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Active Learning in Small to Large Courses
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Abstract —Thispaperpresent®ur experiencepromotingac-
tivelearningin programmingcoursesfromintroductoryto ad-
vancedevels. We usea variety of techniquesas our courses
vary greatlyin sizeandour facilities vary in layoutandequip-
ment.For large lectures,we presentactiveinterludesthat re-
quire studentgo work in small groups, respondto periodic
polls, or help a professorprogram. For modeately sized
courses,we ask studentsto work in groupsand share their
observationawith the class. Finally, in our Interactive Com-
puter Classoom we have almostcompletelydepartedfrom
long lecturesto run the coursein a workshopformat, giving

students chanceto work onthecomputealmosteverydayin

a supervisedsafeervironment.n short,althoughthesetech-

niguesoften require longer prepamtion time, we showthat
active learning can be donein any classpom situationand
studentsmustbe active everydayto remainengaged in the
material.

Keywords —Activelearning computerscienceeducation,
coopeastivelearning

INTRODUCTION

Studentshave several obstaclego overcomein their intro-
ductory programmingcourses:learningaboutcomputersci-
ence,learningaboutprogramdesign(structuredand object-
oriented),learningaboutprogramming,and, in somecases,
learningto be a studentat a college/unversity To help this
processwe have developeda variety of techniqueghat en-
couragestudentsto collaboratein problem solving during
their scheduledecturetime. Researclin cooperatie andac-
tive learningliterature[1], [2], [3], [4], [5], shavs that stu-
dentsmastematerialto a greaterdegreeandretainmorein-
formationwhenactivelearningis incorporatednto theclass-
room. Studentengagedn active learningmaywrite, discuss,
or attemptproblem-solvingduringclassasanalternatve or in
additionto lecture.

We tell studentsthey cannotlearnto programsimply by
readingand studyingthe concepts;they must practicepro-
grammingas one would practice playing a sport or musi-
cal instrument. However, traditionally, only separateclosed
labs [6], [7] have beenusedto give studentssupervised,
hands-onexperiencewith conceptuamaterial,andthe typi-
cal closedlab doesnotinvolve ary dynamicexchangeamong
studentsor betweerteachermandstudent.In contrastjnterac-
tive lecturesarecommonin otherdisciplinessuchashuman-
ities. For example,in aforeignlanguagecourse studentsand
theinstructorengagen corversatiormostof theclassperiod,
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either discussingexercisesor acting out real-life situations.
In fine arts,studiosessionsreheldin which studentseview
their peers.

Thenext sectiondescribeghe structureof our coursesand
the facilities which supportthem. Thentwo methodsof ac-
tivelearningarediscussedonethatcloselymirrorstraditional
lecturestylesandonethatreducedecturingto a minor com-
ponent. Finally, several issuesspecificto large coursesare
discussedncluding waysto encourageequalstudentpartici-
pation. In eachcaseseveral alternatvesare presentedgeach
tailoredto achieve our goalsgiven differentcourseerviron-
ments.

STRUCTURE OF OUR COURSES

At Duke University the computerscienceundegraduate
coursegangein sizefrom 15 to 250 students.Currently, the
introductorysequenc®f ComputerSciencecoursesor ma-
jors, CompSci6 and CompScil00 (ACM CS 1 and?2 [8]),
aretakenby morethan500studentgperyear Ournon-majors
coursesCompScil, CompSci4 andCompSci49Saretaken
by nearly400studentgachyear, with themajority of students
taking CompScil. CompScil (ACM CSO0) is an overvien
of computersciencewith a small programmingcomponent,
CompsScid is anon-majorgprogrammingcourse andComp-
Sci49Sis a specialtopicscoursefor freshmerimited in size
to 15. Ourupperlevel undegraduateoursesisuallyhave be-
tween30 and 80 students.In total morethan1,500students
take a ComputerSciencecourseat Duke Universityeachyeat

LargeintroductorycoursessuchasCompScil andComp-
Sci 6 are structuredto have a lecturetwo to threedaysper
week anda small lab oncea week. To alleviate the burden
of suchlarge courseswe have sometimeseenable to of-
fer multiple sectionsof the samecoursethat have different
lecturetimes, but shareall other out-of-classwork. Some
smallercourseswith enrolimentdessthan40 (andafew sec-
tions of CompSci6) aretaughtin our Interactve Computer
Classrooms]CCs, with computersfor studentsto use dur-
ing class. Many of our courseswith size 50 or more either
have the smalllab oncea weekor smallerrecitationsections
oncea week. All computersciencecoursesat Duke Univer-
sity aretaughtby faculty. GraduateeachingassistantsTAs,
usuallyleadtherecitationsandundegraduatdeachingassis-
tants,UTAs, leadthelabs.

Structure of our Classrooms

Three different types of facilities are usedfor Computer
Sciencecourses.An auditoriumis the largestsizeroomwith
maximumseatingfrom 100 to 300 seats. The designof an
auditoriumis usuallymary long rows of fixed seatsthat are
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progressiely moreelevatedfrom the front to therear A reg-

ular classroomhasmaximumseatingsize of 20 to 80 seats
andusuallyhasa grid of fixed or movable seatsthat are not

elevated. Theseclassroomsnay have long tablesor deskson

whichthestudentsanwork. Ourthird typeof room,anICC,

is a roomwith mary computersdesignedor studentgo use
the computerduringclass.All classrooméave Internetcon-

nectionsandonecomputeiin eachclassroontanbeprojected
onalargescreen.

TherearethreelCCsat Duke University, onelargeandtwo
small. Thelarge ICC has20 computersand40 seatsfor stu-
dentswhile thesmalleriICCsarehave only 8 computerswith
16 seats. Roughly half of the ICC is designedor usingthe
computergfor the large classroomgither20 studentsvork-
ing aloneor 40 studentsvorkingin pairs)andhalftheroomis
designedor working in smallgroupsat movabletables.Fig-
urelshovsalayoutof thelargelCC. Thereare20rectangular
tables,eachwith one computer(shovn asa square)andtwo
seats(shavn ascircles). In additionthereis a printer table
(labeledP), a teachers console(labeledTC) and4 movable
work tables. The work tablescanbe spreadapartfor group

work.
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FIGURE1

LARGE ICC LAYOUT

ThelCCsaredesignedo helpinstructorscontroltheroom
by arranginghe computersn a U-shapearoundthe sidesand
backof the room. Fromthe front of the room, the instructor
canview all monitorscreenandcanseequickly if anyoneis
falling behindor having difficulty. The studentgacethefront
of theroomfor discussiorandrotate(facingthe backor sides
of the room) to usethe computer Sincethe studentsmust
turn 90 or 180 degreesto facethe front for a discussionthe
instructorcaneasilytell if anyoneis not payingattention.

Several computersciencecourseshave beentaughtin an
ICC, CompSci4 andCompSci49S,andsectionsof CompSci
6 andCompScil00. Otherdisciplinesalsoteachin the large
ICC including mathematicsstatistics biology, sociology re-
ligion, economicsfilm andvideo, culturalanthropologyand
French.Thewriting programfor first-yearstudentss the de-
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partmenfprimarily usingoneof thesmallICCs.

ACTIVE LEARNING TECHNIQUES IN CLASS

Two styles of using standardlecture time designedto
achieve more studentinvolvementare presented:active lec-
turesgiving studentsa chanceto checktheir understanding
during the lecture by working on short exercises;whereas
workshopsallow studentsto work in a supervisedsafelab
settingwherethe instructorlecturesonly briefly. However,
the stylespresentedbelon canbeusedin traditionalor ICCs.

Active Lectures

Thetermactivelecture in this paperrefersto a simpleuse
of active learningsimilar to the lecture style usedby most
universityeducatorsnodifiedto includeotherrecentattempts
to bring active learningto scienceclasseg9], [10], [11].

An active lecturebeginswith a story thatrelatesthe day’s
topics to a real-world/industrial experiencethat will be fa-
miliar to students. For example,in discussingcompression
and Huffman codingin CompScil00, the introductiondis-
cusseNapstey MP3, andlossy/losslesSPEG/GIFcompres-
sion. Thesediscussiongocusnot only on technicalcontent,
but on ethicalandpragmaticconcernsn usingNapster After
theopeningstory, materialis presentedn atraditionallecture
format.

The key elementof an active lectureis a reflectivepause
or interlude. Stoppinga lectureafter 15 minutes,pausinga
minute, and then proceedingincreasesstudentcomprehen-
sion [12]. A reflectve pauseis directly relatedto the part
of the lecturejust given, but engagestudentsn answeringa
guestionor solving a problemrelatedto the lecture. For ex-
ample,in the lectureon Huffman codingstudentsare shavn
how an optimal tree/trieis constructedor encodingcharac-
ters. The lecturediscusseshe greedyalgorithmusedfor the
construction propertiesof greedyalgorithmsin generaland
the specificcodeusedin generatinga treefrom a sequencef
charactersDuring thereflective pausestudentsareaskedtwo
guestiongo testmasteryand comprehensionuncompress
sequencef 30 bits givena diagramof atreestoring8 charac-
ters;andthink aboutcreatingchangeusingaminimal number
of coinswhenthereareno nickels. Thefirst problemtestsba-
sic understandingf how informationis storedin a Huffman
tree. The secondrequiresstudentdo think aboutpossibleal-
ternatveswhena greedyalgorithmdoesnot work in certain
situations.Both questionscanbe answeredy studentsndi-
vidually in oneor two minutesperquestion.Someprofessors
have studentdiscussthe answersput this is not an integral
partof anactive lectureor areflective pause.

A typicallectureis 50-75minutes.This leadsto dividing a
lecturetopicinto two or three15-20minutechunkswith each
chunkfollowed by a reflectve pause.Eachpauserequiresa
follow-up to discusghe answersandto ensurestudentshave
abasicunderstandingf materialsbeforeproceeding.

In the beginning programmingcourses simply coding in
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front of the studentanbe very beneficialandleadsto qual-
ity discussions.It helpsstudentsbetterunderstandhe pro-
grammingprocessbecausehey seetypos, compiler errors,
andotherproblemsencounteresvhenprogrammingijt makes
themmoreattentive becausehey try to find our mistakesbe-
forethecompilerdoesandit seemdo makethemmoreexper

imentalandwilling to ask“what happensvhenif”. Usingthis
techniquewe have createda didacticform of pair program-
ming in our largelecturecoursesTheinstructoris the driver
while the classasa whole (from 40 to 180 students)works
togetherasthe navigator of the pairprogrammingeam[13],

[14].

Workshops, not just Labs

Anothertype of active learningusesthe workshopformat
and canbe donein large or small coursesduring lecture or
in an ICC. Eachworkshopperiod consistsof a sequencef
modules. Each module containsa mini-lecture (5-15 min-
utes)followedby an exerciseto be performedby the students
in groups followedby a wrap-updiscussinghe differentap-
proachesstudentsexplored. The formatalsoallows for just-
in-time teading [10] wherethelectureis changedo address
concernghatariseasaresultof eachworkshopexperience.

While studentsareworking in class,it is importantto give
themasmuchqualityfeedbaclkaspossible Themosteffective
way we have foundto dothisis to movethroughoutheclass-
roomvisiting with eachgroupor evenjustobservingheirdis-
cussionsHowever, astheclasssizeincreasest becomedess
practicalfor onepersorto reachevery group.To alleviatethis
problem,UTAs areusedduringclassto helpvisit groupsand
answerquestions. Many UTAs are not preparedto support
studentswell in thesesituationg15], so UTAs attendweekly
meetingdo discusgeachingechniquesndto outlineimpor-
tantissuego becoveredin futureclassesAdditionally, UTAs
provideexercisesandbringupissueghataremeaningfuffrom
their experienceakingthe classpreviously.

For example,for CompSci6 in the ICC, we usethe work-
shopformatwith onemodulepermeeting.Classheginswith a
shortreview of thelastmoduleandanoverview of thenew ac-
tivities for thatday. Thestudentsvork in pairs(onecomputer
per pair) on the discovery exercisesor mostof the classpe-
riod. Theinstructorandteachingassistantsactively monitor
the room helping out and offering advice. If mary students
are having the sameproblem, all studentsare asled to stop
working anda shortdiscussioris held. At theendof class,a
wrapupdiscussions alwaysheld.

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

voi d Sweeps (string city)

{
cout << "Amanda Harri s,

<< "mllion dollars!"
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<< endl ;
cout << "Amanda, that’'s what you will
<< "if you have the winning ticket.'
<< endl;
cout << "I nmagi ne, Anmanda, you could be "
<< "cruising in a Porsche down Min
<< "Street in" << city << "."
<< endl ;
}
int main ()
{
Sweeps( " Geor get own") ;
return O;
}

Thereareseveralmodificationsstudentsareasledto malke.
Thefirst oneaddstwo morestring parametergor first name
and last nameto the Sweeps function. Next they call the
Sweeps function twice, oncewith eachof their namesand
hometowns. Next they do severalexercisedntendedo cause
errors,changeoneof thecallsto pasgust oneparameterand
passheparameters adifferentorder Thenthey addastring
variableto mai n for thefirst nameandinput the name.Next
they add statementdo readin the last nameand city. That
endsthefirst exercise.Therearetwo moreexercisesof mod-
ifying programsand a fourth optionalexercisefor thosestu-
dentswho completethe earlierexerciseamorequickly. Work
is checled off by the instructoror UTAs eitherat the end of
classor at the beginning of the next classto allow thosestu-
dentswho do notfinish duringclassto finish outsideof class.

For classeshotrunin anlCC, mary of theseexercisesare
simulatedusingpencilandpaper Studentsaregivena work-
sheetwith codeand modificationsto be doneandgive them
time to work on theseproblemsduring lecture. Theseexer
cisesaredifferentfrom typical closedlab sessionsn a num-
ber of waysthat help encourage more collaboratve atmo-
sphere:often studentsare working in pairsto completethe
exercisesthecoursestaf is actively moving aroundthe class-
room eavesdroppingand giving timely feedback;and often,
studentsolutionsarepresentedo the classfor discussion.

We have found the last techniquebetter than traditional
techniquedor engagingstudentsattentionby giving themin-
vestmentin the materialpresented.In the past,even when
groupactiities wereusedtherewaslittle feedbaclkprovided
to studentsabouttheir solutionsnor was thereary way for
themto testtheir solutions. In general theremay be several
solutionsto a givenproblem,but the instructoronly hadtime
to presentone or two solutions. Studentswere frustratedif
their solutionwasdifferentbecausehey have no methodfor
determiningf their solutionis correct.Now, moretimeis de-
votedto shawing studentsolutionswhich usually vary more
thanthe instructors examples. And, the processof viewing
multiple solutionsinvariably providesan easyway to discuss
all of the pedagogicapointswe would have wantedto shaw.
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Studentsshow their work in a numberof ways: write their
solutionsonanoverheadransparengwith thepensprovided,
write their solutionson ordinarynotebookpapemwhichis 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 especiallyhardto make lecturesmore active and createa
betterlearningexperience[16]. Among the main problems
with largelecturesare: gauginghow well the coursematerial
is beingunderstoodgreatinga moreengagingandenjoyable
learningervironment; and encouragingstudentsto cometo
classon time andrewardingthosethat do comeand partici-
pate.

Encouraging Participation

One steptowardsaddressingheseissueswe have devel-
opedis the pick-a-studensystem.An importantpart of ask-
ing a questionis to get everyones’attentionand not have a
dialoguewith only the few studentswho always volunteer
At ary point in lecture, if thereis a questionto be asled
aboutthe materialor if a students work is to be selectedo
be displayedon the screen,the pick-a-studentsystemran-
domlyselectsastudentanddisplaystheir pictureandnameon
the screen.If the selectedstudentanswerghe question they
receve credit andtheir picture and nameare removed from
the pool. The pick-a-studenmustbe sufiiciently employed
throughthesemesteto cyclethroughall of thestudentsn the
courseat leastonce. This requiremenshouldencouragdghe
instructorto askmary questionsandreceie feedbackrom a
wide cross-sectionf the students.

It is vitally importantstudentknow it is reasonabl@ot to
know the answerandthat ary attemptis worthwhile. When
studentshave no ideawhatsoeger, they have several options:
simply say“l don't know”; askaquestiorbackto theinstruc-
tor thatmay help elucidatethe problem;or call uponanother
studentin theclass,or eventheir entirerow, to helpthem.

Therearea numberof addedbenefitsto the pick-a-student
system. It makesit much easierfor the instructorto learn
studentshamesandthatin turn seemgo make studentsnore
comfortableinteractingwith the instructor both during and
outsideof class. Studentsalsoseemto enjoy the processof
seeingtheir facesappearon the big screenandwonderingif
their namewill be chosen.Presumablyit hasa similar draw
asgamesof chance. We have even usedthe pick-a-student
systemas a later assignmentn our CompScil coursethat
allows studentgo experimentwith randomnesandarrays.

Thepick-a-studensystemis fairly easyto creatdf 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 more playful approachby
passingaroundadigital cameraandsheebf paperonthefirst
dayof class.Theinstructortakesa pictureof thefirst student,
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andeachstudentsubsequentlyakesa picture of anotherstu-

dent, with the last studenttaking a picture of the instructor

Studentssign the paperin the ordertheir picturesaretaken.

Oncethe imageshave beensaved with the studentsnames,
thereareseveralwaysto displaythem: we have writtenasim-

ple programthat readsin the directory of picturesand flips

throughthe pictures,randomlystoppingon a student;or on

Windows andMacintoshcomputersstandardslide shaw soft-

warecanbeusedto flip throughafolder of images.

Group Activities

Organizingstudentsnto groupscanleadto amoreproduc-
tive useof classtime andcanbebeneficiakto studentsn mary
ways. We assignpairsof studentsn smallcoursesandassign
groupsof size3 to 5 studentsn larger courses.Studentse-
ceive a seatingchartwith their nameandtheir assignedseat
andareexpectedto sit there. Groupsarechangedboutonce
amonth,or about4-6 timesduringthe semester

Thereare several advantagedor instructorsto assignstu-
dentsseating.For large courseshaving assignedeatsnakes
it possibleto handouthomework duringclass.Thehomavork
is sortedby seatingandcanbe passedut quickly. Thistask
wouldtake averylongtimein acourseof 200studentsf each
students namewascalledout andthey hadto walk up to the
front to pick up theirwork. Having assignedeatsalsomakes
it easierfor theinstructorto getto know the studentdecause
they sit in the sameplaceandhe/shecanlook up their name.

Assignedseatingandgroupsandchangingthemoften has
benefitsto studentsaswell. Studentswill getto know more
peoplein the courseasthey areforcedto meetpeoplethey
might not otherwisemeet. Studentsaaremorelik ely to volun-
teerto answera questionif they feel they arepartof agroup
andthegrouphashadachanceo discusgheanswer Thestu-
dentis comfortablebecausedhe groupagreedon the answer
Somegroupshave becomevery competitve, suchasbringing
in their groupnumberon a fang signandholdingit up high
wheneerthey answered question.

SUPPORTING ACTIVE LEARNING

Thereareseveralimpedimentso wide-spreadadoptionof
active learningtechniquesby educatorg17]: the time and
preparationrequiredto develop materials;the disparity be-
tweenactive learningandthe educationakxperienceof most
academicsomeof whichis tied to cedingsomecontrolin the
classroonif lecturesareabandonedheperceptiorthatactive
lecturesaretoo slow comparedo standardecturesmakingit
harderto cover asmuchmaterial;andthe difficulty of ensur
ing studentzometo classprepared Sincewe believe students
mustbeactive everydayto remainengagedn thematerial we
have developeda few techniquedo helpaddresgheseissues.

Thereis no doubtpreparingfor active learningtakesmore
time from both instructorsand students.Instructorsmustbe
betterpreparedbecauseghe materialneededn classmay be
more varied as studentsring up issuesfrom the readingor
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problemsthey areasledto solve. Studentsaswell, mustpre-
parebeforeclassby doingtheassignedeadingor preparatory
work or they will beunableto participatein class.Whenstu-
dentsare unableto be actively involved in the materialthe
classtypically revertsbackto alectureformat.

One step towards ensuringstudentsare preparedis pre-
classquizzes availablebeforeeachlecturethatmustbe com-
pletedby thetime studentsnterthe class.Thesequizzesare
meantto be fairly simpleif the studenthasreadthe reading
materialand difficult for studentsto do correctly by simply
guessing.This forcesstudentso reador skim readingmate-
rial, makingthembetterpreparedo answerquestionsluring
class.An additionalfeatureis thattheinstructorcanlook over
a summaryof the answergo quizzesbeforeheadingto class
andcanseewhichtopicsstudentainderstandndwhich ones
studentsneedfurther explanation,allowing the instructorto
adjustthefocusof thelectureand,perhapsskip or skim ma-
terial thathasbeenmastered

Currently we usethe BlackboardCourselnfosystem[18]
to administeronlinemultiple choicequizzes An advantageof
this systemis thatonecandesignate specifictime rangedur-
ing which the quiz canbe taken. Previously, paperquizzes
were given that were due when the studentswalked in the
door. A databasef collectedquiz questionss availablefrom
Ed Gehringer19].

CONCLUSIONS

Collaboratve learningin small groupsincreasesnterest
and participationin class. We have obseredthatgiving stu-
dentstimeto think duringclassresultsin morestudenpatrtici-
pationin discussionsandthatdiscussiongremoremeaning-
ful, especiallyin uncovering misconceptiong&nd misunder
standings. This approachalso increasesstudentconfidence
and self-esteem.We have obsened that studentswho were
reluctantto speakoutin classarenow eagerto volunteerand
discussasolutionthattheirgroupdeveloped.In evaluationsof
our classegisingcollaboratie learning,studentoverwhelm-
ingly statedthatthey preferredthegroupproblemsolvingfor-
matto the lectureformat. In addition,femalestudentymost
classegontain25-30%women)madecommentdhatrotating
assignedgroupsgave them a chanceto meetother students
in the classthat they would not have approacheatherwise,
makingthemfeel morecomfortablein the classroom.These
findingsreflectthoseof otherresearcherf0].

Although lessmaterialmay be presentedluring class,we
find that studentsunderstandhe material more thoroughly
We malke up for our decreasegbaceby placingmorerespon-
sibility on studentgo work outsideof lectureto preparefor
class.We ensurehatthey arenot missingthe basicsby keep-
ing tabson their progressand adjustingour presentationso
matchtheir progressand not going over materialit is clear
they have mastered.

We continueto make our coursegnoreactive. In the past
we have integratedvisual andinteractive computertoolsinto
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the classroon21] andtoys into lecture[22]. More recently
we have found more effective waysto usecomputersn the
classroomto changethe way in which we presentmaterial
to the students.However, almostsurprisingly we have also
foundparallelactiities thatdo notusecomputerglirectly but
achieve similar advantages.
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