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This project aims to design, develop and evaluate an interactive Single Page Application (SPA) targeted toward young users, enabling them to realise the growth potential of long-term investments coupled with compound interest and to provide an engaging and seamless user experience.

The main objectives were to conduct a comprehensive analysis of existing financial literacy tools and development methodologies, design and implement a responsive and accessible SPA showcasing compound interest growth through real-time calculations and engaging visualisations, and to evaluate the SPA’s usability and user engagement quantitatively through analysis of user interaction logs.

The evaluation of the user interaction logs found that users could complete calculations effectively, with Hypothesis 1 demonstrating that most users could complete calculations within 60 seconds of reaching the calculator. Through evaluation it was found that around 73% of users interacted with multiple calculators within the SPA, slightly short of the 75% target but a promising result, showing that users were engaging with the application. Similarly 73% of users successfully completed multiple calculations, again showing engagement and exploratory behaviour. 

The project achieved its primary objectives, demonstrating good user engagement and interaction accuracy, React.js has been shown to be a suitable framework for dynamic SPA’s. To improve the application for future iterations recommendations include improving responsiveness for mobile devices, and capture more usability logs to more finely analyse how users are interaction with the application.
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Compound interest has long been known to be a powerful principal used to grow wealth, billionaire investor Warren Buffett has stated “My wealth has come from a combination of living in America, some lucky genes, and compound interest”. Although Warren Buffett is a huge institutional investor, the same principal on compound interest applies to personal investors. 

There are a variety of compound interest calculators available online, but they are just that, calculators. The existing calculators are matter of fact, they provide the correct numbers but do not go further in demonstrating how consistent contributions grow over time, specifically given the context of long-term investing. They also lack engaging visualisations, focus on user engagement, dynamic calculation adjustment, guidance on interest rates for users to input for their calculations and actionable insights. These shortcomings result in the users not  fully realising the potential of long-term investing and compound interest.

I plan to address the afore mentioned shortcomings by developing a single page web-application (SPA) which will focus on demonstrating the potential of investing through an interactive SPA and dynamic data visualisations to clearly illustrate the benefits. I will utilise third party APIs to access historical data for high-performing stock indices for users to base their calculations on, as well as provide a reverse calculations functionality for queries such as “How much should I invest monthly to achieve a £_____ portfolio by age __? Based on ____ interest rate”. By implementing these features, the users will be engaged and have actionable goals to achieve their financial targets.

The SPA will prioritise usability and engagement, I will make it easy and seamless for the user to make small adjustments to calculations, allowing users to explore various investment scenarios easily to explore practical insights into their potential financial futures. By making the calculations easy to understand and access, I aim to make the concept of long-term investment growth tangible and attainable, encouraging people to consider the benefits of consistent contributions over a length of time and take action. 
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To design, develop and evaluate an interactive single page web-application (SPA) for young users to realise the growth potential of long-term investments through compound interest, providing an engaging and seamless user experience. 
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· Conduct comprehensive analysis of existing financial literacy tools and development methodologies

To create a solid foundation for the project, the literature review will analyse existing financial literacy tools to establish their strengths, weaknesses and any gaps functionality. I will focus on the existing tools user engagement, usability and effectiveness. 

· Design and implement a responsive and accessible SPA to showcase the power of compound interest growth

To achieve this, I will develop an SPA using a modern frameworks and best practices to deliver real-time calculations, engaging visualisations and seamless usability. I will prioritise usability by ensuring intuitive navigation, clear data presentation and interactive features which allow users to complete multiple calculations to explore multiple investment scenarios. 

· Evaluate the SPA’s usability and user engagement through quantitative analysis of user interaction logs

To achieve this objective, usability logs will be implemented on the backend to capture user actions throughout the application. Key metrics which will be recorded include time to first calculation, number of tools used throughout the application and frequency of input adjustments. These logs will be analysed against hypotheses to ensure the SPA is meeting usability and engagement goals, and to the extent that the application supports exploration and learning related to compound interest scenarios.

The structure of the following chapters will include an in-depth literature review to support the project, design and development methodologies with justification, the process of implementation, evaluation, and analysis undertaken through the process of creating and refining the SPA.

[bookmark: _Toc196743727]Research & Literature Review
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The purpose of this literature review is to explore key topics related to this project’s goals, financial literacy tools, usability principles and Single Page Application architecture. By conducting a targeted literature review, I plan to address gaps in the current financial literacy tools and justify this projects use of SPA’s to enhance usability and engagement. The literature review will also examine how modern frontend development practices can be used to improve usability and encourage sustained engagement amongst users. This will be the foundation on which design decisions will be made throughout the project, ensuring the practices used are picked based on academic research and current best practices.

[bookmark: _Toc196743729]Compound Interest and Financial Literacy 
The concept of compound interest is fundamental when considering building long-term wealth, this is amplified when investors start whilst they are young. For example, between 1993 and 2023, the average return of the S&P 500 was 9.9% per year, a modest investment of £100 per month for those 30 years would have resulted in a total investment value of £218,397.71 versus a total contribution of just £36,000. This example highlights the exponential growth which is possible and also shows the advantage of starting early to maximise compounding.

There is a concerning gap in financial literacy amongst young people, with studies showing many opt for low-yield savings accounts over higher yielding investment opportunities. A study by Tiwari and Yadav [1, No. 21] show that only 35.8% of Millennials and Generation Z respondents invest in mutual funds, with 87.2% opting for savings accounts. A low 11% of participants reported excellent financial literacy. This highlights the need for tools which can demonstrate to users the potential of compounding and to encourage better financial behaviour. 

Research has shown that online tools aid in improving financial literacy and financial decision making [2, pp. 15–26]. Hubbard et al. [3, pp. 106–120] developed three tools to establish the best way to deliver compound interest education, a text-based tool, a linear graph and a volumetric graph. The results were surprising, with the text-based tool outperforming the linear graph while improving users’ understanding of compound interest. The same study by Hubbard et al. found “what-if” scenarios (such as adjusting interest rates, initial principal amounts, investing durations etc) significantly enhance user engagement and understanding. The results suggest that using multiple visualisation techniques may improve engagement and financial literacy outcomes. 

According to Hastings and Mitchell [4, p. 1], impatience, the need or preference for immediate gratification, is a barrier to long-term investing. The study found that individuals with low patience levels were less likely to commit to long term-investing. I believe my SPA, through visualising potential growth of investments over time through clear, engaging and interactive tools, will encourage users to contemplate a long-term strategy. 

The are currently many options when looking for online compound interest calculators, and they are all relatively similar. The current offering fails to engage users, provide actionable insights or allow users to select from historical stock prices, forcing users to do their own research to come up with the figures to use in calculations. Monevator has a calculator which offers multiple currencies along with clear graphs but lacks historical interest rate data and interactivity [5]. Similarly, Nutmeg’s calculator has a simplistic user interface but in turn provides limited features [6]. The Calculator Site [7] has a comprehensive list of different calculators, including a compound interest calculator, as the site is a general calculator site, it only provides the basics and doesn’t focus on improving financial literacy.

The research carried out demonstrates the crucial role of financial literacy in influencing better financial behaviour and also highlights the absence of interactive compound interest tools which help users bridge their knowledge gaps. By addressing the shortfalls of existing online calculators and leveraging insights gained from studies, this project aims to create an all-in-one platform which delivers accurate and dynamic compound interest calculations which utilise historical stock prices and demonstrates to users the power of compound interest, which will encourage users to invest for their futures.

Although this review of existing tools is not as in depth as originally planned, due to time constraints, the findings informed the projects focus on building a dynamic and engaging SPA to address the gaps identified.
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User engagement and interactivity are key to demonstrating the potential of compound interest and long-term investing to users. A well-designed online compound interest tool should keep users engaged through a combination of allowing users to visualise outcomes dynamically, explore investment scenarios, and gain actionable insights into the potential upsides of investing over time. 

To keep users engaged, an online tool must be simple, interactive, and provide clarity on the meaning of each function. According to Norman in “The Design of Everyday Things” [8], under the principles of usability, tools which are intuitive and responsive help users to feel in control, this encourages trust and sustained use. 

For this project, engagement will be achieved by implementing features which enable users to interact with calculations and data visualisations, this will give users the ability to effortlessly explore different investment scenarios, e.g. different interest rates, durations, monthly contributions etc., and see the potential impact of their decisions over time.

Various research highlights the impact of interactive tools in helping users to better understand and apply new concepts. Hubbard, Matthews and Samek [9, No. 2] showed that compound interest tools which allowed the user to adjust input variables, such as interest rates and duration of investment, are effective in demonstrating outcomes and maintaining user interest. The same study found that “what-if” scenarios increased comprehension and encouraged users to explore different possibilities. 
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ISO9241-11 [10] is a subsection of ISO9241, Ergonomics of human-system interaction, which gives us a good definition of Usability as follows:

“Extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use.”

Models such as Nielsen’s Usability Heuristics and Shneiderman’s Design Rules will be assessed to establish which model is best suited, or a hybrid model, to this project.

Nielsen’s Usability Principles

Nielsen’s usability principles are a set of high-level rules which are deemed essential to creating web-applications which are user-friendly. The principles and how they might apply to this project are [11]:
· Simple and natural dialogue – The application should aim to keep users informed about what’s going on, through appropriate feedback.
· Match between the system and the real world – The application should use language familiar to the users
· User Control and Freedom – Users should be able exit unwanted actions easily
· Consistency and Standards – Users shouldn’t be confused as to if different words mean the same thing
· Error Prevention – The application should prevent errors before they occur, rather than just displaying error messages
· Recognition Rather than Recall – Minimise the users memory load, avoid relying on users to remember information, labels should be visible
· Flexibility and Efficiency of Use – The system should be efficient for normal and experienced users, with shortcuts available for experienced users. 
· Aesthetic and minimalist design – Interfaces to be uncluttered and not distract from task at hand.
· Help users recognise, diagnose, and recover from errors – Error messages should be clear, avoid using ambiguous error codes.
· Help and documentation – Provide documentation if necessary.

Shneiderman’s Design Rules – The Eight Golden Rules of Interface Design

The Eight Golden Rules of Interface Design are Ben Shneiderman’s version of a list of key design principles to follow. The principles are as follows:
1. Strive for consistency – Consistency throughout the application should be strived for, e.g. menus, font, colours, and terminology should be used wherever possible.
2. Seek universal usability – Recognise the needs of each user and their needs, for beginner users ensure adequate explanations are visible, for experienced users, shortcuts are available, and relevant accessibility features are in place.
3. Offer informative feedback – For all user interactions, there should be some kind of feedback, e.g. hovering over a graph or text box should make a visible change to showing changes.
4. Design dialogs to yield closure – Groups of actions should be split into a beginning, middle and end, with feedback given at the completion of each stage. For example, a confirmation message could be given once a form is submitted, or action is completed.
5. Prevent errors – Ensure errors are prevented wherever possible. E.g., grey out dates which are out of range, or blocking text in numeric fields. This rule also requires any error messages to be concise, and if a user does make an error, the whole form doesn’t need to be filled in again from scratch.
6. Permit easy reversal of actions – Wherever possible, actions should be reversable, to help users feel at ease. For example, if a user changes the currency, it should be able to be changed back without deletion of input data.
7. Keep users in control – The application has to react predictably to user actions, avoid unexpected behaviours and forced workflows. E.g., users should have flexibility whilst modifying inputs, adjusting parameters and recalculating investment scenarios, without needing to start the whole process again.
8. Reduce short-term memory load – Users shouldn’t be required to memorise information from one part of the application to another. Key data should remain visible, and actions shouldn’t rely on memory. To incorporate this rule, investment inputs such as monthly contributions, interest rates and time periods should be visible throughout the process to aid in easy modification and so users can view current inputs.

Both approaches contain valuable principles to follow whilst designing user-friendly applications. Nielsen and Shneiderman’s approaches have strengths and overlaps, because of this, a hybrid approach is likely the best fit for this project.

Nielsen’s principles are broad usability guidelines which focus on error prevention, feedback and user control, this makes the principles effective for creating engaging web applications.
Shneiderman’s Rules focus more on how interfaces should behave, encouraging consistency, structured user interactions and universal usability.

Nielsen’s principles of Error Prevention, Flexibility and Efficiency of Use, and Recognition Rather than Recall align with the objectives of this project, to help provide a seamless user experience for inputting and modifying investment parameters. These principles will be essential for ensuring users fully understand the impact of their choices without any confusion.

Shneiderman’s Rules, especially Strive for consistency, keep users in control, and reduce short-term memory load, will ensure the application keeps a structured and intuitive workflow, this will prevent beginner users from feeling overwhelmed and becoming lost in multi-step calculations.

As a financial tool, user input accuracy and dynamic updates are essential, therefore rules surrounding error prevention, feedback, and reversibility will be taken from each of the models.

[bookmark: _Toc196743732]Hybrid Approach 
Instead of following one model, a hybrid approach, taking key rules from each model will result in a well-rounded application. Combining rules from both will ensure:
· Clear and structured interactions - (Shneiderman’s closure (rule 4) and consistency (rule 1))
· Minimise user errors – (Nielsen’s error prevention and user control)
· Efficient navigation and usability for all users – (Shneiderman’s universal usability (rule 2) and Neilsen’s Flexibility rule)

By selecting this blend of most applicable rules, the application will be set up to provide a usable, error-tolerant and intuitive interface which is designed for users evaluating financial scenarios.

[bookmark: _Toc196743733]Practical Application
Usability principles from each method will influence the User Interface/User Experience (UI/UX) design decisions for the application. Following are key considerations:
· User Interface Consistency (Nielsen and Shneiderman)
· Consistent colours, fonts and layouts to ensure the interface is familiar and predictable
· Standard terminology will be used throughout the application to avoid confusion or ambiguity
· Natural language will be used where possible, e.g. “Monthly Contribution” rather than “Input 1”
· Error Prevention and Feedback (Nielsen and Shneiderman)
· Default values and dropdowns will be pre-filled where possible to reduce input mistakes
· Input validation to prevent negative interest rates, invalid date ranges etc. 
· Clear error messages that will explain how to correct any mistakes, instead of generic ‘invalid input’ error messages
· Reducing Memory Load (Nielsen and Shneiderman)
· Persistent display of key inputs such as interest rate and date range so users don’t need to remember the inputs they have chosen as they go through the calculation
· Interactive graphs and summaries to be used so that users can see results in one clear area, to prevent users having to manually compare numbers across screens
· Keep all user inputs for each feature in one area to ensure the user can see all inputs they have entered, at a glance, without backtracking
· User Control and Flexibility (Nielsen and Shneiderman)
· Undo and reset options to enable users to revert changes without losing all data
· Real-time updates to graphs and projections when inputs are adjusted
· Various shortcuts where applicable to enable experienced users complete calculations more efficiently

A hybrid approach will allow the strengths of each of Nielsen’s Usability Principles and Shneiderman’s Eight Golden Rules to enhance the usability of the web application. This approach will help achieve the projects objectives by creating an intuitive, responsive, and error-resilient investment calculator. The various principles will help guide decisions on interface consistency, user control, feedback and user memory load, ensuring users have seamless interactions with the application and benefit from the tool.
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This project followed an Agile-like iterative development methodology, using different aspects of a traditional Agile workflow but adapted for solo development. Trello was used to create and maintain a Kanban board to plan and track tasks, these tasks are split into different groups such as To Do, In Progress and Done, there is also a column for work which won’t make this iteration named Backlog.
While traditional sprints weren’t used, meetings with my project supervisor were used as sprint-like cycles, with new tasks being added, blocks being discussed and overcome, and new tasks added to the Kanban board based on technical challenges which were encountered.
This approach allowed the project to remain flexible and respond dynamically to issues which appeared, such as deployment issues, usability logging issues and API challenges. Following this approach enabled the project to steadily build towards the final product, this aligns well with Agile principles but also suited the scale and scope of this project.
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Git and GitHub were used through the project to manage version control and ensure backups were available at every stage. Using Git also ensured all changes were tracked, and if any errors were made, changes were reversable and well documented. GitHub was used as an additional layer of protection and remote backup, further ensuring all changes were recorded. GitHub was also used to deploy the application to Railway.app, with Railway connecting directly to GitHub. 
Using Git required disciplined development practices, ensuring commit was used frequently and at relevant points to ensure the project was safe. 
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 The selection of the correct frameworks and tools is a key aspect of developing a web-based compound interest calculator which will be interactive, efficient, and scalable. Throughout this section, various technologies will be explored to establish which technologies on offer will be best suited to this project, evaluating their strengths and trade-offs to settle on a final technology stack.
 Areas of focus in this section include Single Page Applications vs Multipage applications, selection of frontend and backend frameworks, selection of databases and any APIs which will be utilised to obtain historical stock information. Each of these technologies will be scrutinised based on performance, usability, and compatibility with the rest of the tech stack to ensure they are a good fit.
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Single Page Applications (SPAs) and Multi Page Applications (MPAs) are two fundamental approaches to web development. They both have distinct advantages and trade-offs, depending on the use case. SPAs operate within a single HTML page and dynamically updates sections of content within the page, providing a fluid and interactive user experience, while MPAs are the traditional form of web page, relying on full page reloads for any content changes. For this project, which will utilise dynamic visualisations and prioritise user engagement, choosing the correct approach is key to ensuring usability and interactivity. Although Progressive Web Apps (PWAs) offer advantages around offline use and better mobile user experience, I have opted to not go with a PWA at this stage of development to keep the focus on delivering a robust interactive web application. A PWA could be included in future iterations to enhance the experience for mobile users.

SPAs are web applications which operate within a single HTML page and dynamically update content without requiring a full page reload. This is done using JavaScript, and simplified using JS frameworks such as React, Vue, or Angular. Tools such as AJAX can be used for asynchronous data fetching, enabling real-time updates, coupled with lack of full page reloads, SPAs help achieve a smooth and fluid user experience, similar to a standard desktop application [12][13]. To enable this smooth experience, data and application logic are processed on the user’s browser, client-side, allowing for immediate responsive interactions which in tur ensures an engaging user experience. 

MPAs on the other hand use a more traditional architecture, where each interaction or request requires a full page reload. The need to reload the entire page can cause slower response time, leading to reduced interactivity and fluidness, when compared to SPAs [14]. MPAs are an effective choice when building large scale applications which require complex hierarchies, such as e-commerce websites, as each page serves distinct content and features. Due to the methods in which search engines trawl the web to index webpages, MPAs are well poised to perform well in search engine optimisation (SEO), given that each page has a distinct URL, whereas it is more difficult for trawling to properly index SPA pages.

Given these two distinct architecture types, creating a SPA is better aligned with my project aim to create a dynamic and engaging web-application. Although MPAs have distinct benefits in SEO optimisation and clear hierarchies. 

[bookmark: _Toc196743738]Comparison of SPAs and MPAs

For the choice of whether to use an SPA or MPA, it is essential to compare the two types on metrics such as performance, user experience, scalability and development complexity to support the decision.

Performance
From the user’s perspective, SPAs offer a smoother and faster experience due to dynamic loading of only the necessary data and resources once the page has done its initial load, removing the need for frequent full page reloads. This reduces partial page reload times and provides seamless transitions, all contributing to a better perceived performance for end-users [15]. The drawback to these benefits is that the initial load time for an SPA can be noticeably long, this is because they often require the entire JavaScript framework to be loaded initially. As MPAs load each page as they are required, the initial load is faster [16], although each further request a full page reload is required, making the user experience feel slower and less fluid.

User Experience
User Experience (UX) plays a significant role in web application design, SPA’s and MPA’s both have unique approaches.

SPAs often focus on providing a desktop app like experience, with seamless interactions and an interactive user experience. To achieve this, SPA’s dynamically update only the content which is to change, rather than the full page and as a result feel instantaneous and smooth. This responsiveness is what makes SPAs suitable for web-applications which are interactive, such as social media platforms [13], or compound interest calculators with dynamic visualisations.

MPAs on the other hand require a full page reload for each interaction, to users, this can feel slower and less modern. Despite not feeling as fast as SPA’s, this method provides straightforward navigation for users, which can be useful when navigating large websites such as e-commerce stores [14].

To conclude the user experience, for first time visitors to an SPA, the initial load can feel slow, although any further requests will feel smooth and fast, not requiring a full page reload. Conversely, MPA’s initial load will be fast when compared to a SPA’s initial load, but further requests will result in a full-page reload which offers a less fluid user experience and can feel less modern and slow.
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Selecting the most suitable frontend framework for this project will enable development of an interactive and responsive web application. Focusing on modern JavaScript frameworks such as React, Angular and Vue, their respective tools used for building dynamic user interfaces will be analysed as well as their potential drawbacks. To ensure a balanced review, metrics such as performance, ease of development, scalability, community support, and suitability for building an SPA will be compared. 
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React is a widely used open-source JavaScript library developed by Facebook engineer Jordan Walke [17]. Its component-based architecture allows developers to create interactive and reusable user interface elements, these features make React a good option for building a scalable and dynamic web application.
A notable feature of React is its virtual Document Object Model (DOM), this optimises performance on web pages by only updating specific components rather than the entire ‘real’ DOM. It achieves this by having two virtual DOMs, one which reflects the original state, and the other reflects the updated state comparing the two to identify the change, in a processing known as diffing [18]. By doing this, only the components which have changed state are rendered on the real DOM, instead of the entire DOM and therefore entire webpage.
The learning curve for React is manageable, especially for developers with prior knowledge of HTML and JavaScript. It uses JSX syntax which is a syntax extension for JS, which allows ‘HTML-like’ code to be written within JavaScript which can help make development more intuitive and readable.
React maintains comprehensive documentation on https://react.dev. The site contains learning resources and developer references, as well as a blog and community page which contains links to popular and active React discussion forms [19]. This is reassuring as if any technical issues arise, there is no shortage of places to ask for assistance online.
Performance Benefits of React

· Virtual DOM Efficiency
The use of a virtual DOM (Document Object Model) is beneficial to performance as virtual DOMs can be entirely updated and compared to a previous virtual DOM to establish what section is changing state faster than a real DOM can be updated. The process of comparing the virtual DOM with a previous version is called diffing. Once diffing has identified the section which has changed, the real DOM is updated, but not the entire DOM, only the amended section in a process known as reconciliation. This process is faster than updating the real DOM. It is worth noting that Vue also utilises the Virtual DOM, although React’s implementation has a larger support ecosystem. Pikkanen [20] found that React showed faster initial rendering times for some tests, particularly when handing dynamic content updates. The same study also found that Vue showed more consistent results than React in some scenarios.
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· Asynchronous Rendering
With the release of React 18, new hooks in useTransition and useDeferredValue have been introduced. These hooks allow developers to mark updates as either urgent, or non-urgent. This allows important updates such as user input to take precedence over lower priority updates, resulting in a more fluid and responsive user interface.

· Component-based Architecture
While not unique to React, React uses a component-based architecture which allows for modular development. This helps with code reusability, better code organisation, and more effective testing and error handling.

· Lightweight Library
When compared with other popular frameworks (namely Angular) Reacts smaller bundle size leads to improved performance benchmark metrics such as First Contentful Paint (FCP) and Time to Interactive (TTI) [21]. This suggests React applications provide faster initial loading and smoother interactive experience, which will be crucial for displaying dynamic visualisations as a result of user input [22].
Benchmarks in Figure 1 show React achieves a FCP of 606 ms, compared with Angulars 779 ms, and a TTI of 730 ms compared to Angulars 950 ms, this shows that React provides a more responsive user experience.
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Figure 1  [21]
· Optimisation Ecosystem
React supports third-party tools and libraries used to optimise performance, such as React.memo for memoization. Memoization improves performance by storing repetitive computation results in cache [23] this prevents re-rendering of functional components while props remain unchanged.
Lazy loading (React.lazy()) function allows developers to defer loading a component until it’s rendered, known as code-splitting, this helps to achieve a lower bundle size and therefore faster initial loading.

[bookmark: _Toc196743741]Comparison to Angular and Vue
Unlike Angular, which is a fully fledged framework, React only focuses on the view layer, which makes it a more lightweight and flexible option. Angular enforces strict architectural patterns and built-in features such as dependency injection, whereas React allows greater flexibility and customizability through third-party libraries.
Compared with Vue.js, React has a larger ecosystem and financial backing, although Vue is also well known for its simplicity and ease of integration. Vue’s built-in reactivity system requires less complex state management when compared with React, which requires third-party state management libraries such as Redux, although Vue does recommend a third-party library in Pinia.
Another notable benefit of using React is its support for Server-Side Rendering (SSR) through Next.js. Next assists with improved performance and SEO optimisation, which is a useful due to the implications of SPA on SEO, these features require additional configuration on both Angular and Vue.
Pikkanen [20] found React demonstrated faster rendering speed in many cases, particularly when dealing with large data component updates, although Vue was more consistent across tests. There is a trade-off between stability and speed here, with React being more suited to highly interactive applications such as this project.

[bookmark: _Toc196743742]Angular 

Angular is a TypeScript based fully fledged framework which was developed and is maintained by Google. While React is solely focused on the ‘view’ layer, Angular is a complete MVC (Mode-View-Controller) framework which has built in functionalities for features such as routing, state management, dependency injection and more, this makes Angular suitable for larger-scale enterprise applications [24]. 
Unlike React’s Virtual DOM, Angular utilises the Real DOM, meaning that the entire tree structure is updated when any changes occur. This can make updates feel heavier but Angular combats and optimises performance through Change Detection Strategies and Ahead-of-Time (AOT) Compilation. This pre-compiles HTML and TypeScript into JavaScript prior to the browser executing it, during the build phase, which helps to reduce runtime overhead and provide faster rendering in the browser [25].
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Performance Benefits of Angular
· Two-Way Data Binding
In contrast to React’s one-directional data flow, Angular utilises two-directional data binding. This simplifies the relationship between the UI and data model by automatically updating the data model to reflect the UI and vice-versa, using less code than other methods. Drawbacks of two-way data binding include performance concerns, especially when many bindings are in use, and complexity in large applications [26][27]. 

· Built in Optimisations
Tree-Shaking is a built-in optimisation which essentially removes unused code and parts of the framework to reduce the overall bundle size and improve performance. This is especially important in Angular given its relatively large bundle sizes, as smaller bundles result in faster loading times [28].

· Dependency Injection
Dependency Injection (DI) is a built-in fundamental Angular concept used to share parts of application with other parts of the application, such as sharing features between classes, using an ‘injector’ [29]. DI helps to improves maintainability and makes code reusable across an application.

· Scalability and Structure
Angular follows an opinionated structure, this forces strict architectural patterns which works well when working on large scale, enterprise-grade applications with multiple developers. The opinionated structure helps to keep code more organised when compared with React’s flexible approach.


[bookmark: _Toc196743743]Comparison to React and Vue

When compared with React, Angular has more built-in features although it has a steeper learning curve given its use of TypeScript and complex ecosystem. In contrast to Vue, which is known for its simplicity and flexibility, Angular ensures developers follow relatively strict design patterns to develop an application, which can lead to more organised applications, especially when working in large teams.

Angular’s Real DOM approach results in slower updates when compared to React and Vue’s Virtual DOM approach. Benchmarks in Figure 1 show Angular’s First Contentful Paint (FCP) is 779 ms, versus React with 606 ms, this shows that React loads visible content faster. Angular does however use AOT compilation to reduce runtime processing.


[bookmark: _Toc196743744]Vue

Vue, or Vue.js, is known as a progressive JavaScript framework created by ex-Google employee Evan You [30]. You took the parts he liked of Angular and created a lightweight, flexible and easy to implement version, which is popular for small projects as well large applications. Vue can be implemented to different degrees, allowing new adopters to gradually integrate its core features. 
Vue utilises a component-based architecture, not dissimilar to React, though provides a more structured and opinionated approach to development. With Vue’s use of the Virtual DOM and reactive data binding, it strikes a balance between React’s performance and Angular’s data handling methods.

Performance Benefits of Vue

· Virtual DOM
Similar to React, Vue uses the Virtual DOM which improves rendering efficiency by updating only the necessary parts of the DOM, rather than rendering the entire page. This contributes to fast updates and a responsive user interface. Pikkanen [20] discovered that Vue’s Virtul DOM showed more consistent performance results across various test scenarios, especially when dealing with static content, or content which was infrequently updated.

· Two-Way Data Binding
Two-way data binding is a core feature of Vue, as it is in Angular. This makes it more straightforward to keep the UI synchronised with the data models. Data binding is a useful feature, especially for forms and real-time updates, removing the need to manually handle data binding.

· Lightweight and Optimised Performance
When compared with Angular, Vue’s bundle sizes are significantly smaller, making Vue a good choice for performance-focused applications. Built-in optimisations such as lazy-loading and tree shaking further optimise Vue’s performance by reducing unnecessary code execution.

· Template-Based Syntax and Reactivity System
Vue utilises Sing-File Components (SFCs), which allows developers to use HTML, CSS and JavaScript within a single ‘.vue’ file. This enables developers to keep the file count low and therefore keep projects more organised and maintainable [31]. Vue also uses a reactivity system to detect state changes, the system works to efficiently update the user interface without making explicit calls to update functions, simplifying development.

· Flexible State Management
Pinia is Vue’s recommended state management tool, which is similar to Redux for React but generally believed to be simpler and more intuitive. It provides modular and lightweight state management which helps when scaling applications [32].

[bookmark: _Toc196743745]Comparison to React & Angular

When compared with React, ‘out of the box’ Vue has better state management given its reactivity system and its Pinia integration. Vue also has a simpler syntax, which makes it easier to grasp than React for beginners. React however, has a larger and more mature ecosystem, which makes it more suited to complex applications which utilise third-party integrations.
When comparing Angular and Vue, the latter is ‘lighter’ and has an easier learning curve, but lacks some of Angular’s features, such as built-in dependency injection. Vue also has a less opinionated structure, potentially making it less suitable for use in large teams. Angular enforces strict development patterns, while Vue allows developers greater flexibility which can be a benefit for solo or small team developers, or projects which require rapid development cycles.
Vue’s Virtual DOM ensures faster updates when compared with Angular’s real DOM but performs slightly below React in highly dynamic applications.
While Vue performed well in various tests, Pikkanen’s findings showed that Vue didn’t surpass React in overall speed, with React being faster in large-scale component updates, making React more suited to applications with frequent state changes [20].



[bookmark: _Toc196743746]Conclusion

After evaluating React, Angular and Vue based on metrics such as performance, scalability, ease of development and eco system support, React appears to be the optimal choice for this project. Features such as React’s Virtual DOM provide fast rendering, which leads to a smooth and responsive user experience which is crucial for an interactive financial tool. Whilst Angular provides a strict structure and a steeper learning curve, in part due to its reliance on TypeScript, React offers more flexibility and lighter bundle sizes. This improves initial loading times and in turn, overall performance. We have seen that Vue is also lightweight and beginner friendly, React’s larger ecosystem and corporate backing make it a more reliable choice for use now and in the future, ensuring access to large libraries and community support forms. React is therefore the chosen frontend framework to develop an interactive, responsive, and maintainable SPA.


[bookmark: _Toc196743747]Backend Frameworks


The backend framework is a key part of the overall application, being responsible for handling server-side logic, database management, API development, and overall security of the application. Therefore, it is essential to correct backend framework to ensure performance, scalability, security and development efficiency. The primary job of the backend framework is to facilitate communication between the frontend and the database, and manage user authentication. 
The choice for backend framework for this project will depend on factors such as compatibility with frontend framework (language used etc.), ecosystem support, and the general feature requirements of the SPA. For example, given this project the backend framework must be capable of efficiently handling API requests, processing user data securely and maintaining a high performance.
The backend frameworks evaluated are Node.js with Express.js, Django and Ruby on Rails (RoR), these will be evaluated using key metrics of performance, scalability, ease of development, security and suitability for RESTful APIs.

[bookmark: _Toc196743748]Node.js and Express.js

Node.js (Node) is a JavaScript runtime built on Chromes V8 engine, which was designed for non-blocking, event driven programming [33]. Express.js (Express) is a lightweight and fast web framework for Node, Express provides key tools for routing, middleware management and API development [34]. 

Key Features

· Seamless Integration with React
As both Node and React use JavaScript, developers are able to use a consistent programming language across the entire tech stack, which makes development and debugging more streamlined. 

· Asynchronous, Non-Blocking I/O
Rather than utilising multi-threading, Node works on a single-threaded event loop with asynchronous, non-blocking I/O, which allows Node to handle high concurrency efficiently [34]. 

· High Performance and Scalability
Chromes V8 engine compiles JavaScript into machine code [35], this results in faster code execution times when compared to interpreted languages such as Python and Ruby [35], which are associated with Django and RoR.

· Lightweight & Modular
Express follows a minimalist design, developers have the option to integrate only the necessary tools and middleware, unlike Django and RoR which include more features by default. While this affords Express more flexibility, it does mean that security, authentication and database integration will require additional set up, unlike with Django and RoR, which includes these features out of the box.

[bookmark: _Toc196743749]Performance Comparison

Benchmarks from Web Frameworks Benchmark [36] show that Django and Express have similar total request per second, with Django actually outperforming Express when using concurrency levels 64 and 512.
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Despite the benchmarking results, Node still has an advantage over Django when developing for real-time applications due to Nodes non-blocking architecture, which efficiently manages the WebSocket protocol and event driven workloads [37]. 

[bookmark: _Toc196743750]Django

Django is a high-level web framework which uses the Python programming language. It’s designed to allow rapid development, security and to be highly scalable. It follows the Model-View-Template (MVT) (known as MVC outside of the Django ecosystem) architecture, this allows separation of the data model, user interface and control logic, which leads to easier to develop and more maintainable applications [38]. 

Key Features
· Batteries-Included Approach
Off the shelf, Django provides useful built in features, such as authentication, ORM (Object-Relational Mapping), security features and an admin panel. These features being ready instantaneously make Django a complete backend framework which allows productivity while developing data driven applications [39]. 

· Security Focused Design
Django comes with mitigation features against common security vulnerabilities, such as SQL injection, Cross-Site Request Forgery (CSRF), and Cross-Site Scripting (XSS). These built in features make it well-suited for applications handling potentially sensitive customer data [40].

· Scalability Considerations 
Django applications are scalable both vertically, by adding more servers, and horizontally, by adding more instances of the application to handle an increased traffic load [41].
Large tech companies like Instagram and Spotify utilise Django in their tech stacks, showing how it can be used effectively in large scale applications with billions of users and millions of concurrent users.

[bookmark: _Toc196743751]Performance Comparison

By default, Django is synchronous, which means each request is handled one at a time, sequentially, this can lead to higher latency when more users are using the application concurrently. Node on the other hand is asynchronous and non-blocking, meaning that it can handle multiple requests at the same time, without waiting for previous requests to complete, resulting in Node being more efficient for real-time applications. 
However, Django now supports Asynchronous Server Gateway Interface (ASGI) which does allow for asynchronous request handling, though features such as Djangos ORM are still synchronous.

[bookmark: _Toc196743752]Ruby on Rails (RoR)
Ruby on Rails (RoR) is a full-stack web framework built on Ruby which emphasises developer productivity and convention over configuration (CoC – follows conventions rather than leave decisions to developers), similar to Django. Like Django, RoR also follows the MVC pattern, allowing developers to rapidly develop applications.

Key Features

· Rapid Development and Simplicity
RoR supports fast prototyping through features such as automatic database migrations and built in scaffolding [42].

· Built In ORM – Active Record
RoR Active Record ORM simplifies database interactions in a similar way to Djangos ORM, by providing automatic query optimisation and database abstraction. Active Record allows developers to query the database in Ruby code rather than SQL [43].

· Scalability and Performance Issues
Although RoR enables fast development, performance bottlenecks are apparent in large-scale applications, this is due to RoRs higher memory consumption and synchronous process execution. Background job processing tools such as Sidekiq can be used to improve scalability by moving tasks which are time consuming to the background [44]. 

[bookmark: _Toc196743753]Performance Comparison

Benchmarks show that Ruby on Rails can handle less requests per second than both Node and Django, this is partly due to its synchronous execution and higher memory usage. RoR can however use caching strategies such as fragment caching to help optimise performance in Ruby applications [45].

[bookmark: _Toc196743754]Conclusion

After evaluating Node with Express, Django and Ruby on Rails, based on metrics such as performance and scalability, it is evident that Node with Express is the most suitable choice for this project. 
Nodes non-blocking, event-driven architecture is shown to ensure high concurrency and fast API request handling, which is essential when creating real time applications. While Django does offer quality built-in security and RoR rapid prototyping, Express allows greater flexibility by leaving it up to developers to only integrate tools which are necessary. 
A benefit of using Node is its seamless integration with React, using a single language in JavaScript across the stack well help to reduce development complexity. When comparing Node, Django and RoR, Node has better scalability options for handling high traffic loads and also supports deployment methods such as containerisation.
Given its performance, flexibility and alignment with React, Node and Express is the best backend framework for this project.

[bookmark: _Toc196743755]Selected ETFs/Indexes and Justification
To ensure realistic, meaningful and sensible calculations, a list of 8 well known stock indexes and Exchange Traded Funds (ETFs) will be used which the user to select from during calculations. These have been carefully selected based on their stability, historical performance and relevance to long-term investors. 
The selected indexes and ETFs are:

1. S&P 500 (SPY) 
2. Total U.S. Stock Market (VTI)
3. Total World Stock Market (VT)
4. Developed Markets (ex-US) (VEA)
5. Emerging Markets (EEM)
6. Japan (Nikkei 225 Exposure) (EWJ)
7. Canada (EWC)
8. Australia (EWA)


This list of indexes and ETFs have been chosen after considering the following criteria:

· Global Coverage – The list represents key markets from around the globe, including the US, Europe, Asia and emerging markets.
· Liquidity – The list contains highly traded stocks, this makes them reliable for representing general market performance.
· Long-term historical data availability – Those chosen have 20+ years of historical data to analyse to ensure a proven track record.
· Diversification – Both broad indexes such as S&P 500 have been chosen as well as emerging sectors, such as Emerging Markets and Japan’s Nikkei 225, ensuring diversification and not recommending any one area in particular.



[bookmark: _Toc196743756]Third Party APIs 

A third-party API will be integrated to ensure the most up-to-date and accurate market data is available for use in users’ calculations. Several third-party APIs have been evaluated, including Financial Modeling Prep (FMP), Alpha Vantage, Twelve Data and Yahoo Finance. 
Initially FMP was selected as the third-party API provider due to its vast array of historical data, JSON formatted responses, and successful data retrieval during early testing. During later stages of development, some limitations emerged, primarily FMPs free tier being limiting, with the paid tier requiring and upfront payment of $228 USD. Yahoo Finance’s unofficial API was then chosen, given it’s a free service, with capabilities matching that of FMP for the purpose of this project.
The deployed version of the SPA uses Yahoo Finance’s unofficial API to dynamically fetch current and historical price data for a predefined list of major index funds, allowing users to obtain realistic and reliable projections for their calculations.


Financial Modeling Prep (FMP) Initial Evaluation

FMP was the original first choice API for this project for the following reasons:
· Data reliability – During interim testing, FMPs API provided consistent and accurate data, retrieving the required price data without issue.
· Comprehensive coverage – The API has price data, or a very close match for the majority of items on the list of funds mentioned previously, allowing price fetching for a large portion of prices required.
· Ease of Integration – The API’s documentation is well structured and clear, allowing a seamless integration as shown in preliminary testing. Requests return in in JSON format which is easy to process using the Node backend.
· Scalability – While live-fetching data is feasible for a small pool of users, this solution is not optimal for a large user base, given API costs. To remedy this potential problem, historical data for all of the funds being used could be stored in a database, however locating this information is proving challenging. This remedy could result in faster response times although testing during development will test this. In addition, FMPs ‘Premium’ package supports a Websocket, which could be a viable option if traffic were to increase but a full historic database isn’t achievable. 

FMPs API was originally going to be used in two key areas of the application:
1. Daily Stock Index Prices:
· The application will fetch up-to-date closing price data for a predefined list. This data will be used to provide the most current market data to be used in user calculations, the data could also be added to the database, the prevent the same data being fetched from the API multiple times.
· This data will be fetched daily at a set time, via an automated fetch request. Doing this will ensure that the most current data will be available without manual intervention, it will also result in less API calls as the application can use this data as the price for the day in question.

2. Historical Data Retrieval:
· Users will be able to simulate investment scenarios based on the results derived from historical price data.
· Until it is established whether a full 30-year dataset for the entire funds list is feasible, the API will be used to fetch missing price data dynamically on demand. These fetched prices can be added to the database to prevent calling the API for data which is already present.
Yahoo Finance Integration
Due to the limitations with FMP, Yahoo Finance’s unofficial API was ultimately selected for the project. This decision was based on key factors, including:
· Cost and accessibility – Yahoo provides free access to the API, assuming moderate usage, which suits the use case for this project. It also doesn’t require an API key which slightly simplifies deployment.
· Robust historical data – Yahoo’s API contains extensive historical price data, importantly including all those selected in the fund list previously discussed.
· Resilience and Fallback – If an exact date match isn’t available, potentially due to weekends or bank holidays, the backend automatically fetches the nearest, previous days price data.
· Data processing – Like FMP, Yahoo provides responses in JSON, although Yahoo provides data in reverse chronological order, requiring reversing prior to integration into the existing backend and caching strategy.
This change allowed the application to continue functioning as anticipated and helped resolve the issues the project faced with commercial APIs.

Implementation Considerations
 The following implementation strategies were maintained for both FMP and Yahoo Finance integration:
· Caching – Historical data and daily prices are cached in the PostgreSQL database, this helps to reduce API usage and improve speed.
· Error Handling – Fallback mechanisms ensure that temporary API failures or missing data does not break the application or effect the user experience.
· Data Processing – Data received from the API will be formatted consistently with previously stored data to maintain accuracy in calculations.

By leveraging Yahoo Finance’s API, the application will be able to provide users with reliable, dynamic market data. This in turn will allow accurate calculations and reinforce the project objectives of enhancing financial literacy through an engaging, data-driven platform.









FMPs Pricing Structure
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The selection of an appropriate database is essential when developing a SPA, the database selected will influence performance, scalability, data consistency and maintainability. The databases analysed in this section will be PostgreSQL and MongoDB, they will be based on key performance matrices, identified below. PostgreSQL and MongoDB were chosen as they are two widely used database systems which utilise contrasting approaches, with PostgreSQL being a relational database and MongoDB being a NoSQL database.
[bookmark: _Toc196743758]Performance Metrics
Key metrics which were analysed for this comparison:
· Read and Write Performance – How quickly the database can handle insert, update, delete and query operations under different workloads.
· Scalability – The databases ability to handle increasing loads, scaling both horizontally as well as vertically.
· Consistency and Transactions – Ensure transactions make changes in predicable ways and assurance of data integrity when in multi-user environments.
· Query Complexity and Indexing – Efficiency in executing complex queries and the effectiveness of indexing strategies.

[bookmark: _Toc196743759]Comparison of PostgreSQL and MongoDB

	Feature
	PostgreSQL
	MongoDB

	Data Model
	Relational (structured, schema-based)
	NoSQL (document-based, flexible schema)

	Query Language
	SQL (standardised, optimised for structured queries)
	MongoDB Query Language (similar to JSON, flexible but less mature)

	Transaction Support
	ACID-compliant, strong consistency [46]
	Initially lacked ACID transactions although later versions introduced multi-document ACID transactions [47]

	Indexing & Query Optimisation
	Advanced indexing and query planner [48]
	Supports indexing, but query optimization is less advanced [47]

	Scalability
	Supports vertical and horizontal scaling, robust read replication, and partitioning [49]
	Built-in sharding for horizontal scaling, suitable for distributed workloads [47]

	Performance for Aggregations
	Efficient with relational joins, strong indexing and stored procedures
	Capable of document aggregation - joins are less straightforward [47]

	Project Suitability
	Ideal for structured, relational, and transactional data
	Suited for unstructured or semi-structured data with dynamic schemas


[bookmark: _Toc196743760]PostgreSQL Justification

For this project data consistency and structured queries are essential, especially when managing stored financial data and user preferences and login information. PostgreSQL is ACID compliant which ensures reliable transactions, an important point as the application will be handling calculated investment returns which will require consistency [50].
In addition, PostgreSQL’s complex query capabilities and advanced indexing are efficient while handling large datasets of historical stock prices and user generated data. To retrieve the relevant investment information and previous user calculations quickly, efficient querying is essential.





[bookmark: _Toc196743761]Research and Development Methodology
[bookmark: _Toc196743762]Introduction

This research section will evaluate the usability and accuracy of web-based compound interest calculating tool designed to demonstrate to users the benefits of long-term investing. The research follows a quantitative approach, with usability measured through interaction data, performance timing, and error tracking instead of subjective feedback, ensuring a structured and data driven approach.
The research will primarily follow a deductive approach with data driven methodology. In the following sections, research design, data collection methods and the reasoning behind the selection of certain techniques will be covered to ensure it remains aligned with the project aims.  
The ‘Research Onion’ stages have been approximately followed as it provides a proven template on which to base the methodology [51].

[image: Research Philosophy]
[51]
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Research philosophy refers to the set of beliefs which directs the way in which knowledge and data is collected, analysed, interpretated and otherwise used within a project or study [research-methodology.net]. In this project and usability studies, the philosophy will dictate how data is collected and analysed and then what conclusions can be drawn. By following a well-defined philosophy, a consistent methodological approach will be achieved, which is essential whilst evaluating usability through quantitative metrics.

A positivist research philosophy will be utilised throughout this project due to its focus on objective, measurable data. Positivism is well aligned with this project aims as it relies on structured data collection methods, data analysis and validation.  As the focus of this project is on usability evaluation through quantitative data, using a positivist approach ensures any findings are replicable and unbiased.

The advantages of using positivism in this project include:
· Replicability – Any results can be reproduced under the same conditions, making the results more reliable.
· No Bias – As data collection doesn’t rely on opinions, only quantitative data is collected, avoiding variability introduced by users perspectives.
· Objective Analysis – Usability metrics such as response times, error rates, and task completion rates will provide factual data.

Interpretivism and pragmatism have also been considered. Interpretivism focuses on human behaviours and perceptions and is usually associated with qualitative research methods such as interviews and observations. Pragmatism is a combination approach with combines quantitative and qualitative methods, which like interpretivism has many use cases but is not suitable for this study as it follows a purely quantitative approach. 

[bookmark: _Toc196743764]Research Approach
As project will follow a deductive research approach, I will follow the principles of usability in human computer interaction (HCI). The principles will be applied in a methodical manner to efficiently evaluate the usability of the compound interest tool. 

A deductive approach is appropriate as it starts with well documented usability principles, such as ease of navigation, task efficiency and error prevention, rather than coming up with new theories. These principles can be tested in a controlled and measurable way by evaluating user interactions with the application. 

By using a deductive approach, I will be able to accept or reject usability hypotheses which will be based on numerical data, this works well as it removes any room for interpretation and leave us with only facts. For example, a hypothesis could be “Users will be able to complete a compound interest calculation within X seconds without encountering errors”. This can be validated by analysing quantitative usability data gained through metrics such as:
· Task Completion Time – e.g. Measure how much time it takes users to input relevant data and generate results
· Error Rate – e.g. Track errors such as incorrect or missing inputs.
· Interaction Efficiency – e.g. The number of steps users complete before generating results.

An inductive approach was considered but does not align well with this project. For example inductive reasoning would require observing users behaviour whilst using the application and identifying patterns in what the users were struggling with, and then developing new usability principles based on these observations. 

Given the nature of the project, deductive research is best suited. There are predefined usability benchmarks to utilise, and the results will be derived through objective evaluation.

[bookmark: _Toc196743765]Methodological Choice

This project will use a quantitative research approach, meaning numerical data will primarily be collected, statistical analysis will be used to evaluate usability. Quantitative methods are particularly suitable for this project as it will allow for objective measurement on how users interact with the application.

The main benefits to using a quantitative approach include:
· Objective Measurement – Usability metrics will be collected in numerical form, ensuring subjective opinions do not affect outcomes.
· Reproducibility – The same usability tests can be used across all users, this is helpful to confirm any findings.
· Automated Data Collection – Automating some data collection, such as user interactions, will help to reduce bias, enhance accuracy, and lessen the workload.

[bookmark: _Toc196743766]Data Extraction and Analysis Strategy
Usability logs are taken when users interact with the SPA, the logs are stored in a PostgreSQL database on Railway.app in a table called usability_logs, the table will include interaction data such as sessionId, event type – calculate, dropdownInteraction, pageVisit etc, timestamps, inputs and outputs.
Although Railway.app has a database viewer, it isn’t user friendly, therefore pgAdmin is used to view the database data and SQL is used to sort and query the data, grouping the data on sessionId and filtering by event types, pages visited etc to measure user behaviour against the hypotheses recorded in the Usability Testing Plan and Metrics section of this report. 
To work with and further analyse the data, it will be exported as CSV. If necessary, the data will be cleaned and sorted, for example, removing duplicates, sorting events chronologically, or sorting based on sessionId if multiple concurrent users are generating logs.
This process is designed to ensure that quantitative analysis can be carried out consistently and allow for objective evaluation of user activity and engagement as well as usability outcomes.

[bookmark: _Toc196743767]Agile with Personal Kanban Workflow
To help with organisation, tracking and iterative development, a light version of Agile approach was used throughout the project. Rather than simply working through all planned features and functionalities in one pass, the SPA was broken down and developed in clear stages, allowing for testing and refinement of individual components prior to merging them into the full application. 
A Kanban style task management practice was used throughout to help to visualise the tasks at hand and progress made, the board also allowed for work into manageable chunks. A Personal-Kanban board was created and maintained using Trello, which allowed a clear separation of work to-do, work in progress, and completed work, the board also had a backlog, which contained ideas, optional features and postponed tasks.
As the project progressed, cards (tasks) were moved along the columns mentioned above to reflect the status of each task. This was extremely useful for tracking which features had and which were yet to be implemented, it was also beneficial for separation of tasks between the frontend, backend, database and deployment, allowing focus on the specific task at hand.
Weekly meetings with my project supervisor acted as a sort of weekly sprint, discussing milestones, work done, and work to be done, as well as methods to get past various issues which were slowing development. Some key milestones for the project were as follows:
· Working MVP, investment calculator working through a calculation
· Backend data fetching and caching
· Usability logging implemented and tested
· Frontend, backend and database deployed on Railway.app
· Usability analysis, hypotheses testing and report writingFigure 2 - Trello Kanban Board
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[bookmark: _Toc196743768]Design and Implementation
Wireframes and Design Planning
During the planning phase, basic wireframe drawings were made to guide the initial development of the SPA. The wireframes showed where certain fields should go, such as input fields, graphs, navigation etc, before any development had begun.
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Figure 3 Investment Calculator Wireframe
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Figure 4 Retirement Calculator Wireframe
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Figure 5 Interest Calculator Wireframe
These wireframes were followed as a reference point during implementation, aiding rapid development. The final SPA looks very similar to these which were created at the beginning of the project.
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The frontend was developed using JavaScript library React, allowing the creation of dynamic and interactive user interfaces. As React is component based, development was simplified, allowing modular development and easy state management across the different calculator tools available on the application. The app has three main pages containing different features, React Router is used to manage page navigation between them, they are:
· Investment Calculator
· Retirement Calculator
· Interest Calculator
As React Router renders each page as a separate route, seamless transitions can be made without the need for full page reloads, a key feature and reason why a Single Page Application was used.

Rather than using Reacts built in Create React App (CRA), Vite was used due to its ability to near instantly reflect changes to code in the browser, this greatly helped with development speed. 

[bookmark: _Toc196743770]Input Handling and State Management
React ‘useState’ hooks were used extensively for local state management to track inputs from various variables in real time, including:
· Initial amount
· Monthly contributions
· Investment duration
· Selected index fund
· Interest rate (custom or auto populated)
State changes were used to automatically instigate recalculations and UI updates. The .env file contains a URL to define what all backend fetch requests use:
VITE_API_BASE_URL=http://localhost:5001

This path from the .env is referenced to in the code using:
const API_BASE_URL = import.meta.env.VITE_API_BASE_URL;

This ensures the API end points are flexible and environment independent. 
An example of the app using this to make a fetch:
fetch(`${API_BASE_URL}/api/historical/${selectedFund}`)
This snippet will fetch the historical price data of a given stock based on the user-selected index fund, which may be SPY, QQQ, VTI etc.

[bookmark: _Toc196743771]Dynamic Graphs using Chart.js
Chart.js was used to render the main bar graph which shows how their investments change over time. To ensure readability for users, the key features implemented were:
· A stacked bar chart which shows deposits and interest gained
· Hover logic, which when hovered over shows:
· Total balance
· Deposits made to date
· Accrued interest 
· When users make a change, the chart updates in real time to reflect changes.

See Figure 6 below, the tooltip configuration uses datasetIndex and dataIndex to retrieve data from the deposits, interest and balance arrays, adding a currency symbol (‘£ ‘ only currently), and displaying them clearly. The footer of the tooltip displays the year to help orient the user. The tooltips help users to better understand how their investment is growing over time.
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Figure 7
[bookmark: _Toc196743772]Dropdown and Automatic Update Logic
An InvestmentDropdown component is used to allow users to select from a list of predefined index funds (each is linked to its corresponding symbol – S&P 500 is SPY etc), this is reused on each page where a dropdown is required. When users select an index fund the following actions occur:
· The frontend fetches its average historical return from the backend, depending on the investment duration
· The Annual Interest Rate field is automatically populated with the correct interest rate for the given index fund
· If “Custom (Enter your own rate)” is selected, manual entry is required for the Annual Interest Rate
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Figure 8
In addition, the frontend includes logic which:
· Clears/resets the graph when the selected fund changes
· Warn users if historical data isn’t available for the time range they have selected. For example, if an index fund only has 12 years of historical data but the user enters 15 years they will see “Only 12 years of data is available for this fund”.

[bookmark: _Toc196743773]Table and Graph Layout
The application will dynamically reposition the UI components depending on screen or window size:
· For phones or smaller window sizes, the summary, graph and table will reposition itself under the user input UI for readability. 
· For regular desktop windows or larger tablets, the user input will be on the left with the summary, graph and table on the right so that all information is visible to the user to reduce cognitive load.

[bookmark: _Toc196743774]Responsiveness and Accessibility
Several steps have been implemented to ensure responsiveness and accessibility:
· Responsive design using flex and wrap logic
· Keyboard navigation is supported
· Semantic HTML used where possible with alternative labels to enable screen reader support

[bookmark: _Toc196743775]Dark Mode
The application utilises a dark mode theme by default. Dark mode was chosen primarily for its looks, creating a modern aesthetic and to reduce eye strain for prolonged use. 
In future iterations, a toggle which would allow the users to switch between dark and light mode would be implemented to allow the user to decide on their preference and to improve accessibility. 

[bookmark: _Toc196743776]Sign Up/Sign In Buttons
The navigation bar currently has buttons for signing up and signing in. These buttons are non-functional and are in place as placeholders for a future revision where these features are implemented. This would allow users to save their calculations for future use.



[bookmark: _Toc196743777]Summary of Key Frontend Features
	Feature
	Implementation 

	Framework
	React with Vite

	Routing
	React Router

	Graphs
	Chart.js

	API Integration
	fetch() with .env base URL

	Automatic Updates
	Inputs and interest rates trigger state changes and re renders 

	Accessibility
	Keyboard support and semantic HTML

	Responsiveness
	Layout changes dynamically depending on screen size/device




[bookmark: _Toc196743778]Backend Implementation
The backend of the SPA was built using Node.js and Express, there are several API routes to serve the various functions of the application, such as dynamic compound interest calculations and retrieving historical price data. A PostgreSQL database is used to store cached historical price data to reduce the amount of API calls needed and to improve response speed.

[bookmark: _Toc196743779]Database Implementation
A PostgreSQL database was created to serve two main functions, caching historical price data which was fetched from the Yahoo Finance API, and storing usability logs which were generated by the user testers interactions with the SPA. 
During early development when everything was on a local machine, the database was containerised. Upon deployment, a Railway.app managed PostgreSQL database was used due to technical difficulties whilst deploying the containerised database.
Tables which were created were:
· historical_prices
The columns included:
· id (Primary key, auto-incremented)
· symbol (such as SPY, VTI)
· date (Date of the historical price)
· adj_close (Adjusted closing price of the fund)
This table was initially populated by manually calling the GET /api/force-refresh endpoint, although in production a scheduled cron job will automatically fetch and cache the previous day’s data.

[image: A table of numbers
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Figure 9 Snippet of historical_prices table
· usability_logs
This table stores user testing logs which were automatically captured during user testing. Key columns included:
· id (Primary Key, auto-increment)
· timestamp (Accurate timestamp of event)
· data (JSONB field which stores event type, session ID, and page name)

Using a JSONB field for usability logs allowed for capturing flexible logs without the need for schema changes. Timestamps were used to check hypotheses surrounding usability, such as time to complete first calculation. PgAdmin was used during evaluation to query the database and extract log data in CSV format for analysis against the usability hypotheses.
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Figure 10 Snippet of usability_logs table


[bookmark: _Toc196743780]API Routes
There are several API endpoints exposed on the Express backend, these support frontend calculation and user interactions:
· GET /api/historical/:symbol
This endpoint returns historical adjusted close prices for a given index fund
· Firstly, checks the PostgreSQL cache, in the historical_prices table
· If data isn’t available, it fetched the required data from Yahoo Finance API
· Saves any fetched data to the database to avoid repeated API calls (caching)
[image: A computer screen shot of white text
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Figure 11 Example api/historical/:symbol response
· GET /api/latest/:symbol
This endpoint returns the most recent price for the given symbol
· Uses fallback logic if today’s data isn’t available, if the market is closed for example
· GET /api/force-refresh/:symbol
This endpoint is used in development to manually get the different symbols, as there was a chance that the app isn’t running at the time the cron job is scheduled. It will be retired in production when the app runs 24/7 and the automatic cron job will get the endpoints at a set time daily.
· POST /api/logs
Records user interactions and performance metrics for usability testing

[bookmark: _Toc196743781]Caching and Fallback Logic
To optimise performance and avoid hitting API rate limits, a caching mechanism is used with a PostgreSQL database. Key features include:
· Data which is fetched through Yahoo Finance is stored in the database with a timestamp, this data is then used on future requests rather than re-fetching.
· If a request is made for a date which doesn’t appear in the database, fallback logic is used to find the nearest earlier trading day. Eg a fetch for Sunday 7th of April 2024 would return data from Friday 5th of April. This ensures the calculations still work if a non-trading day is used in the calculation.
· Price data is only fetched one time per day, per symbol.

[bookmark: _Toc196743782]Automated Fetching – Cron Job

To ensure the most current prices are available, an automated scheduled fetch task is used via node-cron:
· At 6am UTC (7am GMT) each day, prices for all available symbols are fetched and stored in cache ready for the days calculations. 6am UTC is used as by this time Yahoo Finance will have the previous days adjusted close price which is used for calculations.
· By doing this at 7am daily, the database is pre-populated ready for the days calculations, reducing API calls/load and ensuring speed.
[image: A computer screen shot of a program code

AI-generated content may be incorrect.]
Figure 12 - Cron job, extracted from backend/index.js
[bookmark: _Toc196743783]Deployment (Railway.app & Docker)
· The backend runs in a Docker container, exposing port 5001 – to avoid port conflicts.
· Environment variables such as PORT and Database config files are stored securely in Railways variable settings.
· Logs and data are stored on a PostgreSQL database on Railway, this means mounted files or external log files are not needed. Prior to deciding to use Railway for deployment, a logs/ folder was used, but this was replaced in favour of using a centralised database for logging due to deployment constraints with Railway.

[bookmark: _Toc196743784]Usability Testing Plan and Metrics 
[bookmark: _Toc196743785]Introduction
To ensure the SPA meets the projects aim of promoting financial literacy, is usable, and intuitive, a usability plan has been implemented. Unlike user testing which focuses on subjective surveys and interviews, this project has adopted a quantitative approach. All user interactions with the app are automatically logged and stored in a PostgreSQL database within Railway.app. This method has been used to ensure that data gathered is objective and repeatable, and - through analysing it, discover how users engage with the applications features.
This section outlines how data related to usability is gathered, which metrics are tracked and the hypotheses which will be tested using the data. This section also covers justification of the selected approach in line with the research methodology as discussed earlier in the report.

[bookmark: _Toc196743786]Logging Method
To measure usability and monitor user interaction, a logging system has been implemented on the backend using API endpoint /api/log. All user interactions, such as page visits, user input, dropdown change, and calculations are recorded and stored in usability_logs table which is in the PostgreSQL database hosted through Railway.
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Figure 13 - /api/log endpoint
The following data is recorded for each interaction:
· timestamp – The time of the event
· sessionId – A unique session ID per user session
· page – Which page the event occurred on, such as InvestmentCalculator, RetirementCalculator, or InterestCalculator
· event – Type of interaction, such as a pageVisit, calculate, or dropdownInteraction
· actionLabel – Human readable label for ease of identification of action, such as “Clicked calculate”
· inputValue – JSON string containing the users inputs at time of interaction
· outputValues – JSON string of results such as projected balance, accrued interest etc.

By collecting this data, usability analysis can be completed without the need for user-identifiable information.

[bookmark: _Toc196743787]Metrics Tracked
Quantitative usability metrics are tracked though the logging system include:
· Task Completion Time
This metric is based on the time between the initial page load (pageVisit) and key interactions, such as clicking calculate.
· Interaction Efficiency 
This tracks the number of interactions a user makes before successfully completing a calculation or gaining a result. Tracking this helps to understand if users revisit fields to correct them and could in turn direct future updates to improve usability.
· Error Rate/Invalid Inputs
Tracks the amount of error triggering inputs, such as selecting a period of time longer than the history of the index fund or attempting to calculate without filling in all required fields.
· Dropdown Interaction Frequency
Tracks how often users change between index funds, this can be a sign that the user is exploring the application, although could also indicate confusion.
· Feature/Page Engagement
Tracks how users interact with the various tools on the app, such as Investment, Retirement, and Interest calculators. This helps to understand which tools are most commonly used, and if users are using multiple tools within a single session.
· Scenario Adjustments
The frequency which changes to fields such as interest rate or monthly contribution are made during a single session, this gives insight into how users are exploring the application.

[bookmark: _Toc196743788]Hypotheses
Usability hypothesis will be tested based on the data collected from user testing, success here indicates the SPA is working an intended for users:
· Hypothesis 1 – Users will be able to complete a compound interest calculation within 60 seconds from page load, without any input errors.
· Hypothesis 2 – The majority of users will of users, 75% or more, will interact with more than one tool on the SPA (Investment Calculator, Retirement Calculator or Interest Calculator), within a single session.
· Hypothesis 3 – At least 75% of user sessions will result in a successful calculation, followed by an adjustment (change the drop down or input) and second calculation.
· Hypothesis 4 – (late addition – not included for some user testers) At least 80% of users will interact with the graph tooltips once completing a calculation to see more information.

By confirming these hypotheses, we can determine whether the SPA achieves the objectives of providing a smooth user experience and encouraging users to engage with various investment scenarios.

[bookmark: _Toc196743789]Testing Method
Usability data is to be collected and logged passively as users interact with the deployed application. The objective is to collect natural usage data without introducing observer bias which could occur if the testers are aware of the hypotheses or specific tracked metrics. This quantitative method is aligned with the positivist philosophy and deductive research approach which is outlined in the Research Methodology chapter.
No identifiable user information is stored in the database, the form which invites testers informs them of logs being recorded but no personal information collected, see Figure 9. To identify individual users, an anonymous sessionId is allocated to each user, which is stored in the database. By using a sessionId, multiple interactions can be linked to a user during a single session.
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Figure 14 - Snippet from Testing Invite Form
The logs have been thoroughly tested through test runs to ensure accuracy and to ensure that the data being captured is what is expected. PgAdmin is used to query the database to analyse the logs.

[bookmark: _Toc196743790]Evaluation Method
Once a sufficient number of logs have been collected, statistical analysis was be used to evaluate the tracked metrics versus the hypotheses. Including:
· Average task completion time – to test Hypothesis 1, the time taken between page load to completing a calculation will be measured, with the aim being for most sessions to fall under 60 seconds.
· Error frequency tracking – Input errors will be logged and checked to see how often they occur, if they are too frequent, additional guidance could be added to aid users.
· Multiple tool engagement – To test Hypothesis 2, unique sessionId’s will be tracked to check whether users are engaging with multiple calculators on the app within a single session, with the aim being at least 75% of users using more than one tool per session.
· Recalculation activity – For Hypothesis 3, logs will detail how many unique user sessions include at least one successful calculation, followed by an input change and completion of a second calculation. This shows users are engaging with the application and adjusting the various options to create new scenarios and outcomes.
· Graph tooltip interactions – Hypothesis 4 will be tested by checking how many users engage with the hover tooltips once a calculation is complete, this implies users are engaging with the graph for further insights. 80% of users engaging with the graphs would be a good outcome.

The results of the evaluation will be covered in the Analysis and Usability Evaluation section, which will aim to confirm whether the SPA is working and being used in the way it is designed to be used.

[bookmark: _Toc196743791]Results and Evaluation Plan
Upon reaching a sufficient number of user testers and subsequent logs, the results will be analysed to evaluate whether the application has met its usability goals. To view and filter the data stored in the usability_logs table, pgAdmin will be used to connect to the same database as Railway.app is using, which then allows SQL queries to be used to isolate the necessary information. Where needed, a CSV file will be created from the database data to allow further data processing and visualisation through spreadsheet tools in Excel.
The findings will be centred around the usability hypotheses mentioned previously and will include both quantitative metrics as well as visuals displaying outcomes. The aim of the visualisations is to help identify trends in user behaviour, feature usage and tool engagement.
The following visualisations and summaries are planned, some may be added or removed:
· Most used tool – A bar chart to clearly show which tool is the most used across sessions, either Investment, Retirement or Interest calculator.
· Average task completion time – A bar chart or histogram is to be used, showing how long users take to complete a calculation, from page load to clicking calculate.
· Input error frequency – A pie chart showing the number or percentage of unique sessions in which users encountered errors versus clean calculations.
· Interaction timeline – Line graph/session logs visualising frequent user workflows, e.g. dropdown changes followed by recalculations.
· Graph tooltip engagement – A bar chart showing how many users hover over the graph to obtain further information once a calculation has been completed.

Each point will have a visualisation of some description, followed with a short explanation to compare the results to the expectations and against the relevant hypothesis. This will begin to show how well the application meets the goal of being an interactive and user-friendly investment tool.

[bookmark: _Toc196743792]Deployment and Hosting
Throughout development, the backend and PostgreSQL database were run in containers locally using Docker Compose, this allowed for rapid development and quick set up of services on localhost. The backend and PostgreSQL database each had their own container. 
Although the frontend was initially planned to be containerised, technical issues prevented this, and so the frontend remained non-containerised and ran through npm run dev command using React and Vite.
To allow for user testers, the application was hosted on Railway.app, with the frontend deployed as a static site, and the Node.js and Express backend deployed in a Docker container. The PostgreSQL database however is no longer containerised, Railway.app provides a managed PostgreSQL database service, which connects to the backend through variables managed within Railway.
This being said, if ran locally, the application will use a containerised database which will be empty, while the deployed version uses a separate hosted PostgreSQL database managed entirely by Railway.
During the marking period (April/May 2025), the application will remain live on Railway to allow access to markers. The landing page can be found at: https://truthful-rebirth-production.up.railway.app/ . 

[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 15 Railway Hosting Frontend, Backend and PostgreSQL Database
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Figure 16 Railway showing tables contained within PostgreSQL database
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Figure 17 Image of Docker with containers for backend and database during development
[bookmark: _Toc196743793]Requirements Specification

User stories have been created to map out the needs of the user at each stage, as shown:
[image: A screenshot of a chat

AI-generated content may be incorrect.]
[image: A screenshot of a chat

AI-generated content may be incorrect.]
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From these user stories, a functional and non-functional requirements specification has been created which will be comprehensive given the thorough user stories.

[bookmark: _Toc196743794]Functional Requirements

[bookmark: _Toc196743795]Input Investment Details
· Allow users to enter an initial investment amount.
· Enable users to specify monthly contributions.
· Allow users to select the time period of investment.
· Provide an option for users to input customer interest rates.
· Enable users to choose from a list of well-known index funds.

[bookmark: _Toc196743796]View Growth Projections
· Display a graph showing investment growth over time.
· Allow users to hover over the graph to see specific values on certain dates.
· Provide a table showing the investment growth over time.

[bookmark: _Toc196743797]Compare Scenarios
· Allow users to compare multiple investment scenarios side-by-side (this is not MVP)
· Provide the ability to save scenarios for review at a later date.

[bookmark: _Toc196743798]Interpret Insights
· Provide tooltips/help pop-ups for additional context on key inputs and results

[bookmark: _Toc196743799]Retirement Calculator
· Enable users to input retirement goals and provide a plan for achieving them.

[bookmark: _Toc196743800]Interest Calculator
· Calculate interest rates based on the details of past investments and display the results.

[bookmark: _Toc196743801]User Management
· Enable new users to register an account.
· Allow users to log in and access saved scenarios.
· Allow users to securely log-out.


[bookmark: _Toc196743802]Non-Functional Requirements
· Performance – Ensure calculations and data visualisations load in a timely manner (X seconds).
· Usability – An intuitive interface is essential, especially for beginner investors.
· Security – Encryption is to be used to secure user data, e.g. login credentials and saved scenarios.
· Scalability – The system is to be designed so that it can handle increasing numbers of users and scenarios at once.
· Cross-Browser Compatibility – The application has to perform seamlessly on the major modern web-browsers.
· Accessibility – Accessibility has to be considered,  e.g. keyboards should be able to navigate the application and screen reader support.
· Responsive Design – The application needs to be responsive on both desktops and mobile browsers. 


[bookmark: _Toc196743803]System Overview
This section shows an overview of the main features, pages and functionality of the SPA developed for this project. The screenshots below capture all the main pages, Investment Calculator, Retirement Calculator, and Interest Calculator, as well as charts and drop downs.
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This is the landing page for the application, which is the Investment Calculator.
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The dropdown clearly shows various ETF and index funds for the user to select from.
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An example calculation, showing the summary and graph with more information in the tooltip.
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A different view showing the table below the graph for clarity.
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This is the Retirement Calculator, using the 4% rule this calculator shows users what they would potentially need to invest to achieve their retirement goals.
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Finally, the Interest Calculator, this is a useful tool which works out what return your investments have achieved, this is useful if you have various investment accounts or have moved your money from one account to another.
[bookmark: OLE_LINK1][bookmark: _Toc196743804]Analysis and Usability Evaluation
[bookmark: _Toc196743805]Overview of Log Data
To ensure evaluation of the usability and engagement sections of the SPA was possible, all interactions on the SPA were automatically logged via the backend. A PostgreSQL table titled usability_logs was used to store the logs, the logs contain key information, such as:
· Timestamp – Exact time of each interaction
· SessionId – a unique session identifier
· Page – Which page on the application was used, either Investment, Retirement, or Interest
· Event Type – What action the user took, such as pageVisit, calculate, dropdownInteraction, or graphHover
· Input & Output Values – What was entered by the user and the results given

These comprehensive logs helped to achieve an objective, data-driven evaluation of how users interacted with the application over time. Logs on sessions such as duration, number of interactions, and frequency of specific actions were extracted via pgAdmin using SQL, from there they were converted to CSV and further analysed in Microsoft Excel.
Testing data was filtered out based on known test sessions, early timestamps, short durations and low interaction count. This left only the real user test sessions which were then used for the purpose of analysis.

[bookmark: OLE_LINK2][bookmark: _Toc196743806]Usability Log Analysis: Summary of Results
26 user sessions were recorded in the usability_logs table. Upon filtering out testing and short-duration sessions, 11 sessions were identified as real user interactions.
From these sessions, some key figures were:
· An average session duration of 15.41 minutes
· The average number of logged events per session was 26.1

These numbers show that the majority of users weren’t just loading the SPA and then leaving, they were staying to explore the application and it’s various calculators, adjusting inputs, and looking at different scenarios.

Using the exported CSV in excel, two bar charts were created to visualise this user engagement:


· Session Duration (minutes) per User Session
Most real user data shows users spent between ~5 and 25 minutes on the application, which is promising as it shows sustained interaction rather than quick exploration.

· Several users triggered 40+ logs, this means that these users completed over 40 distinct interaction events. This implied features like the dropdown menu and hover chart amongst other features are being utilised frequently by users. 

These initial findings are positive and support the core hypothesis that the SPA encourages exploration of long-term investment and compound interest scenarios, as shown by sustained engagement and multi-step user interactions. To fully understand user actions whilst using the SPA, further analysis will be conducted to evaluate the data against the usability hypothesis in deeper detail. 

[bookmark: _Toc196743807]Evaluation Against Hypotheses
[bookmark: _Toc196743808]Hypothesis 1:
Users will be able to complete a compound interest calculation within 60 seconds from page load, without any input errors.

To evaluate Hypothesis 1, a custom SQL query was used which compared the timestamp between the first page load and the timestamp of the first successful calculation event for each session. If the logs contained a validationError event, it was excluded as the hypothesis calls for no input errors.
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AI-generated content may be incorrect.]This exclusion of any validationError logs brought the total of 11 individual sessions down to 7 which met the criteria. Of the 7, 4 completed the first successful calculation within 60 seconds (19-57 seconds range), 2 were very close with times of 62 and 66 seconds, and 1 outlier with a time of 156 seconds, which could indicate a distraction.
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Figure 18 SQL used to establish Hypothesis 1


These results partially support the hypothesis, while the majority of users completed the calculation in around one minute or less, only 4 out of 7 strictly met the time constraint as set out in Hypothesis 1. However, given that two users were within 6 seconds of the time constraint, it appears that the app is generally efficient and usable, although there could be slight room for improvement in clarity of input fields. This result suggests that the SPA’s input structure is mostly intuitive.

[bookmark: _Toc196743809]Hypothesis 2:
The majority of users will of users, 75% or more, will interact with more than one tool on the SPA (Investment Calculator, Retirement Calculator or Interest Calculator), within a single session.

To evaluate Hypothesis 2, logs were queried initially on sessionId, I realised at this point I had made a mistake, as no sessionId had used more than one tool. The mistake was that I hadn’t made sessionId global, therefore when users used multiple tools, they were on multiple sessionId’s. Fortunately, as the testing pool was relatively small with 1 concurrent user much of the time, timestamps could be used to establish whether users were indeed using multiple tools. This is helped by the fact that only the landing page (Interest Calculator) was given to user testers, and therefore any other pages visited would be by clicking links from that original landing page. 
An example of this manual form of identifying Hypothesis 2 is, an InvestmentCalculator event at 17:18:14 and a RetirementCalculator event at 17:18:14 would imply the same user has used multiple tools within the same session.
Based on this timestamp method of grouping sessions, at least 8 of the 11 (72.73%) real user testers interacted with more than one tool. While this workaround isn’t as robust as a global sessionId, it offers a reasonable quantitative approximation in these conditions. This limitation needs to be addressed in future versions, where a persistent global sessionId must be implemented.

	InferredUserID
	ToolsUsed
	MultiToolUser

	user-01
	Investment,Retirement
	TRUE

	user-02
	Investment
	FALSE

	user-03
	Investment,Retirement,Interest
	TRUE

	user-04
	Investment
	FALSE

	user-05
	Investment,Interest
	TRUE

	user-06
	Investment,Interest
	TRUE

	user-07
	Investment
	FALSE

	user-08
	Investment,Interest
	TRUE

	user-09
	Investment,Retirement
	TRUE

	user-10
	Investment,Retirement,Interest
	TRUE

	user-11
	Interest
	FALSE



A table created after combing through the usability logs piecing it together through timestamps.
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Figure 19 - Snippet of data used to establish Hypothesis 2

[bookmark: _Toc196743810]Hypothesis 3:
At least 75% of user sessions will result in a successful calculation, followed by an adjustment (change the drop down or input) and second calculation.

This hypothesis aims to show how much users are interacting with the application, not just using it once and moving on but genuine engagement. If users complete one successful calculation, change inputs and recalculate it suggests they are experimenting with different financial scenarios and looking to find out how different factors will influence the outcomes. 
To test this hypothesis, usability_logs relating to the Investment Calculator were filtered to only show sessions where users completed a calculation successfully (logged as taskCompletionTime event), made a change (as shown by dropdownInteraction or validationError events), and then successfully completed at least one more calculation. 
Of the 11 real user testers, 8 users (72.73%) changed an input and recalculated. Although this is slightly under the 75% set out in the original hypothesis, this result still shows a high level of meaningful interaction and exploration across sessions. These findings show that the majority of users interacted with the application well and felt comfortable enough to delve deeper into calculations.
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Figure 20 SQL used to generate Hypothesis 3

[bookmark: _Toc196743811]Hypothesis 4:
At least 80% of users will interact with the graph tooltips once completing a calculation to see more information.

This hypothesis was a late addition, being implemented around mid-way through user testing, so a result wouldn’t have been entirely accurate. It was introduced to further show exploratory behaviour, complementing Hypothesis 3. 
However, during analysis it was evident that the logs for this were not triggering as expected, and as a result, no meaningful data has been gathered for this hypothesis. As the SPA was already deployed whilst this was being implemented it wasn’t tested as thoroughly and as a result, cannot be evaluated. 
This issue has been noted for future iterations, where all logs including hovering logs will be fully implemented. Thankfully, as mentioned, Hypothesis 3 goes to show users are exploring the app beyond just a single calculation, but this would have been a solid addition.


[bookmark: _Toc196743812]Conclusion and Recommendations

[bookmark: _Toc196743813]Conclusion
This project has successfully delivered an interactive SPA which helps to improve financial literacy among young investors through demonstrating the potential of compound interest and long-term investing. Modern technologies have been used through the application, with React and Vite completing the frontend, Node.js and Express for the backend, PostgreSQL for database, Docker for containerisation and Railway.app for deployment.
The SPA offers users the ability to experiment with different investment scenarios, there are real index funds, such as the S&P 500, or users can select a custom interest rate, and visualise growth over time. Usability logs were implemented which allowed for quantitative evaluation against a list of predefined hypotheses, this evaluation showed that users were engaging well with the application, not just using it for the bare minimum but using multiple tools, completing multiple calculations and adjusting various inputs.
While the project as a whole was successful, some issues were apparent whilst completing the usability evaluation. The main issue was that session IDs were not persistent throughout a session, this made it difficult to establish the path through the application a user took, thankfully this could be done manually via tracking the logs based on timestamps. There was also an issue with a late addition to the logs, graph hover logging. This metric would have been useful to ensure the users were using the tooltips to gain the most information possible, but the data didn’t successfully reach the database. Despite these issues, the hypotheses which were proved go a long way to show that the application met its main goal of showing that a dynamic SPA can demonstrate the potential of compound interest on long term investments. What we have now is a strong foundation for further development and research into a more advanced version of the application.

[bookmark: _Toc196743814]Recommendations
While the application in its current state is an effective tool, some enhancements could be made to improve future versions:
· Implement persistent global session tracker
Introduce a global sessionId to accurately track a user moving throughout the application. This would make it much easier to confirm what features each user is using.
· Improve usability logging
Ensure all major interactions are tracked, including hover events on charts. Additional logging could be added to capture more events, such as users manually editing input fields, or specific chart points, logs such as these would provide a deeper look at how users are interacting with the application.
· Expand user testing pool
Conduct user testing with a larger pool of user testers. By increasing the number of testers, and potentially getting a more varied group of users, more user behaviour could be analysed, improving the reliability of quantitative analysis. 
· Enhance accessibility and mobile responsiveness
While the SPA is responsive on larger screens (desktops, laptops, and tablets), mobile users don’t get to see all the information at a glance, this could be partly fixed by improving responsiveness on smaller screens. Accessibility improvements such as better keyboard navigation and screen reader support would make the application accessible to all, encouraging broader usability.
· Integrate educational content
To further assist users with their financial literacy, future versions could have more educational content built in, such as tooltips explaining what certain terms mean. Implementing guides and recommendation on where users can actually go to invest would also be a good addition.
[bookmark: _Toc196743815]Reflection

This project has allowed for a significant amount of personal, development and independent learning growth. In the early stages of the project, the sheer volume of planning, research and development seemed daunting. However, breaking the large workload down into manageable chunks through using a Kanban board and Agile methods, allowed me to plan the project better, prioritise the workload, and adapt the plans as various challenges emerged. As this project is drawing to a close, I feel significantly more confident in managing larger projects, troubleshooting problems, and making important technical decisions independently.
Time management proved one of the most  important aspects of this project, through establishing the frontend, backend coupled with the Docker set up, and database there were many implementation issues, which required me to adjust subsequent milestones. I slightly underestimated the time it would take to design and implement logging for user testing and analyse the data. Due to tracking my progress through a Kanban board I was able to reorder tasks, which allowed me to meet core objectives, despite the time constraints and difficulties. If I could go back and improve one area, I’d begin the user testing aspect earlier, this would give me more opportunity to troubleshoot issues and have more comprehensive user test data for analysis. One other piece of advice I would give myself would to read the documentation carefully, this is especially important for Railway, where I spent a long time trying to move my database from Singapore to the closest location offered, Amsterdam, only to find the answer within 5 minutes of opening the documentation. 
The project was a valuable opportunity to consolidate and expand my technical skills. The experience I gained with the React ecosystem, using Vite for fast frontend development and Chart.js for visualisations was invaluable. On the backend, using Node and Express allowed me to get hands on experience with routing and designing API endpoints, while the database gave me more exposure to PostgreSQL database management and SQL. I also gained real exposure to Docker containerisation and cloud deployment through Railway.app. One key learning point came in the form of not allowing a sessionId within the application to be global, this significantly affected usability evaluation, although a usable workaround was found.
Despite the challenges which have become apparent, I am proud of the final product.  The application is functional, visually engaging and provides users with real, meaningful insights into investing outcomes. I am particularly happy with the usability logging, and the fact evaluation was based upon clear, predefined and measurable hypotheses. Although it was uncovered that some usability logs were not correctly recorded during logging, such as graph hover information, I believe that the overall evaluation really provides strong evidence that the SPA encourages exploration and learning.
Looking to the future, it’s clear that the usability logs need to become more robust, capturing everything which is intended without fail. I would aim to conduct a larger scale usability test earlier in the project to uncover potential issues sooner. Despite this, this project has certainly strengthened my technical skills, problem solving skills, as well as my ability to work independently, and I feel this project has given me a solid foundation to pursue a future career in software engineering. 
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console. log( " Refreshed data for ${symbol}’);
+
} catch (err) {
console.error( Failed to refresh ${symbol}:", err.message);
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//Log usability event to DB
app.post("/api/log", async (req, res) => {
const log = req.body;

if (!'log || typeof log !== "object") {
console.warn("Invalid log received:", log);
return res.status(400).json({ error: "Invalid log format" });

}

try {
await pool.query(
“INSERT INTO usability logs (data) VALUES ($1)°,
[log]
i
res.sendStatus(200);
} catch (err) {
console.error("Log DB insert failed:", err.message);
res.status(500).json({ error: "DB log insert failed" });
}
IE
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Please note, usability logs are automatically collected from each session, logs
track how long you have spent on the app and which features have been used. No
personal information is collected.
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WITH first_visits AS (
SELECT
data->>'sessionId' AS sessionid,
MIN(timestamp) AS first_page_visit
FROM usability_logs

WHERE data->>'event' = 'pageVisit'
AND data->>'page' = 'InvestmentCalculator'
GROUP BY sessionid
))
first_successful_calc AS (
SELECT
data->>'sessionId' AS sessionfid,
MIN(timestamp) AS first_calc_time
FROM usability_logs
WHERE data->>'event' = 'interactionEfficiency'
AND data->>'page' = 'InvestmentCalculator'
GROUP BY sessionid
))

validation_errors AS (
SELECT DISTINCT data->>'sessionId' AS sessionid
FROM usability_logs

WHERE data->>'event' = 'validationError'
AND data->>'page' = 'InvestmentCalculator'
)
SELECT

fv.sessionid,
fv.first_page_visit,
fc.first_calc_time,
EXTRACT(EPOCH FROM (fc.first_calc_time - fv.first_page_visit)) AS seconds_to_calculate
FROM first_visits fv
JOIN first_successful_calc fc ON fv.sessionid = fc.sessionid
LEFT JOIN validation_errors f ON f.sessionid = fv.sessionid
WHERE f.sessionid IS NULL
ORDER BY fv.sessionid, fc.first_calc_time;
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WITH raw_events AS (
SELECT
data->>'sessionId’ AS session_id,
data->>'event' AS event,
timestamp
FROM usability_logs
WHERE data->>'page' = 'InvestmentCalculator’
),

ordered_events AS (
SELECT
session_id,
event,
timestamp,
ROW_NUMBER() OVER (PARTITION BY session_id ORDER BY timestamp) AS rn
FROM raw_events
)

sessions_with_recalc AS (
SELECT session_id
FROM (
SELECT
session_id,
ARRAY_AGG (event ORDER BY rn) AS events
FROM ordered_events
GROUP BY session_id
) sub
WHERE events @ ARRAY['taskCompletionTime', 'dropdownInteraction’, 'taskCompletionTime']
OR events @ ARRAY['taskCompletionTime', 'validationError', 'taskCompletionTime']

SELECT
(SELECT COUNT(DISTINCT data->>'sessionId')
FROM usability_logs
WHERE data->>'page' = 'InvestmentCalculator') AS total_sessions,
| (SELECT COUNT(x) FROM sessions_with_recalc) AS sessions_with_recalculation,
ROUND (
100.0 * (SELECT COUNT(*) FROM sessions_with_recalc) /
NULLIF((SELECT COUNT(DISTINCT data->>'sessionId')
FROM usability_logs
WHERE data->>'page' = 'InvestmentCalculator'), 0),
2
) AS percentage_supporting_hypothesis_3;
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