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ABSTRACT. The objective of this paper is to introduce and discuss why test cases should be treated as a product. The paper further introduces the practices that have evolved to design good test cases that consistently helped testers to design good test cases, deliver them as a product and meet the demands of test projects that testers undertake.
Apart from the generic discussion that one normally finds articles in test case design, Ross discusses a few practical problems of test teams that affect test design time and again. I have highlighted some of the examples below to keep this reference narrowly focused on only those variations.
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1 Introduction
Software Testing has become a self-governing and a very important profession over a period. As the software development process is becoming a complex activity day by day, the demand to continuously evolve the software testing practices and keeping them aligned to the needs of software engineering is becoming important as well.
Software testing is an investigation conducted to provide stakeholders with information about the quality of the product or service under test.[1] Software testing can also provide an objective, independent view of the software to allow the business to appreciate and understand the risks of software implementation. Test techniques include the process of executing a program or application with the intent of finding software bugs (errors or other defects).
It involves the execution of a software component or system component to evaluate one or more properties of interest. In general, these properties indicate the extent to which the component or system under test:
· meets the requirements that guided its design and development,
· responds correctly to all kinds of inputs,
· performs its functions within an acceptable time,
· is sufficiently usable,
· can be installed and run in its intended environments, and
· achieves the general result its stakeholders desire.
As the number of possible tests for even simple software components is practically infinite, all software testing uses some strategy to select tests that are feasible for the available time and resources. As a result, software testing typically (but not exclusively) attempts to execute a program or application with the intent of finding software bugs (errors or other defects). The job of testing is an iterative process as when one bug is fixed, it can illuminate other, deeper bugs, or can even create new ones.
Software testing can provide objective, independent information about the quality of software and risk of its failure to users and/or sponsors.[1]
Software testing can be conducted as soon as executable software (even if partially complete) exists. The overall approach to software development often determines when and how testing is conducted. For example, in a phased process, most testing occurs after system requirements have been defined and then implemented in testable programs. In contrast, under an Agile approach, requirements, programming, and testing are often done concurrently.
1.1 Related Work
Although testing can determine the correctness of software under the assumption of some specific hypotheses (see hierarchy of testing difficulty below), testing cannot identify all the defects within software.[2] Instead, it furnishes a criticism or comparison that compares the state and behavior of the product against oracles—principles or mechanisms by which someone might recognize a problem. These oracles may include (but are not limited to) specifications, contracts,[3] comparable products, past versions of the same product, inferences about intended or expected purpose, user or customer expectations, relevant standards, applicable laws, or other criteria.
A primary purpose of testing is to detect software failures so that defects may be discovered and corrected. Testing cannot establish that a product functions properly under all conditions but can only establish that it does not function properly under specific conditions.[4] The scope of software testing often includes examination of code as well as execution of that code in various environments and conditions as well as examining the aspects of code: does it do what it is supposed to do and do what it needs to do. In the current culture of software development, a testing organization may be separate from the development team. There are various roles for testing team members. Information derived from software testing may be used to correct the process by which software is developed.[5]
Every software product has a target audience. For example, the audience for video game software is completely different from banking software. Therefore, when an organization develops or otherwise invests in a software product, it can assess whether the software product will be acceptable to its end users, its target audience, its purchasers and other stakeholders. Software testing is the process of attempting to make this assessment.
Cem and James Bach teach in their BBST course that to get the technical information from a piece of software, one must ask a question to the program and this question is nothing but a test case. 
Some other definitions of test case are- “A set of test inputs, execution conditions, and expected results developed for a particular objective, such as to exercise a particular program path or to verify compliance with a specific requirement.” (IEEE)
“A test idea is a brief statement of something that should be tested. For example, if you're testing a square root function, one idea for a test would be ‘test a number less than zero’. The idea is to check if the code handles an error case.” (Marick)
Above discussion now takes us to the next point in our journey to understand test case as a product and quality of this product. First, let us see what quality, in general, means to us.
Quality is defined as-Fitness for use (Dr. Joseph M. Juran), Conformance with requirements (Philip Crosby)
Quality is value to some person (Gerald Weinberg).
Detailed discussion about above definitions is out of scope of this paper but these definitions form a good base for defining software product quality. 
I tend to say that software product quality is a multi-dimensional measure of meeting requirements of users at an affordable cost. 
If we apply above statement to quality of a test case as a product, we could say that it is, multi-dimensional measure of meeting requirements of information objectives at an affordable efforts and cost. 
It is extremely difficult to draw a line through all aspects discussed above and come out with a central idea of quality of test case as a product. The practices that we evolve at our organization address our day-to-day needs of meeting the test project objectives and consistently satisfy our stakeholders. However, in the next section, I have attempted sharing my thoughts about how can we engineer test design activity in such a way that the end product is of high quality. 
2  Test case Design Technique
Following are the typical design techniques in software engineering:
1) Deriving test cases directly from a requirement specification or black box test design technique. The Techniques include:
· Boundary Value Analysis (BVA)
· Equivalence Partitioning (EP)
· Decision Table Testing
· State Transition Diagrams
· Use Case Testing
2)  Deriving test cases directly from the structure of a component or system:
· Statement Coverage
· Branch Coverage
· Path Coverage
· LCSAJ Testing
3)  Deriving test cases based on tester's experience on similar systems or testers intuition:
· Error Guessing
· Exploratory Testing

2.1  Test Case Engineering 
If we call a program as a function of data and operations on data, we treat a test case as function of carefully chosen set of data for the purpose of operations on it for a given information objective. 
Test Case Engineering (TCE) starts by breaking down the software product into the three fundamental issues – the Technologies used, the Business domain (or the problem domain), and the Architecture of the product.
[image: ]
Fig 1. Product under Test
Once TCE identifies the three issues well, it grips the whole product with the help of practices in TCE that are depicted in the model below. The practices that one builds in an organization form the Test Case Engineering as a predictive activity to deliver expected quality of test cases.
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Fig 2. TCE Practices
Above model clarifies how TCE is a careful thought process to design test cases that will encompass three distinct issues of any software product. The practices employed can be divided into following groups-

· Test management- leadership
· Knowledge Management
· Test designing practices
· Identifying information objectives
· Choosing test data
· Mapping to 
· Development model
· Test types
· Test execution techniques- Manual or Automated testing
· Test methodologies- Functional or non-functional testing, White, Gray or Black-box testing
· Test case quality management processes
· Context-driven Reviews 
· Test case management system
· Test case version control
TCE helps test teams achieve a balance between expectations, time in hand and quality of work. It helps them decide how and when to trade-off without compromising the objectives of the testing.  Each of the practices described above needs a self-correction mechanism in place. The discussion about the self-correction mechanism is beyond the scope of this paper. 
2.2  test cases 
A test case normally consists of a unique identifier, requirement references from a design specification, preconditions, events, a series of steps (also known as actions) to follow, input, output, expected result, and actual result. Clinically defined a test case is an input and an expected result.[6] This can be as pragmatic as 'for condition x your derived result is y', whereas other test cases described in more detail the input scenario and what results might be expected. It can occasionally be a series of steps (but often steps are contained in a separate test procedure that can be exercised against multiple test cases, as a matter of economy) but with one expected result or expected outcome. The optional fields are a test case ID, test step, or order of execution number, related requirement(s), depth, test category, author, and check boxes for whether the test is automatable and has been automated. Larger test cases may also contain prerequisite states or steps, and descriptions. A test case should also contain a place for the actual result. These steps can be stored in a word processor document, spreadsheet, database, or other common repository. In a database system, you may also be able to see past test results, which generated the results, and what system configuration was used to generate those results. These past results would usually be stored in a separate table.
To be most effective and efficient, test cases must be designed, not just slapped together. The word "design" has a number of definitions:
1. To conceive or fashion in the mind; invent: design a good reason to attend the STAR testing conference. To formulate a plan for; devise: design a marketing strategy for the new product. 
2. To plan out in systematic, usually documented form: design a building; design a test case. 
3. To create or contrive for a particular purpose or effect: a game designed to appeal to all ages. 
4. To have as a goal or purpose; intend.
5. To create or execute in an artistic or highly skilled manner.
Each of these definitions applies to good test case design. Regarding test case design, Roger Pressman wrote:
"The design of tests for software and other engineering products can be as challenging as the initial design of the product itself. Yet ... software engineers often treat testing as an afterthought, developing test cases that 'feel right' but have little assurance of being complete. Recalling the objectives of testing, we must design tests that have the highest likelihood of finding the most errors with a minimum amount of time and effort."
[bookmark: 39][bookmark: IDX-6]Well designed test cases are composed of three parts:
· Inputs
· Outputs
· Order of execution
[bookmark: 40][bookmark: ch01lev2sec1]Inputs
Inputs are commonly thought of as data entered at a keyboard. While that is a significant source of system input, data can come from other sources—data from interfacing systems, data from interfacing devices, data read from files or databases, the state the system is in when the data arrives, and the environment within which the system executes.
[bookmark: 41][bookmark: ch01lev2sec2]Outputs
Outputs have this same variety. Often outputs are thought of as just the data displayed on a computer screen. In addition, data can be sent to interfacing systems and to external devices. Data can be written to files or databases. The state or the environment may be modified by the system's execution.
All of these relevant inputs and outputs are important components of a test case. In test case design, determining the expected outputs is the function of an "oracle."
An oracle is any program, process, or data that provides the test designer with the expected result of a test. Beizer lists five types of oracles:
· Kiddie Oracles - Just run the program and see what comes out. If it looks about right, it must be right.
· [bookmark: 42][bookmark: IDX-7]Regression Test Suites - Run the program and compare the output to the results of the same tests run against a previous version of the program.
· Validated Data - Run the program and compare the results against a standard such as a table, formula, or other accepted definition of valid output.
· Purchased Test Suites - Run the program against a standardized test suite that has been previously created and validated. Programs like compilers, Web browsers, and SQL (Structured Query Language) processors are often tested against such suites.
· Existing Program - Run the program and compare the output to another version of the program.
[bookmark: 43][bookmark: ch01lev2sec3]Order of Execution
There are two styles of test case design regarding order of test execution.
· Cascading test cases - Test cases may build on each other. For example, the first test case exercises a particular feature of the software and then leaves the system in a state such that the second test case can be executed. In testing a database consider these test cases:
1. Create a record
2. Read the record
3. Update the record
4. Read the record
5. Delete the record
6. Read the deleted record
[bookmark: 44][bookmark: IDX-8]Each of these tests could be built on the previous tests. The advantage is that each test case is typically smaller and simpler. The disadvantage is that if one test fails, the subsequent tests may be invalid.
· Independent test cases - Each test case is entirely self contained. Tests do not build on each other or require that other tests have been successfully executed. The advantage is that any number of tests can be executed in any order. The disadvantage is that each test tends to be larger and more complex and thus more difficult to design, create, and maintain.
As Lee mentions about this book that, “It does, however, contain techniques that will make you more efficient and effective in your testing by helping you choose and construct test cases that will find substantially more defects than you have in the past while using fewer resources.”
3. Ross Collard about Good Test case
Apart from the generic discussion that one normally finds in books and articles in test case design, Ross discusses a few practical problems of test teams that affect test design time and again. I have highlighted some of the examples below to keep this reference narrowly focused on only those variations.
After a detailed discussion about test case structure- test condition, test procedure, test results and test environment, he says, 
“there is no standard or correct way to document the test cases. Multiple projects will use multiple formats, or a project will use multiple formats. Such variation is justified when test cases need different information or it might be just due to lack of coordination in test teams, which is often the case.” 
Then Ross brings out a very interesting discussion about the level of details that a test case may have versus the experienced test team and non-experienced test team, who will be executing the test cases. Then he brings out another important aspect of good test design and test cases- collaboration of insiders and outsiders. According to him, the insiders have usually a very good knowledge of the system under test and they can develop better quality tests from this perspective however, they lack detachment from development team and hence they may lose the advantages of this good design by sheer mismatches due to human relationship dynamics and losing the objectivity of the project. 
Whereas, though the outsiders have less knowledge of the system, due to their detachment, they may become highly successful in bringing out ‘breath of fresh air’. However, the main weakness of the outsiders is the depth into the system knowledge and he thinks that this is one of the areas, where they have to work hard to develop good quality test cases. 
[bookmark: coltop]I have taken following references from Harry’s two papers- “Intelligent Test Automation” and “It’s Different in Test”. Though the papers that he wrote were to address different topic, I found a few very useful tips for test case designing, which I have reproduced below. I have highlighted the important tips in bold letters. 
Harry Robinson is Test Architect for Microsoft's Enterprise Management Division. In addition to his day job, he teaches classes on advanced software test automation and is a driving force behind Microsoft's model-based testing initiative. He has been at Microsoft for five years and has a bachelor's and master's in electrical engineering
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The systematic approach of TCE can deliver high-quality test cases inherently and consistently if the test organization treats test cases as their product and apply the notion of quality to this very important aspect of the entire test management processes.
There's a saying that "If you all think alike, some of you are unnecessary." If that is true anywhere, it is certainly true among testers. There may be some justification for having a team of developers think in lockstep, but for testers it would be a catastrophe for everyone to think alike. One of the chief benefits testers bring to any group is a different viewpoint, and they should be encouraged to disagree with each other. I get a kick out of watching serious testers talk; it is usually at elevated volume levels.  
Actively seek out a good mix of skills and backgrounds when filling out your test team. Do you have coders and non-coders on your team? Each will see different types of defects. How about both genders? Multilingual? Culturally diverse? Differently-abled? One of my favorite true stories is about the Tablet PC team demonstrating its handwriting recognition function to Bill Gates. The team was very excited and confident, but they had overlooked a big factor. The Tablet PC team was almost all right-handed, but Gates is a lefty. Guess what? The handwriting recognition didn't work well for him. 
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