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Abstract—Stock price prediction remains a complex task due to the dynamic nature of financial time series and the difficulty of
extracting informative patterns from historical price movements. This study addresses the need to better understand whether the
choice of model or the design of time series features plays a more dominant role in prediction performance. The objective of this
research is to comparatively evaluate Extreme Gradient Boosting (XGBoost) and Random Forest for stock price prediction using
engineered time series features, while also assessing their ability to capture directional price movements. The proposed approach
applies a structured pipeline involving data preprocessing, extraction of time series features (lag, moving average, and volatility), and
evaluation using a time-aware data split to preserve temporal order. Unlike conventional studies that focus solely on prediction
accuracy, this research integrates both regression-based evaluation (RMSE, MAE, and R?) and directional movement analysis using
confusion matrix, along with feature importance interpretation to understand model behavior. The experimental results, based on
1,258 daily stock price records, show that XGBoost achieved an RMSE of 457.97, MAE of 345.28, and R? of 0.884, while Random
Forest obtained an RMSE of 462.01, MAE of 351.02, and R2 of 0.882. The difference in R2 (0.002 or 0.2%) indicates that both
models perform comparably, with no substantial performance gap. Directional evaluation further reveals that both models are more
accurate in predicting upward trends than downward movements. These findings suggest that feature engineering plays a more
critical role than model selection in this context, providing a practical contribution to the development of stock prediction systems.
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1. INTRODUCTION

The capital market is one of the important sectors in the economy that acts as a means of raising funds and investment.
Stocks, as the main instrument in the capital market, have price characteristics that fluctuate and are influenced by
various factors, both internal and external factors, such as macroeconomic conditions, monetary policy, and market
sentiment (Bettahi et al., 2025) High stock price fluctuations cause investment risks to increase and make it difficult for
investors to make optimal decisions. Therefore, stock price prediction is an important problem that continues to be
studied in the fields of finance and information technology. Stock price data is a time series, where the price value at
one time is influenced by the historical value in the previous period. In addition, stock data also contains non-linear
patterns and high volatility (Muong et al., 2022). Conventional approaches, such as simple technical analysis and
classical statistical methods, often have limitations in capturing such complexity. These models generally rely on
assumptions of linearity and data stationarity, making them less flexible when applied to dynamic and volatile stock
data.

The development of machine learning offers a more adaptive alternative approach to modeling financial data.
Machine learning algorithms are able to learn nonlinear relationships and complex patterns without requiring strict data
distribution assumptions (Ferrouhi & Bouabdallaoui, 2024). Some studies in the last five years have shown that
ensemble learning based methods perform better than traditional statistical methods in predicting stock prices (Vuong et
al., 2022) The ensemble approach combines multiple models to improve the accuracy and stability of predictions.
Extreme Gradient Boosting (XGBoost) is one of the boosting-based ensemble algorithms that is widely used in stock
price prediction. Previous research reported that XGBoost can provide competitive prediction results because it has an
effective gradient optimization and regularization mechanism in reducing overfitting (Lina et al., 2026) On the other
hand, Random Forest, as a bagging-based ensemble algorithm, is also widely used because it is stable to noise and able
to handle high-dimensional data.

In recent years, the development of machine learning has opened up new opportunities in stock price modeling
and prediction. Machine learning algorithms are able to learn non-linear patterns and complex relationships between
variables without requiring strict data distribution assumptions. Research by (B, 2023) shows that the ensemble learning
approach is able to provide better prediction results than traditional statistical methods on volatile stock data.
Furthermore, (Yun et al., 2021) report that the Extreme Gradient Boosting (XGBoost) algorithm has superior
performance in stock price prediction due to its ability to incorporate multiple decision tree models gradually through a
boosting mechanism.

Another study by (Mostafavi & Hooman, 2025) utilized the Random Forest algorithm for stock price prediction
and showed that this method is quite stable in dealing with data noise and is able to produce consistent predictions.
Random Forest works with a bagging approach, where multiple decision trees are trained in parallel, and the results are
combined to reduce model variance. In addition, (Mostafavi & Hooman, 2025) integrates time series features such as
lag features and moving averages with decision tree-based algorithms and reports an improvement in prediction
performance compared to the use of raw price data without feature extraction. Recent research by (Kulkarni et al., 2025)
also emphasizes the importance of historical trend-based features in improving the performance of stock price
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prediction models. Several studies report that Random Forest provides consistent performance in predicting stock
prices, especially on high-fluctuating data. Although both algorithms have been widely used, the literature review
shows that most studies still focus on applying one particular algorithm or using different feature configurations,
making performance comparisons less objective. In addition, the evaluations carried out generally only focus on the
accuracy of predicting the value of stock prices, without examining the model's ability to predict the direction of price
movements. In fact, information on the direction of rising or falling stock prices is an important aspect in investment
decision-making. Based on these problems, there is a research gap that needs to be studied further, namely the need to
compare the performance of the XGBoost and Random Forest algorithms using the same dataset and time series
features , as well as a more comprehensive evaluation.

This study proposes the use of time series features in the form of lag features, moving averages, and volatility to
capture historical patterns and trends of stock price movements in a more representative manner. By using identical
features, a comparison of the performance of the two algorithms can be done fairly and objectively. The purpose of this
study is to compare the performance of the Extreme Gradient Boosting (XGBoost) and Random Forest algorithms in
predicting stock prices based on the time series feature. The evaluation was carried out using the Root Mean Square
Error (RMSE), Mean Absolute Error (MAE), and determination coefficient (R?) metrics, as well as additional
evaluation in the form of a confusion matrix in the direction of stock price movements (Liu et al., 2022). The dataset
used is historical daily stock price data from Yahoo Finance, which is public and reproducible. The urgency of this
research lies in the need for a stock price prediction model that is not only numerically accurate but also informative in
describing the direction of price movements. The results of this study are expected to make a practical contribution as a
reference in the selection of stock price prediction algorithms, as well as academic contributions in enriching empirical
studies on the application of ensemble learning algorithms to financial time series data. The main contribution of this
study is to present a comparison of the performance of XGBoost and Random Forest on the same dataset and time
series features, to integrate the evaluation of price value prediction and the direction of stock price movements, and to
provide empirical evidence on a more effective algorithm in the context of stock price prediction based on the time
series features. Thus, this study represents a state-of-the-art approach in modeling stock price predictions based on
machine learning that is efficient and easy to implement.

2. RESEARCH METHODOLOGY

This study uses a quantitative approach by applying a machine learning method to compare the performance of the
Extreme Gradient Boosting (XGBoost) and Random Forest algorithms in predicting stock prices based on the time
series feature. The research process is carried out systematically through several stages, including the collection of
historical stock price data from Yahoo Finance, pre-processing of data, extraction of time series features, sharing of
training data and time series-based test data, model training, and model performance evaluation (Nugroho et al., 2025).
The evaluation was carried out using the Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and
determination coefficient (R2) metrics, as well as analysis of the direction of stock price movements using a confusion
matrix (Noorunnahar et al., 2023). This approach is designed to obtain an objective and comprehensive performance
comparison between the two algorithms on the same dataset and feature configuration. The research method can be seen
in Figure 1.
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2.2 Data Collection

The data collection stage was carried out using a historical stock price dataset sourced from Yahoo Finance, which was
taken from Kaggle, with a total of 1258 data points. This dataset contains daily stock price data consisting of the
attributes of transaction date (Date), opening price (Open), highest price (High), lowest price (Low), closing price
(Close or Adj Close), and transaction volume. The data used is a time series, so each observation has a dependence on
time. This dataset was chosen because it is open, easy to reproduce, and widely used in stock price prediction research.

2.3 Pre Data Processing

In the pre-processing stage, the process of cleaning and preparing the data is carried out before being used in modeling.
The steps taken include converting date attributes to datetime format, sorting data based on time, handling missing
values, and selecting target variables. The closing price variable (Close) is used as a target because it represents the final
value of the stock on each trading day and is commonly used in stock price prediction analysis. This stage aims to
ensure the data is in a consistent condition and ready for feature extraction (Ritonga et al., 2024)

2.4 Time Series Feature Extraction

Feature extraction is done to capture temporal patterns that cannot be represented by a single price value. The time
series features used include lag features (lag-1, lag-5, and lag-10) to represent the price effect on the previous day,
moving averages (MA-5 and MA-10) to identify short- and medium-term trends, and volatility calculated using the
standard deviation of closing prices within a given time window. These features are designed to help models learn
historical patterns of stock price movements (Assaduddiari et al., 2025).

2.5 Data Sharing

The data that has been extracted is then divided into training data and testing data, with a proportion of 80% training
data and 20% test data. The division is carried out sequentially based on time (time series split) to avoid data leakage
(data leakage). With this approach, the model is only trained using past data and tested using data in subsequent periods,
so that the resulting evaluation is more realistic (Nabilah Selayanti et al., 2025)

2.6 Prediction Model Training

At this stage, training was carried out on two machine learning algorithms, namely Extreme Gradient Boosting
(XGBoost) and Random Forest Regression. Both algorithms were trained using the same training data and identical
time series features to make the performance comparison fair. XGBoost was chosen for its ability to handle non-
linearity and has a boosting mechanism, while Random Forest is used as a stable and commonly used bagging-based
comparison model as a baseline (Gono et al., 2023)

2.7 Model Evaluation

Model evaluation was carried out using test data with Root Mean Square Error (RMSE), Mean Absolute Error (MAE),
and coefficient of determination (R2) metrics to measure the accuracy of numerical predictions In addition, an additional
evaluation was carried out using the confusion matrix in the direction of price movements (up/down) to assess the
model's ability to predict the direction of stock price trends. This evaluation provides a quantitative and qualitative
overview of the performance of each algorithm (Hossain & Kaur, 2024)(Yang, 2023).

2.8 Analysis of Comparative Results

The final stage is to compare the performance of XGBoost and Random Forest based on the results of evaluation
metrics and prediction visualization. This comparison is used to determine algorithms that have better performance in
predicting stock prices based on time series features, as well as to analyze the advantages and limitations of each
method (Yi, 2023).

3. RESULT AND DISCUSSION
3.1 Result

The results of the model test conducted at the evaluation stage using test data obtained a comparison of the performance
between the Extreme Gradient Boosting (XGBoost) and Random Forest algorithms in predicting stock prices based on
the time series feature. The test was carried out with a time series split-based data sharing scheme, where 80% of the
data was used as training data and 20% of the data was used as test data, so that the model only studied patterns from
historical data and was evaluated on the data of the next period. This approach is used to avoid data leakage and ensure
that the test results represent realistic predictive conditions. The results of the evaluation showed that the XGBoost
algorithm produced an RMSE value of 457.97, MAE of 345.28, and a coefficient of determination (R2) of 0.884, while
the Random Forest algorithm obtained an RMSE value of 462.01, MAE of 351.02, and R2 of 0.882. The lower RMSE
and MAE values on XGBoost indicate that the average prediction error generated is smaller than that of Random Forest.
In addition, a higher R2 value indicates that XGBoost can better explain the variation in stock price data. This difference
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in results shows that the boosting mechanism in XGBoost is more effective in studying historical patterns and non-
linear relationships in stock price data based on time series features than the bagging approach in Random Forest. Thus,
the results of this test support the objectives of the study and confirm that XGBoost has a relatively superior
performance in stock price prediction in the dataset used, making it worthy of recommendation in the context of this
study.

Table 1. Comparison of XGBoost and Random Forest Results

Metode RMSE MAE R?
XGBoost 457.966139 345.284469 0.884150
Random Forest 462.006955 351.019988 0.882097

Figure 2, it shows that the confusion matrix of price movement direction for the Extreme Gradient Boosting
(XGBoost) algorithm shows the model's ability to classify the direction of stock price movement into two classes,
namely up and down, based on the results of price predictions. From the test results, as many as 93 data points with an
actual upward direction were correctly predicted as up, while 51 data points with an actual downward direction were
correctly predicted as down. However, there are still misclassifications, namely 69 actual data points predicted as rising
and 34 actual data points predicted as down. This pattern indicates that the XGBoost model tends to be more sensitive
in capturing price increase signals than price declines, which is likely influenced by the dominance of trend-based
features such as moving averages and lag features. Nonetheless, XGBoost's ability to classify the overall direction of
price movements shows that the model is not only effective in predicting the value of stock prices but also quite
informative in identifying the direction of price movements, thus supporting the research objectives in comparing the
performance of the time series feature-based stock price prediction algorithm.
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Figure 2. Confusion Matrix XGBoost

Figure 3 showing that the confusion matrix of price movement direction for the Random Forest algorithm shows
the model's performance in classifying the direction of stock price movement into up and down classes. Based on the
test results, the Random Forest model managed to correctly predict 89 data points with an actual upward direction and
48 data points with an actual downward direction. However, there are still misclassifications, namely 72 actual data
points predicted as rising and 38 actual data points predicted as down. These results indicate that Random Forest,
similar to XGBoost, tends to be more responsive to bullish patterns than price declines. However, the number of
misclassifications in both classes is relatively higher than that of XGBoost, which suggests that Random Forest's
consistency in predicting the direction of stock price movements is slightly lower.
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Figure 3. Confusion Matrix Random Forest
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Figure 4 showing a comparison of stock price predictions shows that both algorithms, namely XGBoost and
Random Forest, were able to follow the general trend pattern of actual stock price movements during the test period.
The prediction lines of the two models move relatively in the direction of the actual data, especially in the phases of
rising and falling prices that occur gradually.

Nevertheless, XGBoost's prediction looks closer to the actual price for most periods, especially when there are
quite significant trend changes, while Random Forest tends to produce a smoother prediction curve and lags a little
behind in response to sharp price fluctuations. This difference shows that XGBoost has a better ability to capture the
dynamics of stock price changes based on the time series feature. Overall, the results of this visualization are consistent
with the numerical evaluation metrics obtained, where XGBoost showed lower prediction errors than Random Forest,
thus strengthening the conclusion that XGBoost is more effective in modeling stock price predictions in this study.
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Figure 4. Stock Price Prediction Comparison

A comparison of feature importance between the XGBoost and Random Forest algorithms shows that both
models both place trend-based features as the most influential factor in stock price predictions. The 10-day moving
average (MA-10) feature has the highest level of importance in both algorithms, with a greater contribution to Random
Forest than XGBoost, indicating that medium-term trends are very dominant in determining predictive outcomes. In
addition, the 5-day moving average (MA-5) feature also makes a significant contribution, particularly to XGBoost,
which suggests that the model is more sensitive to short-term trend changes. The lag-1 feature has a moderate effect on
both models, indicating that the stock price one day earlier is still relevant in the prediction process. In contrast, the lag-
5, lag-10, and 5-day volatility features have relatively small contributions, so short-term fluctuations and volatility
levels are not the main factors in the stock price modeling in this study. Overall, these results confirm that the time

series feature-based stock price prediction approach is more influenced by historical trend patterns than by random daily
price variations.
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Figure 5. Feature Importance Comparison
3.2 Discussion

Based on the results of the study, the Extreme Gradient Boosting (XGBoost) algorithm has better performance than
Random Forest in predicting stock prices based on the time series feature. The hypothesis is based on the characteristics
of XGBoost, which uses a boosting mechanism to minimize errors iteratively, so it is expected to be able to model non-
linear relationships and historical patterns of stock prices more effectively. Based on the results of the tests that have
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been carried out, the hypothesis of this study is acceptable, because XGBoost has consistently shown superior
performance to Random Forest in almost all evaluation metrics used. The results of the numerical evaluation showed
that XGBoost produced lower RMSE and MAE values and higher R2 values than Random Forest. These findings
indicate that the stock price predictions generated by XGBoost have a smaller error rate and are able to better explain
the variations in stock price data. This result is in line with the purpose of the study, which is to obtain an accurate stock
price prediction model by utilizing time series features in the form of lag features, moving average, and volatility. In
addition, the use of time series split-based data sharing ensures that the model is tested on future data chronologically,
so that the evaluation results are realistic and do not experience data leakage.

The confusion matrix analysis of the direction of price movement also shows that XGBoost has a better ability to
classify the direction of stock price movements than Random Forest. Although both models tend to be more accurate in
predicting the direction of price increases than price declines, XGBoost produces a higher number of correct predictions
and lower misclassifications. This shows that the model is not only excellent at predicting the value of stock prices but
also quite informative at identifying the direction of price movements, which is an important aspect of investment
decision-making. The results of the visualization of stock price predictions strengthen the findings of the numerical
evaluation and confusion matrix. XGBoost's prediction curve looks closer to the actual price and is more responsive to
trend changes than Random Forest, which tends to produce smoother predictions and lag a bit when there are quite
sharp price changes. These findings show that the boosting approach on XGBoost is more effective in capturing the
dynamics of stock price changes based on the time series feature.

The findings of this study are consistent with the results of previous research. (B, 2023) reported that the
boosting-based ensemble learning method provides better performance than the traditional method in stock price
prediction. (Gono et al., 2023) also showed that XGBoost excels at modeling stock data that is non-linear and volatile.
On the other hand, the results of this study are also in line with (Sharma et al., 2023), which states that Random Forest
has stable performance, but tends to be less sensitive to rapid changes in price patterns. The research (Dehvari et al.,
2025) confirms that the use of time series features such as moving averages and lag features contributes significantly to
improving model performance, which is also proven in this study through feature importance analysis. The main
difference between this study and the previous study lies in the direct comparison of XGBoost and Random Forest
using identical time-series datasets and features, as well as an evaluation that focuses not only on price value prediction,
but also on the direction of stock price movements. Thus, this study makes a new contribution in the form of a more
comprehensive and objective comparative analysis of two popular ensemble learning algorithms.

4. CONCLUSION

Based on the results of the research that has been conducted, it can be concluded that the purpose of the study, to
compare the performance of the Extreme Gradient Boosting (XGBoost) and Random Forest algorithms in predicting
stock prices based on the time series feature, has been well achieved. The test results showed that both algorithms were
able to model historical stock price patterns, but XGBoost performed better than Random Forest. This is evidenced by
lower Root Mean Square Error (RMSE) and Mean Absolute Error (MAE) values, as well as higher determination
coefficient (R?) values. Quantitatively, XGBoost can explain about 88.4% of the variation in stock price data, while
Random Forest explains about 88.2%, which shows that XGBoost has slightly better predictive capabilities. In addition,
evaluation using the confusion matrix of price movement shows that XGBoost has a more consistent level of directional
prediction accuracy than Random Forest, especially in identifying upward price movements, thus providing more
relevant information for investment decision-making. Thus, the research problem related to the selection of algorithms
that are more effective in predicting stock prices can be answered, where XGBoost is recommended as a superior model
in the context of this research. However, this study has limitations, including the use of datasets from a single source
and the application of time series features, which are still limited to lag, moving average, and volatility. Therefore,
further research can be developed by adding other technical indicators, fundamental data, or market sentiment, as well
as testing models on different stocks and time periods to improve the generalization and accuracy of the prediction
model.
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