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mu.eduABSTRACTThis paper is an extended abstra
t for a workin progress. The work, as des
ribed in this paper,is a study of the use of 3D animation for programvisualization in an introdu
tory programming 
oursefor 
omputer s
ien
e majors who have gaps in theira
ademi
 ba
kground. A qui
k summary of stud-ies of attrition from the 
omputer s
ien
e major ispresented as a ba
kground and motivation for theinvestigation des
ribed here. Program visualizationusing 3D animation allows students to view 
hangesin the state of their virtual worlds, thereby 
onne
t-ing individual lines of 
ode to the animation a
tion.Early results of this study in
lude a 
omparison ofstudents in CS1 who have taken the 
ourse versusthose students who did not.1. BACKGROUND AND MOTI-VATIONAttrition has been a longstanding problem for 
om-puter s
ien
e programs in a
ademia. Of 
ourse attritionin 
omputer s
ien
e majors o

urs throughout the fouryears, but the largest per
entage of dropouts o

ur duringthe �rst year of study.[11℄ High attrition rates over the lastde
ade have o

urred during the same period of time asmost 
omputer s
ien
e departments have made the swit
hfrom imperative to obje
t-oriented (OO) languages. Notonly do OO languages require the tea
hing and learning

of all the traditional fundamental 
on
epts, but OO lan-guages add the more demanding 
on
epts of 
lass, obje
t,information hiding, inheritan
e, and polymorphism. We
onje
ture that a 
orrelation exists between high attri-tion rates of the last de
ade and the swit
h to OO lan-guages. Data supporting this 
onje
ture 
omes from a
ontrast of studies from early resear
hers with more re-
ent resear
hers. Early resear
hers, using imperative lan-guages, (su
h as But
her & Muth[2℄; Stephens et al.[13℄;Oman[7℄) showed little to no relationship between priorprogramming experien
e and su

ess in the 
urri
ulum.In 
ontrast with those studies, later resear
hers Davy etal.[5℄ and Hagan and Markham[6℄, using obje
t-orientedlanguages, indi
ate a strong relationship between priorprogramming experien
e and su

ess in the 
omputer s
i-en
e major.Our motivation is to redu
e attrition in the �rst yearof the 
omputer s
ien
e program. We ask: "Whi
h stu-dents are at most risk of dropping out of the major?"and "What 
an be done to de
rease attrition?" Usinghistori
al enrollment and dropout data at our own in-stitutions, we 
on
lude that students who have little orno previous programming experien
e and who are notyet ready for 
al
ulus have an extremely high dropoutrate (approximately 90%). In an e�ort to de
rease at-trition in the 
omputer s
ien
e major in the �rst year,we have developed a 
ourse for introdu
ing fundamentalsof obje
t-oriented programming to these "high-risk" stu-1This work is supported in part by a grant from the National S
ien
e Foundation, DUE- 0126833.1



dents as a preparation for a rigorous CS1 
ourse.[3℄ Thispre-CS1 
ourse is thoroughly based on the use of programvisualization.2. USING PROGRAM VISUAL-IZATIONThe program visualization tool we 
hoose to use isthe 3D intera
tive animation environment, Ali
e (freelyavailable at www.ali
e.org). This tool follows in the foot-steps of Logo, Karel the Robot, and Karel++. [8, 9, 1℄Other tools that might be used in
lude Samba[12℄ andJAWAA[10℄.The total fo
us of our pre-CS1 
ourse is the use of pro-gram visualization to support the pedagogi
al goal: tea
h-ing fundamental 
on
epts of obje
t-oriented programmingand problem solving. Students are assigned problem-solving tasks where the animation visualizes a solutionto the problem. Importantly, the virtual world is one 
re-ated entirely by the student and the program 
ode is thestudent's own 
ode. The program visualization 
an be in-
rementally developed and exe
uted again and again, lineby line.By exe
uting program 
ode for animating obje
ts ina virtual world, students view the progression of 
hangesof state in the virtual world.[4℄ The smooth animations in3D allow the student to 
onne
t individual lines of 
odeto the animated a
tions of the obje
ts. For example,a smoothly animated "move" 
ommand that eviden
esa bug where the obje
t moves too far and runs o� thes
reen is more easily interpreted than an instantaneousmove, where the obje
t "teleports" and therefore is mis-per
eived as a "delete" operation. During the 
ourse, stu-dents develop and test a series of problem solving proje
ts,illustrating progressively more demanding programming
on
epts.The programming language 
on
epts used in building3D animations in Ali
e in
lude:� A
tion 
ommands (su
h as move, turn, roll, andresize) 
ause state transformations in the students' vir-tual worlds. These 
ommands are similar to assignmentstatements in more traditional programming languages.Mutable variables 
an be avoided, as obje
ts maintaintheir own properties.� Behavior methods allow students to group a
tion
ommands into one named instru
tion, to de�ne theirown 
ommands. The 
on
ept of a behavioral method is

similar to the pro
edure 
on
ept in many other program-ming languages (or a fun
tion that just performs sidee�e
ts, not returning anything).� Fun
tions (implemented as questions), de
isions, ex-pressions, 
olle
tions, and repetitions are all similar toany other programming language. But, in a 3D environ-ment students 
an easily see the 
onsequen
es of theirexe
ution.� Re
ursion is used for repeated animated a
tions.Obje
t-oriented programming 
on
epts are integral tothe 3D program visualization. All 3D obje
ts are ob-viously obje
ts and have behaviors, state, and identity.These obje
ts (e.g., animals and vehi
les) populate theworld as seen in the ons
reen visualization. By writingsimple 
ode, obje
t appearan
e and behavior is 
ontrolled.Likewise, events and intera
tion are a natural part of thevisualization. Students write programs to make obje
ta
tions respond to mouse and keyboard input. For ex-ample, students build simple 
ight simulators and spa
einvader kinds of games.A great advantage of using 3D animation to 
reateprogram visualizations in the Ali
e environment is that
on
urren
y is trivial to understand. Some a
tions musto

ur simultaneously while others must o

ur in sequen
e.An i
e skater that turns and moves simultaneously 
anskate around a hole in the i
e, while the same a
tions insequen
e 
ause the skater to fall into the i
y water.3. RESULTSItha
a College (IC) and Saint Joseph's University(SJU) have 
ondu
ted this 
ourse over two semesters un-der di�erent experimental 
onditions. At IC, the 
oursewas o�ered 
on
urrently with the CS1 
ourse. At SJU,the 
ourse was a stand-alone 
lass that pre
eded CS1. Astudy of the e�e
tiveness of this 
ourse in its di�erentmanifestations is 
urrently underway. Early results ofthis study are based on a 
omparison of students in CS1who have taken the 
ourse versus those students (withsimilar math and 
omputing ba
kgrounds) who did nottake the 
ourse. Results in
lude an evaluation of whetherthis 
ourse provides suÆ
ient "prior programming expe-rien
e" as dis
ussed by Davy, et al.[5℄ Parti
ular aspe
tsin
lude student performan
e in CS1 and student level of
on�den
e in CS1, along with an analysis of retention.Early results, not ready for publi
ation at this writing,2
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