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ABSTRACT 
Design Patterns are currently being used as an integral part of 
curricula that introduces object-oriented technology from the first 
course and up. A popular approach to using patterns in 
introductory computer science courses consists of presenting a 
catalog to be applied for tackling problems whose complexity 
level is appropriate for the course in question. Although this is the 
natural approach for it goes in tune with the goal of promoting a 
lingua franca among software designers and programmers, it is 
not the only viable approach. In this paper we present an example 
that illustrates a constructive approach to the problem of unveiling 
three cognitive processes that take place in the discovery of 
patterns, namely observation of repeatability, lifting (or 
generalization) of specific solutions to more general ones, and 
specialization of general solutions to specific ones. The example 
starts with a very simple and specific iteration mechanism (Java’s 
Enumer at i on) and covers a series of problems whose solutions 
converge to the Iterator Pattern. Our example can be used to 
introduce novices to the concept of patterns, and also to introduce 
the already initiated to pattern mining. The actual detailed 
presentation of this example, with its accompanying Java code, is 
available from www.unf.edu/~asanchez/public/oopsla01. 
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1. INTRODUCTION: DESCRIPTION OF 
THE EXPERIENCE DOMAIN 
The following three statements are from our personal 
understanding of the term “Design Patterns” . Although they might 
not capture all the positive and negative characteristics of 
patterns, they allow us to illustrate some issues that we would like 
to highlight. Patterns: 

Œ Establish a lingua franca among software designers and 
programmers. 

Œ Can be thought of as a suite of proven recipes that can be 
used to concoct effective and efficient solutions to problems. 

Œ Are the syntheses of mature, stable, and proven designs. 

Œ Represent a medium through which one can think/talk/reason 
about problems and their solutions by using abstractions that 
are closer to humans than to machines. 

When teaching patterns at the undergraduate level we are 
interested in showing how a collection of patterns can be used as 
a refined cookbook. We are also interested in giving students a 
glimpse of the kind of things experienced cooks do to come up 
with their elegant, effective and efficient recipes! 

Our constructive approach to the latter consists of starting with a 
very simple problem whose solution we know can be expressed 
by means of the instantiation of a pattern. Next, we incrementally 
examine various options associated with the lifting of this solution 
to a more general one. The example is crafted in such a way that 
the collection1 of problem/solution pairs converges to a 
problem/solution pair that is the design pattern one wants to 
illustrate. 

The goal behind these classes of examples is twofold. First, their 
summits show that one has arrived to a design pattern, and 
therefore they can be used as a motivation to study the patterns in 
question. Second, by analyzing (as one goes along) the traveled 
path one can unveil various cognitive processes and activities that 
are intimately associated with the discovering of patterns. Thus, 
not only is the destination important, but also the path followed to 
reach it.  

The cognitive processes that we want to highlight with the 
example discussed in this paper are: 

Œ Lifting or generalization of specific problem/solution pairs: 
given a current problem/solution pair, the student is 
encouraged to identify concepts that can be generalized. The 
semantics of such generalizations need to be defined as 
precisely as possible. This gives rise to a series of 
generalized problems to be analyzed next. 

Œ Specialization of generalized problem/solution pairs: once 
the current pair is lifted, students are encouraged to justify 
that it (i.e. the current problem/solution pair) is in fact a 
specialization of each lifting. 

                                                                 
1 When lifting an instance, more than one concept can be 

generalized, so the resulting structure is not a sequence but 
graph-like. 



Œ Observation of repeatability: by construction, all problems 
are related by the “ is an instance of”  relationship and 
therefore the whole structure naturally reproduces the déjà 
vu feeling associated with solving “ recurring problems” . 

To fix ideas, we show in figure 1 a simple collection of problems 
related by the “ is an instance of”  relationship. The diagram is 
“down side up”  to make the “ top”  coincide with “more concrete” , 
and the “down”  with “more abstract” . 

 

 

Figure 1: An example of a graph showing the “ is an instance 
of”  relationship among problems. 

  

This paper is organized as follows. Section 2 presents the 
example, with an emphasis on the cognitive processes we have 
described above. Section 3 discusses the example in the context of 
related literature. Finally, Section 4 mentions alternatives to use 
this example in the classroom, and ideas to generalize it to a 
pattern to produce examples that help students to constructively 
elicit patterns.  

2. AN EXAMPLE TO CONSTRUCTIVELY 
ELICIT PATTERNS: DESCRIPTION OF 
THE EXPERIENCE 
There are few fundamental object-oriented concepts we expect 
our students have covered before the example is presented, such 
as class, objects, interfaces, and their relationships. An intuitive 
exposure to the concepts of generic algorithms, containers, and 
iterators is also required. We use Java as the rendering language, 
but the concepts presented are language-independent, although 
the discussion associated with implementation details is not. The 
actual Power-Point presentation of our example can be found at 
http://www.unf.edu/~asanchez/public/oopsla01. The presentation 
is accompanied by Java source code that has been compiled and 
executed with IDE Code Warrior 6.02; there is also some 

                                                                 
2 http://www.metrowerks.com/ 

documentation that is used for an exercise in code reading  (file 
README contains a description of what can be found in the 
corresponding folder). In this section we describe the example 
emphasizing on the cognitive processes that are used to arrive to 
the pattern in question. 

The presentation begins by explaining “ the love triangle”  formed 
by generic containers, algorithms and iterators, i.e. how they are 
related and why. In summary, generic algorithms operate upon 
containers, and therefore need to access their elements in a 
representation-independent way. Thus, iterators act as mediators 
between generic algorithms and containers. This discussion 
concludes with a wish list that captures desired functionality of 
iterators. We then describe the constructive (and iterative) 
approach that we will use to discover different ways to implement 
iterator-container pairs so that iterators satisfy the wish list. We 
think that it is important that students are aware of the strategy, 
because we want them to focus on the process of discovering 
concepts. After this preamble, we are ready to define the problem. 

Since it is rather difficult to capture a multidimensional 
experience such as a lecture on a limited medium such as this, we 
will try to give the reader an overview of the whole presentation. 
Since it is intended for undergraduate students, and much of the 
detail is hopefully inferred from the diagrams and descriptions 
that will be given. We will present the sequence of problems 
indicating how they are threaded, and how such a threading leads 
to various patterns that converge to the iterator pattern. Again, for 
details, we refer readers to the Power Point presentation, and we 
certainly expect and appreciate in advance constructive critique. 

2.1 Problem 0 
Given a Java Vect or , write an application that prints out all its 
elements. This is a warm-up problem. See folder Exampl e03. 
Most likely, the students will use indices as shown in the code. 
The goal of this problem is to allow us to introduce the 
Enumer at i on interface, by noticing that method el ement s 
(from class Vect or ) returns an enumeration object. 

2.2 Problem 1 
Given a Java Vect or , write an application that prints out all its 
elements using enumeration. See folder Exampl e1. The goal of 
this problem is to prompt them to discover the connections 
between class Vect or  and the class that implements 
Enumer at i on, whose objects are returned by method 
el ement s. Since the Java documentation4 does not need to 
mention this class, we just call it X. Figure 2 shows the UML 
class diagram we would like our students to come up with. In this 
problem, enumerations generalize indices, and therefore we can 
trivially illustrate repeatability, generalization and specialization. 

2.3 Problem 2 
Propose and implement classes that mimic the relationship among 
class Vect or  and the class that implements interface 

                                                                 
3 All examples are in folder 

CodeandDocs\ JavaCode\ Exampl e* . In this paper we 
refer to these folders and to Java classes and methods by using 
their actual names in cour i er  font. 

4 See http://java.sun.com/j2se/1.3/docs/api/index.html 



Enumer at i on (class X), objects of whom are returned by 
method el ement s of class Vect or . 

 
Figure 2: Class diagram associated with Problem 1. 

 

Here, we would like the students to come up with a class 
hierarchy similar to the one shown in figure 3. Class 
Vect or Enum plays the role of class Vect or  ( Vect or Enum 
is a specialization of Vect or ) , and class 
Vect or Enumer at or  plays the role of class X (or X is 
specialized to Vect or Enum) . Even though both problems are 
identical, we highlight the fact that we have mimicked the 
connections among class X and class Vect or . See folder 
Exampl e2. 

2.4 Problem 3 
Given interface St ack, and one implementing class 
Ar r aySt ack, enrich the class hierarchy so that stacks can be 
traversed. These are simple stacks with an array-based 
implementation. The goal behind this problem is to extend stacks 
so we can go through all their elements from top to bottom. 
Students are encouraged to try to find the similarities between this 
problem and the previous one. More specifically, can we “use”  
the class hierarchy in figure 3 to tackle this problem? It is 
expected that students will see class Ar r aySt ack as playing the 
role of Vect or , which implies that we need to implement classes 
Ar r aySt ackEnum as playing the role of Vect or Enum, and 
Ar r aySt ackEnumer at or  as playing the role of 
Vect or Enumer at or . The corresponding class hierarchy is 
shown in figure 4. 

At this point we ask the students to focus on the similarities 
between figure 4 and figure 3. The question posed before them is 
the following. Suppose that we are given interface 
Cot ai ner I nt er f ace, and class Concr et eCont ai ner  
that implements such an interface; how do we enrich 

Concr et eCont ai ner  to make it traversable? We try to guide 
students to make the following connection. 

 
Figure 3: Mimicking the hierarchy shown on figure 2. 

 

 
Figure 4: “ Reusing”  the architecture suggested by figure 3. 



 
Figure 5: Our  first pattern! 

Concr et eCont ai ner  plays the role of Vect or  and 
Ar r aySt ack! Therefore, we need to implement 
Concr et eCont ai ner Enum, playing the role of 
Ar r aySt ackEnum and Vect or Enum; and 
Concr et eCont ai ner Enumer at or , playing the role of 
Ar r aySt ackEnumer at or  and Vect or Enumer at or . We 
ask them to express these connections by means of a class 
hierarchy. The expected result is shown on figure 5.  

We can now say that this diagram represents a family of class 
hierarchies that can be specialized to solve the problem of 
extending a container to make it traversable. We tell them that 
figures 3 and 4 are examples of such specializations, and so it is 
natural to call it a pattern! 

We do not include the code associated with this first solution to 
problem 3. Instructors might ask them to bring it as homework or 
to develop it in class with the students. In our case, we just bring 
up the following issue. We could apply the pattern in figure 5 
whenever we needed to extend a concrete container class 
(implementation) to make it traversable, but this does not 
guarantee that all implementations will be traversable! How do 
we solve the problem of making all containers traversable? Again, 
we would like to guide students to come up with a solution close 
to the one shown in figure 6. 

The code associated with the hierarchy in figure 6 is in folder 
Exampl e3. This problem concludes with the discussion 
associated with the following question. How do the findings 
associated with figure 6 affect the pattern in figure 5? Figure 7 
shows one possible answer. 

2.5 Problem 4 
The implementation associated with the previous problem has a 
drawback that becomes obvious when one takes the comment out 
of one of the lines in the application5, namely that the traversal 
empties the stack! These are implementation details that do not 
                                                                 
5 See file Tr i v i al Appl i cat i on. j ava, line 44, in folder 

Exampl e3. 

introduce new concepts that might induce changes in the last 
pattern found. Folder Exampl e4 contains two implementations, 
and the presentation discusses the rationale behind each of them. 
It is worth mentioning that these are not the only possible 
implementations. In his book, Preiss presents two approaches, one 
based on inner classes and another based on anonymous classes 
and objects [2]. For all these cases, the aggregation relationship 
between the concrete traversable container and the enumeration 
class, in figure 7, signifies that the latter must know 
representation details of the former to be able to implement a 
traversal. 

 
Figure 6: Making sure all stacks are traversable. 

 

 
Figure 7: Our  second pattern! 



2.6 Problem 5 
We approach the problem of implementing the wish list for 
iterators. In this case, we encourage students to analyze the 
problem at the light of the last pattern found. We expect that a 
long discussion will lead to the pattern in figure 8. The associated 
code is in folder Exampl e5. 

 
Figure 8: Our  third pattern! 

2.7 Problem 6 
The final exercise consists of trying to identify specializations and 
generalizations of the pattern in figure 8 in the implementation of 
a “ real life”  container, taken from the “JGL Libraries”  by 
ObjectSpace6. The class hierarchy depicted in figure 9 is the final 
version of a sequence of diagrams actually sketched in class. 

2.8 The I terator  Pattern 
The entire example concludes with the presentation of the 
classical iterator pattern (see figure 10), and aspects related to 
repeatability, generalization and specialization, at the light of all 
examples presented. What follows is a sample of some of the 
issues that we discuss. 

Œ The implementation in figure 9 is a specialization of the 
iterator pattern. We notice that traversability of JGL 
containers was considered from the beginning.  

Œ Had JGL containers not considered traversability from the 
beginning, we would have used the pattern in figure 8 to 
make them traversable. 

Œ Our last pattern (figure 8) seems to be more general than the 
iterator pattern (figure 10), in that the former considers 
containers that have not been thought as traversable. 

Œ On the other hand, the iterator pattern in figure 10 is more 
general than our pattern in figure 8, in that it does not impose 
an aggregation relationship between the concrete iterator and 
concrete container classes. 

                                                                 
6 See http://www.objectspace.com. 

 
Figure 9: Class hierarchy associated with a JGL container . 

 

 
Figure 10: The classical iterator  pattern. 



3. RELATED WORK 
Examples of books that use patterns for introductory computer 
science courses are [1, 2, 3]. The approach followed by [2,3] is 
that of presenting a catalog of frameworks that have been 
implemented by specializing patterns such as visitor, iterator, and 
adapters, to name a few. In [1] patterns are presented at a more 
elementary level. Reference [4] seems to be aimed at upper-level 
undergraduate or lower-level graduate courses on software 
development. The author presents an example to illustrate the 
iterator pattern discussing various implementations, which can be 
seen as a constructive approach to it, but only few iterations are 
shown, and the problem of extending existing container classes is 
not discussed. A sample of some of pattern-related work that has 
been recently presented in computer science education 
conferences is [5-12]. The emphasis of these contributions is on 
presenting/documenting patterns and showing examples of their 
use, thus playing an important role in the dissemination of a 
lingua franca of design and programming. 

The ideas presented here have close affinity with the discussion 
on pattern hatching presented in [13]. One of our goals is to focus 
on the cognitive processes that take place when practicing this 
activity (mining patterns). We believe that this perspective could 
give us some insight into the teaching of the concept and also into 
the creative process itself, with potential applications such as the 
implementation of new languages or environments in which 
patterns are primitive objects (see [14] for a discussion on this). 

From the perspective of models of teaching and learning, we 
concur with authors who maintain that more research needs to be 
done to try to understand cognitive processes that take place when 
one deals with abstractions native to computer science. A 
constructive approach (see [15, 16, 17]) seems to be naturally 
associated with the goal of helping students in the discovering 
patterns by following an iterative approach similar to the one we 
have tried to illustrate in this paper. 

The Pedagogical Patterns Project7 maintains a suite of patterns 
that can be used to teach in general. Two patterns that are related 
to the approach presented here are Bergin’s “Spiral” 8, and Lim’s 
“Tiny, Small, Large (TSL)” 9. Spiral promotes the idea of 
presenting concepts in a constructive and iterative fashion. TSL 
calls for paying attention to the level of complexity associated 
with the problems used to exemplify concepts, where “Tiny” , 
“Small” , and “Large”  are intuitive metrics used to measure such 
level. These two patterns, as well as our approach, can be seen as 
instances of a more general instructional approach such as 
Problem Based Learning10. 

From the perspective of the taxonomy due to Bloom [18] (i.e. 
knowledge, comprehension, application, analysis, synthesis, and 
evaluation), one can argue that a class of examples like the ones 
presented here, incrementally and constructively covers all these 
levels. 

                                                                 
7 See http://www.pedagogicalpatterns.org/. We thank the 

anonymous referee who brought the project’s web page to our 
attention. 

8 See http://csis.pace.edu/~bergin/PedPat1.3.html#spiral 
9 See http://sol.info.unlp.edu.ar/ppp/pp10.htm 
10 See, for instance, http://www.imsa.edu/team/cpbl/cpbl.html 

Concepts such as generalization and specialization are amenable 
to be formalized (e.g. the classical definitions associated with 
“ reductions”  in computability and complexity theory). We believe 
that, at this level, it is very important to exercise the “ intuitive 
muscle” . These exercises need to be supplemented with more 
formal topics potentially studied later in advanced undergraduate 
courses, electives or special topics. For an interesting discussion 
on the role of intuition in learning and teaching, see [19].  

We have actually used the constructive approach presented here 
to build two frameworks, a generalized iteration mechanism that 
does support insertions into a container while being traversed (we 
call it complete traversals) [20], and one that subsumes various 
algorithms associated with the mining of association rules [21]. 

4. OUR EXPERIENCE USING THIS 
APPROACH 
We have not yet performed formal assessments procedures to 
determine the pedagogical effectiveness of our approach. 
However, we have requested voluntary feedback from our 
students. What follows is a summary of the negative and positive 
aspects as perceived by the students and the author (as the 
instructor). 

Œ At the beginning, students show some reluctance to the 
approach of generalizing already existing solutions (or “why 
looking at other solutions if we already have one”). This is 
closely related to the cognitive distance between 
generalization and specialization, which is part of what needs 
to be exercised. 

Œ Once students buy into the importance of considering more 
general solutions, they adapt very easily to the game of 
finding concepts that could be generalized and how existing 
designs need to be changed to conform to the generalization. 
Repeatability seems to be a key element to the success of the 
whole activity.  

Œ Students need initial coaching to see how a solution is a 
generalization/specialization of another. Here repeatability, 
illustrated by concrete examples, also plays a fundamental 
role. 

Œ We have found that students appreciate the knowing in 
advance “where this will lead us to” . So, we let them know 
of the repetitive and incremental (spiral) nature of the whole 
activity (and why!), so they don’ t get lost (or get bored) “ in 
the way” . 

Œ Students expressed that they liked the idea of presenting 
small concrete examples first and then turn to more complex 
examples. In particular, the discovery of the class hierarchy 
presented in figure 9, at the light of pattern in figure 8, gives 
them great satisfaction. We think that it is important that the 
instructor tries to find an example that can be perceived as 
realistic by the students. 

Œ Our experience indicates that an approach based on 
incremental and constructive elicitation of patterns (or 
incremental pattern mining) is preferable over that of first 
presenting the concept of patterns to then used them, simply 
because the former is consistent with the way patterns are 
conceived of. We strongly believe that it is only after  
students have faced the need of thinking of more general 
solutions to avoid “ reinventing the wheel” , and 



systematically reflect on solutions to these problems, that 
they are cognitively ready to talk patterns. 

5. INCORPORATING THESE IDEAS INTO 
YOUR LECTURES 
There are several uses of the example presented here. 

Œ It can be used as is, adapting it to your own class and its 
dynamics. 

Œ Adding discussion on, for instance, implementation options 
not included. Another interesting extension could be the 
creation of a graphical roadmap that shows the evolution of 
all patterns that are discovered indicating how one gets 
“ from here to there” . 

Œ It can be used as the basis of your own analysis, discovery or 
exploration of patterns.   

Œ It can be used as the basis of a pattern for constructively 
illustrating patterns (pedagogical pattern). 
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