


EIFFEL certainly abounds with sound concepts with
a clean syntax [25]. Although it has the best integra-
tion of basic and value types of all the procedurally in-
fluenced languages, it is influenced by procedural lan-
guages, which becomes visible in the treatment of con-
trol structures and the presence of basic types. Although
EIrrEL’s solutions to language design have their own
merits we regard them as violating the “no distraction”
rule.

The “one paradigm suffices” approach of SMALLTALK
should facilitate the adoption of the object-oriented
paradigm for complete beginner’s. The deviations from
a traditional procedurally influenced style are said to
be disadvantageous for students with some background
knowledge, but can be regarded as a welcome leveling
factor, i.e., equalizing knowledge advantages between
students with varying backgrounds.

2.2 Saving difficult issues for later

The first language should enable students to engage in
interesting (mini-) projects, without demanding them to
master involved problems.

2.2.1 Garbage Collection

Languages without garbage collection are inappropriate,
as manual memory management is too complex and error
prone. Simply ignoring the fact that memory has to
be reclaimed in the absence of garbage collection would
foster a wrong attitude for the particular language. It
would also deprive students of the feeling of “mastering
the situation” and of “doing everything right so far” with
regard to the current requirements.

2.2.2 Pointers

By the same token, an introductory language should not
expose students to raw pointers. Object references and
dynamic binding should be treated as natural and ba-
sic language concepts, without forcing primitive mem-
ory access mechanisms on students. Even better still,
a language should not require a full appreciation of the
difference between value variables and pointer variables.

2.2.3 Hybrid Languages

In general, all hybrid languages, for instance, support-
ing both procedural and object-oriented style are less
appropriate. Although the support of multiple program-
ming paradigms can be advantageous for mature pro-
grammers, there is always a potential of confusion for
the beginner. Beginners do not know which of the sev-
eral ways possible to achieve something to choose and
can not distinguish problems of this kind from general,
“normal” learning difficulties.

2.3 Constructivist Learning

Proficiency with a programming languages can not be
taught it must be learned. As with cooking or other
skills involving the need to have a master plan as well as
being able to master all the details involved, it is best
to practice as much as possible. Accordingly, education
should be a mix of objectivist design (lectures) and con-
structivist design, i.e., project based tutorials.

The constructivist theory puts an emphasis on the
learner rather than the instructor, aiming to achieve a
shift from teaching to learning [13]. For the duration
of a project a learner should be granted autonomy for
self-directed learning. By hypothesizing, experimenting,
and discovering learners can then actively construct their
own understanding of subject matters.

2.3.1 Minimalism

The Minimalist theory of J.M. Carroll is a framework for
the design of instruction [4]. According to the theory

learning tasks should be meaningful and self-
contained activities.

activities should provide for error recognition and
recovery.

passive training should be minimized by allowing
learners to fill in gaps themselves.

realistic projects should be tackled as quickly as pos-
sible.

Building upon previous learner’s experiences, activi-
ties are to be solved in a learner-directed fashion. Errors
are regarded as learning opportunities.

2.3.2 Learning by Doing

“ There really is no learning without doing.”
— Shank and Cleary [33]

In order to encourage self-directed learning one does not
tell students what to learn but provides them with learn-
ing opportunities [1].

Learning by doing has a good effect on how long last-
ing learning effects are, because newly acquired knowl-
edge can be put in the context of self-made experiences.

In accordance to the minimalist school of thought
project based learning should, therefore, provide

a task,
all necessary resources, and
tools including those for error recovery.

Students should be encouraged to use resources of
their learning environment and ask instructors in case
they are stuck.



2.3.3 The Importance of Debugging

The above mentioned learning strategies foster exper-
imentalism and encourage exploration. But what if
things go wrong? Errors are inevitable and, in fact, nega-
tive results are just as important for learning as positive
results. What should be avoided, however, is causing
students to get despondent or agitated by errors over-
whelming them [24].

Beginner’s fate: Action paralysis

When faced with non trivial errors — often causing
the program to crash — students are left without solving
strategies. They helplessly wait for a tutor, who shall
investigate the problem.

Certainly, powerlessness and the passiveness while
awaiting the tutor’s attention is a frustrating experience
for students.

Tutors usually have an advantage due to their experi-
ence with common errors. The most important advan-
tage, however, has to be the knowledge of how to use a
debugger. Tracking down why a program produces the
wrong result or what causes it to crash is much easier if
a debugger is available and one knows how to use it.

It seems only logical that learning environments
should include a good tool for debugging and that stu-
dents should be taught debugging skills as early as pos-
sible. Actually, there is no reason why students should
not be able to trace a piece of software before they are
able to write one themselves! Thoroughly understanding
how selected examples work, is a good preparation for
the construction of self made solutions.

Students equipped with debugging skills require less
supervision. In addition, in a study about introductory
programming it was found that students whose teachers
provided exemplary models and debugging techniques,
scored higher in subsequent tests [21].

2.3.4 Supporting Learning Environment

Constructivist environments do not predetermine a se-
quence of activities. Rather, they seek to provide a sup-
portive learning infrastructure.

“The programming environment provided to
help the program developer use the language
seems to be at least as important as the lan-
guage itself, and probably more so...”

— RogerBailey [24]

Requirements for an object-oriented programming envi-
ronment for software construction, thus, are:

Access to classes in libraries, including source code.

Availability of documentation for both language and
libraries.

Tools for experimenting with code snippets, inspect-
ing results, and debugging software.

Development environments which look and feel the same
as those used for procedural languages are, hence, inap-
propriate.

Even EIFFEL’s “ebench” environment carries some
procedural legacies with it, although it is much more
inspired by object-oriented principles than typical envi-
ronments for JAVA or other languages.

One unfortunate assumption is that there is a single
entry point program that is compiled and run after all
its parts have been provided [16]. Even though this en-
try point can be configured, the correct view would be
that of a collaborating network of objects where an en-
try point loses its meaning. EIFFEL’s “ebench” has no
facility to interactively test little pieces of code without
placing them into test programs.

The object-oriented paradigm is truly reflected in an
interactive environment if it is possible to

evaluate pieces of code on the fly.

set up object networks without going through the
effort to write main programs.

make changes to code and immediately see the con-
sequences.

close a running session and return to the same ob-
ject network later on.

Such an interactive environment can considerably reduce
the complexity of getting the whole system right the
first time. Environments that provide immediate feed-
back and encourage incremental testing also increase the
user’s understanding of the software [31].

3 Smalltalk Supported Learning

The single term SMALLTALK refers to a triad of
1. an object-oriented language,
2. a comprehensive class library, and

3. a development environment (see Fig. 1).

3.1 Object-Oriented Language

SMALLTALK was developed with child psychology in
mind [14] and was actually used by children during its
development. Programming with SMALLTALK was sup-
posed to be a natural extension of thinking. For instance,
the use of keyword parameters instead of a meaningless
parameter list in parentheses testifies this intention. As-
suming a hypothetical font creation interface, compare
the common style of parameter passing, for instance,
JAvA



Language

Figure 1: An integrated approach to interactivity

f = Font.create("Arial", 16, 8, false, true);
to the SMALLTALK version:

f := Font face: ’Arial’ size: 1608
bold: false italic: true.

Not only do the keywords clarify the meaning of the
arguments but also the font size can be passed as a sin-
gle argument due to the easy creation of an appropriate
point object. Recent environments for JAVA or C** help
programmers by popping up explanatory bubbles to flag
the meaning of parameter positions. This kind of as-
sistance is not available, however, when someone simply
reads the code in order to understand it.

Beginner’s fate: Difficulties with traditional syntax. __

A common JAVA error is to forget the empty paren-
theses “()” in the case of argumentless methods. Also,
the ubiquitous semicolon is often forgotten or put at the
wrong places after method definitions or loop headers. .

In the case of semicolons after loops or “if” statements
the mistake goes undetected by compilers causing a lot
of confusion due to the unexpected behavior of not loop-
ing the body or always executing the “if” branch. Also,
when concepts like method declarations are still fuzzy it
is not easy to judge whether a closing bracket is followed
by a semicolon or not. SMALLTALK browsers provide
templates for class definitions and offer single methods
as the entity for code editing. Thus, the need for decla-
ration syntax (e.g., to separate methods) is almost com-
pletely avoided. The absence of builtin control structures
also minimizes the danger of placing separator symbols
at wrong or dangerous places.

SMALLTALK, consequently, surely qualifies as a lan-
guage that offers syntactic simplicity with a few special
cases to remember [7]. Students have understandably
little comprehension as to why the syntax for accessing
arrays in JAVA is different than accessing other collection
types. EIFFEL and SMALLTALK allow a uniform syntax
for both cases.

Automatic garbage collection and the dominating
theme to define everything with objects and sending
messages, complete SMALLTALK’s picture of a language
for students causing minimal distraction when trying to
convey programming concepts (see Sect. 2.1).

3.2 Comprehensive Library

A standardized library of base classes serves at least three
purposes:

1. There is no need to reinvent the wheel time and
again for standard data structures or deal with a
variety of different competing libraries.

2. Students can write useful software and attack moti-
vating problems from a very early stage on.

3. Browsing the source code of good libraries can re-
veal many tricks of the trade including programming
conventions, language idioms, and design patterns.

Although, the following example is trivial, and makes
minimal use of library functionality —

((1000 factorial) asString) size.

— it, first, demonstrates that the SMALLTALK library
makes it easy to calculate an astronomical large number
and then to determine how many digits it has and, sec-
ond, points out how difficult the same task would be in
a different language, say JAVA.

While the above line can be simply typed in and evalu-
ated in a SMALLTALK workspace window, JAVA requires
a full main program. Now the code excerpt using JAVA’s
Math class

1 = Math.factorial(1000) .toString().length();
raises a few issues:
there is no factorial method in class Math.
it uses a mixed procedural/object-oriented style.
it requires funny empty parentheses.

If students were asked to provide an implementation for
factorial their solution using JAVA integers would pro-
duce an (unnoticed!) overflow during the calculation of
the factorial and, thus, a wrong result. Clearly, the rich
SMALLTALK library with its sophisticated handling of
large numbers represents a big advantage here.

In other areas as well SMALLTALK’s library is easy to
use, yet powerful. For instance, there is no need to in-
troduce event handling before students can begin to use
graphics. It is just one line of code to get a graphics
window and another two to move and turn a graphics
cursor:



Window turtleWindow: ’Tom the turtle’.
Turtle go: 50.
Turtle turn: 90.

The availability of a large number of collection classes
allows instructors to adopt an approach in which stu-
dents uses collection classes to complete interesting
projects before they know how to implement such classes
themselves. The study of the efficient implementation of
data structures is then left to later semesters as opposed
to performing unexciting and inefficient attempts at data
structures before a higher level project can be tackled.

The comprehensive SMALLTALK library and the ease
of its access within the integrated environment helps to
foster two ideas in students:

There is no main program. Programming means to
pick the right classes and to occasionally create new
ones.

More often than not one has to (re)use rather than
create, i.e., understand how to use already available
classes.

3.3 Interactive Environment

The SMALLTALK class browser allows viewing and
searching in a hierarchy of classes. Methods are pre-
sented for inspection and change only one at a time.
This creates a very local focus of change and is quite dif-
ferent to a view of a single program with some internal
borders called classes each of which stored in a file.

Even when student software (e.g., a video rental sys-
tem) is running a change of code within a method can be
put into immediate effect by just committing the change.
If a method is changed only than is it automatically re-
compiled and used in the running system. If changes are
made to an object’s structure, these must obviously be
deferred until no more of these instances are alive. In
traditional compiled languages, beginners are typically
confused by the need to recompile after making a simple
change. Also, the need for their program to be complete
before it can be run is not obvious to them [6].

As SMALLTALK does not impose static correctness for
student software, it will run student code, even if it is in
an incomplete state, until — if at all — code holes are
encountered. This enables an evolutionary approach to
software development where methods are defined as they
are required, for instance, by refinement of an overall
design. This helps to reduce a big complex task into
stepwise small solutions and thus meets the requirement
of a supportive environment (see Sect. 2.3.4).

The absence of a lengthy edit-compile-run cycle makes
programming a much more interactive activity. Even the
smallest programs in traditional languages make con-
siderable use of standard libraries (e.g., input/output)

which take a long time to check or precompile. In
SMALLTALK the change of a method is as quick as
opening up a workspace to try and test a few lines of
SMALLTALK code. There is no need to create dedicated
test programs in order to verify assumptions and make
observations. Such conditions are clearly better suited
to maintain student curiosity and support an explorative
mode of study (see Sect. 2.3.2).

3.3.1 Builtin Debugging Facilities

An error of some fame is the inevitable “null pointer ex-
ception”, “access violation”, or “feature applied to void
reference” error depending on the language used. The
error occurs when a message is sent using an object ref-
erence that has not been initialized or is set to the null
pointer for a different reason. When this happens in
C™*, JAVA, or EIFFEL more or less information is given
as to where the error occurred, i.e., a trace of the exe-
cution stack is printed. The program is aborted and the
student is then left to set breakpoints appropriately in
order to rerun the program in debug mode.

In SMALLTALK a “walkback” window appears, ex-
plaining the problem. With a click of a button a de-
bugger is available. It allows all methods in the calling
history to be visited and in each context attribute values
can be inspected. No time is wasted in finding the cor-
rect spot for breakpoints and to (often multiple times)
step through loops until the right moment was tracked
down. Typically, the breakpoint will be at a place where
it is encountered several times before the conditions for
the real error are really met. Instead of recreating the
error in debugging mode, the SMALLTALK approach sim-
ply enables direct inspection after the the fact.

The debugger will accept any expression to be evalu-
ated in the current execution context at request. Its con-
trol and inspection facilities make it rarely necessary to
insert special test code into programs. The latter being
a tedious strategy which nevertheless is often adopted
by students using less advanced environments or with
insufficient training in using a debugger.

Student empowering tools such as the readily available
debugger, are a prerequisite for a successful self-directed
learning mode of study (see Sect. 2.3.3).

3.3.2 Persistence Support

SMALLTALK’s concept of a system image enables a snap-
shot of the system to be captured and continued with
later. This includes all system and user objects, i.e., af-
ter setting up an example scenario students can simply
preserve it by saving the image. There is no need to
implement file handling first to store, for instance, video
rental data. Again, this is useful to address interesting
projects early without forcing too many implementation
details on to students (see Sect. 2.3.1).



3.4 Adaptable Environment

Unlike other languages, SMALLTALK does not make a big
difference between the (usually privileged) designer and
the (usually less powerful) user of the language. Likewise
there is no difference between a systems programmer and
the ordinary software programmer. Figure 2 depicts how
programming in SMALLTALK works. The class library
is programmed on top of a virtual machine, making it
portable. The development environment simply consists
of additional classes, making use of the class library. Ap-
plications are written the same way. By simply adding
further classes one can either change an existing applica-
tion or adapt the development environment as required.

Class Library

Application
Classes

Environment
Classes

Further
Classes

Figure 2: Modifying the system by adding classes

Instructors may choose to offer different browsers or
message reporters. Furthermore, SMALLTALK already
features different kinds of inspectors depending on the
object type under examination and instructors may want
to add to the list of specialized inspectors. These can
display data in a tailored fashion and also offer a means
to further follow the values contained in an object. In-
structors, hence, may even enhance the suitability of
SMALLTALK as a constructivist learning environment
(see Sect. 2.3). There is no reason to accept any en-
vironment shortcomings since it can be moulded to ac-
commodate any need.

3.5 VisualExpress

In our teaching experience, students have difficulty to
relate static program text to the dynamic structures it
creates and manipulates. However, they respond well
to object diagrams, showing the existing objects with
their containment relationships [18]. We have used such
diagrams for set exercises, referring to model solutions.

In addition, however, we feel that the diagrams should
even better reflect the student’s individual solution at
any particular stage. Hence, we started the VisualEx-
press project, which supports the automatic creation of
object diagrams and single step tracing of student soft-
ware under Smalltalk Express.

3.5.1 Why Smalltalk Express?

This particular SMALLTALK product easily fits on two
floppy discs including an “HTML” online tutorial and
a class encyclopedia. Unlike other platform indepen-
dent SMALLTALK versions it is tailored to the ubiquitous
Windows platform, the predominate operating system at
student machines. Smalltalk Express is available free of
charge [28] and runs very fast even on older machines
with INTEL 486 processors. It comes with the complete
software and documentation of a graphical user inter-
face designer tool, which makes it useful for later, more
advanced projects. Smalltalk Express browsers do not
feature the usual SMALLTALK categories and protocols,
which are very useful for organizing large software sys-
tems. In an educational context, however, these add
complexity to the system and could be confusing to be-
ginners.

There is an excellent book for SMALLTALK beginners
which refers to Smalltalk Express. The book adopts a
discovery approach to learning, i.e., takes the reader
through developments rather than presenting heaven
sent solutions [19]. The product, its documentation, and
the book, therefore, complete each other to provide a
constructivist learning environment (see Sect. 2.3).

3.5.2 Visual Perception and Tangible Control

When young children explore the world they use their
(mostly visual) perception and act by using tangible con-
trols. Likewise, for an intuitive programming environ-
ment it should hold true that

relevant items should be visualized (e.g., an object
diagram).

the visual presentations should

— allow closer inspection if desired, and

— provide a means of manipulating the visualized
elements.

We may summarize these principles as offering an object-
oriented programming environment supporting direct
manipulation. Different views (e.g., object diagram or
method code browser) should accommodate the required
viewing context and should also be easily accessible from
each other.

However, just as we do not expect young children to
use complicated tools — such as microscopes with the
need too adjust focus and other parameters — if all they
want is to take a closer look at an object, we should not
ask students to deal with complicated mechanisms if all
we want is to provide them with additional views. The
provision of a direct manipulation interface should be
completely transparent to students and their code. In
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