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[bookmark: _Toc38819447]ABSTRACT
“Fitness PWA” is a Progressive Web Application aimed at fitness enthusiast and the general public. “Fitness PWA” was developed through thorough research conducted on the usability field. Usability is a key component within the development of any software. This project aims to evaluate research that was conducted on usability and the advantages and disadvantages of applications to develop a progressive web app targeting the fitness industry. 

This project conducts detailed research in the attempt to gain better knowledge on how to develop said app. The understanding of delivering the usability techniques tailored to progressive web apps such as offline support, responsiveness and being installable aid the process in completing the objective which is to design and implement the “Fitness PWA”. With the knowledge gained through secondary research, it was appropriate to conduct primary research in the form of questionnaires and SUS forms which were a major finding in the research made as they test the usability of an application. These research methods delivered critical results in the effort to produce the “Fitness PWA”. The primary and secondary research conducted along with pivotal testing led to the published app that was “Fitness PWA”. This application entices users to perform exercise on a simple yet effective app across multiple devices that has been conducted to suit the needs of the target audience in question. 
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1. [bookmark: _Toc38819451]INTRODUCTION
[bookmark: _Toc38819452]1.1 Aims and Objectives
This paper aims to evaluate primary and secondary research on usability and the development of Applications to create a Progressive Web App targeting the Fitness industry. 
The objectives of this paper are as followed:
· To investigate current usability and the development of various types of applications with a particular focus on the fitness industry. 
· To conduct primary research on usability to gain expertise towards developing a Progressive Web Application.
· To design and create a Progressive Web Application tailored to the fitness industry. 
[bookmark: _Toc38819453]1.2 Rationale 
The emergence of fitness and its importance in today’s society has impacted the authors perception towards web applications and their usability. Moreover, the lack of progressive web applications within this industry influences the author to establish a PWA to suit the needs and wants of customers within the fitness industry. While conducting secondary research to establish the feasibility for this dissertation, there was no relevant application to suit the perceived needs within this industry and therefore it generated an interest for this topic. 
[bookmark: _Toc38819454]1.3 Methodology   
For this dissertation the primary research will be conducted in the form of two sets of questionnaires to firstly address usability on a range of web applications. Usability testing will be at the forefront of discussion when issuing the initial questionnaire as it will provide intel towards designing a PWA for the fitness industry. Additionally, the first questionnaire will also provide key data towards the demand for PWA in this industry. Upon completion of the Progressive Web App, a second set of questionnaires will be delivered to the public to gain an understanding of the views towards the application. The results will be analysed to produce recommendations to improve the application if necessary. The authors friends, fellow students and the general public will be the target market for this dissertation, with a higher focus on those involved in the fitness industry as for example the members at both the authors gym and football club. In relation to the general public the questionnaires will both be conducted in a face-to-face environment and online to reach a wider range of participants. 











2. [bookmark: _Toc38819455]LITERATURE REVIEW
This chapter presents discussion on applications and the different concepts involved within the wider scope such as the types of applications being utilized as well as an extensive discussion into their use. The chapter will also highlight and discuss usability and the features that are coherent throughout the topic. Usability components and testing are also an integral topic of discussion and have a platform of conversation within this chapter along with the detailed analysis of usability collectively.

[bookmark: _Toc38819456]2.1 Types of Applications
In terms of computer software, an Application enables you to perform specific tasks [1]. The definition of Applications or simply put apps can vary depending on the platform they are based on. The definition of an application on computers and laptops can have a different portrayal depending on how a user utilizes the app. Desktop apps are software applications such as Microsoft Office which allow the user to perform tasks. Microsoft Excel is an application spanning from Microsoft Office and it is known to be one of the main utilized applications on the desktop with its simple interface and ever performing ability to perform tasks [2]. Web Apps on the other hand is a software program that runs from a web site on the internet [3]. Web applications and social media remain quite close and concern a wide variety of different sites: blogs, wikis, and digital social networks of any type [4]. Using web apps enables the user to access popular applications such as Facebook and Twitter and email sites such as Gmail and Outlook just to name a few because they are a responsive version of the websites. Both desktop applications and web applications have an integral place within the different types of applications available. 

Applications that are located on mobile devices such as phones and tablets are conveniently called mobile apps or native apps. Mobile applications are apps that can easily be downloaded onto a mobile device through an app store. The convenience of having an app specifically built for a mobile is that “although laptops and netbooks are moveable, their size significantly impacts how easily they are transported” writes Jakob Iversen, Michael Eierman, et al [5]. Applications such as Facebook and Gmail as such previously discussed as part of a web application can be downloaded as an app suitable for a mobile format. Most applications created in the world today are created for the intention of use on a mobile device as research has found most people spend 90% of their mobile time on apps [6]. Along with this statistic, it has been reported that 21% of millennials open an app more than 50 times a day and on average a smartphone user will use up to 30 apps each month [6]. These statistics make for a great reading as the mobile applications industry is considered a popular choice for app creators to utilize their apps within this market. The term used for an application created for use on a mobile device is called a native app. Native apps will run on the designated platform whereas apps made solely on their respective operating system such as android or iOS will not function between each other. These native apps are accessed through icons on the devices home screen and use features such as the camera and GPS to name a few [7]. 

The final type of application to be discussed is cross-platform application. This type of application is compatible across multiple operating systems [8]. This benefits the creation of a potentially developed app as it can be used across multiple devices and operating systems and not focused solely upon creating for one specific OS just like how a Native App operates. There are multiple approaches to developing a cross-platform application that can be taken, the main methods researched consist of Hybrid mobile application development (HMAD) and Progressive web apps (PWAs). 

HMAD uses the best of two practices with powerful server-side computing without treating the device as front end [9]. Developers construct the code of the application within HTML, JavaScript, or CSS and use Native functionality to allow the device to access 
Features associated with a Native Application [8]. 

PWAs use strategies, techniques and application program interfaces (APIs) to allow web developers to offer a native app experience [10]. This allows websites to function as if it is a native application. A progressive web app utilizes the features on mobile devices in a similar manner that a native application does. 

[bookmark: _Toc38819457]2.1.1 Web Applications 
Web applications have a unique stance within today’s society as created programs are only made accessible through remote servers and are viable through a user’s device via the Internet [11]. Web browsers allow a computer to access information from the Internet by interpreting the HTML tags and displaying them into a format that can be viewed according to a set of standard style rules [12]. Google Chrome, Mozilla Firefox, Safari and Microsoft Edge are all in fact web browsers that an end user can utilize [11]. 

In referral to the previously mentioned style rules, they act as a format that the website interprets in order to display the content within. The HTML enables the web browser to display the content of web pages on-screen, whilst the information of the web pages is formatted with the use of CSS. JavaScript code is also used to issue interactive content throughout the application such as clicking buttons [11]. 

Web applications are created and specifically designed for a wide variety of uses and can be easily accessed by anyone with a browser installed onto their respected devices [13]. As mentioned previously, web applications are created and utilized best when on a computer. Despite this, it is possible for mobile devices to access and use a web application however the content and the layout may vary from what can be seen on a PC. This is simply down to the size of the screen on the specific device in use. Laptops and Computers can easily format the style set of an application however the layout on a smaller device may be changed and content might be difficult to interpret. 

These difficulties arise since web applications were simply built for the use on a computer and not smaller devices. When previously creating a web application it was unheard of to have internet access via a wireless device such as a mobile phone [14]. However, due to the increase in technological advancement smaller devices such as a mobile phones and tablets can access the internet by using a web browser. Currently, it is common practice to implement features and functions to enable web applications to smoothly cohere on a smaller mobile device. Web developers are commonly using bootstrap framework and other similar methods of the sort to allow their web applications to be responsive in design, meaning the applications function in the same way as they would on a larger screen such as a computer. A responsive web app can function in the same way as it was intended with the added feature of being able to do it with cross-browser compatibility. This feature was developed by popular social media app ‘Twitter’ with the goal of providing web fronted framework for responsive web development [15]. 

Web applications can be designed for a vast multitude of purposes with apps ranging from simple websites to professional dedicated ones with the individuals and organisations using them every day for entertainment or business purposes [16]. Commonly used web applications include webmail such as Gmail and outlook, e-commerce shops such as amazon and eBay, social networking sites such as Facebook and LinkedIn [13].

[bookmark: _Toc38819458]2.1.1.1 Advantages and Disadvantages of Web Applications
With the various methods web applications can be utilized comes the potential of many benefits as well as downsides. This section covers the advantages and disadvantages of Web Applications, below is a table of advantages and disadvantages for web applications:

[bookmark: _Toc38804599][bookmark: _Toc38807155]Table 1: Advantages and Disadvantages of Web Applications [17].
	Advantages
	Disadvantages

	Web applications do not need to be installed
	An internet connection is required consistently

	Web applications are viable through a multitude of devices (e.g. computer, laptops and mobile)
	The potential of access restrictions means certain hardware may be at fault for intending to run the app

	There are multiple web browsers to use
	The application must be developed to suit the users on mobile devices which could prove time consuming when implementing the structure to allow it to become responsive

	The development of a web app is considered shorter than its counterparts
	

	Web applications don’t necessarily need to be updated unlike other common apps
	



Within today’s society, web applications can be considered as contrasting with what is known as one of its counterparts in the form of native applications. 

[bookmark: _Toc38819459]2.1.2 Native Applications
With a surge in popularity and an ever-continuing presence in everyday life, smartphones have dominated the technological market. The ever-increasing ability to perform tasks on these small and wireless devices have helped ensure its success over the years with many versions of smartphones as well as brands having been developed. Native apps are developed using Software Development Kits (SDKs), it is a method best suited and applied well as it is created with the intent of using software that each OS offers [18]. Native applications are created for the purpose of being used on mobile devices. The leading operating systems consist of Google’s Android, Apple’s iOS and Windows Phone [19]. These operating systems are what the developers creating a native app must cater for. These apps are then downloaded from their respected OS application stores as it is the only method of being able to use such apps. 

Native apps can utilize the many features and specific hardware that the device the application is installed on has. An example of this is the device can use notifications, cameras and GPS to enhance the users experience [18]. Certain applications can execute their needs even when there is no internet connectivity, these types of apps offer a truly integrated and fluid experience of the mobile device [18]. Unlike its counterpart the web application, native apps do not require a consistent internet connection to persistently work. After downloading the app from the app store an internet connection is not required for most apps, however there are still some applications that need the access in order to work correctly. These types of apps are commonly e-commerce apps such as Amazon or eBay as the require the connection in order to retrieve the catalogue among other things. 

Unlike web applications, native apps can be purchased on the app store. Some developers may charge users to use their application by setting a price fee within the app store in which the user must purchase the app in order to use it. By placing a fee on the app it can be difficult to achieve success, furthermore it would be difficult to become profitable and so many apps are free of charged for that reason [20]. In fact, it has been estimated that over 98% of native application revenue worldwide would generate from free applications [21]. The areas in which applications can exploit the market is with in-app purchases. Many apps integrate a system in which to offer the ability for the user to purchase an item within their free app, these items can vary depending on the type of application in use. Game apps such as ‘Angry Birds’ and ‘Candy Crush Saga’ for example could offer the user to purchase an extra life or a different version of the characters within the game [22]. Considering all aspects to this motive, it has been estimated that native applications are expected to generate over £161 billion in revenue [23].

Native applications can be written in an array of different combinations of code. React Native has been considered as one of the leading methods to create a native application with many successful apps spanning from the development. This method of development is a cross-platform, open-source framework that is used across the main OS applications [24]. React Native is JavaScript framework and based upon popular social networking site ‘Facebook’s’ JavaScript library where instead of using the browser it targets the mobile platform [25]. Other popular forms of languages consist of Python, Ruby, HTML 5 and PHP to name a few.

Native apps have the ability to perform fluidly when on a device with the application performing with a far greater ability than when a web application. Applications can span to a multitude of different needs and purposes with figures stating that popular operating system Apple has over 2.2 million apps to choose from whilst the Google store has well over 2.8 million [26]. The most popular category of application available to be downloaded from a given app store are listed below:













[bookmark: _Toc38804600][bookmark: _Toc38807156]Table 2: Types of apps and their current active shares as of November 2019 [27]:
	Application Category
	Share of Active Apps

	Games
	22.37%

	Business
	10.12%

	Education
	8.68%

	Lifestyle
	8.62%

	Utilities
	5.9%

	Entertainment
	5.8%

	Travel
	3.85%

	Food & Drink
	3.4%

	Health & Fitness
	3.31%

	Productivity
	2.99%

	Book
	2.49%

	Finance
	2.42%

	Music
	2.35%

	Social Networking
	2.24%

	Shopping
	2.18%

	Sports
	2.15%

	Photo & Video
	2.05%

	Reference
	2.01%

	Medical
	1.93%

	News
	1.86%



[bookmark: _Toc38819460]2.1.2.1 Advantages and Disadvantages of Native Applications 
As previously mentioned, Native apps have the ability to perform exceptionally well on a mobile device and is able to utilize the devices hardware to further enhance the experience of the user. Most applications do not need an internet connection to function however there are still a few that do require this connectivity. Native apps are only viable through an operating systems respected app store which are best suited to mobile devices. With all that taken into consideration the advantages and disadvantages follow.

[bookmark: _Toc38804601][bookmark: _Toc38807157]Table 3: Advantages and Disadvantages of Native [28].
	Advantages
	Disadvantages

	Integrated with a number of the Operating Systems available
	The apps require to be downloaded which can prove lengthy

	Further performance and hardware access with the device
	Development can sometime prove costly

	Ability to perform with no internet connectivity
	Development can also become time-consuming 

	The apps layout is maintained throughout
	The applications require constant updates and upgrades



Native applications are an excellent choice when considering the users experience as the ability to utilize the hardware is substantially more desired than potential web applications. The research conducted for native applications go as far as stating that the potential of a native app is a far better suited development than a web application [19]. However, there is another type of application which was referenced above that being cross platform apps. These types of apps were briefly discussed throughout researched material as a combined mixture of web application and a native application. 

[bookmark: _Toc38819461]2.1.3 Cross Platform Applications 
The increase in popularity within smartphones and tablets has led for the required needs of applications to perform adequately across multiple devices. Developers are needed to create applications to function across many devices, hardware and their respected operating systems. The cost and time to develop applications to function across these platforms come as a great hindrance to those developing as the programming languages must also be taken into consideration. Cross-platform development has emerged to relieve the strain developers must enthral by relinquishing the need to develop the same app repeatedly for the different platforms [29]. Cross-platform acts exactly as what it is described as, an application development strategy that functions across multiple platforms. Unlike when smartphones were first appearing and rising, smartphones have become the main target audience when creating an application and so developers aim to use cross-platform development as a means to develop apps to suit the needs for users across multiple platforms rather than the hassle for each specific one.  

During the ‘TechCrunch Disrupt Conference’ in San Francisco in 2012, Mark Zuckerberg the famous entrepreneur whom created ‘Facebook’ stated “The biggest mistake we’ve made as a company is betting on HTML5 over native [30]”. Despite this statement, the software has substantially improved allowing for cross-platform applications to edge the opposition and will continue to do so hereafter [31].

There are many benefits of developing a cross-platform application. Here is a list of benefits of developing an app using one of the many methods of cross-platform framework:

[bookmark: _Toc38804602][bookmark: _Toc38807158]Table 4: Benefits for developing applications through Cross-Platform framework [31].
	Benefits for Cross-Platform
	Reason for Benefits

	Reusable Code
	The same code can be used across the many different platforms

	Costings
	The cost to develop these types of apps are considered less than other types of application development

	Fewer Technical Barriers 
	When developing a cross-platform application the developer need not learn a specific language

	No Possibility of Complex Updates
	The updates are automatic, the applications don’t need to be updates through the mobiles respected OS app store



There are many ways in which to create an application dedicated to a cross-platform framework.


[bookmark: _Toc38804603][bookmark: _Toc38807159]
Table 5: A list of frameworks that can be used to develop a cross-platform application [32].
	Framework
	Description of the Framework

	Ionic
	This is an open source framework for app development. Its prime focus is on front-end user experience or the user’s interaction with the app. Ionic helps support the creation of apps with the languages such as HTML5, CSS3 and JavaScript.

	React Native
	Developed by Facebook and using JavaScript it supports over multiple platforms for the development of mobile apps. 

	Xamarin
	Developed across the three main platforms (Android, iOS and Windows) using C/C# language.

	Flutter
	This is an open source for mobile apps specifically iOS and Android 



As mentioned previously in the Native application section of the report, React Native was identified as one of the leading framework strategies used in order to develop Native applications. It has come apparent that many developers developing a native app would rather construct it to suit the needs of many platforms and so decide to develop it using cross-platform features. The ability to reuse the components on web and mobile platforms is one of the main features that developers take into consideration as it saves time [33]. It appears that more and more developers are shifting towards developing their applications with the cross-platform features. 

There are multiple approaches that can be taken in order to create a cross-platform application as the technology and methods have improved over the years. These approaches consist of Hybrid application development and Progressive web applications [8].  

[bookmark: _Toc38819462]2.1.3.1 Hybrid Applications
Hybrid applications are an extension from web-based apps and delivered through the use of native platform APIs [34]. There is a common misconception that hybrid applications are not viable to be installed onto a specific device however, a hybrid application acts and behaves like a native app as it can be installed through an app store and use the device hardware such as GPS, camera etc [35]. In theory, a hybrid app is a concoction of both native and web applications and is written using web technologies such as HTML, CSS, JavaScript and sometimes C# and VB.NET [36]. 

In order for Hybrid applications to function they are encapsulated within native apps. The application will not be displayed within the user’s web browser, instead it is run within the native application and its very own embedded browser which is a key component within hybrid applications as it hides it from the user. iOS applications would use WkWebView to display the app whilst WebView would be used on Android, these respected methods are both used to display interactivity of web content just like an in-app browser [37]. 

The developed code for the hybrid application must be embedded onto a native application wrapper. There are many sets of native application wrappers to settle upon. Below is a list of bullet points of native application framework wrappers to choose from:

· Apache Cordova
· Xamarin
· React Native
· Ionic
· Flutter

Some of the frameworks identified above in the bullet points were mentioned within the native application section for potential frameworks. This is because as previously mentioned a hybrid application formulates from a native application and thus similar techniques are used throughout. 
[bookmark: _Toc38819463]2.1.3.1.1 Advantages and Disadvantages of Hybrid Applications
The combination of both native and web applications convoluted into one and merging as a method of developing a hybrid application means there are potential benefits and cons when considering developing a hybrid application. 

[bookmark: _Toc38807160]Table 6: Advantages and Disadvantages of Hybrid Applications [38].
	Advantages
	Disadvantages

	Potential to develop faster than a native application with the inclusion of less client-side coding
	Has the ability to lack in some functions which can be found on native and web apps when developed separately

	Has greater functionality than a solely built web app
	Performance could hinder the users experience as the application performs between web and native apps and will hinder the users experience rather than if they had a solely built native app

	When developed the application will be viable from each platform’s app store
	


[bookmark: _Toc38819464]2.1.3.2 Progressive Web Applications 
Progressive web application is the other approach that can be taken when developing a cross-platform application. Progressive web apps span from the ever-consistent web applications with the benefit of including native app features. Progressive web applications are created as simple websites with the added bonus of becoming something much more. The websites have the ability to transform and perform exceptionally well as a standard native app [39]. 

PWA’s use a set of strategies, techniques and APIs to allow the app to perform as if it was a solely built native application [40]. Progressive web apps can function in the same way hybrid applications do with similar coding methods, languages and frameworks usable. There are many features which distinctly set apart PWAs with the many other types of applications viable. 

[bookmark: _Toc38807161]

Table 7: Features and the benefits of using a Progressive Web Applications [41].
	Benefits of PWA
	Reason for Benefits

	Instant Loading
	A method known as caching will be used when the user initially loads the application. The next time they visit the app the content will be retrieved rather than downloaded all over again.

	Push Notifications
	The application will only receive push notifications if the app is already closed. A method to include a third-party service will be used to send notifications to the registered device. This is done so by having the device to send the message alerts to the notification service and in turn this will notify the relevant devices. 

	Offline Access
	When a user is not connected to the internet, they are still able to operate the application. This is also done by using caching. 

	Mobile-first design
	As mentioned within web applications, PWAs can act as responsive designs as they extend their design limitations to mobile with ease.

	Progressive Enhancement
	The ability to progressively enhance the application is applicable within PWAs as when hardware and software improves on devices the same is achieve with the application. The more the user uses the app the greater the app becomes. 



As mentioned previously there are many strategies and techniques that can be used to utilize the performance of a progressive web application. Caching was referenced in the above material when discussing the benefits of what a progressive web app has to offer. Caching ensures that a website or application correctly loads in the most efficient possible way for users who revisit the application on their respected device [42]. This strategic technique is also known as a service worker, it interprets and understands a variety of HTTP requests and stores information each time the application is used. When the user runs the application again the content is loaded faster, this is also a reason how the app can function offline as everything is cached/stored [42].  

Another strategic technique used within the development of a progressive web app is the inclusion of a web app manifest. A web app manifest is a JSON file that tells the browser how the PWA must behave and perform on the given device [43]. This is the ability to configure a web app, so users are able to install the application on the device running the app [44]. The types of configurations the web app manifest applies to are the apps icons, displayed name and splash screen. The manifest file is included within the developer’s code and the browser will detect that and load the resources available. The display name and icon are set within the developer’s code for what the application is called and an icon to set it apart from other apps. The splash screen shows the image before the main window appears or in this case before the application is run [45]. 

The frameworks and languages to create a Progressive web app result in the same as what was mentioned in the cross-platform application. Developers have the benefit of not learning new languages and frameworks in order to create an app. If a developer has previously made an application, then they can include techniques such as manifest and caching in order to make their app function more like a PWA. 
[bookmark: _Toc38819465]2.1.3.2.1 Advantages and Disadvantages of Progressive Web Applications
The inclusion of many techniques, strategies and APIs signify the supremacy that progressive web apps can fulfil in expectations over than a standard native app. 

[bookmark: _Toc38807162]Table 8: Advantages and Disadvantages of Progressive Web Applications [39] [46].
	Advantages
	Disadvantages

	The application is available no matter what the user’s internet connectivity is. The app can function offline.
	Progressive web apps avoid significant traffic from users who browse app stores as their apps are not found there.

	The service worker cache can instantly launch the application.
	Plugins such as Facebook are unable to fetch data from the app and the user must complete this separately if required to do so. 

	PWAs can send notifications to the users with the push notification technique.
	The daunting aspect of intending to promote a PWA is difficult to do as social media companies compose their own in-app browsers.

	The web browser will automatically recommend for the user to add the app to their home screen with a shortcut. 
	

	The application loading from the home screen can emanate the look of a native app. The inclusion of a splash screen can also resemble an entirely native app. 
	



A key finding found when researching progressive web applications was the involvement a popular e-commerce site named ‘AliExpress’ had when converting from a native app to a progressive web app. ‘AliExpress’ suffered from negative reputation when their users were made to download their app as the web site would not function on a smaller device. As such ‘AliExpress’ invested into becoming a progressive web app which as a result significantly enhanced the performance and overall user experience. ‘AliExpress’ witnessed [47]:

· An increase of 104% in conversions for new users
· 2 times the additional number of pages visited for each session
· The users time spent on the site increased 74%


[bookmark: _Toc38819466]2.2 Fitness Industry
The last two decades have shown a significant rise in the popularity and influence of sports and the voyage for physical fitness [48]. The fitness industry has evolved and continues to do so with the introduction of 24-hour gyms, online-fitness and growing franchises writes Rosemary Marchese, Julie Taylor, Kirsten Fagan, et al [49]. The surge in health and fitness apps between June 2013 and January 2014 was recorded at a growth rate of over 87% faster than other apps [50]. The recorded popularity in growth does not give the true reflection in applications on the market available for users. As documented above the health and fitness market acquires 3.31% of the active shares as of a more recent date conducted in 2019. This conclusive research implies that there is a gap in the market for fitness applications [51]. 
[bookmark: _Toc38819467]2.3 Usability in Applications
Usability is a key component that must be taken into consideration when developing an application. The application must be presented as satisfying, have a rapid response to the user’s actions and easy to use [52]. In terms of applications there is a distinct and clear focus which developers must abide by when developing a potential app for users. There is a selection of usability components which must be taken into consideration when developing an app. The ability to test the usability is also a significant and a mandatory procedure which must also be conducted before the app can be acknowledged as completed. This section covers all aspects required when considering usability on applications.
[bookmark: _Toc38819468]2.3.1 What is Usability
Usability refers to how easy a product is to use, the effectiveness, efficiency and satisfaction a user can have with that product [53]. Usability is a method that can enable or facilitate the development of systems such as applications for the internet, the methods can be characterised as inquiry, prototype, inspection and the testing elements to the usability [54]. Inquiry methods scrutinise the usability of the system by conducting research from a user’s perspective by gathering their thoughts and opinions usually through a questionnaire. The prototype method enables testing to be conducted whilst the inspection refers to the review of the system [54]. 

The terminology used in usability can also be referred as the users experience or the abbreviated word ‘UX’. The design of the product is not deemed usable or unusable as it is the features together with the user, what the user requires to do and the environment of performing a certain task in what determines the level of usability [55]. The users experience is what the developer must take into consideration in order to have a usable application.
[bookmark: _Toc38819469]2.3.2 Usability Components
The users experience, opinions and preferences can affect how the product or in this case application is perceived. There are components within the development of an application that must be implemented to enhance the usability of the product. Usability can be defined by 3 components [56]:

· Learnability
· Efficiency
· Satisfaction

Learnability 

The product or in this case application can be deemed easy to learn if they follow an array of strategies. The following bullet points highlight what must be considered in order to have an easy to learn app [57]:

· Operations and Functions clear for the user
· Clear navigation 
· Easy to remember commands and actions
· Easy to undo mistakes
· Consistent terminology and layout 
· Simple and coherent product

Efficiency

An application that is efficient allows the users to operate the app successfully by completing their goals and tasks in an efficient manner. The following bullet points highlight an application to be used in an efficient way if [57]:

· An experienced user can operate the app without searching for instructions
· The user can perform simple tasks with no conscious and deliberation 
· The applications performance is sufficing enough in preventing delays that hinder the running of the app

Satisfaction

The components implemented require upholding the status of the application as a fully functioning and easy to use app that satisfy the user’s needs and requirements. The ability to have an app that satisfy the user’s needs is a priority and helps create a relationship between the user and the app. The following bullet points highlight how the application can be pleasant to use when [57]:

· The application is aesthetically pleasing to view
· The app is stable, reliable and trustworthy 
· The performance is adequate with reduced delays 
· All around satisfaction experience for the UX

It is important to maintain a level of balance when developing an application by implementing each component to promote an optimized level of learning and desire to use [58]. These components must be carefully considered and implemented into the development of an application to ensure a successful application has been created. The design of a software product such as an application requires a greater in-depth knowledge of the interface that the user must use. The components researched above discuss the operation of the app with appropriate navigation and clear functions required. These required components reference the interface of the app. In order to design a user interface effectively the following points must be established [59]:


· What are the tasks and activities the user can perform?
· What is the overall visual style and how will the layout, font, colour scheme be used?
· How does the user navigate through the application?
· By what means can the user control the app (e.g. clicking or touch gesture)?
· What content does the application present and how is it represented on screen?
· How will the structure of the app guide new users in completing tasks?

The points highlighted above illustrate the ability to enhance the users interactive experience with the application. Human Computer Interaction or commonly known as HCI concerns itself with software and hardware of the product and the techniques and technologies they use, this attributes to the layout and the commands that the user must use whilst on the application [60]. In the book ‘The Design of Everyday Things’ published in 1988 the author Donald Norman introduced a set of basic design principles and concepts that have now been accepted as the foundation when discussing usability [61]. Consistency, Visibility, Affordance, Mapping, Feedback and Constraints are the principles and concepts in focus. Below is a table highlighting each concept:

[bookmark: _Toc38807163]Table 9: The design principles and their meaning [62].
	Basic Design Concepts
	Context

	Visibility
	Functions that are made to be visible for the user enables them what is required for them to do next. 

	Feedback
	Feedback consists of sending information of what has been accomplished to allow the user to continue with the activity. 

	Constraints
	This refers to the determining methods of restricting the user interaction that can take place.

	Mapping
	Mapping is the relationship between controls and the effects on the application. This can be in the form of the up and down arrows when they move the cursor for example. 

	Consistency
	The interface must follow similar elements and consistently operate in the same manner. 

	Affordance
	This refers to an attribute of an object that users can know how to utilize it. The affordance of the physical object such as a mouse are perceptually obvious in knowing how to interact with it.



These concepts crated by Donald Norman are the standard approach in what a developer must consider when developing an app. Furthermore, the visual aspect of the app must uphold the standard delivered throughout the development stage. The applications interface is the main aspect that the user is intertwined in as the interface is what the user sees and controls in order to use the app. 

Visual usability plays a major role in the usability components. Visually the application must consider all the components mentioned thus far in order to conclude a successful app. As previously mentioned, the application must be efficient, satisfying and learnable and implement components from design principles in order to be successful. The designs layout, colour, type, imagery and controls and affordance are all tools in which the developer must implement accordingly. Below is a table discussing each design tool:

[bookmark: _Toc38807164]Table 10: The design tools and their meaning [63].
	Design Tools
	Context

	Layout
	The layout can be referred to as the position, alignment and grids. It is where the functions such as buttons and navigation reside. The user experience will benefit greater if the layout follows popular applications in displaying their content in similar fashion. 

	Type
	The type references the font style and size used.

	Colour
	This is the colour consistently used throughout. The colour used must match the application in means of the context must be relevant. 

	Imagery
	Appropriate images, logos, icons and illustrations must draw attention to provide valuable information instead of overwhelming the user. 

	Controls and Affordance
	Interface elements and methods allow users to use controls to interact with the application. 



There are multiple usability components that a developer must focus upon when creating an application. The components discussed above are the main researched aspects that a developer must consider. The usability components when implemented must be tested to know the true state of the app. 

[bookmark: _Toc38819470]2.3.3 Usability Testing
Usability testing is a technique used to collect empirical data whilst observing the end user perform realistic tasks on the product [64]. It is used to evaluate a product or a system to test if all aspect of the design and functionality is correct and usable. Usability testing helps garner information from the end users in order to identify and rectify usability deficiencies in the product. The intent is to have a created product that is useful and valued by the target audience, easy to learn, effective, efficient and satisfying [65].
[bookmark: _Toc38819471]2.3.3.1 Elements of Usability Testing
When conducting usability testing much can be achieved in order to gain knowledge of the product that is being developed. Elements of testing must be incorporated into each developed product in order to secure a successful status. Below are some basic elements of usability testing [66]:

· Development of research questions
· Sample for the end user to test
· Observation of the end users or review of the product conducted by the end user
· Collection of quantitative and qualitative performance 
· Recommendations into how to improve the product

[bookmark: _Toc38819472]2.3.3.2 Advantages and Limitations of Usability Testing 
Usability testing is required no matter what the product as it is an essential method in knowing if the product can succeed and pleasing the target audience. This section of the report highlights the benefits of usability testing. Despite usability testing being essential in the final stages of development there are also limitations and drawbacks that are associated. It is in no way considered a disadvantage however the limitations persisting with usability testing may hinder the end results, as this section will discuss further. 

[bookmark: _Toc38807165]Table 11: Advantages and Limitations of Usability Testing [67].
	Advantages
	Limitations

	Direct discussion with the intended target audience 
	The testing does not represent the real-life scenario of the end user as it is all planned n advanced

	Any deliberation about the product can be solved by analysis on how the user responds to tasks 
	The research provided is mainly collected through qualitative research and does not provide large samples of feedback 

	Issues are highlighted instantly 
	

	Targets set in advance can be met when the user reaches the goals set 
	


	
The advantages reiterate the necessity usability testing has when developing an application. The limitations can be combated by providing a questionnaire and distributing across multiple end users in their own environment to truly garner successful information on the product. 

[bookmark: _Toc38819473]2.3.3.3 System Usability Scale
System Usability Scale (SUS) provides a method in measuring usability. SUS consists of a 10-item questionnaire with 5 possible response options ranging from strongly agree to strongly disagree [68]. Introduced by John Brooke in 1986, it has been accepted as the industry standard in terms of the procedure to follow with references to his work in over 600 publications worldwide [69]. Figure 1 below contains the SUS template in which is used.

[image: ]

[bookmark: _Toc38807121]Figure 1: The System Usability Scale template, developed by John Brooke as an example of how it calculates the score [70].
There is little guidance received in terms of interpreting the SUS score when completing the form. To calculate the SUS the scores from each contribution must be totalled from each item in question, the score varies from 0 to 4 for each. Items 1,3,5,7 and 9 the score contributions are the scale minus 1. Items 2,4,6,8 and 10 are deducted by 5 from the scale position. The scores must be multiplied by 2.5 to obtain the overall SUS score. Figure 1 demonstrates the sums totalling to 22. 22 further multiplied by the 2.5 totals the overall SUS score as 55 [71]. 

Author of the article ‘Measuring Usability With The System Usability Scale (SUS)’ featured on the website ‘UserFocus’ Jeff Sauro conducted 500 individual studies and concluded that an average score of 68 was issued throughout [69]. Below is an example of a SUS scoring Template sheet [72]:

[image: ]

[bookmark: _Toc38807122]Figure 2: Example of user miscue in SUS scoring [72].
[bookmark: _Toc38819474]2.3.3.4 Usability Testing for the Different Types of Applications 
There are different strategies and approaches that can be taken when testing usability for each respected application types. Thorough testing is required for each application in development. 

Native and Web Applications

Regarding the native and web applications there is a lack of guidelines that best evaluate the usability of these types of applications. There are no specifically-set structure testing plans to follow, rather the developer must create their own means of testing specified around their target audience and how their system performs. Developers often centre their testing methods around the following sections [73]:

· What is the usability testing?
· Implementing objectives for the usability testing
· Create tasks for the end user
· Create and distribute research questions 
· Document finding from end user
· Make appropriate changes

When testing the overall applications built through a native or web interface there are numerous requirements involved. However, usability testing is mainly done through research methods delivered through an end user acting as a participant. It is a basic form of testing yet completes the job adequately. Progressive Web Apps take a different approach on usability testing.

Cross Platform / Progressive Web Applications  

It is imperative that PWAs are tested thoroughly as they offer a different experience from the traditional native and web applications. As stated above the testing for web and native are centred around the behaviour and consistence of how usable it is on the device it has been built for. However, PWAs require cross browser testing as characteristics of the app may vary. The following points highlight the testing required for developers [74]:

· Test to see if web pages are responsive - Testing of the layout on diverse screen sizes and devices to ensure there is no issue related to the responsiveness of the application.
· Does the application load offline? - Multiple pages must load while the device/devices are in offline mode to ensure the application displays content when there is no internet connectivity.
· Is the application compatible across multiple browsers? - The PWA must run on the many different browsers in order to analyse its performance, loading speed and navigation. There are possibilities the application can perform well on one web browser but face issues on another. The latest versions of the browsers must be installed and updated. LambdaTest provides real-time cross-browser testing across multiple devices.
· Does the metadata function allowing for the app to be added to the home screen? - LambdaTest allows to add a PWA to the home screen and testing it without any network connection (in airplane mode).

Lambda test is a free tool used to test cross platform interactivity [75]. Another tool used in the testing stages of a progressive web application is an open-source tool developed by Google for the purpose of improving the quality of web pages. Conveniently named Lighthouse, it measures the potential of the app by testing the performance, accessibility, best practices, PWA and search engine optimization (SEO) [76]. Lighthouse returns a performance score between the ranges of 0 and 100 with 0 being considered the lowest and 100 the highest. The figure below demonstrates the scoring with colour-coding ratings, 0 to 49 being represented as Red meaning slow, 50 to 89 being Orange meaning average and 90 to 100 being Green and meaning fast [77].



[image: The scores that you see next to Progressive
            Web App, Performance, Accessibility, Best Practices, and SEO at the top of your
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[bookmark: _Toc38807123]Figure 3: Scores of a Progressive Web App with Performance, Accessibility, Best Practice and SEO being the categories [77].
[bookmark: _Toc38819475]2.4 Conclusion
The purpose of this literature review was to research the different applications that can be developed with their advantages and disadvantages in order to select the best approach when developing an application. This review also contained usability and the methods surrounding the topic. Usability as a key function has a major impact on applications and the way they are developed. The extensive research conducted better helps the reader understand the different aspect needed to be considered before developing an application, with usability being a key component in the development stages. 
The author of this report considers themselves as a keen fitness enthusiast and over the years has developed a need to apply themselves with the correct fitness workouts in order to live a happy and healthy lifestyle. The topic of fitness was discussed with the intent of creating an application centred around fitness. The research topic area presented a shortage in fitness applications and thus a gap in the market. 
The research conducted highlights the importance and recent emergence of cross-platform applications, specifically Progressive Web Apps. A PWA as research within this section proves to be a leading form of application which could be adopted in the development of future applications for most companies and individual developers. 
The lack of knowledge in the field of different types of applications led to the involvement in the research. With ever growing technologies, systems are changing with many benefits, limitations and newer features constantly being developed. The research conducted helps identify which approach to undertake when developing an application. 

The next chapter within this report discusses the research methods and methodology required in order to generate a possible solution to the idea. The section discusses procedures undertaken with extensive information accompanying the justification of the research conducted. 




3. [bookmark: _Toc38819476]RESEARCH METHODOLOGY
The purpose of this chapter is to demonstrate an understanding in the research methods implemented throughout this study. This chapter informs on the choice of research undertaken, the research conducted on the design of the application and the benefits of the research tools chosen. The objective of the dissertation is to create a progressive web application in relation to fitness. Considering the research and review conducted above, the choice of using a progressive web app over other types of applications researched was beneficial as PWAs offer more in terms of capability to users and their specific requirements. However, the underlying issue attributed following the conducted work was the development and design of the application in question. Usability of an application as well as the design and functions cannot be developed until further research has been conducted. 

The dissertation makes use of Quantitative research methods, this approach implements the beliefs of Positivism to gain the knowledge and understanding to successfully complete the objective. Derived from the mid-19th century by French philosopher Auguste Comte, Comte defines positivism as the view of certain perspectives or empiricisms that are trustworthy to gain data collection, interpretation and analysis [78]. The quantitative research approach helps gain a knowledge and understanding from sources such as surveys/questionnaires when handed out to persons willing to help assist in the matter. Quantitative research was chosen as the most suitable approach as it enables a set of specific question to be answered by a target audience. The target audience provides a pivotal role in the development of any project as data can determine the best practices to implement and what approach to be taken over others. Research will centre around the usability of other applications with the aim of gaining an understanding into methods of developing the fitness PWA with the correct usability features that the target audience has identified.
[bookmark: _Toc38819477]3.1 Research Methods
The research method best suited for this project was that done through the form of questionnaires. The questionnaires will be distributed amongst the general public with more of a focus on those who are avid fitness enthusiasts. The general public is the target audience as the application will be available to anyone who chooses to use it. However, individuals with a keen fitness background will likely utilize the application more thus having a higher focus. The author of this report has a platform in which to distribute these questionnaires as the gym and football club they attend have regular personnel who utilize fitness on a day-to-day basis. These questionnaires are available to the general public through social media sites online as they can reach a wider network of people as well as handed in person. These questionnaires will focus on the SUS questions discussed within the literature review. 

Another form of research method the author of this report has decided to combine with questionnaires is the Waterfall method. The waterfall method is a software development methodology that benefits with any developed software in this case it complies with the fitness application forthcoming. This software development methodology helps with the development of software as it clarifies the process needed to be made in a specific sequence. The waterfall method begins at the requirements stage where it moves onto the design of the system before the implementation section. When the code has been implemented the next sequence is the testing of the app before deployment and further maintenance. This software development methodology works unquestionably with the application and software development chosen. The advantages and disadvantages of these research methods are discussed below. 


[bookmark: _Toc38819478]3.2 Advantages and Disadvantages of the Research Methods
Questionnaires were selected as the main means of research as they are reliable and quick in relation to obtaining the required information from multiple respondents. The questionnaires main advantage is that they can be specifically created and customised for the target group in focus. A disadvantage to using questionnaires is that there is no scope to expand further on a point made. There is also the chance that many respondents will not complete all the questions whether it be down to misinterpret the question or ignoring it [79]. The disadvantages discussed did not complicate the end results as the advantages outweighed the disadvantages and provided clear results. 

The waterfall method is clear and easy to understand as it follows a set of specific sequences before a successful completion. This method saves time so there is room for improvement if any changes are required. Testing is also an advantage when using this software development method as it can be attributed to a specific sequence allowing more time to test all aspects of the developed app. Feedback between project phases is minimal as results in the development of the application is only recognized later on in the life cycle [80]. When phases/sequences were completed a thorough review of what was accomplished and what was needed to come was put in place. This was done as a way of avoiding this disadvantage. 

[bookmark: _Toc38819479]3.3 Research Design
To obtain the best possible results two questionnaires were constructed. The questionnaires for the fitness enthusiasts that attend the gym and football club contained 7 tasks in which the user must perform. At the end of the 7 tasks the closed-ended SUS questionnaire was issued to obtain information on the usability of the application. To gain a better understanding a similar set of 7 questions were asked again with a different application to compare the usability. In total there was 14 tasks to complete with the result of completing the SUS questionnaire. The questionnaire for the general public were uploaded online and given out to people willing to help. These questionnaires also contained the same set of questions with the addition of having the country the participant was from. This was implemented in the event of a participant online had found the questionnaire and answered from a different country. This was a method implemented to obtain the best possible usability results and truly analyse usability for the benefit of the fitness application.  
The second questionnaire was delivered to the same target audience. This questionnaire consists of questions in relation to the completed application in being the fitness app. The benefit of having the target audience in close relation to the writer of this report as the respondents attend the same fitness activities is the ability to ask the same set of people to contribute once again. This offers a greater understanding as they attributed to the development in some way. However, the possibility of gaining feedback from the general public who completed the initial questionnaire would be sparse as the developed app would not be completed overnight. This questionnaire was designed to test the application and feedback would result in positive changes to the app. A copy of the questionnaires can be found in the appendices. 

The waterfall method was completed conclusively when the first questionnaires were retrieved. The waterfall method contained the requirements of the application, an analysis of the proposed system and the proposed design before the coding and testing stages began. The waterfall method falls into place with the design and implementation of the application. Figure 4 below demonstrates an overview of the research design components. It demonstrates the guideline used to in the form of a simple diagram.
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[bookmark: _Toc38807124]Figure 4: Research Design.
The research design applied above illustrates the process required to successfully complete the project. The literature review is the starting process in which all relevant literature is reviewed to understand what is required to do. The quantitative research chosen allows for questionnaires to be produced in order to question several participants from the target audience closed-ended question specifically on the chosen topic. The author of this report’s knowledge from teachings at the university as well as their underlying knowledge from the background of this topic helps the project completion process. The convenience of documents created on the subject matter and previous knowledge gained throughout the years allows for the distributed findings, interpretation and conclusion to the research. At which point the waterfall method begins its process with the requirements gained from the findings attributed in the research stages. 
[bookmark: _Toc38819480]3.4 Data Collection and Analysis 
To obtain the data from the general public who used online means to complete the questionnaire, they were obtained via email as it was done online. Those who completed it when handed to them kindly handed them back after completion which took on average 15 minutes. The fitness enthusiasts were delivered the questionnaires however as they were participating within activities, they were unable to complete them on the day. The author of this report proposed a hand in date in which everyone complied and when completed they were retrieved over the course of a two weeks. The research conducted within the literature review evolved around action research which allowed the author of this report to reflect upon findings and establish a key understanding which would be used for the design and implementation of the project. 
The analysis of the questionnaires was conducted through Data Mining methods. This is a technique used to evaluate large sets of data and discovering correlations within them. Time constraints and hardware faults resulted in no analysis software being utilized. Manually analysing the data was not an issue as the questions answered were specific and delivered the knowledge required. Data mining attributed to efficient and effective analysis of data despite it being done manually. The questionnaire results were imposed onto tables and can be found within the analysis chapter of the report. 

[bookmark: _Toc38819481]3.5 Development Methods
Developing the application can be accomplished in many forms of software and software languages. The one specifically chosen for this type of project is that of Visual Studio. Visual Studio can compile many forms of coding techniques and run the developed application in many web browsers. The project is better suited for execution on visual studio through Google Chrome as it can run the application and offer the extended feature such as methods of testing as discussed previously with lighthouse and allowing for the app to be installed onto the device. Simple text editors for windows such as Notepad++ will also be used as the application will gradually overtime be completed. The addition of using Notepad++ in combination with Visual Studio is done due to software and hardware limitations in the facility the author conducts their work. These limitations do not harm the progress rather it simply delays the project momentary until relocating at a new facility. Notepad++ can adequately run the application as the software language used to develop the application works universally across multiple software’s and devices. The languages used for the development consist of HTML5, CSS, JavaScript and Frameworks that benefit the overall usability of the app. These languages have been selected as they were previously researched and discussed within the literature review to be the most effective when creating a web-fronted/mobile application for multiple devices. 
[bookmark: _Toc38819482]3.6 Ethical Considerations 
This project does not entangle with any ethnical issues however it was important to understand who the questionnaires were being appointed to. The author of this report took it upon themselves to only propose the questionnaire to those of suitable age and exclude any vulnerable groups or individuals under the age of 18. This eliminates any complication within any ethical issues that may have arisen. Any and all information collected from respondents has been used only for the intended purpose of completing the dissertation and will be kept confidential. 
[bookmark: _Toc38819483]3.7 Conclusion
This chapter of the dissertation concludes the research methods implemented and the validity in doing so. Questionnaires were the vocal point in discussion as the approach taken was that of a quantitative strategy. The tools used in collecting data was completed through the use of questionnaires and derived from participants highlighted as the target audience. The target audience result in members of the general public as well as fitness enthusiasts that attend the same activities as the author of this report. The results from the questionnaires were manually analysed as time constraints and hardware faults at the time affected the flow of the work, however these limitations were quickly resolved as data mining was identified as a key method in analysation. The results acquired from this research are discussed in the analysis chapter of this dissertation. 

4. [bookmark: _Toc38819484]DESIGN AND IMPLEMENTATION
This chapter of the dissertation concentrates on the design and implementation of the application which was proposed to be developed. This chapter describes how the system came to fruition with detail in the design aspect as well as how it was coded. 
[bookmark: _Toc38819485]4.1 Problem Formulation
How must the application present itself in terms of usability towards the general public and fitness enthusiasts? The design of the application and features implemented will benefit usability for those who use the app. 
[bookmark: _Toc38819486]4.2 Design 
The research content within the literature review helped develop a key understanding of methods to use in terms of how to design the application. Additionally, the research questionnaires also provided an understanding into potential design features to utilize as patterns were discovered within certain applications when viewing their usability and how they utilized their layout. To begin the design process of the application, all relevant resources of design techniques attributing to the development of an application was evaluated from the research made and philosophised within a design specification. The design specification was used to document requirements for the application and how the designs would benefit the data, architect and interface that the app must take into consideration. Below table 12 highlights the design specification created as part of the process into designing the app. 

	Design Specification
	Justification

	Simple Design with not too much content. 
	It is a fitness app, there is no need to over complicate the application by adding unnecessary features and content. It would be difficult to use and enjoy an overcomplicated app. 

	The Design should be colourful and consistent throughout.
	The colours used should be bright so the app looks welcoming and this should be done consistently on every page. 

	It should contain images to make it more attractive to users.
	Images should be used to demonstrate any potential workout exercises. These images should benefit all users meaning male and female images should be used. Cartoon were considered a far better option than using real people. 

	It should be designed so that if the user resizes the app then it is responsive. 
	The layout of the app must be designed so that any form of device can access the application with no issue. The design must be made responsive to suit these demands. 

	Design of each page should be consistent and concise. 
	Each page should contain similar layout, so users know how to operate the app.

	The main logo should be colourful and appealing to all users.
	The main logo to appear on the home screen must be appealing to all users. Having a colourful logo welcomes the users.

	Must be installable onto the device. 
	As the app is a PWA, the device must installable from the web browser they view the application in. 


[bookmark: _Toc38807166]Table 12: Design Specification and Justification.
The completion of the design specification allowed for further design methods to be introduced. The design specification helped contribute to the requirements needed and subsequently initiated the design process. Knowing what was required for the design aspect of the application it was simple to create requirements for the application. The requirements illustrate how to make the application progressive and must be implemented in order to have a successful running progressive web app. The requirements document can be found within the appendix of this dissertation where it highlights what must be involved within the application. The requirements were created from the research conducted within the literature review. The research made was acknowledged as it specifies what is required to make a progressive web app. Understanding what was required to be considered a PWA, the requirements document was completed. The design specification and the applications requirements helped place the project in good stead. The applications design and implementation had a clear path in how the app must be designed and implemented due to these methods being applied. 

After the resulting specifications and requirements documentation, it was imperative that the design must follow these methods as it enables the design to become complete, concise and correct for the users to utilize. The methods discussed above attributed to the design being the most efficient for any user to use and the usability of the application being effectively distributed throughout. 

[bookmark: _Toc38819487]4.2.1 Applications Layout Design
It was essential to design the layout of the application for the user to utilize as there are many techniques which can be introduced to enable an effective application layout. The layout consists of the positioning of the elements on the application. Using the knowledge applied from extensive research and the authors own understandings, the layout was initially designed to illustrate the home page of the application, figure 5 below was the initial diagram created. The knowledge and understanding were put into practice to develop a simple interface for the user to interact with. 

2


[image: ]


[bookmark: _Toc38807125]Figure 5: Initial Design of the Home Page.
The approach taken to design the applications layout was inspired from the knowledge that software users are experienced with many types of application. These applications always follow similar layouts with navigation located at the top of the page with the context below it. The rule of thumb was also taken into consideration as it was a progressive web app the likelihood of a user on a smaller device using it was high and so it must be designed to suit the needs of mobile users. Another method used in the design of the layout was the ‘F’ pattern. The ‘F’ pattern is a well-known technique used within software development and enhances the usability. When a user initially enters a web page the user reads the horizontal movement across the upper section of the application before moving down the centre in an F-shaped pattern. The simple yet effective layout benefits all users on all devices due to the methods put into practice. 

The layout of the application must also be designed to suit the transition of the page. This simply means that if the page is resized then the layout complies to the change and is still made accessible. 

[bookmark: _Toc38819488]4.2.2 User Interface Design
The interface that the user will interact with was designed next as methods such as diagrams and storyboards were used. User interface is the method in which users and the applications system interact. In contrast to the layout of the application, the interface is how the interactive elements work on the layout. The user interface is the main aspect of the created app as it is what the user interacts with in order to utilize the application. The interface required to be effective, efficient, satisfying, clear and concise as usability is quantified in such a manner. Many software applications fail due to their poor interface design hence the importance on delivering a simple application as it benefits users on all devices. 

The navigation bar located at the top of the page will consist of button links. These links will transport the user to the required page. When on the page chosen there will be a simple image to declare the type of benefits the exercise provides to their body. This image will also have a link involved to transport the user to the workouts section. The workouts section will contain all the exercises in relation to the chosen workout (e.g. if chosen chest then chest exercises will appear). These links used to transport the user to another section on the application are done seamlessly. The method behind the interface behaving in this way is that it is simple and offers effective, efficient and satisfying usability. Methods into coding the interface will be discussed in the implementation section of this chapter however below contains a diagram demonstrating the interface.

Navigation Bar Buttons 
Navigation Image
New Page
Click/Touch










[bookmark: _Toc38807126]Figure 6: Simple Interaction between navigation elements.
This simple yet effective interaction between the user and interface spans from native applications. Most successful fitness native apps have minimal interaction allowing it to become effective and satisfying to use. Below consist of the storyboard created. Figure 7 contains the story board of the menu used to visit each page.
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[bookmark: _Toc38807127] Figure 7: Applications menu storyboard.

Figure 7 demonstrates how the user uses the main menu of the application. There are 6 button links of which transport the user to the application page they require. When on that page the image displayed can result in certain exercise the ser can participate in. When that image is clicked or tapped then the user is transported to the relevant exercise/workouts page. These menu options act as a type of splash screen so that the user can use to load up the content before requiring to participate in the exercise. This give the chance for the application to load relevant content. The calendar page contains content relevant to exercises that must be complete on specific days. The days will contain exercises and hyperlinks relevant to the workout they must complete. Figure 8 below contains the workout pages when the user clicks on the relevant image.
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[bookmark: _Toc38807128]Figure 8: Applications workout pages storyboard.
When the user clicks on the relevant image then they are transported to the workouts section of the application. The user can interact with the content on display as well as a feature implemented at the bottom of the application. This feature can be a stopwatch where the user performs activities for a set amount of time. The user can start and stop this stopwatch by clicking buttons. 

[bookmark: _Toc38819489]4.2.3 Colour Scheme Design
The colour scheme used in the application must be chosen carefully as the design applied can evoke reaction towards the user in a positive or negative way. The colour consistency throughout must evoke calmness, welcoming and responsibility as the application is based around fitness. Understanding the HCI methods it was clear that the colour blue should be used as it outweighs most other colour choices in terms of being clam, welcoming and display an aura of responsibility. Selecting a colour such as Black may evoke evil and mystery. Such a colour is not valid with the process of such an application. Sub colours must be used to complement the main colour scheme. The sub colour must confine with the main colour and evoke warmth and appeal the user’s satisfaction. The chosen sub colour was Yellow as it resembles warmth like the sun. In order to keep a professional stance on the application, white was used as the split complementary colour as it is clear and concise for users to operate with such a colour design applied.   


[bookmark: _Toc38819490]4.3 Implementation 
This chapter section discusses what was implemented in order to develop the application and a detailed description behind the tools and techniques used. The requirements identified allowed there to be scope with the implementation of the code and the design of the application gave an initial starting point as to what needed to be done. 
[bookmark: _Toc38819491]4.3.1 Application Architecture 
Maintaining a progressive web app requires separating static content from dynamic content. App Shell architecture was identified as the main means in order to design the application. App shell has core design elements that allow the application to function when no connection is available. Figure 9 contains an image of demonstrating the use of App shell [81]. 



[image: The App Shell Model | Web Fundamentals | Google Developers]
[bookmark: _Toc38807129]Figure 9: Demonstration of App Shell in use [81].
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[bookmark: _Toc38807130]Figure 10: App Shell implemented in the application.
Figure 10 is a snippet of code used to apply a similar running of the app shell. It uses the service worker which will be discussed in the tools and technique section of this chapter.
The benefits of using such architecture allows the application to store the contents in cache and when accessed offline the app is usable instantly. This provides improved performance, usability for users and convenience. The applications architecture enabled the tools and techniques to function within the app. A detailed discussion on tools and techniques follow.




[bookmark: _Toc38819492]4.3.2 Tools and Techniques 
In terms of software development there can be a multitude of different tools and techniques used to enhance a product. As mentioned above, the applications architecture can be considered a tool or technique used within the development of this application. The use of App Shell concurs with the other techniques used to create the app. The requirements set at the beginning of the design and implementation stage of the project allowed for fundamental techniques to be implemented. As discussed, the requirements section required the app to be offline supportive, available for install onto the home screen, responsive and include push notifications. These requirements can be found within the appendix of this dissertation. Understanding these aspects allowed for the implementation of the code to be successfully complete efficiently. 

To begin, the apps layout required to be implemented. This was done with simple HTML and CSS to achieve the home screen and main menu.
[image: ]
[bookmark: _Toc38807131]Figure 11: Implemented Layout.
Figure 11 demonstrates the layout of the application in HTML with the use of CSS. The navigation menu can also be seen with CSS defining the code used and specifies the style that the user will be able to see and interact with. Figure 12 below includes a snippet of CSS code for the navigation menu. It demonstrates the colour, font and borders used just to name a few.
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[bookmark: _Toc38807132]Figure 12: CSS to demonstrate the Navigation Menu.

The simple architecture of the application can be found below in figure 13 [82]:

[image: Beyond SPAs: alternative architectures for your PWA | Web]
[bookmark: _Toc38807133]Figure 13: Progressive Web App Architecture [82].
Figure 13 is a simple demonstration of the progressive web applications architecture in design. These stages are the techniques required to implement the application. Service Worker and the Cache are two of many techniques used in the creation of the app as they deliver the requirements set out at the beginning. These requirements are what enables the application to become a PWA and is the difference between a typical application. The E-R Diagram below demonstrates the service worker in greater detail [83].

[image: Angular Offline Progressive Web Apps With NodeJS] 
[bookmark: _Toc38807134]Figure 14: E-R Diagram of service workers [83].
The service worker is the main technique used within the architecture diagram in figure 14. It is a script used to intercept and handle network requests and caching. This is what enables the application to function offline. Below is a snippet of code implemented, demonstrating the service worker in action on the application. It demonstrates the service worker setting the app to function offline. 
[image: ]
[bookmark: _Toc38807135]Figure 15: Snippet of Service Worker code implemented.
Another technique implemented was to add a manifest file. A manifest file is a JSON file that controls how the app appears to the user and allows the app to become discoverable. The manifest file includes the URL, icons and all features used to transform the website into an app-like format. Figure 16 below demonstrates the code implemented.
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[bookmark: _Toc38807136]Figure 16: Snippet of Manifest File code implemented.
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[bookmark: _Toc38807137]Figure 17: Snippet of code to demonstrate responsiveness.
Figure 17 illustrates code that would benefit the application when resized onto a smaller mobile device. The code implemented references the Apple device as when the app can be downloaded it would appear different from when its downloaded onto another platform. The <link rel=”apple-touch-icon” illustrates the application accommodating the apple device. 

A technique used to benefit the application was introduced in the form of a stopwatch. This stopwatch allows the user to count down the seconds/minutes they perform an exercise for. This stopwatch works using HTML, CSS and JavaScript. The use of JavaScript mainly functions this feature as it creates responsive and interactivity in its features, this enhances the users experience. Figure 18 below demonstrates a snippet of the stopwatches JavaScript in use. 
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[bookmark: _Toc38807138]Figure 18: Snippet of JavaScript code implemented.
External stylesheets were also used within the implementation of the workout pages. External stylesheets are separate files containing styles and can be applied to pages. The benefit of using the external stylesheet on the workout pages on this application was that it contains different CSS to the main menu pages. It was important to show flexibility and demonstrate research into the topic area. The CSS for the main menu (index page) was created to demonstrate learning and apply different features compared to the workout pages. 
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[bookmark: _Toc38807139]Figure 19: CSS features.
Figure 19 demonstrates a different approach to implementing a feature. This feature illustrates the stars in the background of the menu pages. It was important to demonstrate knowledge in developing the application and that was exercised with the background implemented.
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[bookmark: _Toc38807140]Figure 20: External Stylesheets.
Figure 20 illustrates the external stylesheets used. These were implemented as an alternative feature to allow satisfaction flow within the application. 

[image: ]
[bookmark: _Toc38807141]Figure 21: Calendar HTML.
Figure 21 illustrates the implementation of the calendar with the workouts placed on each specific day. Figure 22 below illustrates how the calendar is styled with a focus on the individual exercises that can be performed. These exercises are colour coordinated and can transport the user to the correct workout when clicked/touched. 
[image: ]
[bookmark: _Toc38807142]Figure 22: CSS for the Calendar.
[bookmark: _Toc38819493]4.3.3 Coding Encounters 
In terms of encountering issues within the coding stages there was not many that harmed the applications running. Push notifications were originally implemented however faults in the code meant they had to be removed to benefit the application and how it runs. The limitations discussed previously attribute to switching machines and code not functioning correctly. Machines in the university compared to in house machines proved challenging to function all the necessary code. The calendar unfortunate does not display the date in real time as implications prohibited the implementation method. To combat this, it was constructed to display the current working month with hope to maintain and change the necessary month and activities later. When resized the code implemented cannot change the date to see what exercise is due to be completed tomorrow or the previous day. The application still correctly functions with no issue if followed the README text file in how to view the content.

[bookmark: _Toc38819494]4.3.4 Software Testing 
Testing the application proved to be successful as the second set of questionnaires to be sent out querying the running of the app with the majority being successful. Lighthouse as mentioned in the literature review also provided a high score and complied with it being a PWA as seen in figure 23 and 24.


[image: ]
[bookmark: _Toc38807143]Figure 23: Lighthouse report on Desktop.
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[bookmark: _Toc38807144]Figure 24: Lighthouse report on Mobile Device.
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[bookmark: _Toc38807145]Figure 25: Install the PWA.
Figure 25 illustrates that the app can be installed onto the device. The applications code works and the ap is running efficiently. The usability testing was conducted through lighthouse and provided successful results. 
[bookmark: _Toc38819495]4.4 Conclusion 
This chapter discusses the applications design and the implementation. It explains the design process and methods into why they were chosen. There was also a discussion on what was implemented and the reason for doing so. The next chapter covers the Analysis of the project. 








































5. [bookmark: _Toc38819496]ANALYSIS
This chapter contains information that has been deduced from the research conducted. This chapter presents the findings and patterns associated with the questionnaires issued amongst the general public. For reference figures 31 and 32 in the appendix illustrates the tasks and SUS questions handed out to the general public and through social media site Facebook (the published Facebook questionnaire can be found under figure 34 in the appendix). These tasks entice the user to answer questions based around usability. 



[bookmark: _Toc38807146]Figure 26: Graph of participants.
Figure 26 illustrates how the participant took part in the questionnaire. 

The first section of the questionnaire was aimed at the use of the ‘JD Sports’ website where the users must complete tasks before answering the SUS questions. The SUS results were calculated from a resounding number of participants and an average score of 57.5 was calculated for the usability of ‘JD Sports’ website. This average was to be expected as the website contains many links and is overcrowded in areas meaning it is complex and not satisfying to use.

The second section of the questionnaire was aimed at the use of the ‘Home Workout: Fitness Trainer’ app where the user completed tasks before answering the SUS questions. The SUS results for the app calculated at an average score of 82.5. The average score for the app was always projected to be higher than the website as the app uses simple yet effective functionality to produce an efficient usability experience. The simplicity of the app meant that only clicking/tapping a few buttons meant the user was able to perform the tasks adequately. 

Testing the usability and comparing both the applications delivered the predicted results as when conducting the research in the literature review. The literature review offered an explanation as to why most software users prefer to use simple apps over lengthy web applications. There was a clear correlation with users preferring the usability of the app over the website. With this knowledge it was clear to see how the fitness application must be implemented. 

The second questionnaire was issued when the application was complete. Figures 31 and 32 in the appendix illustrates the questionnaire used. This questionnaire contained tasks to test the usability as well as general questions to improve the app at a later stage. The SUS calculations presented the app with the average score of 80. From research made within the literature review, the average score when using SUS is 68. The usability of the PWA has achieved a score far greater than the typical average and thus demonstrates a successfully running application with outstanding usability. Below are the results gathered from the questionnaires and shown diagrammatically. 


[bookmark: _Toc38807147]Figure 27: Does the PWA achieve your Goals Results.
Question 1 asked if the PWA achieved their goals. Only yes and no answers were applicable with most users agreeing that the PWA achieved their goals. 

Question 5 asked if they were satisfied with the app and rate from a score of 1 to 5. Figure 28 demonstrates the results.










[bookmark: _Toc38807148]Figure 28: How satisfied are you with the PWA results.
The SUS results had already distributed the user’s usability results. Using figure 29 the final question on the questionnaire asks the opinion on quality of the PWA.



[bookmark: _Toc38807149]Figure 29: The results on the quality of the PWA.
[bookmark: _Toc38819497]5.1 Conclusion 
This chapter discusses the findings extracted from the research questionnaires. Produced into charts they explain the correlation from the research questions and produce usability findings. This helped implement the fitness application. The second set of questionnaires help gain feedback from the target audience in which future improvements can be made to the app. The results from the second set of questionnaires proved that more work is needed to perfect the application.

6. [bookmark: _Toc38819498]EVALUATION

This chapter evaluates the research made and concludes on what can be drawn from the data. There is also an evaluation on the aims and objectives set at the beginning of the project with a comparison with the work made throughout. 

The research made and the results retrieved from the data suggests that usability is a key component in the development of a successful application. Users prefer to use simple yet effective applications that are also satisfying to utilize. The usability of an application can be determined by these components with a successful app having a far better usability score. SUS is a perfect method in conducting usability testing as the results outline the usability of the application and whether improvement should be made. The data also backs up the research made in the literature review as the use of the SUS questionnaire benefited the project and the scores received also portray what was discussed with the average being a score of 68 and anything above resulting in a good to excellent usable app. Lighthouse was discussed as benefiting the project as it can manually test the application and result in scores were to improve the app. The data retrieved from lighthouse suggested that the application was a fully functioning PWA with scores attributing from excellent too good across all areas. When comparing the fitness applications SUS results with the ‘JD Sports’ website and the ‘Home Workout: Fitness Trainer’ app then there is a clear correlation that users prefer to use an application that is simple yet effective. 

The aim set at the beginning of the project stated that “this paper aims to evaluate primary and secondary research on usability and the development of applications to create a progressive web app targeting the fitness industry”. This dissertation meets the aim set as primary and secondary research attributed to the creation of the PWA. Primary research such as the issued SUS questionnaires along with the tasks were evaluated and helped develop the fitness application. Secondary research conducted in the literature review attributed to the knowledge and understanding of how to approach the development. Overall, the aim set was successful in bringing a knowledge and understanding into completing the tasks successfully. 

The objectives set were met as a thorough investigation was made into usability and the many different types of applications available. As there was a gap in the market highlighted around the fitness industry as seen within the literature review there was limited applications associated with fitness that could be thoroughly investigated. As such more focus was applied on other types of applications and the usability they achieve. SUS questions were issued as the main primary research method within achieving an understanding on usability. The objective was met as the results aided in the development of the PWA. Finally, the last objective was met as a fully functioning progressive web app was designed and created for the public to utilize. 
 
Overall, the outcome was expected with data aiding the research made into applying suitable usability throughout the fitness application. However, if the project was redone then more of a focus would be applied on the methods of research and the ability to ask a combination of open and closed ended questions in relation to a popular PWA that already exists. 





7. [bookmark: _Toc38819499]CONCLUSION AND RECCOMENDATIONS

This chapter summaries all the work contributed to the development of this dissertation. It was clear from the very beginning and set within the aims and objectives the means to progress in developing a fitness application. The literature review addressed the many different forms of applications. The advantages and disadvantages of each application aided the thought process in what was necessary to create the application. From previous knowledge, the thought of creating a PWA was always at the forefront as the benefits and potential outweigh other applications. The literature review supported the already established knowledge of the benefits of PWAs. Developing an app in a progressive manner was devious as it is something that the author has not delved into before this project. As it was the first time in developing an application in this fashion it was important to research the techniques. Usability was at the forefront of discussion with usability a key technique in all types of applications especially in PWAs. Usability research was initiated in the literature review as it proved to be fundamentally important in the development of the application. The many types of testing as well as components were researched and delivered well throughout the development of the project. 

The requirements were essential in the process of designing and implementing the application. These requirements were identified with the questionnaires as well as the research made throughout the literature review. Designing and implementing the application was successful and that success was attributed to the research made in the literature review and the research methods used. As discussed previously, the SUS questionnaires proved pivotal in the progress of this project. The waterfall method aided that success as it kept the process clear in completing the project. The SUS results from participants proved to be beneficial as they aided the usability thought process. The discussion on SUS in the literature review is echoed throughout this project. 

[bookmark: _Toc38819500]7.1 Suggestions for Further Work

Further work is needed to perfect the application. The results from the second questionnaire provided information that the application may be too simple, and more features are required. Features that were recommended that were analysed from the research questionnaire were to implement videos, music and update the calendar to perform in real time. The focus was concentrated greatly on usability and thus hampered the features the application can possess. All be it features were implemented, however as the application functions as a PWA not all features cooperated with the various functions in use. As such these implemented features were removed as the project stated that a progressive web app was to be developed and not a simple web app. These features sacrificed allowed the app to continue to operate as a PWA with success. Further work will be required to re-implement these features and continue to maintain the application.






8. [bookmark: _Toc38819501]REFLECTION

Completing this project introduced the author of this report to multiple processes required in the development of any type of software. The time allocated as well as the research needed all contribute to a successful development of software. Usability is key in the development of software as well as understanding the target audience. Research methods go far and between in ensuring success and selecting the best methods aid the development. The many types of applications and research methods were limited before initialising in this project. It made the author more aware and accepting of the work needed to ensure success in this filed. The project went well however the knowledge gained from completing the dissertation suggests more can be done in terms of research and fundamentally developing the application. The project was a success as it delivers what was planned however what was expected was far more and after completing this project is it realised that potential features in the app have been neglected. The focus on implementing the requirements and strategies to enable a successful usability application was substantial and more was needed in terms of features to entice users to return to the app. As the author of this report suggest they have grown as an individual and ensures that more will be done when presented with a similar challenge when adduced next. 
































REFERENCES

[1] 	K. T. Pinard, “"Describe Types of Application Software",” in Computer Concepts: Illustrated Essentials, 3rd ed., Boston: MA, Cengage learning, 2013, pp. 24-25.
[2] 	P. McFedries, “"Comparing the Web Apps and the Desktop Apps",” in Using the Microsoft® Office Web Apps, Enhanced Edition, Indianapolis: Indiana, Que Publishing, 2010, pp. 5-9.
[3] 	P. Weverka, “"Introducing Web Applications",” in Office 2010 Web Apps For Dummies, Indianapolis: Indiana, Wiley Publishing Inc., 2010, pp. 12-17.
[4] 	N. Sfetcu, “"Social Media",” in Web 2.0 / Social Media / Social Networks, CreateSpace Independent Publishing, 2017, p. 18.
[5] 	M. E. Jakob Iversen, “Why Mobile Apps?,” in Learning Mobile App Development: A Hands-on Guide to Building Apps with iOS and Android, Addison-Wesley, 2013, pp. 3-5.
[6] 	D. Chaffey, “Mobile marketing statistics compilation,” Smart Insight, 11 November 2019. [Online]. Available: https://www.smartinsights.com/mobile-marketing/mobile-marketing-analytics/mobile-marketing-statistics/. [Accessed 18 Deceember 2019].
[7] 	M. C. Ketan Anant More, “Native Vs Hybrid Apps,” International Journal of Current Trends in Engineering & Research, vol. 2, no. 6, pp. 563-566, 2016. 
[8] 	M. Rouse, “Cross-platform mobile development,” SearchMobileComputing, May 2018. [Online]. Available: https://searchmobilecomputing.techtarget.com/definition/cross-platform-mobile-development. [Accessed 19 December 2019].
[9] 	M. Panhale, “Native vs. Hybrid Mobile Applications,” in Beginning Hybrid Mobile Application Development, Apress, 2015, pp. 15-21.
[10] 	D. Sheppard, “What a Progressive Web App Actually Is,” in Beginning Progressive Web App Development: Creating a Native App Experience on the Web, Apress, 2017, pp. 5-10.
[11] 	M. Rouse, “Web Application Development,” SearchCloudComputing, 11 January 2019. [Online]. Available: https://searchcloudcomputing.techtarget.com/definition/web-application-development. [Accessed 20 December 2019].
[12] 	E. Gregersen, “Browser,” [Online]. Available: https://www.britannica.com/technology/browser. [Accessed 20 December 2019].
[13] 	M. Rouse, “Web Application (Web app),” 26 August 2019. [Online]. Available: https://searchsoftwarequality.techtarget.com/definition/Web-application-Web-app. [Accessed 21 December 2019].
[14] 	OECD, “Growth in Access and Convergence toward the Internet,” in The Development Dimension Internet Access for Development, OECD, 2009, pp. 53-60.
[15] 	M. L. B. J. a. J. M. Silvio Moreto, “Getting Started,” in Bootstrap 4 - Responsive Web Design, Birmingham, Packt Publishing Ltd. , 2017, p. 1.
[16] 	I. Korkishko, “Top-10 web applications for business,” 25 August 2017. [Online]. Available: syndicode.com/2017/08/25/top-10-web-applications-for-business/. [Accessed 21 December 2019].
[17] 	L. Picurelli, “Advantages and disadvantages of web app development,” 9 May 2017. [Online]. Available: linkedin.com/pulse/advantages-disadvantages-web-app-development-luis-picurelli. [Accessed 21 December 2019].
[18] 	J. V. Javier Cuello, “Types of Applications,” in Designing Mobile Apps, CreateSpace Independent Publishing Platform, 2013, pp. 17-22.
[19] 	W. Jobe, “Native Apps vs Mobile Web Apps,” International Journal of Interactive Mobile Technologies, vol. 7, no. 4, pp. 27-32, 2013. 
[20] 	J. V. Javier Cuello, “Grasping the Possibilities,” in Designing Mobile Apps, CreateSpace Independent Publishing Platform, 2013, pp. 25-37.
[21] 	J. Mistry, “How Do Free Apps Make Money in 2020? [11 Proven Strategies],” Space Technologies, 21 August 2017. [Online]. Available: https://www.spaceotechnologies.com/how-do-free-apps-make-money/. [Accessed 23 December 2019].
[22] 	C. Brooks, how to start a home-based Mobile App Developer Business, USA: Globe Pequot , 2014. 
[23] 	J.Clement, “Mobile app usage - Statistics & Facts,” Statista, 1 August 2019. [Online]. Available: https://www.statista.com/topics/1002/mobile-app-usage/. [Accessed 23 December 2019].
[24] 	T. Nagar, “8 Best Programming Languages For Mobile App Development,” 10 October 2019. [Online]. Available: medium.com/@TarunNagarDubai/8-best-programming-languages-for-mobile-app-development-59c2247c63b0. [Accessed 23 December 2019].
[25] 	B. Eisenman, “What is React Native,” in Learning React Native: Building Native Mobile Apps with JavaScript, Sebastopol, O'Reilly Media, 2017, p. 1.
[26] 	I. Blair, “Mobile App Download and Usage Statistics (2019),” BuildFire, 2019. [Online]. Available: https://buildfire.com/app-statistics/. [Accessed 23 December 2019].
[27] 	J. Clement, “Most popular Apple App Store categories 2019,” 25 November 2019. [Online]. Available: https://www.statista.com/statistics/270291/popular-categories-in-the-app-store/. [Accessed 23 December 2019].
[28] 	U. Khan, “The Pros and Cons of Native Apps,” 12 June 2018. [Online]. Available: clutch.co/app-developers/resources/pros-cons-native-apps. [Accessed 23 December 2019].
[29] 	R. H. S. R. a. M. R. Jan vom Brocke, “Cross-Platform Development of Business Apps with MD2,” in Design Science at the Intersection of Physical and Virtual Design, Helsinki, Springer, 2013, pp. 405-411.
[30] 	M. Zuckerberg, in TechCrunch Disrupt Conference, San Francisco , 2012. 
[31] 	A. Manchanda, “Where Do Cross-Platform App Frameworks Stand in 2020,” 6 December 2019. [Online]. Available: netsolutions.com/insights/cross-platform-app-frameworks-in-2019/. [Accessed 23 December 2019].
[32] 	K. Thakur, “The best Mobile apps frameworks,” 26 August 2019. [Online]. Available: https://www.quora.com/What-are-the-best-frameworks-for-developing-cross-platform-Android-iPhone-mobile-apps. [Accessed 23 December 2019].
[33] 	Kishan, “Why React Native is best for creating Hybrid app? (React Native vs Flutter vs Xamarin vs Ionic vs Cordova),” 25 September 2018. [Online]. Available: https://www.codementor.io/@kishan0/why-react-native-is-best-for-creating-hybrid-app-react-native-vs-flutter-vs-xamarin-vs-ionic-vs-cordova-npqdjgcyo. [Accessed 23 December 2019].
[34] 	N. G. a. N. Khanna, “What is Hybrid Application?,” in Building Hybrid Android Apps with Java and JavaScript: Applying Native Device APIs, USA, O'Reilly Media, 2013, pp. 2-9.
[35] 	S. Y. a. H. P. Rahat Khanna, “Introducing a Hybrid Mobile Application,” in Ionic: Hybrid Mobile App Development, Birmigham , Packt Publishing Ltd, 2017, pp. 4-8.
[36] 	M. Panhale, “Hybrid Mobile Application Development,” in Beginning Hybrid Mobile Application Development, California, Apress, 2015, p. 18.
[37] 	C. Griffith, “What is Hybrid App Development?,” 7 February 2019. [Online]. Available: ionicframework.com/resources/articles/what-is-hybrid-app-development. [Accessed 24 December 2019].
[38] 	R. J. Bartz, “Mobile Device Technology: Hybrid Apps,” in Mobile Computing Deployment and Management: Real World Skills for CompTIA Mobility+ Certification and Beyond, Indianapolis, John Wiley & Sons, 2015, pp. 537-539.
[39] 	T. Ater, “The Web Strikes Back,” in Building Progressive Web Apps: Bringing the Power of Native to the Browser, USA, O'Reilly Media, 2017, pp. 2-3.
[40] 	D. Sheppard, “Introduction To Progressive Web Apps,” in Beginning Progressive Web App Development: Creating a Native App Experience on the Web, Illinois, Apress, 2017, pp. 6-8.
[41] 	S. Domes, “Creating our App Structure,” in Progressive Web Apps with React: Create lightning fast web apps with native power using React and Firebase, Birmingham, Packt Publishing Ltd, 2017, pp. 7-27.
[42] 	D. A. Hume, “Caching,” in Progressive Web Apps, USA, Manning Publications , 2018, pp. 31-50.
[43] 	P. L. a. F. Beaufort, “Add a web app manifest,” 5 November 2018. [Online]. Available: web.dev/add-manifest/. [Accessed 29 December 2019].
[44] 	J. M. Wargo, “Web App Manifest Files,” in Learning Progressive Web Apps, USA, Addison -Wesley Professional, 2020, pp. 25-34.
[45] 	J. B. a. M. Summerfield, “Creating Main Windows: Splash Screens,” in C++ GUI Programming with Qt 4, Massachusetts, Prentice Hall Professional, 2006, pp. 71-72.
[46] 	G. Saini, “Chapter 8: Ionic + PWA = Magic: Disadvantages of PWA,” in Hybrid Mobile Development with Ionic, Birmingham, Packt Publishing, 2017, p. 199.
[47] 	TheManifest, “11 Examples of Progressive Web Apps,” Medium, 10 April 2018. [Online]. Available: https://medium.com/@the_manifest/11-examples-of-progressive-web-apps-944f6db25a5a. [Accessed 24 December 2019].
[48] 	K. A. E. V.-C. a. K. A. E. Volkwein, “Introduction: Fitness and the Cross-Cultural Exchange,” in Fitness as Cultural Phenomenon, Germany, Waxmann, 1998, p. 1.
[49] 	J. T. a. K. F. Rosemary Marchese, “Preface,” in The Essential Guide to Fitness, Australia, Cengage AU, 2019, p. 13.
[50] 	W.-Y. S. C. a. S. R. C. Timothy M. Hale, “Current Trends in Self-Quantification and Health,” in eHealth: Current Evidence, Promises, Perils and Future Directions, USA, Emerald Group Publishing, 2018, pp. 125-128.
[51] 	E. Curley, “Fitness Technology is Transforming the Industry in 2019 and Beyond,” glofox, 29 May 2019. [Online]. Available: glofox.com/blog/fitness-technology-is-transforming-the-industry/. [Accessed 30 December 2019].
[52] 	A. Marcus, “Territorial Brand Graphic Interface Management in Mobile Applications,” in Design, User Experience, and Usability: User Experience Design for Diverse Interaction Platforms and Environments, Heraklion, Springer, 2014, pp. 325-331.
[53] 	P. W. Jordan, “What is Usability?,” in An Introduction To Usability, London, Taylor & Francis Ltd., 1998, pp. 5-10.
[54] 	S. Tasos, Integrating Usability Engineering for Designing the Web Experience: Methodologies and Principles, Athens / New York: IGI Global, 2010. 
[55] 	I. D. Foundation, “What is Usability,” [Online]. Available: https://www.interaction-design.org/literature/topics/usability. [Accessed 30 December 2019].
[56] 	S. Minhas, “Usability: A key part of design process,” 3 July 2018. [Online]. Available: https://blog.prototypr.io/usability-a-key-part-of-design-process-f0d33cf69a97. [Accessed 30 December 2019].
[57] 	K. Matz, “Defining usability and user experience (UX),” in Design Usable Apps: An Agile approach to User Experience Design, Calgary, Winchelsea Press, 2013, pp. 19-22.
[58] 	A. Marcus, “Serious Games Usability Testing: How to Ensure Proper Usability, Playability, and Effectivness: Functional Balance of Usability Components,” in Design, User Experience, and Usability. Theory, Methods, Tools and Practice, Orlando, Springer, 2011, p. 627.
[59] 	K. Matz, “What is involved in designing a software product and its user interface?,” in Design Usable Apps: An Agile Approach to User Experience Design, Calgary, Winchelsea Press, 2013, pp. 25-27.
[60] 	P. Booth, “Introducing Human-Computer Interaction,” in An Introduction to Human-Computer Interaction , UK, Lawrence Erlbaum Associates, 1989, pp. 1-18.
[61] 	K. Matz, “Design principles for usability: Norman's design principles for usability,” in Design Usable Apps: An Agile Approach to User Experience Design, Calgary, Winchelsea Press, 2013, pp. 111-116.
[62] 	Y. R. a. H. S. J. Preece, “Interaction Design: Beyond Human-Computer Interaction,” in Interaction Design: Beyond Human-Computer Interaction, New York, Wiley, 2002, p. 21.
[63] 	D. L. Tania Schlatter, “The Visual Usability Tools,” in Visual Usability: Principles and Practices for Designing Digital Applications, USA, Elsevier, 2013, pp. 101-267.
[64] 	J. R. a. D. Chisnell, “Usability Testing,” in Handbook of Usability Testing: How to Plan, Design, and Conduct Effective Tests, Indianapolis, Wiley Publishing, 2008, p. 19.
[65] 	D. C. Jeff Rubin, “What is Usability Testing?: Why Test? Goals of Testing,” in Handbook of Usability Testing: How to Plan, Design, and Conduct Effective Tests, Indianopolis, Wiley Publishing, 2008, pp. 21-22.
[66] 	J. R. a. D. Chisnell, “What is Usability: Basics Elements of Usability Testing,” in Handbook of Usability Testing: How to Plan, Design, and Conduct Effective Tests, Indianopolis, Wiley Publishing, 2008, p. 25.
[67] 	Y. Gusti, “Best tools for mobile applications testing: Usability Testing,” 4 April 2017. [Online]. Available: https://geteasyqa.com/qa/usability-testing/. [Accessed 2 January 2020].
[68] 	usability.gov, “System Usability Scale (SUS),” [Online]. Available: https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html. [Accessed 2 January 2020].
[69] 	J. Sauro, “Measuring Usability With The System Usability Scale (SUS),” 2 May 2016. [Online]. Available: https://www.userfocus.co.uk/articles/measuring-usability-with-the-SUS.html. [Accessed 2 January 2020].
[70] 	T. T. a. B. Albert, Measuring the User Experience Collecting, Analyzing, and Presenting Usability Metrics A volume in Interactive Technologies, USA : Elsevier, 2013. 
[71] 	T. T. a. B. Albert, “Measuring the User Experience: Calculating a SUS Score,” 2013. [Online]. Available: https://www.sciencedirect.com/topics/computer-science/system-usability-scale. [Accessed 3 January 2020].
[72] 	S. McLellan, “The Effect of Experience on System Usability Scale Ratings,” JUS Journal of Usability Studies, vol. 7, no. 2, pp. 56-67, 2012. 
[73] 	J. Mifsud, “Usability Testing Of Mobile Applications: A Step-By-Step Guide,” [Online]. Available: https://usabilitygeek.com/usability-testing-mobile-applications/. [Accessed 3 January 2020].
[74] 	D. Agarwal, “How to Test a Progressive Web Application,” 8 October 2018. [Online]. Available: https://dzone.com/articles/how-to-test-a-progressive-web-application-with-lam. [Accessed 3 January 2020].
[75] 	LambdaTest, “Cross Browser Testing Cloud,” LambdaTest, [Online]. Available: https://www.lambdatest.com/. [Accessed 3 January 2020].
[76] 	A. Kulkarni, “What Is Google Lighthouse and How It Helps Your PWA,” TechTrends, 2 March 2019. [Online]. Available: https://techtrends.app/what-is-google-lighthouse-and-how-it-helps-your-pwa. [Accessed 3 January 2020].
[77] 	Google, “Lighthouse Scoring Guide,” Google, 10 March 2020. [Online]. Available: https://developers.google.com/web/tools/lighthouse/v3/scoring. [Accessed 10 March 2020].
[78] 	K. E. Howell, “Empiricism, Positivism and Post-positivism,” in An Introduction to the Philosophy of Methodology, London, Sage, 2013, pp. 32-55.
[79] 	C. M. Hicks, “Basic Principles of research: Questionnaires, surveys and sampling,” in Research Methods for Clinical Therapists E-Book: Applied Project Design and Analysis, 5th ed., Elsevier Health Sciences, 2009, pp. 23-37.
[80] 	J. Charvat, “Development Methodology-Selection and Utilization,” in Project Management Methodologies: Selecting, Implementing, and Supporting Methodologies and Processes for Projects, New Jersey, John Wiley & Sons, 2003, pp. 95-165.
[81] 	A. Osmani, “The App Shell Model,” Google Developers, 14 May 2019. [Online]. Available: https://developers.google.com/web/fundamentals/architecture/app-shell. [Accessed 10 March 2020].
[82] 	J. Posnick, “Beyond SPAs: alternative architectures for your PWA,” 14 January 2019. [Online]. Available: https://developers.google.com/web/updates/2018/05/beyond-spa. [Accessed 8 March 2020].
[83] 	I. Idakiev, “Angular Offline Progressive Web Apps With NodeJS,” 24 October 2017. [Online]. Available: https://www.slideshare.net/IliaIdakiev/angular-offline-progressive-web-apps-with-nodejs. [Accessed 8 March 2020].
[84] 	T. Ater, “The Progressive Web App Advantage,” in Building Progressive Web Apps: Bringing the Power of Native to the Browser, USA, O'Reilly Media, 2017, pp. 5-7.




9. [bookmark: _Toc38819503]BIBLIOGRAPHY


[1]	L. Macauly, Human-Computer Interaction for Software Designers, International Thomson Computer Press, Oxford, 1995
[2]	M. Wiklund, Usability in Practice: How companies develop user-friendly products, Academic Press, Cambridge, 1994
[3]	J. Rubin & D. Chisnell, Handbook of Usability Testing: How to plan, design, and conduct effective tests, Wiley Publishing, Indianapolis, 2008
[4]	Y. Rogers, H. Sharp & J. Preece, Interaction Design: beyond human-computer interaction, Jon Wiley & Sons Ltd, Sussex, 2014
[5]	P. Vora, Web Application Design Pattern, Morgan Kaufmann, Canada, 2009
[6]	B. Millington, Fitness, Technology and Society: Amusing Ourselves to Life, Routledge, USA, 2017
[7]	C. Barnum, Usability Testing Essentials: Ready, Set…Test!, Elsevier, USA, 2010
[8]	A. Charland & B. Leroux, Mobile Application Development: Web vs Native – Communications of the ACM, Volume-54, Page 49-53, Issue-5, 2011
































11. [bookmark: _Toc38819504] APPENDIX

	Requirements
	Justification

	Smooth transitions 
	The interaction on the application must be smooth. The user must click/tap on a button and instantly load the next page.

	Offline Functionality
	The user must be able to use the application when there is no internet connectivity available. 

	Add to Home Screen
	The app must be able to get installed onto the home screen of the device that the user is utilizing. 

	Rule of Thumb
	Considering how most people use applications, it is important that the design suits the behaviour of native apps and adjust when using from a smaller device. 

	Push Notifications
	The use of push messages to notify the user to re-engage with the application. 

	Efficient
	Efficiently implement and design the product to make it easy for users to perform tasks quickly and effective. 

	Ease of Learning 
	A simple and usable application is easy to use and is easy learnable for new users. 

	Memorability 
	The application would benefit if the app was easy to remember. Inconsistency within the layout and interactive elements makes it hard to use the app. The user should flow easy throughout the app without remembering what to do.

	Satisfaction
	The app must be satisfying, the user should be able to complete their goal and return to do the same thing again and again. 


[bookmark: _Toc38807150]Figure 30: Requirements sheet for the PWA.
















Questionnaire 1

JD Sports Website Tasks/Questionnaire 
Using the website above, complete these 7 tasks and fill in the form below.
(https://www.jdsports.co.uk/ )

1. Personalize an Adidas Wales 2020 Home Shirt (add a shirt number and name). 
2. Add a pair of trainers for less than £50 to your basket. 
3. Add a pair of sunglasses to your basket. 
4. Search for the ‘Llanelli’ JD store. 
5. Type and ‘Fitness’ into the search bar and click search. 
6. Locate and click on the JD Sports YouTube link. 
7. On the ‘Football’ tab filter the drop-down box for a Manchester United shirt.

[image: The System Usability Scale (SUS) questionnaire | Download ...]
[bookmark: _Toc38807151]Figure 31: JD Sports SUS Questionnaire.





Home Workout: Fitness Trainer
Using the app above, complete these 7 tasks and fill in the form below.
(App store)

1. Click on chest beginner. 
2. Click the ‘I’ for more detail on the exercise. 
3. Locate the ‘Meals Plan’ tab. 
4. Click on the ‘Guide Workout’ tab. 
5. Create a custom plan. 
6. Set a reminder. 
7. Restart your progress. 
[image: The System Usability Scale (SUS) questionnaire | Download ...]
[bookmark: _Toc38807152]Figure 32: Home Workout: Fitness Trainer SUS Questionnaire.








Questionnaire 2

Questionnaire on the Fitness Application
Using the PWA above, complete these 5 tasks and fill in the form below. When the form has been completed, please answer the alternative questions below.

1. Click on chest workouts. 
2. Click on the image to complete a set of exercises (any workout image). 
3. Start the stopwatch and stop after a certain time.
4. Install the application onto your device home screen. 
5. Complete a workout from the installed version. 

[image: The System Usability Scale (SUS) questionnaire | Download ...]

1. Does the PWA achieve your goals?
2. Are there any features you expected to find but didn’t?
3. What features would you like to add?
4. Were there any issues with the PWA? If so what?
5. How satisfied are you with the PWA on a scale of 1-5?
6. How would you rate the overall quality of the PWA on a scale of 1-5?

[bookmark: _Toc38807153]Figure 33: SUS and Questionnaire on the Fitness PWA.
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[bookmark: _Toc38807154]Figure 34: Published Questionnaire on Facebook.


















[bookmark: _Toc38819505]11.1 Source Code

Index.html
<!DOCTYPE html>
<html lang="en">
<head>
    <title>Fitness Progressive Web Application</title>
    <meta name="description" content="Fitness PWA">
    <meta charset="UTF-8">
    <meta name="viewport" content="width=device-width, initial-scale=1.0">
    <meta name="theme-color" content="#3da4ab">
    <link rel="icon" type="image/png" href="./images/icons/icon-128x128.png" />
	<link rel="apple-touch-icon" href="./images/icons/icon-192x192.png">
    <meta name="apple-mobile-web-app-status-bar" content="#3da4ab">
    <link rel="stylesheet" href="./css/main.css">
    <link rel="manifest" href="./manifest.json">
</head>
<body>
<header>

 <div class="nav">
      <ul>
        <li class="Home"><a class="active" href="./index.html">Home</a></li>
        <li class="Chest Workout"><a href="./chest.html">Chest</a></li>
        <li class="Arm Workout"><a href="./arms.html">Arms</a></li>
        <li class="Leg Workout"><a href="./leg.html">Legs</a></li>
		<li class="Back Workout"><a href="./back.html">Back</a></li>
		<li class="Calendar"><a href="./calendar.html">Calendar</a></li>
      </ul>
    </div>

</header>
<main>
     <div class="holder">
        <h1>Welcome!</h1>
        <img src="./images/favicon.png" alt="Fitness PWA"  height="200" width="250">
		<h3> 
		This is an Application Dedicated to Fitness! 
		</h3>
		<h3>
		Please Select a Workout from the Menu Above!
		</h3>
    </div>
</main>

<footer>
    <small>©Scott Howells 2020</small>
</footer>
<script src="./js/app.js"></script>
<script src="./js/main.js"></script>
</body>
</html>














Chest.html
<!DOCTYPE html>
<html lang="en">
<head>
    <title>Fitness Progressive Web Application</title>
    <meta name="description" content="Fitness PWA">
    <meta charset="UTF-8">
    <meta name="viewport" content="width=device-width, initial-scale=1.0">
    <meta name="theme-color" content="#3da4ab">
    <link rel="icon" type="image/png" href="./images/icons/icon-128x128.png" />
    <link rel="apple-touch-icon" href="./images/icons/icon-192x192.png">
    <meta name="apple-mobile-web-app-status-bar" content="#3da4ab">
    <link rel="stylesheet" href="./css/main.css">
    <link rel="manifest" href="./manifest.json">
</head>
<body>
<header>
    <div class="nav">
      <ul>
        <li class="Home"><a href="./index.html">Home</a></li>
        <li class="Chest Workout"><a class="active" href="./chest.html">Chest</a></li>
        <li class="Arm Workout"><a href="./arms.html">Arms</a></li>
        <li class="Leg Workout"><a href="./leg.html">Legs</a></li>
		<li class="Back Workout"><a href="./back.html">Back</a></li>
		<li class="Calendar"><a href="./calendar.html">Calendar</a></li>
      </ul>
    </div>
</header>
<main>
    <div class="holder">
		<h3>Chest Workouts
			<a href="./chest-workouts.html">
			<img src="./images/chest-workout.png" alt="Chest Workout" height="300" width="300">
			</a>
			<p>Click the image above to start!</p>
		</h3>
    </div> 
	
</main>
<footer>
    <small>©Scott Howells 2020</small>
</footer>
<script src="./js/app.js"></script>
<script src="./js/main.js"></script>
</body>
</html>





















Arms.html
<!DOCTYPE html>
<html lang="en">
<head>
    <title>Fitness Progressive Web Application</title>
    <meta name="description" content="Fitness PWA">
    <meta charset="UTF-8">
    <meta name="viewport" content="width=device-width, initial-scale=1.0">
    <meta name="theme-color" content="#3da4ab">
    <link rel="icon" type="image/png" href="./images/icons/icon-128x128.png" />
    <link rel="apple-touch-icon" href="./images/icons/icon-192x192.png">
    <meta name="apple-mobile-web-app-status-bar" content="#3da4ab">
    <link rel="stylesheet" href="./css/main.css">
    <link rel="manifest" href="./manifest.json">
</head>
<body>
<header>

 <div class="nav">
      <ul>
        <li class="Home"><a href="./index.html">Home</a></li>
        <li class="Chest Workout"><a href="./chest.html">Chest</a></li>
        <li class="Arm Workout"><a class="active" href="./arms.html">Arms</a></li>
        <li class="Leg Workout"><a href="./leg.html">Legs</a></li>
		<li class="Back Workout"><a href="./back.html">Back</a></li>
		<li class="Calendar"><a href="./calendar.html">Calendar</a></li>
      </ul>
    </div>
	
</header>
<main>
    <div class="holder">
		<h3>Arm Workouts
			<a href="./arm-workouts.html">
			<img src="./images/arm-workout.png" alt="Arm Workout" height="300" width="300">
			</a>
			<p>Click the image above to start!</p>
		</h3>
    </div> 
</main>

<footer>
    <small>©Scott Howells 2020</small>
</footer>
<script src="./js/app.js"></script>
<script src="./js/main.js"></script>
</body>
</html>



















Back.html
<!DOCTYPE html>
<html lang="en">
<head>
    <title>Fitness Progressive Web Application</title>
    <meta name="description" content="Fitness PWA">
    <meta charset="UTF-8">
    <meta name="viewport" content="width=device-width, initial-scale=1.0">
    <meta name="theme-color" content="#3da4ab">
    <link rel="icon" type="image/png" href="./images/icons/icon-128x128.png" />
    <link rel="apple-touch-icon" href="./images/icons/icon-192x192.png">
    <meta name="apple-mobile-web-app-status-bar" content="#3da4ab">
    <link rel="stylesheet" href="./css/main.css">
    <link rel="manifest" href="./manifest.json">
</head>
<body>
<header>

 <div class="nav">
      <ul>
        <li class="Home"><a href="./index.html">Home</a></li>
        <li class="Chest Workout"><a href="./chest.html">Chest</a></li>
        <li class="Arm Workout"><a href="./arms.html">Arms</a></li>
        <li class="Leg Workout"><a href="./leg.html">Legs</a></li>
		<li class="Back Workout"><a class="active" href="./back.html">Back</a></li>
		<li class="Calendar"><a href="./calendar.html">Calendar</a></li>
      </ul>
    </div>
	
</header>
<main>
    <div class="holder">
		<h3>Back Workouts
			<a href="./back-workouts.html">
			<img src="./images/back-workout.png" alt="Back Workout" height="300" width="300">
			</a>
			<p>Click the image above to start!</p>
		</h3>
    </div> 
</main>

<footer>
    <small>©Scott Howells 2020</small>
</footer>
<script src="./js/app.js"></script>
<script src="./js/main.js"></script>
</body>
</html>



















Leg.html
<!DOCTYPE html>
<html lang="en">
<head>
    <title>Fitness Progressive Web Application</title>
    <meta name="description" content="Fitness PWA">
    <meta charset="UTF-8">
    <meta name="viewport" content="width=device-width, initial-scale=1.0">
    <meta name="theme-color" content="#3da4ab">
    <link rel="icon" type="image/png" href="./images/icons/icon-128x128.png" />
    <link rel="apple-touch-icon" href="./images/icons/icon-192x192.png">
    <meta name="apple-mobile-web-app-status-bar" content="#3da4ab">
    <link rel="stylesheet" href="./css/main.css">
    <link rel="manifest" href="./manifest.json">
</head>
<body>
<header>

 <div class="nav">
      <ul>
        <li class="Home"><a href="./index.html">Home</a></li>
        <li class="Chest Workout"><a href="./chest.html">Chest</a></li>
        <li class="Arm Workout"><a href="./arms.html">Arms</a></li>
        <li class="Leg Workout"><a class="active" href="./leg.html">Legs</a></li>
		<li class="Back Workout"><a href="./back.html">Back</a></li>
		<li class="Calendar"><a href="./calendar.html">Calendar</a></li>
      </ul>
    </div>

</header>
<main>
    <div class="holder">
		<h3>Leg Workouts
			<a href="./leg-workouts.html">
			<img src="./images/leg-workout.png" alt="Leg Workout" height="300" width="300">
			</a>
			<p>Click the image above to start!</p>
		</h3>
    </div> 
</main>

<footer>
    <small>©Scott Howells 2020</small>
</footer>
<script src="./js/app.js"></script>
<script src="./js/main.js"></script>
</body>
</html>



















Calendar.html
<!DOCTYPE html>
<html lang="en">
<head>
    <title>Fitness Progressive Web Application</title>
    <meta name="description" content="Fitness PWA">
    <meta charset="UTF-8">
    <meta name="viewport" content="width=device-width, initial-scale=1.0">
    <meta name="theme-color" content="#3da4ab">
    <link rel="icon" type="image/png" href="./images/icons/icon-128x128.png" />
	<link rel="apple-touch-icon" href="./images/icons/icon-192x192.png">
    <meta name="apple-mobile-web-app-status-bar" content="#3da4ab">
	<link rel="stylesheet" href="./css/style.css">
    <link rel="stylesheet" href="./css/main.css">
    <link rel="manifest" href="./manifest.json">
	<script src="./js/function.js"></script>
</head>
<body>
<header>

 <div class="nav">
      <ul>
        <li class="Home"><a href="./index.html">Home</a></li>
        <li class="Chest Workout"><a href="./chest.html">Chest</a></li>
        <li class="Arm Workout"><a href="./arms.html">Arms</a></li>
        <li class="Leg Workout"><a href="./leg.html">Legs</a></li>
		<li class="Back Workout"><a href="./back.html">Back</a></li>
		<li class="Calendar"><a class="active"  href="./calendar.html">Calendar</a></li>
      </ul>
    </div>

</header>
<div class="container">
	<div class="row">
	<center>
		<h1>Calendar of Exercises</h1>
		</center>
	</div>
	<div class="row col-2">
		<aside class="exerciseKey">
			<h1>Exercises</h1>
			<div class="ChestWorkout"><a href="./chest.html">Chest Workout</a></div>
			<div class="ArmWorkout"><a href="./arms.html">Arm Workout</a></div>
			<div class="LegWorkout"><a href="./leg.html">Leg Workout</a></div>
			<div class="BackWorkout"><a href="./back.html">Back Workout</a></div>
		</aside>
		<article>
      <h3 class="monthYear"><span>,</span> May 2020 </h3>
		  <ul class="days">
		    <li>Sun</li>
		    <li>Mon</li>
		    <li>Tues</li>
		    <li>Wed</li>
		    <li>Thurs</li>
		    <li>Fri</li>
		    <li>Sat</li>
		  </ul>
			<ul class="dates">
        <li class="fade"><span class="date">29</span></li>
        <li class="fade"><span class="date">30</span></li>
				<li><span class="date">1</span></li>
				<li>
          <section class="dateWrapper">
					<span class="date">2</span>
					<div class="multidayHolder"><a href="./chest.html" class="multidayEvent ChestWorkout length-2">Any Chest Workout <span>2 - 3</span></a></div>
          </section>
				</li>
				<li class="current today">
            <section class="dateWrapper">
              <span class="date">3</span>
              <div class="multidayHolder"><a href="./chest.html" class="multidayEvent ChestWorkout secondaryDay">Any Chest Workout <span>2 - 3</span></a></div>
             </section>
		    	</li>
				<li><span class="date">4</span>
          <a href="./arms.html" class="ArmWorkout">Pull Ups</a>
		        </li>
				<li><span class="date">5</span></li>
				<li><span class="date">6</span></li>
				<li><span class="date">7</span><a href="./leg.html" class="LegWorkout">Squats</a></li>
				<li><span class="date">8</span><a href="./arms.html" class="ArmWorkout">Bicep Curls</a></li>
				<li><span class="date">9</span><a href="./back.html" class="BackWorkout">Back Extension</a></li>
				<li><span class="date">10</span><a href="./leg.html" class="LegWorkout">Chair Pose</a></li>
				<li><span class="date">11</span><a href="./arms.html" class="ArmWorkout">Bar Curl</a></li>
				<li><span class="date">12</span></li>
				<li><span class="date">13</span></li>
				<li><span class="date">14</span><a href="./back.html" class="BackWorkout">Burpees</a></li>
				<li><span class="date">15</span><a href="./leg.html" class="LegWorkout">Knee Tucks</a></li>
				<li>
					<span class="date">16</span>
					<div class="multidayHolder"><a href="./chest.html" class="multidayEvent ChestWorkout length-3">Any Chest Workout <span>16 - 18</span></a></div>
				</li>
				<li>
					<span class="date">17</span>
					<div class="multidayHolder"><a href="./chest.html" class="multidayEvent ChestWorkout secondaryDay">Any Chest Workout <span>16 - 18</span></a></div>
				</li>
				<li>
					<span class="date">18</span>
					<div class="multidayHolder"><a href="./chest.html" class="multidayEvent ChestWorkout secondaryDay">Any Chest Workout<span>16 - 18</span></a></div>
				</li>
				<li>
					<span class="date">19</span>
				</li>
				<li><span class="date">20</span></li>
				<li><span class="date">21</span> <a href="./arms.html" class="ArmWorkout">Inverted Row</a></li>
				<li><span class="date">22</span><a href="./back.html" class="BackWorkout">Deadlift</a></li>
				<li><span class="date">23</span><a href="./leg.html" class="LegWorkout">Side Lunge</a></li>
				<li><span class="date">24</span><a href="./back.html" class="BackWorkout">Barbell Row</a></li>
				<li><span class="date">25</span><a href="./arms.html" class="ArmWorkout">Headstand</a></li>
				<li><span class="date">26</span></li>
				<li><span class="date">27</span></li>
				<li><span class="date">28</span><a href="./chest.html" class="ChestWorkout">Chest Press & Plank</a></li>
				<li><span class="date">29</span><a href="./leg.html" class="LegWorkout">Leg Raise</a></li>
				<li><span class="date">30</span><a href="./arms.html" class="ArmWorkout">Concentration Curl</a></li>
		     	<li><span class="date">31</span><a href="./back.html" class="BackWorkout">Lat Pulldown</a></li>
				<li class="fade"><span class="date">1</span></li>
				<li class="fade"><span class="date">2</span></li>
			</ul>
      <div class="calendarNav">
      	<a href="#prevDay" class="prevDay">Previous Day</a> 
      	<a href="#today" class="today">Current Day</a>
      	<a href="#nextDay" class="nextDay">Next Day</a>
      </div>
		</article>
	</div>
</div>
<footer>
    <small>©Scott Howells 2020</small>
</footer>
<script src="./js/app.js"></script>
<script src="./js/main.js"></script>
</body>
</html>















































Offline.html
<!DOCTYPE html>
<html lang="en">
<head>
    <title>Fitness Progressive Web Application</title>
    <meta name="description" content="Fitness PWA">
    <meta charset="UTF-8">
    <meta name="viewport" content="width=device-width, initial-scale=1.0">
    <meta name="theme-color" content="#3da4ab">
    <link rel="icon" type="image/png" href="./images/icons/icon-128x128.png" />
    <link rel="apple-touch-icon" href="./images/icons/icon-192x192.png">
    <meta name="apple-mobile-web-app-status-bar" content="#3da4ab">
    <link rel="stylesheet" href="./css/main.css">
    <link rel="manifest" href="./manifest.json">
</head>
<body>
<header>
    <div class="nav">
      <ul>
        <li class="Home"><a href="./index.html">Home</a></li>
        <li class="Chest Workout"><a class="active" href="./chest.html">Chest</a></li>
        <li class="Arm Workout"><a href="./arms.html">Arms</a></li>
        <li class="Leg Workout"><a href="./leg.html">Legs</a></li>
		<li class="Back Workout"><a href="./back.html">Back</a></li>
		<li class="Calendar"><a href="./calendar.html">Calendar</a></li>
      </ul>
    </div>
</header>
<main>
    <div class="holder">
        <h1>Sorry, you are offline =(</h1>
		<p>
		Please Select a Workout from the Menu Above.
		Then choose an Exercise to Perform by clicking on the Image!
		</p>
    </div>
</main>
<footer>
    <small>©Scott Howells 2020</small>
</footer>
<script src="./js/app.js"></script>
<script src="./js/main.js"></script>
</body>
</html>























Main.js

console.log('Cool script');

var sw = {
  /* [INIT] */
  distime : null, // holds HTML time display
  disreset : null, // holds HTML reset button
  disstop : null, // holds HTML start/stop button
  timer : null, // timer object
  now : 0, // current timer
  init : function () {
    // Get HTML elements
    sw.distime = document.getElementById("sw-time");
    sw.disreset = document.getElementById("sw-rst");
    sw.disstop = document.getElementById("sw-go");

    // Attach listeners
    sw.disreset.addEventListener("click", sw.reset);
    sw.disreset.disabled = false;
    sw.disstop.addEventListener("click", sw.start);
    sw.disstop.disabled = false;
  },

  /* [ACTIONS] */
  tick : function () {
  // tick() : update display if stopwatch running

    // Calculate hours, mins, seconds
    sw.now++;
    var remain = sw.now;
    var hours = Math.floor(remain / 3600);
    remain -= hours * 3600;
    var mins = Math.floor(remain / 60);
    remain -= mins * 60;
    var secs = remain;

    // Update the display timer
    if (hours<10) { hours = "0" + hours; }
    if (mins<10) { mins = "0" + mins; }
    if (secs<10) { secs = "0" + secs; }
    sw.distime.innerHTML = hours + ":" + mins + ":" + secs;
  },

  start : function () {
  // start() : start the stopwatch

    sw.timer = setInterval(sw.tick, 1000);
    sw.disstop.value = "Stop";
    sw.disstop.removeEventListener("click", sw.start);
    sw.disstop.addEventListener("click", sw.stop);
  },

  stop  : function () {
  // stop() : stop the stopwatch

    clearInterval(sw.timer);
    sw.timer = null;
    sw.disstop.value = "Start";
    sw.disstop.removeEventListener("click", sw.stop);
    sw.disstop.addEventListener("click", sw.start);
  },

  reset : function () {
  // reset() : reset the stopwatch

    // Stop if running
    if (sw.timer != null) { sw.stop(); }

    // Reset time
    sw.now = -1;
    sw.tick();
  }
};

window.addEventListener("load", sw.init);


























































Function.js
$('a.nextDay').click(function() { 
  $('li.current').next().addClass('current').prev().removeClass('current');
});
  $('a.prevDay').click(function() { 
  $('li.current').prev().addClass('current').next().removeClass('current');
});
$('a.today').click(function(){
  $('li.current').removeClass('current');
  $('li.today').addClass('current');
});
$('a.expand').click(function(){
  $(this).parent().toggleClass('open');
  $(this).toggleClass('open');
});



App.js
window.addEventListener('load', () => {

    if ('serviceWorker' in navigator){

        navigator.serviceWorker.register('./sw.js')
            .then(registration => {
                console.log('Service worker successfully registered', registration);
            })
            .catch(error => {
                console.log('Service worker registration failed', error);
            });
    }
});


































Style.css
body {
  background:#ebebeb;
  text-align:center;
  font-family: Helvetica,Arial,sans-serif;
}
h1 {
  font-size:32px;
  font-weight:100;
  margin-bottom:16px;
  margin:20px 0 40px;
}
h2 {
  font-size:14px;
  font-weight:100;
  margin-bottom:8px;
  margin-top:5px;
}
h3 { font-size:21px; }
.container { 
  max-width:900px;
  margin:0 auto;
  text-align:left;
  padding:0 20px;
}
.row { clear:both; }
.row:after {
  content:' ';
  display:block;
  clear:both;
}
.col-2 aside {
  width:20%;
  float:left;
}
.col-2 article {
  width:80%;
  float:left;
}

.exerciseKey div {
  display:inline-block;
  padding:4px;
  margin:4px 4px 4px 0;
  float:left;
  clear:both;
}
.monthYear { margin:0px 0 10px 0; padding:0 0 0 8px;}
.monthYear span { display:none; }
.days li {
  color:#333;
  border-bottom:1px solid #ccc;
  padding:4px 4px 4px 8px;
  text-transform:uppercase;
  font-size:13px;
}
.days li, .dates li {
  float:left;
  width:14.28%;
  position:relative;
  box-sizing:border-box;
}
.dates {
  border-right:1px solid #ccc;
}
.dates:after, .days:after {
  content:'';
  display:block;
  clear:both;
}
.dates li {
  border:1px solid #ccc;
  border-width:0 0 1px 1px;
  height:90px;
  margin:0;
  background:#fff;
}
.dateWrapper {
  max-height:90px;
  position:absolute;
  top:0;
  left:0;
  width:100%;
  transition: max-height 1s;
}
.dateWrapper.open {
  max-height:600px;
  z-index:10;
  padding-bottom:25px;
  background:#fff;
  border-bottom:1px solid #ccc;
  box-shadow:0 0 10px #333;
}
.dates li.fade {
  color:#ccc;
  opacity:0.6;
}
.date, .dates li a {
  display:block;
  padding:4px;
  text-align:right;
  font-size:13px;
}
.dates li a, .eventKey div {
  text-align:left;
  text-decoration:none;
  font-size: 12px;
  color:#fff;
  border-radius:2px;
}
.dates li a, .dates li div {
  margin:4px 2px 0;
}
.dates li a.expand {
  display:block;
  background:linear-gradient(to bottom, rgba(0,0,0,0) 0%,rgba(0,0,0,0) 26%,rgba(0,0,0,0.50) 100%);
  position:absolute;
  bottom:0px;
  left:0;
  width:100%;
  text-align:left;
  padding:4px 0 0 0;
  margin:0;
  border-radius:0;
}

.dates li a.expand span {
  display:inline-block;
  float:right;
  padding:4px 8px;
  transition: transform 1s ease-in-out;
  
}
.dates li a.expand.open span {
	transform: rotate(45deg);
  color:#333;
}

.dates li a b {
  font-weight:bold;
}
.multidayHolder {
  position:relative;
  height:20px;
  padding:0;
  margin:4px 0 0 0;
}
.dates li a.multidayEvent {
  position: absolute; 
  top:0;
  left:0;
  z-index:100;
  display:none;
  margin:0;
}
.multidayEvent span, .holiday span  { display:none;}
.dates li a.length-2 {width:196%; display:block; }
.dates li a.length-3 {width:301%; display:block;}
.ChestWorkout, .ChestWorkout:before { background:#e86542; color:#fff;}
.ArmWorkout, .ArmWorkout:before { background:#f8688b; color:#fff;}
.LegWorkout, .LegWorkout:before { background:#5fa8aa; color:#fff;}
.BackWorkout, .BackWorkout:before { background:#f8a805; color:#fff;}
.calendarNav {
  display:none;
}
@media (max-width: 744px) { 
  body {
    background:#fff;
  }
	.col-2 aside, .col-2 article {
    width:100%;
    float:none;
    clear:both;
  }
	.eventKey div {
    clear:none;
  }
  .monthYear { 
    padding:20px 0 20px 23px; 
    margin:0;
    border-bottom:1px solid #ccc;
  }
	.monthYear span { display:inline; }
	.days, .dates li, .dates li a.expand { display:none; }
  .dates li.current, .dates li a.multidayEvent, .calendarNav {
   display:block;
   position:static;
   width:auto;
  }
  .multidayHolder {
    height:auto;
  }
  .dates {border:none;}
  .dates li.current {
    width:100%;
    height:auto;
    border:none;
    position: relative;
    display:block;
  }
  .dateWrapper { width:100%; height:auto; position:static; max-height:1000px;}
  .date {
    text-align:left;
    position:absolute;
    top:-46px;
    left:0px;
    font-size:21px;
  }
  .multidayEvent span, .holiday span  {
    position:static;
    margin-top:4px;
    color:#999;
   display:block;
   text-align:left;
  }
  .dates li a {
    background:none;
    color:#333;
    position:relative;
    font-size:14px;
    padding:25px 0 25px 35px;
    margin:5px 0;
    border-bottom:1px solid #ccc;
    min-height:45px;
  }
  .dates li a:before {
    content: '';
    display: block;
    width: 17px;
    height: 17px;
    border-radius: 17px;
    position: absolute;
    top: 30%;
    left: 0;
  }
  .dates li a:after  {
    content: '';
    display:block;
    position: absolute;
    top:42%;
    right:20px;
    border:1px solid #ccc;
    border-width:1px 1px 0 0;
    width:15px;
    height:15px;
    transform: rotate(45deg);
  }
  .dates li a b { display:block; margin-bottom:4px; }
  .calendarNav {
    padding:20px 0;
    text-align:center;
  }
  .calendarNav a {
  	clear:both;
    display:inline-block;
    color:#333;
    text-decoration:none;
    padding:6px 10px;
    border-radius:4px;
    background:#d6d6d6;
    border:1px solid #999;
    border-width:0 1px 1px 0;
    margin-right:6px;
    font-size:14px;
  }
  
}

Main.css
:root {
    --main-bg-color: #f6cd61;
    --main-accent-color: #3da4ab;
    --text-color: #000000;
    --light-bg-color: #ffffff;
}
html, body {
    height: 100%;
    margin: 0;
    padding: 0;
}
body {
    display: flex;
    flex-direction: column;
    box-sizing: border-box;
    background: var(--light-bg-color);
    color: var(--text-color);
    font-family: Arial, "Helvetica Neue", Helvetica, sans-serif;
}
main {
    flex-grow: 1;
    display: flex;
    background:
        linear-gradient(324deg, var(--main-accent-color) 4%, transparent 4%) -70px 43px,
        linear-gradient( 36deg, var(--main-accent-color) 4%, transparent 4%) 30px 43px,
        linear-gradient( 72deg, var(--main-bg-color) 8.5%, transparent 8.5%) 30px 43px,
        linear-gradient(288deg, var(--main-bg-color) 8.5%, transparent 8.5%) -70px 43px,
        linear-gradient(216deg, var(--main-bg-color) 7.5%, transparent 7.5%) -70px 23px,
        linear-gradient(144deg, var(--main-bg-color) 7.5%, transparent 7.5%) 30px 23px,
        linear-gradient(324deg, var(--main-accent-color) 4%, transparent 4%) -20px 93px,
        linear-gradient( 36deg, var(--main-accent-color) 4%, transparent 4%) 80px 93px,
        linear-gradient( 72deg, var(--main-bg-color) 8.5%, transparent 8.5%) 80px 93px,
        linear-gradient(288deg, var(--main-bg-color) 8.5%, transparent 8.5%) -20px 93px,
        linear-gradient(216deg, var(--main-bg-color) 7.5%, transparent 7.5%) -20px 73px,
        linear-gradient(144deg, var(--main-bg-color) 7.5%, transparent 7.5%) 80px 73px;
    background-color: var(--main-accent-color);
    background-size: 100px 100px;
}
header, footer {
    flex-grow: 0;
    padding: 20px;
}
footer {
    text-align: center;
}
a {
    color: var(--text-color);
}
a:hover {
    color: var(--main-accent-color);
}
.holder {
    width: 100%;
    max-width: 300px;
    padding: 10px;
    margin: auto;
    background: var(--main-bg-color);
    text-align: center;
}

.nav ul {
  list-style: none;
  background-color:  #0e9aa7;
  text-align: center;
  padding: 0;
  margin: 0;
}
.nav li {
  font-family: 'Oswald', sans-serif;
  font-size: 1.2em;
  line-height: 40px;
  height: 40px;
  border-bottom: 1px solid #888;
}
 
.nav a {
  text-decoration: none;
  color: #fff;
  display: block;
  transition: .3s background-color;
}
 
.nav a:hover {
  background-color: #a71b0e;
}
 
.nav a.active {
  background-color: #fff;
  color: #444;
  cursor: default;
}
 
@media screen and (min-width: 600px) {
  .nav li {
    width: 120px;
    border-bottom: none;
    height: 50px;
    line-height: 50px;
    font-size: 1.4em;
  }
 
  .nav li {
    display: inline-block;
    margin-right: -4px;
  }

#stopwatch {
  background: #3da4ab;
  border: 1px solid #999;
  padding: 20px;
  border-radius: 10px;
  max-width: 300px;
}
#sw-time {
  font-size: 48px;
  font-weight: bold;
  text-align: center;
}
#sw-rst, #sw-go {
  width: 45%;
  box-sizing: padding-box;
  padding: 10px;
  display: inline-block;
  background: #aa2f2f;
  border: 0;
  color: #fff;
}
  






Questionnaire 1 Results	
Online Participants	Face-to-face Participants	29	21	


Does the PWA achieve your Goals?	
Yes	No	17	13	


Out of 5 How Satisfied are you with the PWA?	
1	2	3	4	5	2	4	9	11	4	


How would you rate the Quality of the PWA out of 5	
1	2	3	4	5	4	6	9	8	3	
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Figure 1: The System Usability Scale template, developed by John Brooke as an example of
how it calculates the score [70].

There is little guidance received in terms of interpreting the SUS score when completing the
form. To calculate the SUS the scores from each contribution must be totalled from each iten
in question, the score varies from 0 to 4 for each. Items 1,3,5,7 and 9 the score contributions
are the scale minus 1. Items 2,4,6,8 and 10 are deducted by 5 from the scale position. The
scores must be multiplied by 2.5 to obtain the overall SUS score. Figure 1 demonstrates the
sums totalling to 22. 22 further multiplied by the 2.5 totals the overall SUS score as 55 [71].

Author of the article ‘Measuring Usability With The System Usability Scale (SUS)’ featured
on the website ‘UserFocus’ Jeff Sauro conducted 500 individual studies and concluded that
an average score of 68 was issued throughout [69]. Below is an example of an SUS scoring
Template sheet:

2.3.3.4 Usability Testing for the Different Types of Applications

Page200f21 7313words [ ) Focus

il
&l
|

-
+
5]
5]
&

ﬂ O Type here to search ) =3 9 F i

ther word for < X

<&

@ The Effect of Experience X +

(&l & s3amazonaws.com/academiaedudocum.. @ Y NETEEEES e :

SUS Scoring Template

[Enter ratings per question for 1 or more evaluators:

[Positive Response - Agree or
Strongly Agree for positive
questions, Disagree or
Strongly Disagree for negative
questions

Neutral - neither Agree nor
Disagree, or unable to answer
Negative Response - Agree or
Strongly Agree for negative
questions, Disagree or
Strongly Disagree for positive

Legend:
Not Acceptable - Acceptable - Excellent

Thresholds Thresholds (%):

Recommended ranges:

- Excellent = 85-
Note! The sheet has to be Unprotected if
you want to change current threshholds

12:45 PM
10-Apr-20
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There were issues affecting this run of Lighthouse:

= Chrome extensions negatively affected this page's load performance. Try
auditing the page in incognito mode or from a Chrome profile without extensions.

i Console What's New X X

Highlights from the Chrome 80 update

Support for let and class redeclarations

When experimenting with new code in the Console, repeating
let or class declarations no longer causes errors.

Improved WebAssembly debugging

The Sources panel has increased suf:port for stepping over
code, setting breakpoints, and resolving stack traces in source
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Push-Ups

The Push-Up is an excellent exercise to
strengthen your chest. Make sure to use a wide
grip as this technique will work your chest
muscles harder.

Complete a set of 10 and progress each week
with an additional 5 until you reach your goal.

Alternativy, complete this exercise for 30
seconds adding on 15 seconds each week. Use
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Plank

Planks help improve strength and stability. Keep
your palms and toes firmly planted to the
ground and straighten your back. Lower down
to your forearms and maintain the position.

Complete this exercise for 15 seconds and
progress each week with an additional 10
seconds until you reach your goal. Use the timer
below to help you!

Install Fitness PWA

Chest Press

Lie flat on a bench holding weights and stretch
your arms over your shoulders at shoulder
width apart. Descend slowly and continue to do
so exhaling when you return into starting
position.

Complete a set of 7 and progress each week
with an additional 3 until you reach your goal.

Alternativy, complete this exercise for 1 minute -
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