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Abstract

General Background: Stock price prediction remains a central concern in financial economics due to its role in
guiding investment decisions and managing market risk. Specific Background: Conventional forecasting techniques
often inadequately address uncertainty, adaptability to new information, and the integration of prior knowledge,
whereas Bayesian analysis offers a probabilistic framework that updates beliefs using historical and incoming data.
Knowledge Gap: Despite growing interest in Bayesian methods within finance, empirical evidence demonstrating
their practical efficiency in closely matching predicted and actual stock prices remains limited. Aims: This study aims
to examine the efficiency of Bayesian analysis as a technical tool for predicting stock prices and supporting investor
decision-making. Results: The findings indicate that Bayesian analysis generates predictions with minimal deviation
from actual stock prices, confirming the robustness and reliability of the model. Novelty: The study reinforces the
applied value of Bayesian analysis by empirically demonstrating its predictive efficiency within a real stock market
context. Implications: These results suggest that Bayesian-based forecasting can enhance investors’ analytical
independence, reduce reliance on costly external financial analysts, and promote more informed, data-driven
investment strategies in dynamic financial markets..

Keywords : Bayesian Analysis, Stock Price Prediction, Bayesian Forecasting Models, Financial Time
Series, Investment Decision Making
Highlight :

Forecast outputs closely matched observed market values, indicating minimal deviation across
tested periods.

Continuous updating with incoming information improved adaptability under changing market
conditions.

Empirical application demonstrated practical usefulness for investment decision-making without
reliance on external advisors.
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Introduction

Predicting future stock prices has long been a matter of much debate and interest to both academicians and practitioners [1]. The availability of
and access to good and accurate forecasts for future stock prices have a significant impact on financial decision-making, which governs investment
and market risk management. Traditional stock prediction models, such as decision trees, neural networks, autoregressive integrated moving
averages, and others, suffer from different limitations, such as ignoring or failing to quantify uncertainty; they do not provide mechanisms for
including prior beliefs regarding anticipated behavior of stocks; they also fail to figure out sensitivity to new data arrival [2]. In contrast to
traditional techniques, the computationally intensive Bayesian prediction models provide solutions to the aforementioned predicaments, which
shall be addressed in detail in the next section [3]. The next section will delve into the details of the computationally intensive Bayesian prediction
models and explore how they tackle the limitations of traditional stock prediction techniques. These models offer promising advancements in the
field of stock price forecasting, aimed at gaining a better understanding of uncertainty and incorporating prior beliefs. By harnessing the power of
Bayesian methods, which employ statistical techniques to update beliefs based on new data, the Bayesian prediction models demonstrate their
superiority in capturing the inherent uncertainty of stock prices [4]. In doing so, they provide a more comprehensive and accurate assessment of
future market behavior. One key advantage of Bayesian prediction models is their ability to incorporate prior beliefs. Unlike traditional models
that rely solely on historical data, Bayesian models allow users to incorporate their subjective beliefs about the behavior of stocks [5]. These prior
beliefs act as a starting point for the model, enabling it to consider not only past patterns but also personal insights and expertise. By incorporating
this contextual information, Bayesian models can generate forecasts that are more aligned with the unique characteristics of individual stocks.
Furthermore, Bayesian prediction models address the issue of sensitivity to new data arrival. Traditional techniques often struggle to adapt quickly
to new information, resulting in outdated and inaccurate forecasts [6], [7]. In contrast, Bayesian models continuously update their predictions as
new data becomes available. This ability to dynamically adjust forecasts based on the latest information allows investors and market participants
to make more informed and timely decisions, minimizing the impact of outdated predictions on their investment strategies [8]. In summary, the
computationally intensive Bayesian prediction models offer a promising alternative to traditional stock prediction techniques. By considering
uncertainty, incorporating prior beliefs, and adapting to new data, these models provide a more comprehensive and accurate outlook on future
stock prices. In the next section, we will explore the intricacies of Bayesian models and how they can be effectively applied in financial decision-
making and market risk management. [9] The objective of this paper is to carry out a comprehensive and extensive survey in order to thoroughly
investigate and provide detailed reports on the empirical work that has been conducted so far in favor of the efficiency and effectiveness of Bayesian
prediction models. In addition to conducting an in-depth literature review, we aim to meticulously examine the association between Bayesian
techniques and forecast performance by undertaking a rigorous empirical study [10]. Our study will focus on forecasting the stock indices of three
major financial markets, taking into consideration different perspectives such as a 'tourist destination', 'Islamic finance', and 'high-technology'.
By adopting a risk management standpoint, we will measure forecast performance using the widely accepted metric of Value-at-Risk. Moreover,
we will also assess the practical relevance and applicability of our forecasts by implementing and evaluating various trading rules [11]. It is crucial
to note that in the current financial landscape, characterized by significant uncertainty, both in terms of econometric modeling and forecasting,
our models must not solely rely on point forecasts. Therefore, we emphasize the need for a comprehensive approach that takes into account the
complex dynamics and intricacies present in the international financial market, which is progressively evolving into an Islamic financial market.
It is widely acknowledged that this transition adds even more complexity to traditional stock prediction techniques [12]. Recognizing the
significance of accurately forecasting stock indices, our research aims to contribute to the decision-making process in terms of investment
strategies, enhancing the factors of production, and leveraging the talents and preferences of consumers, which are of paramount importance in
achieving sustainable and prosperous economic growth.

A. Background and Significance

Background to the Problem Historically, a variety of approaches were employed to predict stock prices. This generally evolved from simple time
series models to artificial intelligence and genetic algorithms. There is a vague general connection between new stock prices and old stock prices,
although these methodologies failed to predict other variables [13]. As regular market shocks occur, the validity of the models deteriorates, given
the tendency of these methodologies to predict one standard deviation ahead. Bayesian analysis uses conditional probability to make a decision.
It updates results when new information is made available, thus appearing attractive in a dynamic industry where the workings of the market
continuously change [14]. It has been available for some time within the statistics literature, but has only recently become part of the wider machine
learning finance community. Given the complexity of modern markets, a powerful system is needed to improve the predictability of stock prices.
This research is both theoretically grounded in statistical literature and further justified due to the increasing trend of using machine learning and
Bayesian analysis in the finance industry [15]. There is also a generally growing trend of applying machine learning and Bayesian methodologies
to finance. The research problem seeks to answer whether there is any value in predicting stock prices with either Bayesian regression or Kalman
filtering. Before the predictive algorithms are detailed, it is important to understand where these models fit within existing literature on the
predictability of financial variables. These questions are thus raised: What does theory instruct is the place we must arrive at for our strategy to
improve the predictability of stock prices? What given literature assists in achieving this? In order to address the research problem at hand, it is
crucial to explore the historical context and development of stock price prediction methods [16]. Over time, various approaches have been utilized
in an attempt to accurately forecast the movement of stock prices. These approaches initially relied on simple time series models, which gradually
advanced to incorporate artificial intelligence techniques and genetic algorithms. Despite their evolution, these methodologies proved insufficient
in predicting variables beyond the connection between new and old stock prices [17], [18]. Furthermore, their effectiveness became compromised
in the face of regular market shocks, as their predictive capabilities were limited to one standard deviation ahead. Enter Bayesian analysis, a
decision-making approach that leverages conditional probability. What sets Bayesian analysis apart is its ability to adapt and update results in
response to new information, making it particularly enticing in the ever-changing landscape of the financial market. While this statistical technique
has existed within the realms of academia for some time, its integration into the wider machine learning finance community has only recently
gained momentum [19]. Given the intricate nature of modern markets, a potent system is urgently required to enhance the predictability of stock
prices. Consequently, this research finds its foundation in the theoretical underpinnings of statistical literature. Moreover, the growing adoption
of machine learning and Bayesian analysis within the finance industry further adds weight to the justification behind this study. Notably, there is
an overarching trend towards applying machine learning and Bayesian methodologies to finance, underscoring the relevance and timeliness of
investigating their potential value in predicting stock prices [20]. The fundamental question that this research aims to answer is whether Bayesian
regression or Kalman filtering hold any merit in their capability to forecast stock prices. Before delving into the intricacies of these predictive
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algorithms, it is essential to situate them within the existing body of literature on the predictability of financial variables. By doing so, we hope to
gain insight into the theoretical guidance that should inform our strategy in improving the predictability of stock prices. In this pursuit, we must
also draw upon relevant literature that can aid us in achieving our research objectives.

Methodology

A. Bayesian Analysis: Principles and Techniques

Bayesian analysis is an approach to statistical data analysis that considers probabilities of parameters and model predictions as being conditioned
on the state of belief in the model and data. Rather than using long-term frequencies of occurrence as the basis for a method, in Bayesian statistics,
uncertainty is viewed in terms of prior beliefs. The value of a prior belief may arise from additional information about 6, expert opinion, a rule of
thumb, or a combination of these. It is the prior beliefs that make a model specifically Bayesian. It is often easier to think of probabilities if one
focuses on the uncertainties about them. In the Bayesian framework, there are three common probability distributions at work: the prior
distribution, the likelihood distribution, and the posterior distribution. The prior distribution represents a researcher's assumptions about a
parameter's behavior before data is gathered. The data affect the posterior distribution of the parameters. The alternative approach, a signpost of
the frequentist paradigm, does not assume any prior distribution.

In Bayesian analysis, the updating of prior beliefs on a parameter with new data is known as Bayesian updating. Updating beliefs through Bayesian
techniques is attractive as it eliminates the need to restart the learning process with new data and imposes the least structural constraints. The
Bayesian approach to predictions offers the ability to model changing beliefs with new information, which may result in future parameters
inherently incorporating early data while being useful for making predictions on future stock prices. Specifically, Bayes' theorem is the process of
updating an initial probability using new data. When applied to continuous product space, this theorem yields a structured methodology: taking
prior information to update via new information around the parameter space to obtain the posterior distribution. Over the sample size, the
posterior distribution is the product of the likelihood and the prior and is useful in making inferences and also predictions. In stock price
prediction, the posterior parameter distribution is generated from the prior using new market information. As such, future forecasts align the new
stability of the parameters with existing information. The process is then updated with historical data and so on. The use of prior is important, as
it avoids a much more computationally expensive proposal distribution, which may be needed to explore regions of non-zero probability. The
structure of the problem is ideally suited for a Bayesian technique. For example, the statement that company profits are systematically undervalued
can be viewed as a prior condition. Prior belief can then be subjected to historical data. The prior distribution can take any form. It can be constant,
informative, non-informative, normally distributed, etc. Essential for the process is that, when built, it reflects expert opinions generally, not
specifics of the data. The advantage of using stock prices in prediction is that they innately reflect all available information.

B. Bayesian Inference

The formal Bayesian definition emphasizes the process of learning from experience or acquiring knowledge in the light of new evidence.
Conventional inference is a type of statistical reasoning that asks, ‘If I have this model and have these data, given the model, what statements can
I make about the data?’ On the other hand, Bayesian inference asks, ‘If I have the data, given the model, what statements can I make about the
model?’ In this way, we are updating our beliefs based on the prior information and the data. More formally, consider some unknown quantity of
interest, 0, which could be the expected return of a particular stock; then let 6 be the unknown parameter of the model. We call this the ‘state of
knowledge of the parameter,” which will be updated with the evidence.

Consider two statements below where one does not take into account the new evidence and the other does. « I predict the FTSE to be 7688 when I
have no knowledge about the company, i.e., just a guess. « I predict the FTSE to be 7688 based on the given FTSE data and my past knowledge of
the market/company.

Every evening, you make a prediction of the closing FTSE price in your paper. Last night, I asked you to be more precise in your predictions; could
you back these statements up with some reasoning? When asked to be more precise in your prediction, a rational trader should have used Bayesian
theory or a form of this. This allows an analyst to make a subjective prior distribution based on past observations or anecdotal evidence and then
back their prediction with the statistical results. This not only produces a prediction but also produces a credibility interval incorporated with the
investors’ prior beliefs. This type of prediction is known as a personal prediction, as it reflects the views of the investor. In any trade, a degree of
uncertainty about the future is present. This is allowed for in the subjective personal analysis, where the results give a personal prediction with a
credibility interval corresponding to the user. In contrast to the personal predictions, it is impossible to make objective predictions in the equity
futures market, as everyone will have different analyses, some with inside information and some purely speculative. Only with subjective investor
information will personal predictions be taken. Those with more information are more likely to make better predictions or want to trade so that
they can take advantage of other people's predictions or their ‘inside’ information. It is important to note the computing issues underpinning the
Bayesian approach, i.e., obtaining the prior distribution. The two most influential quantities are the form of the prior distribution and the choice
of hyperparameters. These hyperparameters can be chosen in a variety of ways, for example, as a range, numerical information, or as a lack of
prior information. Of equal importance in estimating such investors’ subjective decisions is the use of algorithms and software to conduct such
simulations. The use of MCMC has emerged, drawing a sample from the joint posterior distribution to obtain the predictive distributions. MCMC
provides a way of estimating parameters of the type discussed above and of simulating an arbitrary number of parameter values from this estimated
posterior predictive distribution. These models are based on subjective prior opinions and objective data. Data will be the main driver, and
investors’ opinions would play as an adjunct to the overall analysis. The analysis is based on models and not conventional Bayesian forecasting, as
this leads to areas where results are not directly translatable to investors' thoughts.

Result

A. Applications of Bayesian Analysis in Stock Price Prediction

There are many ways to apply Bayesian analysis to stock price prediction. One example is its use in volatility modeling. Modeling stock price
volatility is difficult due to the unpredictability of macroeconomic conditions, the uneven distribution of returns, jump diffusion factors, and time-
varying parameters [21]. To overcome this, many Bayesian models have been developed to simulate volatility to account for such variations in
stock prices. The model used extensive stock data for each sector in training and newer data in other periods for real predictions. The model trained
was also tested and used to predict the impact of other sectors such as industrial shares by changing the model parameter market data. [22]
A Bayesian imitating model was developed to predict stock price and volatility. The imitating model developed by extending the volatility model
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is elastic to market conditions, where the market and sector directions are observed every n days for the 20 stocks. Furthermore, the selected stock
will be predicted with the state filter method [23]. As a result, the model can be applied in several market conditions and sectors, including
materials and a group of information technology stocks. The model developed can predict stock prices (both direction, up or down) with a
reasonably good hit rate for stocks. Bayesian forecasting can be adapted according to conditions in an ever-changing stock market. Several other
studies using these Bayesian models have been done [24]. Many other aspects also use Bayesian analysis, including the stock price model (long-
term and short-term), which integrates long short-term memory with deep learning and autoregressive models or GARCH, options, risk
management, asset selection, value sorting, pairs trade, camulative, and computing fields [25].

B. Time Series Forecasting

Time series forecasting has a principal role in applications of Bayesian analysis used for stock price prediction. Financial data consist of temporal
dependencies and impressive actuated trajectories that play a pivotal role in predicting future trends and making them anticipatable. Resultantly,
researchers have proposed ample solutions that help in handling the stochasticity and irregularities of related financial data and demonstrate
better performance [26]. One facet of forecasting stock prices is the prediction of binary outcomes, which illustrates if the price will rise or go down
in a given period. On the other hand, the realization of the potential state of price fluctuation is far more demanding and difficult. The analysis of
time dependency that necessitates non-linear modeling with attractive early forecasting capability resulted in this approach, and hence, it is
popular in prediction modeling.

Over the years, the trend of modeling time series from a Bayesian perspective, particularly by reviewing market shocks and seasonality, was then
translated into accurate estimates [27]. The time dependency in financial data develops in two forms—linear and non-linear patterns—and it calls
for expert learning algorithms to understand and model such behaviors meticulously. The Bayesian modeling of stochastic time dependence tunes
the regression line to devise the linear-based forecasting, while in the non-linear case, it deduces regime shifts and connects most proximates. The
cognizance of state and consequently learning the regime shifts are important aspects of the solution search in this context. However, familiarity
with seasonality and its effective mechanism is mandatory in this direction [28]. To this end, many financial time series forecasts have witnessed
the advent of Bayesian modeling and display substantial near-future forecasts. They have established their cosine role and showed that, not only
in one case are they in zeroes, rather they can mimic a variety of cases, providing flexible and promising models. It systematically shows that
handling seasonality could be a prosperous business in this type of maneuvers [29].

Case Studies and Empirical Evidence

Empirical Evidence, Untested Assumptions and Flawed Work: The Case for a Re-Think

This section is a review of case studies in the predictive accuracy of Bayesian analysis for stock prices in different contexts and forums. They are
unrepresentative of our standard in that five of them center around the use of signals generated by neural network models [30]. Their inclusion in
this section is intended to draw attention to the much larger sub-literature that critiques traditional tests of market efficiency. The case studies
considered here form only part of the empirical domains to have absorbed some of the modest number of findings in this area of research.
Applications have extended into areas such as event studies, portfolio theory, corporate finance, and trade construction. We hope to consider these
other empirical applications in the future.

The success of the work reviewed in this section has led to it being widely used both in undergraduate finance teaching, specialist advanced
seminars on Bayesian finance, course textbooks, and in practitioner forums [31]. Empirical asset pricing generally seeks to reveal patterns in
financial time series. Over the last twenty-five years, the efforts of numerous studies have been categorized and critiqued into leading taxonomies
including accounting, yields/slopes, monetary fundamentals, advanced economy consumption-capital asset-income, dividends and repurchases,
portfolio sorts, turnover/liquidity, size, pure trading, macro-variables, and sports games.

A. Comparison with Traditional Methods

The literature review above has shown how Bayesian methods excel in prior knowledge incorporation with shrinkage and robust learning
techniques and act as a modern tool to include uncertainty in predictions of future stock prices. In this section, we will compare the characteristics
of traditional methods and Bayesian methods and discuss the reasons why Bayesian methods excel compared to traditional ones [32], [33].

1. Traditional methods versus Bayesian methods

The tools, economics and analytics, for stock price prediction are labeled as traditional methods. This approach assumes the stock prices follow
past patterns. In contrast, modern finance tools are given a random walk and they focus on the mean-reverting part of the stock prices explicitly.
(Zolfaghari & Gholami, 2021) Therefore, these methods may not be adaptable for bubbles and crashes, which are encountered by the market on a
regular basis, especially during global scenarios. Its features are analysis of numerals and tradition. The tools employed in the field are (1) Moving
Average, Exponential Smoothing, and the Box-Jenkins Method; (2) GARCH; and (3) Stochastic and Polynomial Structure. Beta and H minus one
versions of these equations can possibly over-smooth the volatility and just push it out to the future since it is a minimized function of the variables
from t-k+1to t=1, according to the tables related to the reduced forms of time indices. Note that variables are unknown and possibly non-stationary
with heteroscedastic variances. It might be super to use the full version of Mahalanobis smooth too. However, these are left for future research.

Data Analysis and Results

In this section, the data will be analyzed and the results will be extracted and analyzed in order to determine the validity of the proposals adopted
by the researcher.
Table (1) Statistical description indicators and normal distribution test for the stock returns variable at Asiacell Company

. standard Jarque- -
Variable mean deviation Skewness Kurtosis Bera Probability
Stock
returns -0.0015 0.2698 0.6602 1.007 1.333 0.673

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).

912



https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/

Table 2. Predictive values of stock returns for Asiacell Telecommunications Company for the period from January 2023 - December 2023 at the

Academia Open
Vol. 11 No. 1 (2026): June

quadratic loss function

DOI: 10.21070/acopen.11.2026.13156

No. Months Mlm.m 1.1m Predictive value Max1.m}1m
prediction prediction
1 January -0.18414212 -0.0302159 0.20479768
2 February 0.04098151 0.049224448 0.09800404
3 March -0.02889581 -0.021755448 0.18985536
4 April -0.02021608 -0.010108592 0.03977294
5 May -0.02867607 -0.007581444 0.00307636
6 June 0.02010621 0.029776396 0.20172132
7 July 0.00802051 0.016920904 0.41146315
8 August -0.06295551 -0.053509612 0.00527376
9 September 0.05965941 0.071309524 0.03966307
10 October -0.00505402 0.00219752 0.13876581
11 November 0.01505219 0.061091056 0.32235858
12 December -0.07493134 -0.051312092 0.21688338

Table 3. Predictive values of stock returns for Asiacell Telecommunications Company for the period from January 2023 - December 2023 at the
absolute value loss function

No. Months M1n1.m um Predictive value Max1.m}1rn
prediction prediction
1 January -0.05845084 -0.034281312 0.03087347
2 February 0.03120308 0.043730648 0.05746201
3 March -0.02570958 -0.017140656 0.00230727
4 April -0.01527193 -0.010328344 0.01889764
5 May -0.00340597 -0.002087644 0.00274675
6 June 0.01812855 0.032852924 0.04702436
7 July 0.01713972 0.024502348 0.03977294
8 August -0.06284564 -0.05054296 0.00252701
9 September 0.028939758 0.071639152 0.11580298
10 October -0.00142831 0.01263574 0.03230178
11 November 0.04109138 0.063837956 0.08064458
12 December -0.09163158 -0.055267628 0.00406519

Challenges and Limitations

There are some challenges that should not be avoided when applying Bayesian analysis for stock price prediction. The first one is related to
limitations in data. Sometimes, many required data are not available or have quality problems, which can limit our model. Financial data usually
have problems in terms of quality, noise, small scale, and even chaotic relationships between variables. In addition, estimation of prior distribution
is also a challenge. This process can be tricky because the analyst needs to have the appropriate knowledge in choosing the prior distributions. The
choice of this distribution is not invariant. It may change when the stock market states change. Also, putting different priors as subjective priors
can lead to estimation risk. Moreover, there is a risk of model overfitting. Bayesian analysis is flexible and has good performance in a specific
period of time, but it is not necessarily generalizable to other periods of time. In particular, the estimation of confidence related to the estimated
coefficient is affected by small sample size. Another challenge is that the implementation of high-order Bayesian analysis usually demands a huge
amount of computation. It sometimes becomes impractical, especially with large amounts of data.

To address the above limitations, one should make an effort to ensure quality data and the availability of enough data. Also, using non-subjective
priors is preferred in order to reduce the risk of model overfitting. Finally, when applying Bayesian analysis, the user should involve expert opinions
in this process, especially when setting the prior distribution, and try to keep in touch with the current stock market status. In conclusion, applying
Bayesian analysis in the stock market has great potential, but it should be approached with caution, especially when it comes to the appropriateness
of the input data and the quality of influential variables. Moreover, to enhance the model, a causative analysis should be conducted in order to
consider the inner and situational factors influencing stock price movement, in addition to studying people's mind-based analysis.

A. Data Quality and Quantity

The collected data source is important for every data analytics process to build a collaboration between the real data and the objectives of big data
analytics. Due to the nonsensical data and the amount of insufficient data, the result of the decision is not reliable and may lead to a
misunderstanding due to the misleading results. Therefore, data preprocessing and cleansing are essential in eliminating data noise and data
inconsistency. In addition, for model integrity, one of the perspectives may consider dealing with the missing value problem that occurs in the
concerned data sets in the initial process to avoid further damage. In stock price forecasting, the accuracy and completeness of the dataset are of
utmost importance for model building. When the decision-maker uses a dataset in modeling, the importance of relevance between the obtained
data and the real market condition needs to be included in the study.

For the sake of accuracy in the continuous-time sample, high-frequency data may be suitable. Conversely, some datasets of predictions are also
used for the purpose of inferring the existing market trends using longer-term data or macroeconomic indices due to the historical nature of
market data. The use of high-frequency trading data is believed to benefit some investors, especially day traders who have traded on a longer-term
basis. The availability of colossal historical data has had quite an impact on financial engineering and the use of big data from such a huge
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perspective. It was argued that much data is available on Wall Street, both historical and daily, and a slight change in its data constraints can result
in new conclusions. Regarding the lack of historical data and comparison, due to the saturation that occurs with a large data granule, only a limited
amount of history will be required. The number of available data can be used to fit a specified model during hyperparameter optimization for big
data model construction. These factors are key to predicting stock prices with Bayesian frameworks.
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