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ABSTRACT
This Master’s research proposal is a research and development initiative for Progressive Web Apps (PWAs) using the JavaScript framework React.js. The research project's focus is building a proof-of-concept React.js PWA with the aim of improving usability and user experience. An existing app and website will be analysed for flaws, and pre-usability tests will be undertaken to assess usability and user experience. Based on the results of the testing, a PWA will be created to combat the problems. 
The study looks at how React.js may help improve usability and user experience, as well as other results. The theory section addresses the main reasons for increasing application usability and user experience, as well as the recommended practices to follow while creating a PWA. 

I. [bookmark: _Toc99284939]INTRODUCTION
Mobile applications have had tremendous success within the mobile market. Many organisations have become eager to develop their own optimised mobile apps available for all main mobile operating systems. Unfortunately, when designed natively for each mobile platform, these advances are costly [1]. 
In previous mobile application development, code reusability between mobile platforms, the web, and native applications was fundamentally non-existent. 
The reason for this is because the code bases of native apps are not interoperable, which results in separate developer environments and projects whenever support for different operating systems and mobile platforms is sought [2], [3], [4]. 
As a result, cross-platform development became a popular choice for organisations lacking the resources or desire to hire professional mobile developers for each targeted platform [5]. 
Over time, several methodologies for cross-platform development as a substitute for native development have emerged [6]. One solution for cross-platform development are PWAs, which can be developed using a collection of the most current technology. 
This research project is an experimental study into whether PWAs are a better alternative to native applications from a usability and user experience standpoint. 
PWAs are a relatively new technology, meaning there is a lack of research about PWAs and even less research has been conducted about their influence on usability and user experience [7], [8]. 
The end-user experience of PWAs is largely unexplored. Much research has studied and investigated the capabilities of PWAs since their inception, comparing them to other proven techniques. Due to its advantages, it has been argued that PWAs may be the solution that will eventually replace native apps. Several of these studies concentrate on the technical aspects of PWAs, or whether the approach is the ideal cross-platform solution for mobile app development. However, there is a lack of research on how end users view PWAs. 
The author selected this project since PWAs are rapidly increasing in popularity and are considered the future of mobile app development [9]. The author has decided on React.js to create the PWA as React is excellent for building scalable and fast online apps while avoiding problems in performance [10]. 
React JS has rapidly grown in popularity as one of the most popular JavaScript frameworks. Facebook, Spotify, Instagram, and Pinterest are examples of companies that employ React JS. Most web development businesses currently employ React JS to construct dynamic Web apps due to its beneficial features and versatility. As a result, it has lately become one of the most in-demand web skills. 
React aids in the development of complex, scalable web apps with hot reloading capabilities. It ensures that the application will continue to operate when changes are made at runtime. This capability is very useful for fine-tuning the user interface functionality. Another popular aspect for creating UI with React is the 'Learn once, write anywhere' approach [11], which allows for code reuse. 
In JavaScript programmes, performance difficulties with DOM (Document Object Model) manipulation are widespread. React uses the virtual DOM to make UI changes without reloading the entire page and risking rendering issues [12]. React allows changes to be made to the page in the virtual memory instead of using code-heavy bootstrapping tools like JQuery. Furthermore, React's faster rendering speed reduces the time it takes for a website to load.


II. [bookmark: _Toc99284940]LITERATURE REVIEW
PWAs are a relatively new technology that are slowly increasing in academic interest regarding research. This is clear from the small number of PWA-related research publications that have been found on major academic search engines which will be evaluated in this literature review. 
A. [bookmark: _Toc99284941]Types of Development Methodologies
Software development companies now have the option to adopt several types of web-based development methodologies including Native Apps, Mobile Web Apps, Hybrid Mobile Apps, and PWAs. 
1) [bookmark: _Toc99284942]Native Apps
The first of these methodologies to exist was native apps, which are composed of executable binary files which work by downloading and storing them directly onto the mobile device of a user [13]. Applications which are built through this approach are platform dependent and are only available through a specific app store, such as the Apple App store or the Google Play store. The mobile app developers decide which platform to adopt the application on. 
The conference proceedings “Beyond Native Apps: Web Technologies to the Rescue! (Keynote)” by Ivano Malavolta [14] identified that the high rate of development time, the large amounts of testing, and the costs of maintenance are all major native app challenges. 
The whitepaper “Native, web or hybrid mobile-app development” by IBM [13] stated that one of the most significant drawbacks of the native app methodology is that code generated for one mobile platform, e.g., it is not possible to use code written in Java for Android for another platform such as for an iOS application written using Objective-C code. This means that developing and maintaining native applications for multiple operating systems is a lengthy and expensive process. 
The limitations native apps bring where a different Software Development Kit (SDK) is used for each platform, and each has its own development capabilities was tackled through the development of several cross-platform architectures. These architectures allow for only one SDK to be needed to deploy mobile solutions. 
2) [bookmark: _Toc99284943]Mobile Web Apps
Mobile Web Apps are browser-based websites which are optimised for mobile use. The user experience is consistent between devices as standard web technologies are employed. This improves the performance of development and leads to easier maintenance. Mobile web applications can access the device's camera and microphone; however, they are unable to access other capabilities. There are also issues with large images and are unable to be deployed through the app store [14]. 
3) [bookmark: _Toc99284944]Hybrid Mobile Apps
[bookmark: bau005]According to “Taxonomy of Cross-Platform Mobile Applications Development Approaches” by Wafaa S. El-Kassas, et al. [15] and “Cross platform approach for mobile application development: A survey” by Mounaim Latif, et al. [16], hybrid mobile apps were created in attempt to combine the strengths of native app and web app architecture. 
The hybrid strategy involves developing mobile solutions using web technologies but rendering them inside native applications and distributing them through multiple app stores [17]. 
Hybrid Mobile apps feature a wrapper which allows them to be distributed across every platform. This wrapper is made possible by the use of a hybrid development framework and an API (Application Programming Interface) is provided which maps requests to the equivalent in the platform which corresponds [18]. The hybrid approach allows the same code to be reused across platforms, which allows easy development and maintenance, however the wrapper does not support all native APIs [14]. 
4) [bookmark: _Toc99284945]PWAs
To address the issues raised by the different mobile development methodologies outlined by the aforementioned academics, a new development methodology – Progressive Web Apps (PWA) was created [17]. 
A PWA is a web-based app that can be used as a replacement for native mobile apps. PWAs are web applications that look and feel like a native mobile app, according to experts. 
A PWA any website that implements particular technological aspects, such as enabling offline use, push notifications and background processing [14]. Within PWA-compatible browsers, a user can add these websites onto their device's home screen and use them offline. It behaves like a regular application, except it is executed within a Chrome browser which is stripped-down, and all its interface artefacts are hidden [20]. PWAs are designed to bridge the gap between web and native/hybrid apps in terms of user experience [19]. 
a) Features of a PWA
Alex Russell coined the phrase ‘Progressive Web App’ for the first time in 2015 [21]. The features he established back then are still considered significant for PWAs today. 
[image: A Comprehensive Guide on Progressive Web Apps for Ecommerce- Dev Technosys]
[bookmark: _Toc99539221]Figure 1: Features of a PWA [22]. 
· Responsive - meaning they are designed to adapt to any size screen
· Connectivity independent – PWAs are enhanced progressively with the use of Service Workers to allow them to work without internet access.
· App-like-interactions – to construct native app style navigation and interactivity, PWAs use a Shell + Content application model.
· Fresh – due to the Service Worker update process, PWAs will always be transparently up to date.
· Safe – To avoid snooping, TLS – which is a Service Worker requirement – is used.
· Discoverable – W3C Manifests and Service Worker registration scope mean they are identifiable as "applications", which allows search engines to locate them.
· Re-engageable: A PWA can access the Operating System's re-engagement User Interfaces, such as push notifications.
· Installable: The app can be installed onto the home screen using prompts provided by the browser, which allows users to "keep" the apps they use the most without needing to go to the app store. 
· Linkable: Progressive Web Apps do not need to be installed and are simple to share. URLs have a lot of social influence. 
b) Components of PWA 
In general terms, PWAs are a type of single-page application [23]. PWAs contain the same structure as a web application or a single-page application (SPA), including an index page (index.html), HTML, CSS, and JavaScript files. However, to be classed as a PWA, the app requires three more things:
1. A manifest file: which is a file which explains the data within the PWA.
2. An app icon: which is an icon image used on mobile devices when the app is installed.
3. Service worker: A browser-registered JavaScript file that enables tasks such as caching and sending push notifications. 
A PWA is installed by saving it to the user's home screen in the same way that a standard website is saved to the user's home screen. The user has the option to test the PWA before downloading it as it can be accessed directly in the browser via a URL or placed on the home screen [2]. The required static files are downloaded to the device to be utilised offline after installation on the home screen [24]. 


III. [bookmark: _Toc99284946]METHODS
A. [bookmark: _Toc39259572][bookmark: _Toc99284947]Research Methodology
1) [bookmark: _Toc39259573][bookmark: _Toc99284948]Philosophy – Positivism or phenomenology?
Positivism is ideally suited to studying natural world elements, whereas phenomenology is well suited to the study of the social world, which includes people, organisations, and community structures [25].
Hakansson [26] proposes a model that can be used to select an appropriate research approach. To reach the project's aims and outcomes, a strategy for doing research is required, and it must be followed throughout the project.
Quantitative approaches are said to have philosophical roots in positivist and realistic paradigms, whereas qualitative methods are said to have roots in interpretivism, constructivism, and naturalistic paradigms [27].
Philosophical principles establish assumptions regarding what kinds of analysis are legitimate and acceptable [26]. Computer Science is a positivistic approach as it aims to deliver a viable solution that correspond to the inner workings of computer systems. This project will use the positivism statement, which is typical in experimental character projects, where the performance of the PWA built using the framework React.js will be evaluated. The hypothesis for this project must be tested using measurable data, which normally entails large sample sets and the use of statistics to get objective findings [26]. 
To avoid the drawbacks of a positivistic method, a parallel qualitative-quantitative approach could be adopted. Since the same individuals are questioned using multiple methodologies, this has the advantage of assisting in the recognition of both quantitative and qualitative data measurement difficulties and methodological artefacts [28]. The aspect of the project analysis that is qualitative may be utilized to solve the disadvantages of the positivist approach by providing information that aids in the understanding of statistical relationships, the establishment of explanations, and the recognition of new factors. 
2) [bookmark: _Toc39259574][bookmark: _Toc99284949]Strategy – Induction or Deduction?
To reach conclusions and decide which is true or false, suitable methodologies are utilised when doing analysis. Inductive and deductive reasoning are the most prevalent [29]. Deductive methods derive conclusions from established premises, whereas inductive methods create generic statements based on particular facts.
This project will take a deductive approach, as this approach starts with an inference or statement - PWAs enhance usability and user experience – and then verifies its validity through observation. To arrive at a conclusion, the hypothesis will be experimentally tested for the purpose of evaluating the performance of PWAs compared to native web applications. 
Deductive research is a refined type of hypothesis testing. However, certain opponents claim this technique does not encourage divergent thinking. Creativities' range might also be limited. According to Chris Gratton et al. [30], an inductive method generates an explanation from the obtained data. It is the inverse of deductive reasoning. Deduction's limitation could be solved by employing an inductive approach to data collecting and interpretation.
It is possible to use an inductive approach, with a hypothesis considering why PWAs behave the way they do; however, this is not the project’s focus.  
3) [bookmark: _Toc39259575][bookmark: _Toc99284950]Research Approach 
Experimental research can be used to study a cause-and-effect link between different variables [31]. The approach includes working with variables, identifying the link between variables, and determining the causation of relationships. This may modify one variable while leaving the others unchanged, and then checking to see whether the changes had an impact on the outcome.
This PWA project will use an experimental research strategy. This technique will be used since the project consists of analysing an existing website or web application and carrying out pre-study testing of the usability and user experience for flaws to be identified. 
The experiment methodology will be integrated with a case study that will be chosen when starting the project. As a result, the data collected from the experiment will be able to reflect the real-life PWA. 
By designing and validating a novel approach or procedure, as well as conducting an analysis and debate of its application, the software engineering research strategy targets every part of a software development problem [32]. In this project, when the implementation issues are fixed, an aspect of this will be incorporated.
4) Validity, Reliability & Generalisability 
For quantitative research to be valid and acceptable, the two criteria validity and reliability are significant [33]. 
According to Golafshani [34], the validity and reliability standards associated with quantitative research may not be applicable to qualitative research. 
Quantitative and qualitative research approaches are utilised to assess whether numerical or non-numerical data is being analysed. The study concerns for the PWA project are related to performance, which is typically examined using quantitative data, hence quantitative methodologies will be used. Experiments and research are used in the quantitative method to validate or reject ideas and assumptions. 
Generalisability is a key factor in determining the quality of a study in quantitative research [35]. External validity has long been regarded as a valuable notion within Cook and Campbell's basic validity framework [36]. The degree to which study findings may be applied to various individuals or situations is known as generalisability. The PWA project's findings will be applicable to projects looking into website usability and user experience, as well as those looking into Progressive Web App JavaScript Frameworks.
To offer valuable information from experiments, three validity styles were examined for this project: 
· Internal validity – which refers to the link between independent and dependent variables, as well as causal findings where one factor influences them [31]. Other factors will be reduced along the course of the project. Any factors not specifically studied in the study or experiment are referred to as extraneous variables. During the project, the author will investigate whether one variable (independent) has an impact on another (dependent).
· Statistical validity – which refers to the accurate use of statistics when inferring a relationship between variables. For example, whether the result was reached because of an actual cause or by coincidence [31]. In this project, statistical test results will be given together with their corresponding error boundaries. Only findings with a statistic that is significant will be examined when any conclusions are reached.
· External validity – which relates to how the study findings may be applied to situations other than those investigated in the experiments [31]. The experiments will be designed by the author to be as generalisable as can be.

B. [bookmark: _Toc39259581][bookmark: _Toc99284952]Development Methodology
1) Software Development Methodology
The PWA will be developed using React.js. 
The project’s main software development methodology will be Agile as this approach is very adaptable to change, even at the last minute, and changes can be handled without a great amount of disruption to the project [37]. 
Agile also uses an iterative approach, which means that every process is improved whenever intervals are repeated [38]. There is a constant emphasis on quality control and improvement, which facilitates in the creation of superior products. The main stages in the agile process are shown in Figure 1. 
[image: Agile in SDLC | Characteristics and Functionality of Agile in SDLC]
[bookmark: _Ref98844592][bookmark: _Toc99539222]Figure 2: Agile stages in the System Development Lifecycle [39].
The project will use functional testing to test the PWA’s functions to confirm that each component meets the project requirements.  
Functional testing ensures accessibility, reliability and it ensures that the design requirements are met. It guarantees that the PWA will function properly and ideally for users. Input will be fed into the application and the output will be analysed to verify that the system is working as it should. It ensures that design issues are investigated, that development objectives are accomplished, that end user's demands are met, that initialisation issues are detected, that false specifications are identified, and that termination issues are detected. 

2) Design Methodology
Prototypes are essential for identifying and fixing user pain points during usability testing. By testing prototypes with end-users, UX designers can visualise and optimise the user experience throughout the design process.
A design prototype will be created using software such as Adobe XD to plan out the layout of the PWA, both testing and validating ideas, before it is built. 

IV. [bookmark: _Toc99284953]RESULTS
A. [bookmark: _Toc39259577][bookmark: _Toc99284954]Data Collection
Interviews, questionnaires, and observation are common data collection methods [40]. This project will consist of a set of experiments which will be created and utilised to collect output data and the hypotheses will be tested with the use of technology. 
The data obtained from comparing the two applications could be created numerically and quantified, which can be used mathematically and offer meaningful data. Because the data is measurable, the quantitative methodologies, unlike qualitative methodologies, will allow for larger sampling sizes. 
1) [bookmark: _Toc99284955]Interviews
A structured interview works by the researcher preparing a list of interview questions ahead of time and asking the questions in the same order each time to allow for similar categorisation of the interview responses [41]. Unstructured interviews, as characterised by Minichiello et al. [42], are interviews where neither the questions nor the responses are planned, allowing for the interview to flow like a natural conversation. These types of interviews can be time consuming. 
This research project will consist of conducting semi-structured interviews as they are a mix of both structured and unstructured interview styles; therefore, combining the benefits of both. Closed questions will be used to obtain quantitative data using structured questions, and open-ended questions will be used for obtaining qualitative data, allowing for more spontaneous interaction by seeking more information when appropriate. 
The project will make sure the interviews are conducted with people who are within the target audience to avoid misleading and misinformed responses. 
2) [bookmark: _Toc99284956]Surveys
Surveys can be conducted on many individuals, but the information obtained may not be fully accurate or complete. Direct interaction with individuals via interviews and focus groups, on the other hand, can generate more detailed feedback and more insightful responses. Nevertheless, since surveys are anonymous, respondents are more confident with answering questions and will provide more honest feedback. In addition, personal information that would not be disclosed in a face-to-face interview can be gathered in a survey. Both surveys and interviews will be used for this project as both techniques can obtain different kinds of data. 
In this project, individuals will be asked questions about the usability of a PWA in the form of a usability survey. Participants will use the PWA and then answer survey questions related to it. The responses should demonstrate which aspects operate well and which need to be improved. 
The survey will contain a mixture of multiple-choice questions in order for quantitative data to be obtained, and open-ended questions to allow participants to answer the questions with their own wording to collect qualitative data. 
There will only be a small amount of open-ended questions as this type of data is harder to analyse. 
3) [bookmark: _Toc99284957]Sampling
Determining sample size is critical for drawing accurate results [43]. Even well-conducted research may fail to identify crucial impacts or relationships if the size of the sample is too small or may estimate those impacts or relationships too imprecisely. Likewise, if the sample size is too large, the study will be more difficult to carry out and the results may be erroneous.
As a result, the sample size is an important consideration in every scientific study. 
Less than 10 completed surveys are not likely to be meaningful – 50 returned surveys would be a better goal. More than 50 surveys can be conducted, but for this purpose, 50 would enough [44]. The survey will be created and handed out online via software such as Google Forms. 
The survey will be handed out to friends, students, family, people from social media and lecturers. A diverse variety of ages and computer abilities is required. 
[bookmark: _Toc99284958]To have trust in the survey findings, it is vital to account for any constraints about which target groups finished the survey when calculating the results. 

V. EVALUATION
This project proposal lays out a strategy for investigating the usability and user experience of PWAs using various research methods. The next phase will be to assess a current application, identifying weaknesses and then building a new application in the form of a PWA using React.js to address these issues and enhance usability and user experience. 
There will be several obstacles to overcome, including collecting people to conduct usability testing, as well as making sure to complete the project in time. The time constraints will be tackled by using a Gantt chart to plan the project. 
A. Gantt Chart
Figure 3 shows the Gantt chart which will be used to plan the project. 
[image: Table

Description automatically generated]
[image: ]
[bookmark: _Ref99538712][bookmark: _Toc99539223]Figure 3: Gantt Chart.


B. Resource Usage
Figure 4 displays the hours planned for each task. 
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[bookmark: _Ref99538799][bookmark: _Toc99539224]Figure 4: Research Usage.
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