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Abstract

We have students understand, enjoy, and actually use
CRC cards in the introductory object-oriented design
process that we teach. We attempted to teach a more
sophisticated design process that would grow upon the
students’ interest in CRC Cards, and we provided a
design tool to support that process. We had limited
success, and our experience points to issues to consider
when introducing design tools into computer science
classrooms.

1 Introduction: CRC Cards and Beyond

In our curriculum’s Sophomore required course on Ob-
jects and Design [3], we introduce students to CRC
cards (Class-Responsibility-Collaborator cards). CRC
cards are a “laboratory” for collaborative development
and exploration of an object-oriented analysis [1]. Tra-
ditionally, CRC cards are simply 3x5 index cards, one
for each class being considered in a design, annotated
with two columns: One for the responsibilities of that
class, and the other with the collaborators that the class
will need to complete the responsibilities.

CRC cards are popular in our course: Students actually
use them in their team projects, report to us that they
find them useful, and they even consult them during
redesign activities. We ask students to turn in copies of
their CRC cards with their project milestones (typically
5-7 times a semester), and we’re always pleased to see
crumpled, dirty cards that clearly played a role in active
collaborative design.

We teach CRC cards as one part of a design process that
begins with brainstorming class names and developing

usage scenarios, and continues through use of UML di-
agrams [2]. Students are less excited about the rest of
the process. Their scenarios tend to be ill-defined and
too brief. Students tell us frankly on anoymous surveys
that they typically complete the UML class diagrams
after they finish the code.

We were interested in using the students’ interest in
CRC cards as leverage for teaching a more complete
design process, Ectropic Design. Ectropic Design is a
collaborative design method, patterned on Open Source
software development, by which order and structure are
created out the efforts of multiple, potentially unre-
lated, software developers. It is feature-oriented de-
sign method. Software evolves ectropically1 through
the continuous augmentation of its features, which are
bound to specific program goals. These evolving fea-
tures are defined in terms of the end-user goals the
features achieve and how the features interact, both
statistically and dynamically, with other features [4].
Ectropic Design facilitates the development of software
by multiple, unrelated developers working concurrently.
By binding source code and collaboration technology
to identified program goals, Ectropic Design provides
developers with the necessary mechanisms to enhance
software continuously, while maintaining the conceptual
integrity of the program.

Our plan was to get students to consider their designs
more completely by (Figure 1):

• Developing scenarios that identified desired program
behavior (goals) and linking it directly to responsibil-
ities and the responsibility’s collaborators.

• Developing links from class responsibilities (in the
CRC cards) to actual methods (in the code), so that
the tie between goals (in scenarios), CRC cards, and
code would be evident and explicit.

1Ectropy is the opposite of entropy—ectropy is the ten-
dency to move from chaos to order, which is not unlike what
happens in open source projects.
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Figure 1: Extending CRC Cards with Scenarios and ties
to Code

We developed a tool, ECoDE (Ectropic Collaborative
Design Environment), to support this process. Students
who gave consent were studied in their use of ECoDE in
the class. They were asked to do three of their milestone
designs with ECoDE, after which they could use ECoDE
or whatever other combination of tools they wanted
(e.g., paper-based CRC cards with Rational Rose or
Argo-UML or any other UML diagramming tool).

In this paper, we describe the tool we built and the
results of our study. The results were not as promising
as we had hoped. Students did develop much better
scenarios than they had in the past, but they did not
use the ties to code at all. More importantly, students
found that ECoDE actually stifled their collaborations:
With current computer monitors, it’s much easier to
gather around a table full of 3x5 cards than a screen of
graphical index cards.

2 ECoDE (Ectropic Collaborative Design Environ-
ment)

The Ectropic Collaborative Design Environment,
ECoDE, is a development tool designed to capture
two key components of Ectropic design: Collaborations
(CRC Cards) and Scenarios. ECoDE includes a graph-
ical user interface targeting novice software designers
and attempts to present an environment that cou-
ples the flexible and modular structure of well-designed
object-oriented software and perspicuity of functionally
organized software.

The main interface is called the Ectropic Design Nav-
igator and provides two main tools: The CRC Card
Navigator and the Scenarios Navigator (Figure 2).

ECoDE divides the object-oriented design process into
three distinct phases, or modes :

• Analysis Mode — This mode allows the user to iden-
tify and analyze program goals. Additional tasks in-
clude identifying candidate classes (CRC Cards) to
meet the goals, determining the services or responsi-
bilities required and distributing these responsibilities
among the candidates. ECoDE provides the designer

Figure 2: ECoDE’s Ectropic Design Navigator

with the ability to:

– Create CRC Cards that will collaborate to meet
the program goals.

– Create Scenarios for identifying the required Re-
sponsibilities (Figure 3).

– Build Scenarios from a sequence of CRC Card –
Responsibility pairs (called Episodes)

– Assign Responsibilities to CRC Cards (Figure 4).

Figure 3: A Scenario Analysis

• Design Mode — The objective during the Design
mode is to design an implementable and complete de-
sign. Specifically, each CRC Card should be reviewed



Figure 4: A CRC Card Analysis

and for each responsibility assigned to the card, a
corresponding method should be assigned. ECoDE
provides the designer with the ability to create, cat-
egorize, and describe methods and match them with
specific responsibilities, in addition to all tasks avail-
able in Analysis mode (Figure 5).

Figure 5: CRC Card Design, adding Methods

• Program Mode — When the designer moves into Pro-
gram mode, ECoDE checks all CRC Cards to insure
that all Responsibilities have been assigned corre-
sponding Methods. If any Responsibilities have no
corresponding Method, the designer is notified and
given the opportunity to fix the deficiencies. In Pro-
gram mode, ECoDE provides the designer with the
ability to convert CRC Cards to actual Classes. Upon
conversion to a Class, ECoDE prompts the designer
to declare attributes for the Class. ECoDE then au-
tomatically generates source code “stubs” for each
Class. The designer may then complete the imple-
mentation of each Method for each Class (Figure 6).

Figure 6: Program Mode

3 Study Process

The experiment we conducted compares the outcomes
of a control group and a subject group. The control
group consisted of fifty-two volunteer students enrolled
in CS 2340, Objects and Design, during Fall Semester,
2001. The course provides an introduction to program
design and fundamental software engineering principles
for students who have already completed the introduc-
tory, two-course, programming sequence An announce-
ment was posted to the class soliciting volunteers. Par-
ticipating students were awarded extra credit points to
be applied to their final semester grades. (Other ex-
tra credit options already existed in the class.) Partic-
ipants were given a questionnaire asking for a descrip-
tion of their experience with computer software design.
The questionnaire included some basic design questions
that served as a basis for determining their incoming
understanding of the design process. Participants next
completed an exercise in which they described and eval-
uated the design of their semester project, in progress
at the time.

The subject group consisted of approximately two hun-
dred students enrolled in the course, during Spring
Semester, 2002. At the beginning of the semester, these
students were given a questionnaire asking for a descrip-
tion of their experience with computer software design.
The questionnaire included some basic design questions
that served as a pretest of their understanding of the de-
sign process. The following activities were part of the



course requirements:

• Participants completed an initial design for software
to solve a given problem using ECoDE. This was a
semester project that encompassed the software de-
velopment life cycle.

• Participants completed design enhancements using
ECoDE.

• Participants were required to handle a surprise re-
quirement change that forced another major design
change, using their choice of design processes and
tools.

Participants then completed a posttest and a question-
naire regarding the usability of the ECoDE tool. The
posttest included an exercise in which they were asked
to describe their design in detail.

4 Results

Initially, while students were first learning to use
ECoDE, a few students reported usability issues in an
on-line forum set up for their use. Students expressed
frustration in having to learn how to use ECoDE, and
indicated that they were more comfortable with pencil
and paper. An interesting discussion ensued regarding
CRC Cards and how useful they were as physical index
cards versus electronic cards. Several students agreed
that there was a notable value in having the physical
cards available while working together in groups. Cards
may be passed around, physicallly arranged as scenar-
ios to express interactions and collaborations. While
students acknowledged the potential value of electronic
cards in open source development with totally discon-
nected designers, some pointed out that this was an
educational setting, they were physically working to-
gether in groups, and thus that benefit was not relevant
to them.

Students were asked to provide comments regarding
their experience with ECoDE in a final questionnaire.
An important indicator of the usability of ECoDE was
the decision of the student whether to use ECoDE for
the final two design submissions — for it they were
free to choose not to use ECoDE. It is interesting to
note that 68.5% of the students voluntarily chose to
use ECoDE. The top reason given for choosing to use
ECoDE was its simplicity in updating their previous
design versions. Of the students who chose not to use
ECoDE, the reason most frequently given was that they
preferred pencil and paper (44%).

Having little to no experience in actually software de-
sign processes, coupled with the course requirement
of learning a new programming language, clearly frus-
trated many students. These students were much more

concerned with implementing a working program than
following a specified design process to insure good de-
sign and good documentation. The user interface of the
ECoDE tool, while extremely simple in design to the
researchers in who developed it, was somewhat chal-
lenging to several of the students. However, after work-
ing with the tool for a while, the tool appears to have
become more of an aid and less of a handicap.

The timing at which the tool was introduced to the
subject group did not work in our favor. Most students
had already completed preliminary design work and sig-
nificant implementation prior to ECoDE’s introduction
and required use. Had the tool be available to them im-
mediately, it is likely that many of the frustrations and
comments could have been avoided and a truer test of
the effectiveness of ECoDE could have been achieved.

Using log file analysis, we were able to study how stu-
dents used ECoDE. We found that the two most com-
mon patterns of use were:

• CRC Cards and Scenarios First (14 of 36 teams)
Scenario ⇒ Episode ⇒ CRC Cards
The users created a few CRC Cards, then created a
Scenario, worked through the Scenario, building it by
creating Episodes, adding more CRC Cards as neces-
sary. Then moved on to create new Scenarios, again
working through each one systematically.

• CRC Card First before Scenarios (10 of 36 teams)
Scenario List ⇒ Episodes ⇒ CRC Cards
The users created most of their CRC Cards first, then
created a list of Scenarios, then worked through the
Scenarios, building by creating Episodes, adding a
couple new CRC Cards as necessary.

With regard to a quantitative comparison of the scoring
between the control group and the subject group, there
was only a marginal increase in average scores in the
design evaluation. Subjectively, the subject group doc-
umentation was much more detailed in nature. Many
of the subject group students demonstrated a clearer
personal understanding of their actual design. The con-
trol group was asked specifically to describe their de-
sign with regard to a given usage scenario. The subject
group (by mistake) was not explicitly asked to describe
their design with regard to scenarios. Nevertheless, the
subject group more often chose (unprompted) to use
scenarios as a way to describe their software design and
clearly demonstrated good usage of scenarios as analysis
and design tools.

5 Conclusions

A high level conclusion of our study could be, “Stu-
dents will not willingly use a detailed design process,”



but that’s a little too simplistic. The students did ap-
preciate CRC cards and willingly used them. They did
also use some of the aspects of the Ectropic Design pro-
cess, such as the emphasis on scenarios.

However, the overall results suggest that there are some
lower-level lessons to be drawn from these experiences,
some of which are useful to other computer science ed-
ucators.

• Simply putting things in a computer tool does not
make them better. In fact, physical CRC cards have
many advantages over the graphical representations
of them.

• Even good tools have to appear at the right stage of
the process. ECoDE may have come in too late to
influence the students’ process.

• Finally, students’ primary goal is the completion of
the program, not the design. The limitations of a
one semester course makes it difficult to make it oth-
erwise. Design tools will be adopted that meet that
goal. CRC cards help students to take an amorphous
problem and find the objects — that’s useful, even in
a short-term project. Scenarios are close enough to
CRC cards to be similarly useful, but not to everyone.
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