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Abstract

In this paper we describe a library we have developed
that supports an “OO-from-the-beginning” approach to
CS 1. The design of interactive graphical programs
helps students to both use objects and write methods
early while designing and implementing interesting pro-
grams. The use of real graphics “objects” and event-
driven programming are important components of this
approach.

1 Introduction

In the fall of 1999, the authors developed a new version
of the introductory Computer Science course (CS 1) at
Williams College. Our goals were as follows:

e Use an object-first approach, requiring students to
think from the start about the programming process
with a focus on methods and objects.

e Use graphics and animation extensively. Experience
in an earlier version of this course convinced us that
graphics can be an important tool both because stu-
dents are able to create more interesting programs,
and because graphic displays provide students with
visual feedback when they make programming errors.

e Introduce event-driven programming early. Most
programs students use today are highly interactive.
Writing programs that are similar to those they use
is both more interesting and more “real” to the stu-
dents. This goal was motivated, in part, by Stein [11].
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As we developed the course, we found that these seem-
ingly disparate goals complemented each other.

In this paper we discuss our goals and methods for
achieving them, focusing on how our locally-designed li-
brary, ObjectDraw, allowed us to overcome potentially
large hurdles to the use of Java with novice program-
mers.

2 Motivation

Two of our fundamental goals, the desire to use graphics
and the desire to teach using an objects-first approach,
provided the motivation to construct our graphics li-
brary and influenced its organization.

As we began the design of our course, the goal of empha-
sizing the use of an object-oriented style from the first
lecture presented the most obvious challenges. Before
a student can begin to learn mechanisms for defining
and using classes, the student must master a significant
amount of material. The student must learn to define
methods. If the examples used are to adequately moti-
vate the use of objects, the student must know how to
declare and use parameter names. For all but the most
trivial examples, at least conditional control structures
are required. Initially, it seemed that several weeks
would be required to present these prerequisites before
object-oriented features could be introduced.

We felt that the most promising approach to this prob-
lem was to integrate the use of pre-defined classes of
objects into our introduction to programming basics.
In this way, we could familiarize the students with
the object-oriented notion that work is accomplished
by sending messages to objects. In addition, because
students use these objects without knowing how they
are implemented, they develop a sense of the appropri-
ate level of encapsulation/abstraction to be used before
learning to define their own classes.

Others who have employed this approach have often
used collections of classes implementing “micro-worlds”.
The object-oriented version of Karel [2] provides an en-



vironment in which students write short programs to
manipulate robot objects through methods. Faculty at
Wellesley College have created several micro-worlds to
illustrate aspects of object-oriented programming.

Our desire to use graphics extensively in the course
made it clear that we would need to develop a set of
classes to simplify the use of Java’s graphics facilities.
The Java AWT does not provide an interface that is ap-
pealing for an introductory course. The need to do all
actual drawing in a single paint method implies that
a program must maintain enough state to communi-
cate the desired appearance of the display to the paint
method. For all but the simplest examples, this requires
complex data structures that are far out of reach during
the first weeks of an introductory course.

While we initially viewed the need for a graphics li-
brary and the need for an appropriate “micro-world” as
independent problems, we quickly realized that a sin-
gle library could fulfill both needs. We saw that if we
could design a graphics library simple enough to pro-
vide the means to introduce students to the use of ob-
jects and methods, it would actually be better than us-
ing a micro-world because it would be integrated into
the entire course. Accordingly, we set out to construct
a graphics library whose design would emphasize the
object-oriented approach.

3 An Object-oriented Graphics Library

Others have recognized that the graphics facilities pro-
vided by Java’s AWT were unsuitable for an introduc-
tory course and created libraries to simplify graphics
programming. The methods defined by such libraries
perform the requested drawing in an off-screen buffer.
The libraries also include a paint (or draw) method
that copies this off-screen buffer to the screen.(See [5]
and [1], for example.)

The resulting libraries generally fail to exhibit object-
oriented concepts. Their designs typically parallel the
underlying Java AWT Graphics class. There is a sin-
gle object with a name like “pen” (or “turtle” in the
case of Slack’s turtle graphics [9]) which accepts a long
list of drawing methods. In many such libraries, there
are no run-time objects corresponding to the geometric
shapes displayed on the screen. In some, one can create
“rectangles” and/or “lines” as objects, but the degree
to which these correspond to the objects on the screen
is limited. One may be allowed to provide a “rectangle”
object as a parameter to a “pen” drawing method, but
if there are any methods available to modify the rectan-
gle object itself, applying them will have no immediate
effect on the display.

In designing our library we took a different approach
which we felt would enable us to make the behavior

of objects very concrete for our students. We pro-
vide classes for a series of objects that can be pro-
duced on the display: Lines, Rectangles, Ovals, Text,
etc. When one of these objects is constructed using
the “new” operator, it actually appears on the screen.
In addition, there is a list of methods that can be
used to modify each of these objects: move, setColor,
setWidth, etc. Again, if any of these methods are in-
voked, the screen is updated (essentially immediately)
to reflect the requested change.

Internally, the implementation of our library is slightly
different from the off-screen buffer approach described
above. We define a class called DrawingCanvas that
represents a drawing area on the screen. When a graph-
ical object is created, the programmer must specify the
canvas on which it should appear. Each canvas is im-
plemented as a list of graphical objects rather than as
an off-screen bit map. When either the system requests
a repaint of the screen or the user’s code modifies any
object, our library’s version of paint erases the entire
screen and redraws all the objects in each canvas. For-
tunately, we found this simple technique performed ef-
ficiently enough that screen updates appear to occur
instantaneously.

This collection of graphical objects and the methods
associated with them have provided an excellent frame-
work for introducing the notion of objects to our stu-
dents. The fact that the objects produced by construc-
tors are not abstract, but are concrete and visible on the
screen, makes it very easy for students to appreciate the
connection between their code and its behavior.

Introducing the library takes very little time. We con-
structed an application that provides a virtual sand-
box through which students can experiment with the
effects of invoking the constructors and methods associ-
ated with these classes by clicking on buttons in a dis-
play. In our first lab, after only one session of class time
devoted to Java and the graphics library, students are
able to familiarize themselves with the library by com-
pleting a set of guided exercises in this environment.
By the end of the lab period, they abandon the “virtual
sandbox” and write a Java applet that uses our library
to produce a diagram of a simple road sign that varies
in reaction to mouse actions.

4 Advantages of Event-Driven Programming

In addition to the graphics features described in the pre-
ceding section, our library provides support for the use
of an event-driven style of programming. Introducing
event-driven programming was one of our fundamental
goals. Surprisingly, we have found that using this ap-
proach simplifies the process of preparing students to
use object-oriented techniques. In particular, the use of
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