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Abstract 
Like every other financial asset, gold is important in the economy since it acts as a safe-haven asset. Because of a myriad of factors that can affect its price, projecting its price is argued to be one of the easiest yet complicated aspects of economics. This research aims to improve prediction accuracy of gold prices with a hybrid deep-learning model consisting of LSTM, XGBoost, and sentiment analysis. The model will apply historical data of gold prices, macroeconomic data, and sentiment data derived from financial news. By harnessing the data and their correlations, the study wishes to construct a forecasting model that would assist gold traders in making better trading decisions. An expected result of this study is constructing a hybrid forecasting model that will outperform traditional statistical and machine learning models regarding accuracy.

Introduction

Throughout history, gold has maintained its reputation as a safe-haven asset and an indicator of economic stability. Numerous factors impact gold’s price, including international economic metrics, geopolitical factors, currency markets, and general market sentiment. Due to its importance in maintaining wealth alongside diversification of investment portfolios, gold price prediction garners considerable attention from investors, financial analysts, and policy makers alike.

Traditional forecasting approaches, including linear regression and ARIMA models, fail to capture the underlying relationships, especially the non-linear ones, in financial time series data. One of the most promising recent advancements towards achieving better results in predicting time series data using “deep learning” techniques is the Long Short-Term Memory (LSTM) network. Similarly, XGBoost along with other ensemble methods have proven to be very efficient in structured data prediction.

Furthermore, the impact of investor sentiment from financial news and social media is becoming increasingly important in shaping the market. Adding sentiment analysis to forecasting models enhances predictive accuracy by incorporating socio-psychological factors relevant to the movements of financial price levels.
This research aims to introduce an innovative methodology by introducing a hybrid deep learning technique for forecasting gold prices that integrates LSTM, XGBoost, and sentiment analysis. The goal is to create a more powerful and precise predictive model that considers historical movements alongside contemporary sentiment analysis in order to facilitate real-time and informed decisions within the finance industry.



Problem Statement
Due to the ever-changing factors that impact the price of gold, accurately predicting it continues to remain a challenge, even with the importance of tracking it in global markets. While traditional statistical models have an array of frameworks, their approaches also result in failure due to capturing the non-linear and retrospective nature of financial time series data. In more modern times, some machine learning techniques have had success, but this comes at the cost of only relying on historical numerical information, neglecting other factors like public sentiment and real-time events, relying on numbers adds no context. 
Furthermore, most existing models focus exclusively on individual financial variables, bypassing the intricate relationships of macroeconomic indicators and investor behavior. This leads to results that lack context, prediction accuracy, and practical utility. The need for such context has proved true by the growing approach sentiment analysis dreaming to deep learning models. 
With this hybrid model, this research covers the gap by employing Long Short-Term Memory (LSTM) networks for temporal date sequence progression, XGBoost for structured data with sentiment analysis monitoring the market's sprit capturing market psychology. By merging these methodologies, this study aims to create a more sophisticated and reliable forecasting system for determining the future prices of gold.
Objectives
The goal of this study is to create a precise and reliable forecasting model for predicting the price of gold using a hybrid deep learning technique. More specifically, the study sets out to:
1. Develop and execute a hybrid LSTM, XGBoost, and sentiment analysis predictive model.
2. Gather, clean, and prepare files containing historical data of gold prices and relevant macroeconomic factors for the construction of the model.
3. Extract quantitative measures of public sentiments from the financial news to account for psychological factors influencing investment behavior.
4. Compare the proposed model’s performance using forecasting accuracy metrics including RMSE, MAE, and MAPE, against conventional models to evaluate their innovative approach.
5. Illustrate the usefulness of the model in enhancing the investment decision process.

Research Questions
The scope of this research intends to target the following primary issues:
1. Is it possible to accurately predict gold prices using a hybrid deep learning model which integrates LSTM, XGBoost, and sentiment analysis?
2. What is the level of accuracy prediction provided by the proposed hybrid model in comparison to traditional statistical forecasting methods?
3. How does incorporating sentiment analysis from financial news affect the performance of the gold price prediction model?
4. Which evaluation metrics, such as RMSE, MAE, MAPE, are more indicative of the effectiveness of the proposed model?
5. How effectively does the model assist in real-world investment decisions and strategies?
Significance of the study 
This study is valuable from both theoretical and practical perspectives. Theoretically, this study forms part of the growing research that attempts to apply deep learning models to financial forecasting by developing a model which integrates LSTM, XGBoost, and sentiment analysis, filling a gap which is dominated by models that do not consider emotional and psychological factors of the market.
Practically, the model seeks to help investors, traders, and financial institutions by using a more fluid approach in forecasting gold prices. This could improve investment and risk management decisions, as well as market timing. In addition, sentiment analysis enables the model to respond to market conditions caused by news and public sentiment in real time, something traditional models are not designed to do.
This research seeks to close the gap between technical modeling and real-life application, setting the ground to improve the application of AI in financial forecasting in unpredictable markets.



Literature Review
Forecasting gold pricing has attracted a lot of interest because of the economic significance and instability the precious metal brings. With the advent of AI, many researchers have moved from traditional statistical techniques towards machine learning and deep learning methods for better accuracy in prediction. This review focuses on ten recent studies on the subject organized into three groups – LSTM-based models, hybrid models, and sentiment-enhanced models. 
1. LSTM Based Models
An LSTM model was developed by Khan et al., for forecasting gold prices using historical data. Their findings suggested that LSTM outperformed ARIMA and Support Vector Machines (SVM) models in terms of capturing multi-dimensional time series data. The shortcoming in the model, however, was the use of price data only.
Ahmed et al. in 2023 came up with a CNN-BiLSTM structure that aimed to capture local and sequential features in the price movement. This architecture, however, while achieving high levels of accuracy, was very costly in terms of resources which limited real-time use of the model.
In their study, Sharma and Das (2022) applied a vanilla LSTM and GRU models to gold and silver price data. While most participants using these methods agreed that LSTM performed better, many noted that both models had difficulty with volatile market changes.

2. Hybrid Models  
Sharma and Patel (2022) proposed a hybrid model of LSTM and XGBoost to capture both temporal and structured features. While their method enhanced prediction accuracy, it did not consider aspects such as sentiment which are qualitative in nature.  
Ali and Rehman (2024) used a Random Forest-based ensemble model along with macroeconomic features like inflation, interest rates, and oil prices. Although the model did increase predictions, it faced difficulties related to high feature dimensionality and overfitting.  
Zhang et al. (2023) studied a hybrid model with ARIMA, LSTM and other technical indicators, focusing on short-term forecasting accuracy. They did not consider assessment of the model’s performance during high volatility for scalability purposes.  
Jain et al. (2023) suggested an attention-based hybrid LSTM model using gold price data and moving averages. This model was able to reduce forecasting errors but there was no validation of out-of-sample events.  
3. Sentiment-enhanced Models  
Wang et al. (2023) added BERT-based sentiment scores from financial news articles to a deep learning architecture. Although including sentiment helped capture more shifts in market mood, there was a restriction because the data was exclusively sourced from English publications.
Li et al. (2022) analyzed the impact of Twitter and news sentiment on stock trends, applying NLP to time series data. They noted enhanced results in performance, particularly during periods of volatility.
Fernandez and Rao (2023) concentrated on sentiment analysis of Reddit and financial blogs, utilizing LSTM and Naïve Bayes. Their model successfully captured the “wisdom of the crowd” but did not incorporate organized price data.
4. Research Gap 
Existing literature evaluating the integration of AI for predicting gold prices is relatively scarce. Most attempt to analyze the AI’s capabilities from a numerical data or textual sentiment perspective, and almost never both. Moreover, few apply “cutting-edge” advanced techniques like LSTM blended with ensemble methods and real-time sentiment signals. This model attempts to bridge this gap with a hybrid model using LSTM for temporal learning and XGBoost for structured data, as well as sentiment analysis of financial news for more accurate gold price forecasting.





	Study (Author, Year)
	Model/Technique Used
	Data Sources
	Key Findings

	Khan et al., 2021
	LSTM
	Historical gold prices
	LSTM outperformed ARIMA 
and SVM

	Ahmed et al., 2023
	CNN-BiLSTM
	Historical gold prices
	High accuracy, 
limited by computational cost

	Sharma & Das, 2022
	LSTM & GRU
	Gold and silver prices
	LSTM better, 
both sensitive to market shocks

	Sharma & Patel, 2022
	LSTM + XGBoost
	Gold prices + Technical indicators
	Improved accuracy; 
lacks sentiment insight

	Ali & Rehman, 2024
	Random Forest + 
Macroeconomic Data
	Gold + Macroeconomic variables
	Enhanced precision;
 overfitting concerns

	Zhang et al., 2023
	ARIMA + LSTM + 
Technical Indicators
	Gold prices + Indicators
	Short-term accuracy; 
scalability limited

	Jain et al., 2023
	Attention-based LSTM
	Gold prices + Moving averages
	Reduced error; 
lacks real-world event testing

	Wang et al., 2023
	BERT + Deep Learning
	Financial news (English)
	Better market mood tracking; 
limited sources

	Li et al., 2022
	Sentiment (Twitter & News) + 
Time Series
	Social media + headlines
	Strong performance 
in volatile periods

	Fernandez
 & Rao, 2023
	LSTM + 
e Bayes (Sentiment from Reddit)
	Reddit + blogs + price data
	Captured crowd behavior; 
weak on price data



Expected Result
We expect the integrated hybrid deep learning approach to outperform the hybrid statistical model-based estimations of gold price as it stands to offer more than existing frameworks. The proposed model aims to leverage a multitude of market conditions to enhance predictive accuracy by capturing sequence-based learning with LSTM, structured data with XGBoost and market psychology using sentiment analysis.  
Like most things in life, the assumption that the provided model will achieve lower benchmark error (RMSE, MAE, MAPE) outcomes than the ARIMA, simple LSTM, and even linear regression baseline models is reasonable. The predictions about volatility in the short term with the newfound real-time sentiment data should provide significant improvement with attention-grabbing news. In general, the attempt of the research is to validate the claim that multi-source AI powered forecasting tools can fundamentally transform the ease with which investors and financial analysts make decisions.
Scope and Limitations 
This study aims exclusively to predict global gold prices using a blended hybrid AI model. Its scope covers the analysis of historic time-series data, macroeconomic variables, and sentiments derived from financial news. The analysis is restricted to news sources published in English and will utilize data from 2014 to 2024. There is no attempt to forecast the prices of other precious metals or cryptocurrencies within this research, nor the intra-day or high-frequency trading dynamics.
Although this framework attempts to be as comprehensive as possible, several constraints still exist. The efficacy of the model remains highly sensitive to the amount and veracity of quantitative and qualitative data, including sentiment analysis. The language of available data and the timeliness of news release may limit the sentiment analysis. Furthermore, the hybrid model may impose considerable processing load, rendering it inoperable for real-time scenarios. Even with these caveats, prices may still shift chaotically due to external shock or black swan events that the model has no ability learn or generalize to.
Timeline
It is estimated that the project will be completed in 14 weeks and will be divided into six distinct phases. Each activity has an associated timeline, as displayed in the custom table below:
	Week(s)
	Task Description

	1 – 2
	Finalizing research proposal, literature review refinement

	3 – 4
	Collecting and preprocessing historical gold price and macroeconomic data

	5 – 6
	Collecting financial news and performing sentiment analysis

	7 – 9
	Building and training the hybrid deep learning model (LSTM + XGBoost + Sentiment)

	10 – 11
	Model testing, evaluation, and performance comparison

	12 – 13
	Writing initial draft of the final report / scientific paper

	14
	Final review, proofreading, and submission preparation
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