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Abstract

We recently had the opportunity to introduce object-oriented
design to a number of teams, and used CRC cards as one of the
key techniques. The team members had varied backgrounds,
and we had the opportunity to observe many teams tackle the
same design exercises. This allowed us the opportunity to ob-
serve the effectiveness of the CRC cards, and reflect on the
strengths and weaknesses. This paper documents our observa-
tions and reflections, and presents our advice on the strengths
of the technique, and strategies we found useful for addressing
the weaknesses.

1 Introduction

CRC cards form the basis of one of the most venerable
practical techniques for facilitating object-oriented
design. We have used CRC cards for some time, and
felt confident CRC cards had significant advantages.
We recently had the experience of introducing the
technique to a number of diverse teams in a short
period of time, giving us the opportunity to study
the strengths and weaknesses of the approach. This
paper documents our observations and reflections on
this experience.

CRC stands for Class, Responsibilities, and
Collaborators, and each of these are recorded
on index cards which are then used to facili-
tate team-based roleplay. The technique was
described in Beck and Cunningham’s 1989 paper
[Beck and Cunningham, 1989] as a way to help begin-
ners learn object-oriented design. More recently, the
technique has become regarded as useful beyond the
learning stage because of the subtle way it supports
critical characteristics of design [Wilkinson, 1996,
Bellin and Suchman Simone, 1997]. Surveys
such as the Open Toolbox of Techniques
[Henderson-Sellers et al., 1998] list CRC cards
as a “well tried” technique, and acknowledge
applicability of CRC cards beyond simply learning.

The rest of this paper is organised as follows. In
the next section we briefly describe the audiences and
settings of our recent work. Next, in section 3 we
outline the original technique. Then in section 4 we
document our observations, and discuss some adjust-
ments we made to the technique, and their consequent
effect. Finally in section 5 we present our conclusions.
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2 Our Recent Experience

We have both used and introduced the CRC card
technique for a long time, but last year we found our-
selves introducing it on a larger scale we had before.
In particular, we introduced the technique both to
students in a university course, and to professionals
working in industry.

The university course had approximately 150 stu-
dents, and we ran the course twice in the past eighteen
months. The focus of the course was an introduc-
tion to object-oriented analysis and design for pro-
grammers, and these students had already done pro-
gramming in an OO object-oriented language. The
course format consisted of lectures and tutorials, both
with the whole group, as well as team programming
projects, all within one semester.

The industry courses had approximately 15 stu-
dents each, and we ran the course six times in the
same eighteen month period we ran the university
course. The focus of the course was introducing
object-oriented analysis and design for general use.
The audience consisted of both experienced program-
mers and experienced business analysts with no pro-
gramming experience. The course format consisted of
six half-day sessions, each comprising a lecture pre-
sentation and a practical team exercise, and leading
to a team exercise to be done and reviewed at the
next session.

All together these courses involved approximately
400 participants, working in approximately 100
teams.

In both the university course and the industry
course, there were many topics and issues involved. In
this paper, we only address object-oriented design us-
ing CRC cards. This was an important topic in both
courses, and one that can leave students enlightened
and empowered, or deeply frustrated.

Our general teaching approach accommodates the
CRC card technique easily within our preferred “ac-
tive learning” approach [Biddle et al., 2001b}; in-
deed, we also use other earlier techniques of our
own that were inspired in part by CRC cards
[Biddle et al., 2001a].

3 The CRC Card Technique

To briefly outline the CRC Card technique, we can do
no better than return to Beck and Cunningham’s orig-
inal paper, refer to two of their figures, reproduced in
figure 1, and use their words:

Design with the cards tends to progress from
knowns to unknoums, as opposed to top-
down or bottom up. We have observed two
teams arriving at essentially the same de-
sign through nearly opposite sequences, one
starting with device drivers, the other with
high-level models. The problem demanded a
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Figure 1: Beck and Cunningham’s diagram of a CRC
card, and two examples.

certain set of capabilities which both teams
discovered in the course of fulfilling the re-
quirements of the design.

We suggest driving o design toward com-
pletion with the aid of execution scenarios.
We start with only one or two obvious cards
and start playing “what-if”. If the situation
calls for a responsibility not already covered
by one of the objects we either add the re-
sponsibility to one of the objects, or create a
new object to address that responsibility. If
one of the object becomes too cluttered dur-
ing this process we copy the information on
its card to a new card, searching for more
concise and powerful ways of saying what the
object does. If it is not possible to shrink the
information further, but the object is still too
complex, we create a new object to assume
some of the responsibilities.

We encourage learners to pick up the card
whose role they are assuming while “execut-
ing” a scenario. It is not unusual to see a
designer with e card in each hand, waving
them about, making a strong identification
with the objects while describing their col-
laboration.

4 Observations and Adjustments

Our presentation of the CRC card technique was
based strongly on Beck and Cunningham’s paper,
which we also encourage the students to read. We
often also make further points made based on the two
widely known books on CRC cards [Wilkinson, 1996,
Bellin and Suchman Simone, 1997}, and provide ref-
erences to the books for further reading. With these
as starting points, we believe our presentation of the
CRC technique began as fairly conventional.

Our course design allowed us to easily observe stu-
dent practice in the early stages, and later allowed us
to assess the effects of the technique. Throughout
both university and industry courses, we tended to
use the same set of example designs and design ex-
ercises. This allowed us to see many teams tackle

the same exercise, to see the different designs that re-
sulted, and to see the effects of small adjustments we
made in our presentations.

We would claim that the CRC card technique has
three basic strengths, and we discuss each of these
below, with a commentary on our experience, noting
especially any weaknesses, and strategies we found to
address the weaknesses. The three strengths we see
are:

e CRC cards facilitate open discussion of static
structure of a system

e CRC cards have built-in heuristics that guide
design, in the nature of determining the Class
Name, the Responsibilities, and the Collabora-
tors

e CRC cards facilitate open discussion of dynamic
structure, the “what-if” exploration, by use of
object roleplay

4.1 Cards, Static Structure, and Discussion

The first benefit of CRC is that having cards represent
classes facilitates discussion of the static structure of
the system. We did sometimes see this benefit in ac-
tion, but we also found many teams reluctant to work
this way.

One reason for reluctance seemed to be a desire
for note-taking. In many teams, there were people
who wanted to record whole arrangements in their
own notes, for later reference. Some teams wanted
to record arrangements as a group, and so gener-
ated several sheets of paper recording alternative ar-
rangements. Where a white-board or flip-chart was
present, many teams preferred to use it to record pos-
sible class arrangements instead of using the cards. In
these cases, teams typically responded to suggestions
to use cards by suggesting they would transcribe the
result to cards later.

All these motivations are perfectly understand-
able. Especially for beginners, it may be very im-
portant to record alternatives, either individually or
as a group, for later study. Also, a white-board or
flip-chart made it easier for the whole group to see
the design than might be possible using cards on a
table.

We wondered if anything we had done might have
encouraged this behaviour. One possibility was that
we had not made spare cards sufficiently available,
but we addressed this later with little change. An-
other possibility is that our prior introduction of UML
class diagrams had created an in initial focus on class
diagrams instead of cards. We were reluctant to
change this, as understanding class diagrams of sam-
ple systems is part of our initial presentation on OO
systems. We did notice that people preferred to make
the eventual cards neatly written, and so emphasised
that messiness that fine in the early stages, and that
we had plenty of spare cards. We experimented with
sticky notes, smaller cards, and loose coloured note-
paper. But people still often preferred notebooks and
white-board, and wanted to leave the cards for later.

The critical question is whether using notes in-
stead of cards actually affects the discussion and par-
ticipation, and impairs the technique. Our observa-
tions suggest that this can be the case, because notes
and white-boards can be more easily dominated by
one person than a set of cards. We observed this
several times, where the note-taker, or note-dictator,
controlled the discussion and limited consideration of
design alternatives. On the other hand, we also ob-
served teams where centralised notes did not lead to
this effect: discussion was still fair, and flowed freely.
At the same time, some teams that did use the cards



also had very dominant members who controlled the
card layout.

On the whole, we became sympathetic with teams
wanting to use notes or white-boards. These are
more suited to later study of structure, and are eas-
ier to maintain and photocopy. Interestingly, they
also make it easier to observe when one or two in-
dividuals are dominating the process. Accordingly,
we allowed initial use of sketch diagrams, and then
suggested moving to cards. We still strongly advise
that use of word-processors, drawing tools, and CASE
tools be left until the design is more well determined;
premature investment otherwise influences teams to
resist necessary improvement.

4.2 Class, Responsibilities, Collaborators

When a rough general approach has been decided,
the cards are used to record the three elements of
CRC: the class name, the responsibilities, and the
collaborators. In the subsections below, we discuss
each of these components.

4.2.1 Classes

Giving names to cards was largely straightforward
and positive. One problem that sometimes arises is
that learners give names that are verbs, rather than
nouns, and this usually shows misunderstanding of
the approach, or myopic overemphasis on some pro-
cedural element. But the naming allows this to be
detected and addressed early, which is an advantage.

A more difficult problem concerns the distinction
between classes and objects. We are disappointed to
find that this is still a common problem for many
learners, and CRC cards do not always help. The
freedom of the CRC technique often means that the
distinction between class and object is blurred, but
this can be bad for beginners.

Especially in later roleplay, having two objects
played by the same person with the same card can
cause learners to lose the distinction. Our approach
was to increasingly say that the cards represented ob-
jects, not classes, despite the term CRC. We found
this helped in later roleplay, and also helped us rein-
force the nature of a class by showing how different
objects could be generalised with a class. (This also
helped when we later introduced higher-level classes).

A related difficulty is that many systems involve
singleton classes, where there is only one object in
a class. We can explain this well, but the need for
separate object and class names seems a confusing
irritant to beginners.

One large difficultly we experienced also involved
names. As is common with any system strongly re-
lated to the real world, our examples lead easily to di-
rect metaphorical classes and objects, where a class in
the system represents a concept or artifact in the real
world. For example, a library system has a “book”
class, and individual “book” objects. In the discus-
sion and roleplay, we often noticed learners confusing
the class or object in the system with the real world
artifact. For example, a team considering how a book
will be borrowed or returned, and start discussing the
book object being removed from the system.

This confusion was most problematic when the
class or object had the same name as one of the actors
in the system. For example, many teams invent a “li-
brarian” object to help manage the system, and then
confuse the role of this object with the role of the hu-
man librarian who may use the system. This problem
can be difficult to detect, and sometimes only affects
the understanding of some members of a team. We
found it important to look for this kind of problem

early, and address and correct it strongly; otherwise
it leads to confusion and frustration.

4.2.2 Responsibilities

Responsibility is at the core the CRC card technique,
and we have found it to be a strong and successful
concept. We do sell the concept fairly heavily, and
explain in on several levels. For example, we do
give the simple explanation that responsibilities are
“things to do, and things to know”, but we also
explain at a higher level. In particular, we stress that
responsibilities should outline what, rather than how.
We feel this is in line with precepts of responsibility-
driven design [Wirfs-Brock and Wilkerson, 1989,
Wirfs-Brock et al., 1990], and so leads to the sep-
aration of the interface from the implementation
details.

We also discuss how “responsibility” is a good
heuristic. For example, responsibility denotes both
duty and power, which helps us remember that an
object should fulfill its obligations, and should have
the ability to accomplish them. It permits some free-
dom in exactly how the obligations are accomplished.
Responsibility also permits delegation, and this can
help: this is where collaborators come in.

Our experience here was successful, especially
when we realised that many people find it easy to
think of occupational or business roles that remind
them how responsibility works. We have often found
it useful, for example, to give business examples to
inspire selection of class responsibilities. We point
out how workers need cogent descriptions of their re-
sponsibilities, but can be allowed some freedom in de-
termining how to accomplish them, delegating where
appropriate. This also can help show the benefits
of broader responsibilities, heading to the “smarter”
objects that Wirfs-Brock demonstrates lead to better
designs [Wirfs-Brock, 1994].

The emphasis on responsibility also allows us to
begin by encouraging teams to consider the respon-
sibilities of the whole system required for the system
use cases. We can then consider any system design as
constituting a set collaborating objects that together
fulfill the same responsibilities as the whole system.
In the same way, for example, a business unit may
have overall responsibilities that will be met when re-
sponsibilities are distributed to a set of collaborating
people working within the unit.

We have found that this approach works well
in connecting use cases with OO design. In
particular, it works especially well with Con-
stantine and Lockwood’s “essential” use cases
[Constantine and Lockwood, 1999], where system re-
sponsibilities are explicitly recorded. This allows ex-
plicit decomposition of responsibilities from use cases
to responsibilities of objects, so resulting in improved
traceability [Biddle et al., 2002)].

We have also found that exercises work better
when team members are familiar with some of the
principles of the domain. This is hardly surprising,
but working with our industry teams, we realised
something new. Many of the industry team mem-
bers specialised in business analysis, and especially
business process. For these people, we often referred
to the applicability of the object-oriented approach
to business analysis and design, such as outlined by
Jacobson [Jacobson, 1995].

We found it easy to motivate understanding of
many principles using business process examples.
Moreover, we realised that many people, even our uni-
versity students, are sufficiently familiar with simple
business processes to benefit from the same exam-
ples and exercises. By business process, we mean the
processes involved in even completely manual admin-
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istrative systems. For example, everyone is familiar
with processes involved in borrowing books from a
library, buying groceries in a supermarket, booking
theatre tickets, and so on. Moreover, everyone also
has some understanding of how these work from the
business point of view. This means that in designing
new systems of a similar kind, learners have an under-
standing that makes the design work more accessible
and more satisfying. This suggests to us that system
exercises based on familiar domains, such as libraries
or supermarkets, may be more successful than those
based on unfamiliar domains, such as the inner work-
ings of coffee machines.

4.2.3 Collaborators

With collaborators, we found no great difficulties, but
some important points did arise. One common point
was uncertainly about the term “collaborator”. In
particular, whether one class using another should re-
sult in each class noting the other as a collaborator.
Our answer was no, and we suggested that the class
doing the using should list the other as a collabora-
tor, and not the other way around. We pointed out
that some people prefer the simpler term “helper”,
and this made the direction of help clear. We also
mention how this promotes reuse, because the helper
class can remain independent.

Probably our biggest surprise about the term “col-
laborator” was that some people see strong nega-
tive meaning in the word. For example, we were re-
minded that in wartime occupations, civilians who
help the invading forces are known as collaborators.
This increased our emphasis of the more neutral word
“helper”.

4.3 Cards, Dynamic Structure, and Roleplay

The third key element in the CRC card technique
is object roleplay. Our experience with roleplay has
been quite positive, and the strengths clearly show.
As a facilitation technique, roleplay really forces all
team members to participate and really engage with
the design. Moreover, team members do identify
with the objects they are playing, and think care-
fully about the responsibilities and collaborators, of-
ten leading to “what-if” exploration and improve-
ment. As a design technique, roleplay really creates
a focus on how the design makes objects collaborate
to work through a use case.

These strengths are real and valuable, but we did
notice some weaknesses. The main problem we de-
tected is that it is easy for teams to roleplay a use
case, yet neglect or gloss over difficulties. For ex-
ample, they omit critical behaviour, or they assume
knowledge unreasonably. The result is that a team
may decide a roleplay is successful, when in fact it
may well be incomplete or even impossible. We tried
to address these problems in several ways. Some par-
ticular problems involve object creation, and lookup
by key in objects acting as lists or directories.

One approach we took is to require teams to per-
form roleplay in front of a larger group: often other
teams. The immediate benefit comes from simple
peer pressure: when a team knows a roleplay presen-
tation will be asked for, they are considerably more
careful in checking that the roleplay is sensible. More-
over, each team member makes very certain that they
know their part.

Roleplay presentations also allow us to emphasise
the importance of auditing and review. We encourage
the audience to watch for slips and inconsistencies,
and after a roleplay, we facilitate a large group dis-
cussion. Our focus is on formative evaluation, where
iterative improvement is the aim. We encourage an

“actors studio” ambiance, where review and evalua-
tion is done in a supportive way focused on support
for improvement, rather than assessment. We have
found that this also feeds back to the roleplay in the
smaller team environment, where auditing and fast
review are also sound practice.

This also leads in well to our later prac-
tice of explicitly addressing design evaluation
[Biddle et al., 1999]. Using a technique inspired by
usability evaluation [Nielsen, 1992], we often use
heuristics (such as some of those documented by Riel
[Riel, 1996}), in conjunction with roleplay presenta-
tion of use cases.

Another approach we use to improve roleplay is to
focus on the user of the system. Roleplay already pro-
vides a focus on use cases, but we emphasise that use
cases are all about users and their goals in usage of the
system. We often suggest that team roleplay feature
one team member as the user, so that the user char-
acteristics and goals are considered, and the object
collaboration can be reviewed to determine whether
it meets these goals.

We also have found it important to help teams
record roleplay, both to ensure correct recall later,
as well as to facilitate review. We encourage use of
rough sequence diagrams to record the roleplay, and
to consider the steps in conjunction with the actual
CRC cards, and class diagrams.

Our focus on roleplay presentations means we
also want to share these artifacts, both UML dia-
grams and CRC cards, with larger groups. This can
be difficult, especially because we like to dissuade
early investment in beautiful diagrams, and advocate
low-investment rough sketches that make amendment
and improvement less traumatic. The technology we
favour is use of document video cameras in the pre-
sentation space. Document cameras allow good and
large projection of all kinds of diagrams and sketches,
even those on back of envelopes or serviettes. We have
found this approach very successful, and now always
show diagrams, cards, and sketches when doing role-
play presentation or review.

Fortunately, document cameras are becoming very
affordable, and are easy to use with video projectors
commonly used for presentations. On occasion we
have even fabricated our own document camera sim-
ply using an inexpensive “web cam” and its standard
software, although the video resolution is only mini-
mally acceptable.

5 Conclusions

We have used CRC cards for many years, to help
learners of OO design. Recent circumstances allowed
us to observe a large number of teams learning with
the same design exercises all in a short period of
time, and reflect on how well the CRC card technique
works. This paper has documented our main findings.
Our overall conclusion is that CRC cards remain an
effect technique for learning and practicing OO de-
sign. We did detect weaknesses, but found strategies
to compensate. We advocate use of these strategies
to take advantage of the strengths of the CRC card
technique, while addressing the weaknesses.
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