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ABSTRACT

Programming isa demanding task with an education programthat requiresthe assistance
of complex tools such as programming environments, algorithm animators, problem
graders, etc. In this chapter, we give a comprehensive presentation of tools for program
execution and visualization on the Web. We summarize the technical evolution of these
tools, describe educational uses, report lessons learned, and look at formal evaluations
of their educational effectiveness. We also deal with a closely related matter, namely,
collections of Web documents containing programming exercises. Finally, we outline our
view of future trends in the use of the Web for programming education, and we give our
personal conclusions. This chapter is of interest to educators and researchers, because it
gives a comprehensive presentation of the main issues and results of a field where most of
the contributions are sparse in the literature.

INTRODUCTION

Programmingisacentral themeinthedisciplineof computer scienceand, consequently,
is the focus of many efforts in computer science education. The teaching and learning of
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programming is an extremely difficult task, because it is an exceedingly abstract and
experimental activity. Asaresult, logical reasoning and experimentation play acentral role.

Traditionally, programming environments have been the main tools used for solving
programming problems (Jiménez-Periset a ., 2000). However, anumber of complementary
tools have been developed in the last decade, for instance, algorithm animators, program
visualizers, problem generators, problem graders, etc. Many of thesetoolshave been or are
being portedtothe Web. Someof theadvantagesgained fromthisareplatformindependence
and universal accessihility, whichwereseriousobstacl esto widespread adoption of previous
systems.

In this chapter, we describe technol ogies and experiences of using several classes of
Web-based toolsas akey element in programming courses, especially for problem solving.
Thetoolswerefer to support program execution and visualization (including animation). It
should be noted that we do not make acomprehensive study of all kinds of Web-based tools
that can be used for these courses, because this would require a whole book in itself. For
instance, we exclude those uses of the Web that areindependent of the subject matter, such
asdelivering courseinformation or providing acollaborativemedium. Such mattershavebeen
described el sewhere(Burd, 2000; Cucciarelli, Panti, & Valenti, 2000).

Inour exposition, wewant to highlight twodifficulties. First, sometool sarerecent, and
their educational success has not been formally measured. Thus, the lessonsthat have been
learned come from the experiences of teachers, from questionnaires compl eted by students,
and frominformal chatswith students. Formal experiments have only been conducted with
respect toalgorithmanimation, e.g., read Stasko and L awrence (1998). Wewill report onboth
kinds of assessments.

A seconddifficulty isthat thereisnot alwaysaneat separation betweentraditional tools
and Web-based tools. In some cases, such as collections of exercises, we can hardly find
experiencesother than based ontheWeb. In other cases, most notably algorithm animations,
thereisacontinuumfromgraphical or multimediaapplicationsin personal computersto\Web
applications. We emphasi ze here Web-based cases and experiences, but we refer to other
related systems when their lessons can also be applied to the Web.

Thechapter isorganized asfollows. Thenext two sectionsaredevoted totwo different
classesof Web-based tool sfor programming courses, namely, support for program execution
and program visualization (with emphasis on algorithm animation). In each section, abrief
overview of the main technical achievementsis given, educational uses are described, and
lessonslearned arereported, andinthecaseof algorithm animations, theresultsof controlled
experiments on their educational effectiveness are presented. A product related to the
algorithm animation activity is presented in the fourth section, namely, the management of
collections of Web documents on programming exercises. Finally, we outline our view of
futuretrendsintheuse of the Webfor programming education and our personal conclusions.

PROGRAM EXECUTION

Program construction and execution arethe main meansof testing whether acomputer
solutiontoaproblem (i.e., analgorithm)iscorrect. Itisthemainlaboratory component of any
programming course. One important problem involved in using computer environmentsis
that the faculty and the students must have the same version, and it must often be run on
specific computers and operating systems. The Web provides the possibility of universal
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