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[bookmark: _Toc37874004]1. Introduction
This report will describe black and white box testing with examples and look at the benefits of behavioural driven development. A chosen framework will also be investigated. 
[bookmark: _Toc37874005]2. Black and White box testing
Black box testing is testing software where the tester does not know the internal workings of the application under test (AUT) [1]. It focuses on the outputs given by certain inputs and implementation conditions [2]. It pays attention to the user requirements specification and therefore does not assume any knowledge of the development and tools; it represents real user interactions and scenarios [3]. It looks for errors in the interface, performance or behaviour, external database or data structures, termination and initialisation and missing or incorrect functions [4]. 
There are several types of black box testing techniques, one of which is equivalence partitioning, also known as equivalence class partitioning [5]. This works by finding test cases from classes of data which have been divided from the input domain of a program [6]. Classes are derived from test inputs that all share similar features and for each class, test cases are chosen so the highest amount of attributes of an equivalence class are used at once [7]. Only one condition per partitioned class needs to be tested as we assume the software will treat all conditions in the class the same way [7]. An example of such a test is a system where only the integers 1-10 are accepted, so invalid integers include: those above 10, below 1 and any 3 digit number [8]. This creates 4 partitions which only requires one test from each e.g. -1, 5, 88 and 121 [8]. 
Boundary value analysis is another black box testing technique [9]. More errors tend to happen at the “boundaries of the input domain” [10] so this testing technique looks for errors at the boundaries and not the centre of this domain [10]. A real world application of this could be a printer which only allows 1 to 99 copies, wherein the tests would be 1 and 99 which should be valid and 0 and 100 which should be invalid [11]. To test all above and below boundaries, 2 and 98 should be tested. 
Another black box testing technique is decision table testing [12]. This is best used for logical relationships and involves all the different combinations and all possible conditions as well as all corresponding responses to all of the various conditions [2]. An example of this is a login page where the only accepted input is a correct username and password with all other combinations giving an error message [13]. This example is illustrated below:
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[bookmark: _Toc38923360]Figure 1 - Decision Table Testing Example [13]

Like decision tables, state transition diagrams document how events are processed in the system and its responses [14]. This can be used in a variety of scenarios such as testing a determinate set of input values, testing a sequence of events that happen in the application under test and when the application has a dependency on the events in the past [15]. The 4 main parts of a state transition model are: the states the software might be in, the transition from each state, the events that source a transition and actions that occur from a transition [15]. 
Below is an example illustrating a state transition diagram of an ATM system where the user gets three attempts of their pin and if it is invalid three times then the account is blocked [15]. Anytime a correct pin is used then the user will be granted access to their account and in the first or second try if the pin is incorrect, the user is prompted to re-enter their pin [15]. 
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[bookmark: _Toc38923361]Figure 2 - State Transition Diagram Example [15]

An advantage to black box testing is that the tester does not need any technical knowledge, they only need to know the requirements specification to understand the functionality of the system [16]. Another advantage is the test is unbiased as the tester and designer are independent of each other, also, it helps find any ambiguities in the requirements specification [17]. A disadvantage of black box testing is its incapability to inspect the software by studying the code “statement-by-statement” [18]. Tests can also be redundant if the software designer has already completed them [19]. 
White box testing, also known as structural testing, needs thorough knowledge of the inner workings of the system [20]. Code is visible in this type of testing to the tester [21]. White box testing is done to ensure that true or false values from logical decisions are verified, all independent paths have been exercised from within a module and to find design errors between the implementation and logical flow of the program [22]. It also helps to find errors in syntax and typographical errors [22]. 
There are a few white box testing techniques available such as statement coverage, branch coverage and path coverage [23]. Statement coverage is ascertained through evaluating the proportion of statements looked at by the set of planned test cases [24]. The purpose of statement coverage is to process and implement every single line of code, and the following formula gives the statement coverage [25]:
 x 100% [25]
Statement coverage tests do not test a statement’s false conditions e.g. the following code fragments in a C syntax:
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[bookmark: _Toc38923362]Figure 3 - Statement Coverage Test Examples [25]
In Fragment A, three statements are executed wherein the statement coverage is 75% and in Fragment B, four statements are executed so the statement coverage is 100% [25].
Branch coverage testing intends to execute each decision point’s possible branches at least once so all accessible code is executed [26]. The formula for branch coverage is:
 x 100% [26]
An example of this is:
[image: ]
[bookmark: _Toc38923363]Figure 4 - Branch Coverage Testing Example [26]

This can also be represented in a flowchart form:
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[bookmark: _Toc38923364]Figure 5 - Branch Coverage Flowchart [26]
In order to find the branch coverage, you need to make sure all the edges are covered with the least amount of paths needed [26]. In this situation, one single path will not cover all edges so all possible true-false decisions need to be covered [26]. The paths are: (1) 1A-2C-3D-E-4G-5H and (2) 1A-2B-E-4F so the branch coverage is 2 [26].
Path coverage works so every path is executed once at a minimum [27]. Similar to branch coverage this can represented through a flowchart [27]:
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[bookmark: _Toc38923365]Figure 6 - Path Coverage Flowchart [27]
As all paths need to be covered, every possible path in this example is: 
· 1A-2B-E-4F 
· 1A-2B-E-4G-5H
· 1A-2C-3D-E-4G-5H
· 1A-2C-3D-E-4F [27]
So, path coverage is 4 [27]. 
Another white box testing technique is data flow testing which is used to find the test paths of a program conferring to variable use and definition locations in the program [28]. It is in relation to statements where values are received from variables and where the values are referenced [28]. A control flow graph is used to find circumstances where the flow of the program can be interrupted [28]. Define or reference anomalies are found during associations between the variables and values [28]. Such anomalies are where a variable is used but not defined, a variable is defined and not used and a variable has been defined twice before it is used [28]. Below is an example depicting data flow testing:
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[bookmark: _Toc38923366]Figure 7 - Data Flow Test Example [28]
 [image: ]
[bookmark: _Toc38923367]Figure 8 - Control Flow Graph for Data Flow Test [28]
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[bookmark: _Toc38923368]Figure 9 - Use of variable of Data Flow Test [28]
One advantage of white box testing is that it forces the tester to reason judiciously about the implementation [29]. It also allows internal errors to be found as it checks internal functionality [30]. The code can also be modified by the tester for better performance and optimisation [31]. A disadvantage to black box testing is because a skilled tester is required, the costs are hugely increased [32]. There is also the possibility of not finding missing features [33].
[bookmark: _Toc37874006]3. Behavioural Driven Development
Behavioural Driven Development (BDD) is agile software development that encourages collaboration between everyone involved in the project [34]. It concentrates on the delivery of behaviours on all development activities i.e. what the system should do, explained in a way so that domain experts and developers speak the same language [34]. It works as a test-first approach where only a change in the product allows a new coding task to be created e.g. if there is a new bug or requisite or a change in an existing requisite [35]. 
BDD enables the business and technical team to reach their goals and communicate what the developer needs to build and understand any technical problems they may face [36]. The focus is on why the code needs to be created rather than the technical details [36]. The big benefit of BDD is the strong collaboration [37]. Everyone involved in the project has a strong understanding and because it is written in plain language, they can all engage in constructive discussions and write behaviour scenarios [37]. 
Another benefit is that acceptance criteria is defined before development begins [38]. BDD also makes automation easier as its frameworks allow scenarios to be turned into automated tests because scenarios already have the steps needed and the automation engineer is only required to write a method/function to complete each step’s operation [39]. BDD can make code better and easier to make changes to because the scenarios created can become the documentation and after every change you can verify if it is still running acceptably [40]. Furthermore, because the development of the software is done meeting the user’s needs in BDD, users are more likely to be satisfied which leads to good business [41]. BDD is also able to reach a widespread audience as it is non-technical [42].
One BDD framework is called Cucumber and uses a Given-When-Then approach [43]. Given means the preconditions, When means the actions and Then means the outcome [43]. An example of this framework is shown below:
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[bookmark: _Toc38923369]Figure 10 - Sample Feature File [43]
This framework allows testers to reuse steps which saves time for the automation tester [43]. This is demonstrated in the two scenarios below:
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[bookmark: _Toc38923370]Figure 11 - Given-When-Then Approach [43]
This example shows that Given, When and Then are reusable for the second scenario. 
There are also downsides to using BDD. One of them is that if the user is not accessible for communication with the developer, then it will be hard to deal with any questions or uncertainties from the user stories [44]. Structuring the feature files and scenarios incorrectly can create problems for the automation developer, so this needs to be carefully thought up [45]. BDD can lead to higher costs for test maintenance if tests are poorly written [46]. 
[bookmark: _Toc37874007]4. Test framework
Jasmine is a BDD framework used to test JavaScript code [47]. A test suite starts by calling the global Jasmine function describe using two parameters i.e. a function and a string [48]. The function being what implements the suite in a block of code and the string being the name for the spec suite [48]. A spec is defined through calling the global Jasmine function it, which also requires a string and a function [48]. A spec has one or more expectations, which are built with the expect function which takes a value, which tests the code state [48]. 
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[bookmark: _Toc38923371]Figure 12 - Jasmine Test Example [48]
Jasmine does not require the DOM (document object model), provides a clean syntax that is easily understandable and has no external dependencies [49]. Jasmine can be used by including the Jasmine core and your test files with a <script> tag, as a CLI tool or library in Node.js or as part of a build system e.g. Grunt.js through grunt-contrib-jasmine [49]. 
When you first download Jasmine, you will get four folders which are: /src, /lib, /spec and SpecRunner.html [50]. You can reference the source files from where they are currently located in the SpecRunner.html file and delete the /src folder.
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