsto studentsaswell. Studentswill get to know more
peoplein the courseas they are forced to meetpeoplethey
might not otherwisemeet.Studentsaremorelikely to volun-
teerto answera questionif they feel they arepartof a group
andthegrouphashadachanceto discusstheanswer. Thestu-
dentis comfortablebecausethegroupagreedon the answer.
Somegroupshavebecomeverycompetitive,suchasbringing
in their groupnumberon a fancy signandholding it up high
whenever they answeredaquestion.

SUPPORTING ACTIVE LEARNING

Thereareseveral impedimentsto wide-spreadadoptionof
active learningtechniquesby educators[17]: the time and
preparationrequiredto develop materials;the disparity be-
tweenactive learningandtheeducationalexperienceof most
academicssomeof whichis tied to cedingsomecontrolin the
classroomif lecturesareabandoned;theperceptionthatactive
lecturesaretooslow comparedto standardlectures,makingit
harderto cover asmuchmaterial;andthedifficulty of ensur-
ingstudentscometo classprepared.Sincewebelievestudents
mustbeactiveeverydayto remainengagedin thematerial,we
havedevelopeda few techniquesto helpaddresstheseissues.

Thereis no doubtpreparingfor active learningtakesmore
time from both instructorsandstudents.Instructorsmustbe
betterpreparedbecausethe materialneededin classmay be
morevariedasstudentsbring up issuesfrom the readingor
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problemsthey areaskedto solve. Students,aswell, mustpre-
parebeforeclassby doingtheassignedreadingor preparatory
work or they will beunableto participatein class.Whenstu-
dentsare unableto be actively involved in the material the
classtypically revertsbackto a lectureformat.

One step towardsensuringstudentsare preparedis pre-
classquizzes,availablebeforeeachlecturethatmustbecom-
pletedby thetime studentsentertheclass.Thesequizzesare
meantto be fairly simple if the studenthasreadthe reading
materialanddifficult for studentsto do correctlyby simply
guessing.This forcesstudentsto reador skim readingmate-
rial, makingthembetterpreparedto answerquestionsduring
class.An additionalfeatureis thattheinstructorcanlook over
a summaryof theanswersto quizzesbeforeheadingto class
andcanseewhich topicsstudentsunderstandandwhich ones
studentsneedfurther explanation,allowing the instructorto
adjustthefocusof thelectureand,perhaps,skip or skim ma-
terial thathasbeenmastered

Currently, we usethe BlackboardCourseInfosystem[18]
to administeronlinemultiplechoicequizzes.An advantageof
thissystemis thatonecandesignateaspecifictimerangedur-
ing which the quiz canbe taken. Previously, paperquizzes
were given that were due when the studentswalked in the
door. A databaseof collectedquizquestionsis availablefrom
EdGehringer[19].

CONCLUSIONS

Collaborative learning in small groupsincreasesinterest
andparticipationin class.We have observedthatgiving stu-
dentstimeto think duringclassresultsin morestudentpartici-
pationin discussions,andthatdiscussionsaremoremeaning-
ful, especiallyin uncovering misconceptionsand misunder-
standings. This approachalso increasesstudentconfidence
andself-esteem.We have observed that studentswho were
reluctantto speakout in classarenow eagerto volunteerand
discussasolutionthattheirgroupdeveloped.In evaluationsof
our classesusingcollaborative learning,studentsoverwhelm-
ingly statedthatthey preferredthegroupproblemsolvingfor-
mat to the lectureformat. In addition,femalestudents(most
classescontain25-30%women)madecommentsthatrotating
assignedgroupsgave them a chanceto meetother students
in the classthat they would not have approachedotherwise,
makingthemfeel morecomfortablein theclassroom.These
findingsreflectthoseof otherresearchers[20].

Although lessmaterialmay be presentedduring class,we
find that studentsunderstandthe materialmore thoroughly.
We make up for our decreasedpaceby placingmorerespon-
sibility on studentsto work outsideof lectureto preparefor
class.We ensurethatthey arenotmissingthebasicsby keep-
ing tabson their progressandadjustingour presentationsto
matchtheir progressand not going over materialit is clear
they havemastered.

We continueto make our coursesmoreactive. In the past
we have integratedvisualandinteractive computertools into

the classroom[21] andtoys into lecture[22]. More recently
we have found moreeffective waysto usecomputersin the
classroomto changethe way in which we presentmaterial
to the students.However, almostsurprisingly, we have also
foundparallelactivities thatdonotusecomputersdirectlybut
achievesimilaradvantages.
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