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Abstract 
 

Historically, relatively less emphasis has been placed on software testing in comparison with 
other activities, such as systems analysis and design, of the software life cycle in an 
undergraduate computer science or software engineering curriculum.  Testing, however, is a 
common and important technique used to detect program faults.  Thus, testing must be taught 
rigorously to the students.  This paper reports our experience of teaching the classification-
tree method as a black-box testing technique at The University of Melbourne and Swinburne 
University of Technology. 
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1. Introduction 

It is reported that about 75% of all large software systems delivered to the customer are failures that 
are either not used at all, or do not meet the customer’s requirements [11].  The high failure rate indicates 
that software quality remains a critical issue that confronts most software practitioners and users.  Because 
testing is a common and important technique in achieving software quality, there is a strong demand for 
universities to teach testing rigorously to students studying computer science or software engineering. 

In general, any testing method can be classified into either the white-box or the black-box approach.  
The former approach involves the generation of test cases based on the source code of the program.  

                                                           
1 Also with the Department of Finance and Decision Sciences, Hong Kong Baptist University, Hong Kong. 
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Examples are control-flow testing [8], data-flow testing [8, 13], and domain testing [7, 18].  The latter 
approach deals with the generation of test cases from information derived from the specification, without 
requiring the knowledge of the internal structure of the program.  Examples are random testing [10], cause-
effect graphing [14], the category-partition method (CPM) [3, 6, 12], and the classification-tree method 
(CTM) [1, 3, 5, 9, 16]. 

This paper focuses on the pedagogy for black-box testing, and it is based on our experience of teaching 
undergraduates and postgraduates who studied computer science or software engineering in two Australian 
universities, namely The University of Melbourne (UM) and Swinburne University of Technology (SUT) 
[2].  We believe that the effectiveness of teaching software testing depends on two important success 
factors: 

(a) The “testing methods” we select for teaching, and 

(b) The “ways” we teach the selected methods. 
 
Consider success factor (a).  Five black-box testing methods or approaches (namely, random testing 

[10], cause-effect graphing [14], CPM [3, 6, 12], CTM [1, 3, 5, 9, 16], and decision-table approach [17] ) 
have been selected and evaluated for their appropriateness in teaching, with respect to the four evaluation 
criteria listed in Table 1 (see the leftmost column in the table) [2].  Based on the evaluation results shown 
in Table 1, CTM is selected for teaching because it is the only method that fulfils all the criteria (to be 
discussed in detail later).  Additionally, random testing is selected for teaching although it can only fulfill 
some of the evaluation criteria.  The rationale is that we do not want the students to learn only one testing 
method.  Moreover, teaching both CTM and random testing allows the students to compare the 
effectiveness of the two methods themselves. 

 
 Random 

Testing 
Cause-Effect 

Graphing 
Category-Partition 

Method (CPM) 
Classification-Tree 

Method (CTM) 
Decision-Table 

Approach 
Well defined steps & deliverables × √ √ √ √ 
Less reliance on automated tools × × × √ √ 
No restriction on the type of 

specification 
√ √ √ √ √ 

Less reliance on the experience of large 
software development 

√ × √ √ × 

 
Table 1: Comparison of Different Black-Box Testing Methods or Approach 

 

2. Overview of CTM 

Before discussing how we teach CTM (that is, success factor (b) mentioned in Section 1), let us first 
outline the main concept of the method.  Basically, CTM aims to identify all the feasible combinations of 
classes as “test cases”, and at the same time suppress the combination of incompatible classes as far as 
possible.  CTM consists of the following steps: 

(1) Decompose the specification into functional units U s that can be tested independently.  For each 

U selected for testing, repeat steps (2) – (5) below. 
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(2) Identify a set of classifications and classes for the selected U.  Classifications are defined as the 

parameters and environment conditions (that is, the states of the system during execution) of U 
that will affect its execution behavior.  Classes are defined as the non-overlapping subsets of the 
values of the corresponding category. 

(3) Construct a classification tree T from the identified classifications and classes. 

(4) Construct the test case table from T. 

(5) Identify all the feasible combinations of classes from the test case table.  Each combination of 
classes thus represents a test case. 

 
Figure 1 shows a sample classification tree T TRADE, constructed for a specification STRADE related to the 

credit sales of goods by a wholesaler to retail customer.  Readers may refer to [2] for details. 
 

 
 

Figure 1: Classification Tree T TRADE for STRADE 

 

Having outlined the main steps of CTM, the following presents the rationale for teaching the method 
as a black-box testing technique, with respect to the evaluation criteria listed in Table 1: 

Well-defined steps and deliverables.  CTM consists of well-defined steps with clearly defined 
deliverables, thus teaching the method is easy. 

• 

• Less reliance on automated tools.  CTM can be applied without the aid of automated tools, as long 
as the specification is not too complex.  This will ease the potential problem in obtaining access to 
the associated automated tool. 
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No restriction on the type of specification.  CTM can be easily applied to an “informal” 
specification.  Therefore, the method can be taught to those students who do not have any training 
in formal specifications. 

• 

• Less reliance on the experience of large software development.  CTM focuses on the possible 
combinations of data (or classes) in the input domain of the software.  Thus, compared to other 
black-box testing methods, past experience in large software development has less impact on the 
successful application of CTM. 

 

3. Approach to Teaching CTM 

Now, we are ready to discuss success factor (b) mentioned in Section 1.  We first taught CTM in an 
advanced software engineering course (referred to as “course 342”) in UM.  This course starts with white-
box testing, followed by black-box testing (which covers both CTM and random testing).  The coverage of 
both white-box and black-box testing in course 342 reflects our view that neither approach is sufficient; 
each is complementary to the other. 

Based on our observation of the students’ performance and the results of a project on CTM done by 
the students, we have refined our teaching approach in UM and then reapplied it in SUT.  The results of the 
students’ projects in SUT are better than that in UM, thus confirming the effectiveness of our refined 
teaching approach.  This teaching approach consists of the following steps: 

(1) Prepare a formal lecture to discuss the concept of the CTM.  Teaching of the method should be 
supported by related literature such as [1, 3, 5, 9, 16].  According to our teaching experience in 
both UM and SUT, we note that many students will make the following two mistakes: 

• The occurrence of problematic classifications and classes, such as irrelevant classifications, 
invalid classes, combinable classes, and composite classes.  We have formally defined and 
discussed these problematic classifications and classes in [3]. 

• Construction of T based on control flow information.  Figure 2 shows an (incorrect) T 
constructed for STRADE by some students using such an approach, resulting in the omission 
of some valid test cases [2]. 

To avoid repeating these mistakes, before the start of the project in step (3) below, we recommend 
discussing with students about the various types of problematic classification and class using the 
article [3], and elaborating on the differences between a T and a control-flow diagram by 

reminding students that a T is data oriented rather than control oriented. 

(2) Develop a tutorial using various examples to reinforce the concept of the method and illustrate the 
mistakes in (1) above. 

(3) Use a project to reinforce the lecture and tutorial contents through practice.  In the project, we 
recommend using some business-oriented specifications as examples.  Thus, the students can 
practice CTM with specifications typically found in the commercial sector. 
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Figure 2: A Classification Tree for STRADE Based on Control Flow 

 

(4) Prepare a follow-up tutorial, after the students have submitted their projects, to explain their 
mistakes, and give some guidelines on how these mistakes can be avoided.  Normally, more than 
one “correct” T may be constructed from the same specification because a different set of 

classifications and classes may be defined for the same specification at the tester’s will.  The 
phenomenon does happen in the students’ projects in UM and SUT.  We suggest to select some of 
these T s constructed by the students and discuss their structural properties.  Criteria should be 

provided to the students to help them determine which T is better.  Examples of these criteria 

include the number of classifications and classes, the ease of understanding T , and the 

effectiveness of T in the generation of valid test cases. 

In the follow-up tutorial, we should also discuss the problem of applying CTM to increasingly 
complex specifications.  In this case, the complex specification should be decomposed into 
smaller U s that can be independently tested. 

 
In addition, explanations should be given to students that software quality does not rely solely on 

testing, because testing is only one of many verification and validation techniques [15].  In many 
situations, life-cycle quality approaches, such as reviews and inspections, quality metrics, and software 
processes, should be used with testing.  For example, inspections should be used as often as possible to 
prevent requirements defects from propagating to subsequent phases of the software development life 
cycle.  Otherwise, program faults may occur, resulting in schedule delays and additional costs, even if 
software developers can eventually catch and remove these faults.  Readers may note that we have studied 
applying CTM to requirements inspection [4].  Thus, students should also be taught with such an 
application. 
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4. Summary and Conclusion 

In this paper, we have explained why CTM should be selected for teaching software testing, and how 
it should be taught.  The recommended approach in Section 3 is based on our teaching experience of CTM 
in UM and SUT.  Feedback from students in these two universities has confirmed that the teaching of 
CTM is viable and effective.  We also observe that students found CTM easy to understand and use. 

Intuitively, it would be better if students are provided with programs to test by using CTM.  Hence, if 
possible, we suggest integrating the teaching of CTM with some other programming course.  This 
approach would allow students to use CTM to find faults in programs written by other classmates. 
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