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1. [bookmark: _Toc38318712]Introduction

Software testing is often under-used in a smaller or personal software development projects. This report outlines the different types of testing commonly used by developers and why they are beneficial. It also covers the development of a web application using professional APIs developing used some of the discussed testing and development techniques.

2. [bookmark: _Toc38318713]Black and White Box Testing

Black and white box testing are two different testing methods for applications that have some major differences. Black box testing is done from the end-user perspective, whereas white box testing is more internal, covering the inner workings of an application.

2.1. [bookmark: _Toc38318714]Black Box Testing

Black box testing is a software testing method in which the internal structure of the item/application being tested is not known to the tester. Black box tests are generally carried out from someone who is not on the development team and has to know knowledge of the underlying structure; they are often carried out by independent testers. Black box tests do not require any programming knowledge or knowledge of the implementation. The basis for black-box tests it to compare the application to the original requirements in the design specification. There are a number of different types of black-box tests, such as system testing, acceptance testing, alpha testing, beta, testing, functional testing, and more. [1]
System testing is used to test that the whole system works end-to-end, in a similar way to how it would be used in production. The product is tested against the functions specified in the high-level design.
	Acceptance testing is generally done by business owners, the purpose is to test whether the system is acceptable, and meets their requirements. [2]
Alpha testing is one of the few black-box tests that involve the developers. Alpha testing is a type of acceptance testing, generally performed to identify any possible issues/bugs before the product is released to the users. Alpha tests normally include carrying out the tasks an end-user would normally perform; these tests are usually carried out by employees of the organisation doing the development. Generally, alpha tests find any critical issues which are addressed immediately by developers. Alpha testing is used to ensure the software is up to a standard before moving on to beta testing. [2]
Beta testing is performed by the actual users of the product, in a 'real' environment. A 'Beta' version of the software is generally released to a limited number of end-users to test the product and gain feedback. Beta testing usually discovers minor bugs and helps find any issues in reliability and security. These tests don't require any equipment, just general use of the application as a normal user would do. Beta tests concentrate on the quality of the software. [2]
	Functional testing is done once the application is finished. This is to verify that the application provides all of the behaviours and function required of it. Function tests can be automated using software such as Selenium. Selenium is a web testing tool which uses simple scripts to run tests within a browser. It allows the same scripts to be run on multiple browsers and platform, making it easy to test the software on a multitude of environments. [3] 

2.2. [bookmark: _Toc38318715]White Box Testing

White box testing is testing the internal structure, design, and coding of an application. In white-box tests, the code is visible to the tester, and to carry out these tests requires knowledge of the programming language and the implementation of the program. Because of this, white-box tests are generally carried out by the software developers themselves. White box testing is very effective in validating the design and finding both programming and implementation errors in a piece of software. [4] The two main types of white box testing are unit testing and integration testing. [2]
	Unit testing is where individual components of an application or piece of software are tested. The purpose of this is to validate that each unit works how it should. For example, you could test a function that adds two numbers together, and verify that it works before it is implemented in your program. Unit testing is done during the development stage of an application by the developers themselves. Unit tests pick a specific piece of code, such as a function, method, module or object and test that they are working as they should. Often times software developers skip over unit testing to save time, but it often leads to a high defect rate, which makes later tests such as system testing and integration testing much harder. [5] 
	Integration testing is also generally done by the developers. Integration testing is testing the modules and functionality of the software, ensuring that they work together. Different programmers normally code software projects, each being responsible for a module; the modules are integrated to create the application. Integration testing is testing that these modules integrate properly together.


3. [bookmark: _Toc38318716]Behavioural Driven Development

Behaviour Driven Development (BDD) is an increasingly used agile development method. The aim of BDD is to integrate verification and validation into the design phase of software development. BDD could be considered as the 'why' behind the code, why it's implemented, and what the result should be. BDD helps close the gap between the business people and technical people within a project. BDD does not replace existing agile development processes; rather, it enhances them. [6]
Instead of a business stakeholder passing requirements to the development team (without the opportunity for any feedback), the stakeholder and developer work together to write automated tests that express the expected results of the required new functionality or project. Within BDD, human-readable tests/description are developed of the system requirements, creating a base for software tests. These tests are different from unit tests which are done solely by the developer. Developers use the feedback from the stakeholder to verify that they are setting out to build the right thing before the get started. BDD can provide acceptance criteria for user stories, showing exactly what should happen at each stage. [7]
	Developers like to use BDD as it gives them more information on what the end result of a requirement is. It gives them the opportunity to work with stakeholders to figure exactly what is going to be required of the system, asking questions based on their understanding of the system and listing any behaviours that may be needed from a development point of view.  [8]
BDD has many benefits, such as:
· Collaboration – There is a strong collaboration between the business stakeholders and the project developers. Everyone has a role in communication which helps make effective decisions.

· The software meets the users' needs – As there is more of a focus on the businesses' needs, the end product generally satisfies the users more. The 'behaviour' part of BDD implies this, since it's focused on the behaviour of the project.

· Easier for developers – Developments teams using BDD will find it much easier as they know exactly what they have to developed, and what the expected outcome will be. Rather then doing what they THINK it should do, they already KNOW what it should do.

· Lowers costs – BDD can help lower the costs of the project as you are reducing maintenance and risk of the project. There is likely to less major issues with the project and it should meet the end needs straight away.

4. [bookmark: _Toc38318717]Test Frameworks

Test frameworks are tools specifically developed for the testing of software. Test frameworks support the writing and running of unit tests, and include a foundation on which unit tests are built.  They provide a standard design for test scripts and a test driver which executes the software repeatedly on the test(s). The test driver compares the results of the execution to the pre-defined expected results from the test case and reports the results to the tester. Once a test has been written, it can be re-used automatically, as a part of a collection of tests. This way, a developer can run all of his tests at once and see which pass/fail. An example of this can be seen below, in figure 1. [9]

[image: SYSTEMS +: Unit Testing using xUnit]
[bookmark: _Toc38318700]Figure 1 - Unit Testing

	Unit tests are generally developed concurrently with the production code, but aren't used in the final product. Unit tests use the applications existing objects, but exist insite the test framework rather than the application itself. This is good for a few reasons, for a start, it makes sure the production code is not cluttered up with loads of built-in unit tets. This keeps the compilation time smaller, and tests can also be run separately cfrom the application. Objects can be run in isolation of the main application, testing just a single object without running the whole project. [10]
	A single unit tests is only used for a particular piece of behavior within the project. Each test validates single piece of code with a success or failure, good tests setup an environment/scenario that is independent of the application. Each test has a pre-defined result which is tested against the result of the test. A pseudo code example of a unit testing for a simple addition can be seen below, the first part shows the actual function of the application, and the second shows the unit test using said function. [11]


function addNumbers (number1, number2)
	return number1 + number2

describe(“math utils”)
	it(“should be able calculate the sum of 3 and 5”)
		expect(addNumbers(3,5)).toEqual(8)


The 'addNumbers' function is a placeholder for a function in an application; it should simply return the addition of two numbers. Below it, you can see our pseudo code unit test. The 'describe' puts it into a 'suite' of 'math utils', this way, you could test a bunch of math utils at once by adding them to this suit. For now, it only has a single unit test, shown this the 'it', which states it should be able to calculate the sum of 3 and 5. The 'expect' function within this uses our 'addNumbers' function and expects a return value of 8 (the expected result). If the function returns 8, it will show as successful, if not, it will show as failed.


4.1. [bookmark: _Toc38318718]Benefits of Test Frameworks

There are many benefits of using test frameworks, for a start, test frameworks ensure that code is solid from the moment it leaves the developers hands, it works as intended which means you're less likely to have to come back and fix bugs.
	There's also no human intervention requirement, once the tests are created, you don't have to do anything to them, just run the tests and they either all succeed or fail. [9]
	Unit testing and test frameworks are also very efficient. Manual testing can be time-consuming; automating testing allows you to test your software much quicker. For large applications, it can be almost impossible to keep up by testing manually. You can quickly and easily run a large number of unit tests; this means there is much less manual work and a lot of time saved. [10]
 You also get comprehensive reports, you will have all of the results of the test in one report, showing exactly where the application failed (if at all), making it very easy to diagnose and fix any issues in the code.
https://www.devprojournal.com/business-operations/devops/4-reasons-to-use-a-test-automation-framework-for-software-testing/

4.2. [bookmark: _Toc38318719]Drawbacks of Test Frameworks 

There are not many drawbacks to using test frameworks. However, the main drawback is that in unit testing you "mock" any data that is external to the module being tested. This creates an issue that if the external data/modules change, you also have to change the "mock" data. If you do not, you could have tests that are passing or failing when they should not be, potentially creating significant issues in the development process. [9]
As unit testing only covers a specific part of the application, there can be issues later on in the development when the modules are integrated. Just because they work on their own, does not mean they will work together.



5. [bookmark: _Toc38318720]Design and Implentation


An application was developed that use some of the previously discussed development principles. The application was developed as an in-browser music player that could be on any device, by anyone, so long as they have a Spotify account. It allows a user to login to their own Spotify account and play music. The application allows a user to search for artists, albums, songs, and more. The user has many function for song playback, such as play, pause, shuffle, replay, back, and forward. 

When you load the main page of the application, you are greeted with a basic page with a login button. This login button redirects the user to the Spotify authorisation page, passing a few URL parameters such as:
clientId – The Client ID given for Spotify Developer access.
responseType – The response type of the authorisation, in this case it's set to "token" so it returns a token which can be used to verify further requests.
redirectUrl – The callback URL to redirect the user to, Spotify passes some return data to this URL to state if the authorisation was successful or not, and to return the token.
Scope – This is used to set the permissions required of the application, allowing the web application to read and modify the users data through the Spotify API.
[image: ]The login page and the Spotify authorisation page can be seen below. [bookmark: _Toc38318701]Figure 2 The Spotify Login

[image: ][bookmark: _Toc38318702]Figure 3 - The Spotify Web Application Login








Once logged in the user can see the page shown below in figure 4. There are a number of notable features here. In the top left you can see a search bar, this can be used by the user to search for songs, albums, playinglists, and more.
	In the top right you can see that it displays the userse Spotify Username, in this case it was "Willbaker698".
	Along the bottom, in the footer, you can see a few options. In the middle you have Shuffle, Previous Song, Play/Pause, Next Song, and  Repeat.
	In the bottom right, you can see a volume slider.

[image: ]
[bookmark: _Toc38318703]Figure 4 - The Spotify Web Player main page
Each of these buttons are fully functional. For example, if the user searches for a song or playlist they will get results similar to the image below in figure 5.

[image: ]
[bookmark: _Toc38318704]Figure 5 - Searching for songs

On the right of each song/album/playlist is a play button. If a user clicks any of these, it will play the according to song. Once a song is playing, the user can use any of the other functions of the website such as shuffle, pause, repeat, and the volume slider.

To make the site function, a wrapper API was made for the Spotify Web API and Spotify Web Playback SDK. This wrapper provided easy to use functions for accessing the Spotify Web API, such as "pauseSong", "setVolume", and more. Each of these functions uses AJAX calls to the Spotify API to carry out the desired action.
Within each AJAX request, the previous request Authorisation token had to be passed in a header called 'Authorisation'. This token is saved on page load, taken from the local query parameters passed back by Spotify. This way, it is stored for future use.
The application also used an AJAX call to get the current state of the player, this way if it was changed in the Spotify Desktop or Mobile app, it would update the state in the browser application, including the pause state, shuffle state, repeat state, and volume. Within this, it would also check if the users token has expired and redirect them to the login if so.
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