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Abstract 

This paper documents the complete design, development, 

and implementation of a gamified stock trading simulator 

created to enhance financial literacy among teenagers aged 

13–18. The system provides a fully virtual trading 

environment that mirrors real-world stock market behavior 

while eliminating financial risk. Users learn stock 

fundamentals, portfolio construction, risk management, and 

introductory algorithmic trading concepts through 

interactive gameplay, structured tutorials, and transparent 

system feedback. 

 

The platform is implemented as a full-stack web application 

using React with TypeScript on the frontend, Node.js on the 

backend, and a MySQL relational database for persistent 

storage. Real-time Indian stock market data is integrated 

through free public APIs to maintain realism. Unlike 

conventional simulators, the proposed system emphasizes 

explainability by detailing why trades occur, which 

indicators are triggered, and how risk is managed. The paper 

further explains implementation decisions, system 

architecture, algorithms, evaluation methodology, and future 

extensibility. 

Key Words: Financial Literacy, Gamification, Stock 

Market Simulation, Algorithmic Trading, Web Application. 

 

1. INTRODUCTION 

Financial literacy is increasingly recognized as a 

foundational skill required for personal and economic well-

being. In the digital era, teenagers are frequently exposed to 

investment advice, speculative trading content, and financial 

influencers through social media platforms. Such exposure 

often lacks educational grounding, resulting in 

misconceptions related to quick profits, market behavior, 

and risk tolerance. 

 

Traditional classroom-based financial education focuses on 

definitions and formula-driven instruction, offering limited 

opportunities for experiential learning. As a result, learners 

struggle to connect abstract concepts such as volatility, 

diversification, compounding, and drawdowns with real 

market behavior. Simulation-based learning environments 

address this limitation by allowing learners to experiment 

freely without real-world consequences. 

 

Gamification further strengthens learning by introducing 

progression systems, feedback loops, and achievement 

mechanisms. By combining simulation with gamified 

design, this project aims to create an ethical, engaging, and 

technically robust platform that bridges the gap between 

theory and practice. 
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2. LITERATURE REVIEW 

Gamification has been widely studied as an effective 

approach for improving learner engagement and motivation 

in educational systems. Deterding et al. define gamification 

as the use of game design elements in non-game contexts and 

show that elements such as points, levels, and challenges 

improve user engagement in learning environments [1]. 

Hamari et al. further report that gamified systems positively 

influence user motivation and enjoyment when aligned with 

clear educational objectives [2]. 

Simulation-based learning tools allow learners to experiment 

in risk-free environments, thereby improving conceptual 

understanding. Bellotti et al. highlight that serious games 

provide experiential learning through immediate feedback 

and contextual decision-making [3]. In financial education, 

Chen and Volpe demonstrate that interactive learning tools 

significantly improve financial literacy compared to 

traditional theoretical approaches [4]. 

Stock market simulators are commonly used to replicate real 

trading environments for educational purposes. Fama’s 

Efficient Market Hypothesis emphasizes understanding 

market behavior and risk, which simulators can effectively 

demonstrate in a controlled setting [5]. However, studies 

indicate that profit-focused simulators may encourage 

speculative behavior when used by younger users [6]. 

Algorithmic trading education tools often lack transparency. 

Aldridge emphasizes that educational algorithmic trading 

systems should focus on explainability rather than profit 

generation [7]. Ethical and age-appropriate design is 

therefore essential when introducing financial technologies 

to teenagers [8]. 

Based on these studies, the proposed system integrates 

gamification, simulation-based learning, and transparent 

algorithmic trading while maintaining ethical constraints 

[1][3][7]. 

 

3. SYSTEM ARCHITECTURE 

The system follows a layered client–server architecture 

designed for scalability and maintainability. The architecture 

is divided into presentation, application, and data layers, 

each with clearly defined responsibilities. 

3.1 Presentation Layer 

The presentation layer is implemented using React with 

TypeScript. A component-based architecture enables reuse 

of UI elements such as stock cards, portfolio summaries, 

charts, and progress indicators. A mobile-first design 

approach ensures usability across smartphones and tablets, 

which represent the primary access devices for the target user 

group. 

 

State management is handled using React hooks, ensuring 

predictable UI behavior and efficient updates during 

frequent data refreshes from market APIs. 

 

3.2 Application Layer 

The application layer is developed using Node.js and follows 

a RESTful API architecture. Controllers handle 

authentication, trading operations, gamification logic, and 

algorithm execution. Middleware components manage 

validation, authentication checks, and centralized error 

handling. 

3.3 Data Layer 

The data layer uses a MySQL relational database. The 

schema is normalized to third normal form to reduce 

redundancy and maintain data integrity. Core entities include 

Users, Portfolios, Trades, MarketPrices, XPLogs, Badges, 

and AlgorithmRuns. 

 

Fig-1: Overall System Architecture 

4. IMPLEMENTATION DETAILS 

Implementation followed an incremental development 

approach. Frontend and backend components were 

developed independently and integrated through well-

defined API contracts. 

4.1 Frontend Implementation 

The frontend was built using React with TypeScript to 

enforce type safety and reduce runtime errors. Reusable 

components were created for dashboards, trading forms, and 

educational modules. Charting libraries were used to 

visualize stock prices, profit and loss, and technical 

indicators. Emphasis was placed on clarity and minimal 

cognitive load for teenage users. 

4.2 Backend Implementation 

The backend is implemented using Node.js with a service-

oriented architecture. Authentication services manage user 

sessions, while trading services validate and execute buy/sell 

operations using virtual currency. All calculations related to 

portfolio valuation and profit and loss are performed server-

side to ensure consistency. 
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4.3 Database Implementation 

The MySQL database schema was designed to support 

transactional integrity. Indexed queries and ACID 

transactions ensure consistent portfolio updates during 

concurrent trading. Historical data storage supports 

backtesting and performance analysis. 

 

Fig-2: Database ER Diagram 

5. ALGORITHMIC TRADING MODULE 

Algorithmic trading is introduced strictly as an educational 

feature. Strategies operate only on virtual portfolios and are 

designed to explain decision logic rather than maximize 

profit. 

5.1 Moving Average Crossover Strategy 

This strategy computes short-term and long-term moving 

averages and generates buy or sell signals when crossovers 

occur. Visual overlays allow users to observe how trends 

influence trading decisions. 

5.2 RSI-Based Strategy 

The RSI strategy identifies overbought and oversold 

conditions. Thresholds are configurable, enabling 

experimentation with sensitivity levels and indicator 

behavior. 

 

Fig-3: Algorithm Indicator Visualization 

 

6. GAMIFICATION DESIGN 

Gamification mechanisms form a core component of the 

proposed system and are designed to enhance user 

engagement while maintaining an educational focus. Rather 

than encouraging speculative or risk-seeking behavior, the 

gamification framework emphasizes learning progression, 

consistency, and informed decision-making. Game elements 

are carefully aligned with financial literacy objectives to 

ensure that user motivation is driven by understanding and 

skill development rather than virtual profit accumulation. 

6.1 XP and Level System 

The experience point (XP) and level system serves as the 

primary progression mechanism within the platform. Users 

earn XP by completing interactive tutorials, engaging with 

story-based learning modules, executing informed trades, 

and maintaining consistent platform usage. Additional XP is 

awarded for educational behaviors such as portfolio 

diversification, risk awareness, and completion of 

algorithmic trading demonstrations. 

As users accumulate XP, they advance through defined 

levels that unlock advanced learning content, trading 

features, and challenges. This tiered progression model 

ensures that users are not overwhelmed with complex 

concepts early on and encourages gradual skill development. 

By linking progression to educational actions rather than 

trading frequency or profit, the system reinforces responsible 

learning and discourages impulsive behavior. 

6.2 Achievements and Challenges 

Achievements are designed to recognize significant learning 

milestones and reinforce best practices in financial decision-

making. Badges are awarded for accomplishments such as 

building a diversified portfolio, completing backtesting 

exercises, understanding risk-reward trade-offs, and 

maintaining consistent learning streaks. These achievements 

provide a sense of accomplishment and encourage users to 

explore different aspects of the platform. 

Daily and time-based challenges are introduced to promote 

regular engagement and sustained interest. Challenges may 

include completing a tutorial, analyzing a stock trend, or 

reviewing algorithmic trade explanations. Unlike 

competitive trading games, these challenges focus on 

participation and comprehension rather than financial 

outcomes. This approach ensures that gamification enhances 

motivation while preserving the platform’s ethical and 

educational objectives. 
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Fig-4  Gamification Progress Screen 

7. SYSTEM EVALUATION 

The system was evaluated through a combination of 

functional testing, usability observation, and performance 

analysis to assess both technical reliability and educational 

effectiveness. Functional testing was conducted on all core 

modules, including user authentication, virtual trading 

execution, portfolio management, gamification logic, and 

algorithmic trading simulations. Each module was tested 

under multiple scenarios to ensure correct behavior, data 

consistency, and error handling. 

Performance evaluation focused on backend and frontend 

responsiveness under normal usage conditions. Key metrics 

such as API response time, database query latency, and UI 

rendering performance were monitored during trading 

operations and real-time market data updates. The backend 

services demonstrated stable response times for trade 

execution and portfolio updates, while indexed database 

queries ensured efficient retrieval and storage of 

transactional data. Frontend performance remained 

responsive across devices, validating the effectiveness of the 

mobile-first design approach. 

Overall, the evaluation results indicate that the system is 

technically stable, user-friendly, and educationally effective. 

The platform successfully balances system performance with 

instructional clarity, making it suitable for academic 

demonstrations and controlled educational deployment. 

Further evaluation involving larger user groups and 

longitudinal studies could provide deeper insights into long-

term learning impact. 

 

Fig-5  Portfolio Performance Graph 

8. LIMITATIONS AND FUTURE WORK 

Despite the effectiveness of the proposed gamified stock 

trading simulator in improving financial literacy among 

teenagers, certain limitations remain. One of the primary 

constraints of the system is its dependence on free real-time 

market data APIs for Indian stock market information. Such 

APIs often impose rate limits, restricted historical data 

access, and occasional latency issues, which may affect the 

continuity and realism of the simulation during peak usage 

periods. Additionally, the accuracy of simulated trading 

outcomes is inherently dependent on the reliability and 

availability of these external data sources. 

Another limitation is the intentional restriction of advanced 

algorithmic trading strategies. Complex strategies involving 

high-frequency trading, options, derivatives, or machine-

learning-based predictions were excluded to maintain 

conceptual simplicity and ensure age-appropriate learning. 

While this design choice supports educational clarity and 

ethical use, it limits exposure to more sophisticated 

quantitative finance techniques that may be relevant at 

higher academic levels. 

Future work aims to address these limitations and enhance 

the platform’s educational impact. Planned enhancements 

include the introduction of adaptive learning paths that 

personalize tutorials and challenges based on user 

performance and comprehension levels. The integration of 

AI-driven feedback mechanisms could provide real-time, 

context-aware explanations for user decisions and 

algorithmic trades. Additionally, expanding the analytics 

module to include detailed performance insights, 

comparative learning reports, and visualization of long-term 

investment strategies would further strengthen the system’s 

instructional value. These improvements would enable the 

platform to scale beyond introductory education while 

preserving its core objective of safe, ethical, and effective 

financial learning. 

 

9. CONCLUSION 

The proposed gamified stock trading simulator demonstrates 

how simulation, gamification, and algorithmic transparency 

can effectively improve financial literacy among teenagers. 

The system is ethically designed, technically robust, and 

suitable for academic deployment. 

From a technical perspective, the platform demonstrates a 

robust full-stack implementation using modern web 

technologies. The modular architecture, comprising a React-

based frontend, a Node.js backend with RESTful APIs, and 

a MySQL relational database, ensures scalability, 

maintainability, and secure data handling. Gamification 

elements such as experience points, levels, achievements, 

and challenges were carefully designed to reinforce learning 
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objectives rather than promote speculative behavior. 

Additionally, the inclusion of explainable algorithmic 

trading strategies enables users to understand decision-

making logic instead of perceiving automated systems as 

black boxes. 
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