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Abstract. Data-driven accurate stock market models can lead to timely, better
decision making by the investors for a more profitable transaction. Such mod-
els can increase the chances of selecting more profitable stocks and reduce risk
by avoiding risky investment. Last few decades of advances in soft-computing
techniques in machine learning (ML), deep learning (DL), text mining (TM), and
ensemble methods have positively reflected in the forecasting of stock market as
well. In our work, we have reviewed some recent machine learning models for
stock market forecasting. We have considered the works that cover various types
for data sources, forecasting techniques, and efficient evaluation metrics. With
our paper, we aim to provide a brief idea on the latest progress in stock market
forecasting. We also summarize our analysis to highlight future research scopes
in stock market movement forecasting.
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1 Introduction

In this twenty first century, a country’s economy and financial growth are deeply inter-
related with the financial market and stock-prices of top-listed companies. Its hence
very crucial to study, analyze and understand the financial market. Over the last few
decades, there has been exponential growth in the interest of investors in the stock
market. The global digitization has empowered millions of common-man to be potential
investors and active player in stock market, with a deep desire of making good profit
from the stock market which witnesses assets worth billions of dollars traded on a daily
basis on stock exchanges. A more accurate forecast of the stock market behavior would
definitely enable these common, as well as institutional, investors to consistently make
low-risk, high-return portfolios [1]. A number of factors and uncertainties (like general
economic conditions, global events, socio-political factors, natural disasters) makes it
highly difficult to make prediction in financial markets [2, 3]. This has been a major
motivation for the use of artificial intelligent techniques to build more accurate models
for stock market forecasting.
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Stock market forecasting is considered as a very relevant but challenging tasks in
financial and computational research field. Fama’s efficient-market hypothesis (EMH)
suggests that, stock price behavior is very random, making it impossible to predict
changes in stock direction and/or magnitude. They proposed 3 categories of forms of
prediction efficiency. In the weak form its proposed that, past price movements can’t be
used to predict future price. Semi-strong form tells that, neither past pricemovements nor
any public information is relevant for market prediction. And, the strong-form declines
the use of either public or private information to forecast the market. Contrary to Fama’s
hypothesis, a large set of research community has been continuously proposing various
models to forecast stock prices, and to some extend the results are in their favor. For
their analysis & market forecasting, they consider many factors that can be majorly cat-
egorized as fundamental analysis, technical analysis, & macro-economic. Fundamen-
tal analysis covers underlying factors that affect company’s overall performance and
financial records. Technical analysis mainly comprised of historical prices and volumes.

In this paper, we present a review of the recent works done in field of stock mar-
ket forecasting based on fundamental and technical analysis. The remaining sections
of this paper are organized as follows. Section 2 provides insight to stock market, data
sources, market forecasting, technical and fundamental analysis, machine-learning algo-
rithms, and performance evaluation of predictive model. Section 3 presents a summary
of recent reviewworks. Section 4 presents the reviewmethodology that we have adopted
for our work. Finally, Sect. 5 concludes this work while also outlining future research
opportunities.

2 Overview of Stock Market Data Sources and Machine Learning
Techniques Used

Stocks and other financial instruments of public listed companies are traded in stock
market. Investor bids to forecast the price movement direction for particular stock, and
aims tomake profit with the prediction accuracy. Such predictions are based on historical
data analysis, company’s internal financial information, and other environmental/policy
related factors [4].

2.1 Types of Data Sources

The popularly considered approaches for stock market forecasting are categorized as
fundamental analysis and technical analysis (see Fig. 1).

• Technical Analysis is the most common approach that uses stock prices (& other
derived indicators) as input. Its popularly believed that all other information (news,
macroeconomic variables, etc.) are inherently represented in the stock price itself. So,
price pattern analysis is enough to predict stock movement. Technical indicators are
popularly used stock signals to buy, sell or hold a stock.
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Fig. 1. Variable categories for stock price prediction [5]

• Fundamental analysis is harder to build models to capture stock fluctuation pattern,
It commonly includes company information and other related macroeconomic (like
interest rates, currency exchange rates, GDP, commodity prices, customer price index,
etc.). These are unstructured in nature and shows non-continuous behavior. Text min-
ing, sentiment analysis, and other natural language processing techniques have been
applied to handle their complexity.

2.2 Technical Analysis

In this review,we are limiting ourwork to technical analysis only, and not exposing to any
form of natural language processing-based predictions. According to most prediction
studies, technical indicators are applied as input variables, since they have provide buy
or sell signals. These technical indicators (TI) are categorized as: basic TI and other TI.

Basic technical indicators: Basic TI are a set of variables for important information
of stocks related to price and volume traded [5]. Such variables include the open price
and close price of stock in last trading time-period (minute/hour/day/week), high and
low prices during that time period, and volume of stock traded during this period, and
other variations in these variables. All these basic TI are broadly categorized into seven
fields: Close, Volume, Range, Open Price, High Price, Low Price and Bid Price, various
prices with lag-1 (close, high, low, open prices with lag-1), and the volume traded in
a single time period are some commonly used basic variables. These lag-1 represent
most recent information for next time-period, which makes these five variables more
commonly used than other higher lag variables.
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Fig. 2. Stock Price dataset (sample) [12]

Fig. 3. NSE Nifty-50 Stock dataset (sample) [12]

Other technical indicators: Other technical indicators are acquired by processing the
basic technical indicators. It comprises a large set of 1208 variables which are grouped
into fourmajor categories:Momentum Indicator (measures speedwith which stock price
is changing over time), Trend Indicator (focuses on direction and strength of change in
stock),Volatility Indicator (measures themagnitude of change in variable during a certain
trading time period), and Volume Indicator (focuses on volume associated with these
changes).

Technical Chart: The raw data with respective timestamp for a particular stock is
shown below (see Fig. 2). The complete information for a stock/exchange contains
various fields is shown below (see Fig. 3). A Candlestick is a popular form of graphical
representation of important basic technical indicators for a single traded period for better
visual understanding (see Fig. 4). The technical chart for a stock movement is shown
below (see Fig. 5). Data can be in form of daily or intraday stock price movement infor-
mation. Popular timeframes for stock price movement observations include 5–15 min,
1 h and 1 day interval. It may further be transformed into any other time-frame suitable
for analysis.
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Fig. 4. Stock Price in visual representation (Candlestick) [13]

Trend indicators: Moving Averages and Momentum are most commonly used trend
indicators (formulae are shown in Table 1). SimpleMoving Average (SMA) summarizes
performance of last trading period. Weighted moving average (WMA) weights recent
pricesmore than other earlier prices [4].Momentum indicatormeasures price differences
over a time period. Momentum (MOM) is calculated as difference between two SMAs.
Moving Average Convergence Divergence (MACD) is calculated as difference between
two EMAs. Relative Strength Index (RSI), Commodity Channel Index (CCI), Williams
R, and Stochastic Oscillators are most commonly used oscillators. Stochastic Oscillators
(K and D) acts as a momentum indicator to highlight oversold or overbought stocks.
Similar to K and D, RSI indicator takes values between 0 and 100 to alert overbought
and oversold conditions.

2.3 Machine Learning

Machine learning techniques are applied to extract underlying pattern from available
historical data. In stock market prediction supervised learning is widely used. A gen-
eral framework of ML model for stock market forecast is shown below (see Fig. 6).
The process starts with selecting historic data for the stock price in time-series format
and/or other relevant information (e.g., stock information and financial news, etc.) for a
particular time period. The collected data is pre-processed to clean it from noise, incon-
sistency, andmissing values. Feature extraction, feature selection, feature transformation
dimensionality reduction and data normalization are applied for better performance and
accuracy.
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Fig. 5. Indian Stock Market NIFTY-50 cd Chart [13]

Table 1. Technical Indicator equations [2]

Indicator Equation
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Ct: closing stock price for time t,Hn: highest stock price,
Ln: lowest stock price.

Model evaluation: Model evaluation is important to check the model accuracy. Some
commonly used performance metrics include: mean absolute error (MAE), mean square
error (MSE), root mean squared error (RMSE), and mean absolute percentage error
(MAPE) etc. [4, 6] are shown in Table 2.
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Fig. 6. Workflow of stock market prediction model

3 Related Work

Initially, for this review paper, we focused on survey articles on stock market prediction.
Some of the works review relevant ML techniques, and others focused on specific tech-
nique that includesArtificial Neural Networks (ANN), Support VectorMachines (SVM),
and Text Mining, etc. In their work [7], researchers reviewed articles by observing that
neural networks and fuzzy networks deliver better results for stock market forecasting.
They review the predictive variables, modeling techniques, type of transfer function,
benchmarks, and performance measures, etc. The comparative research review paper [3]
focus on artificial intelligence techniques like artificial neural network (ANN), expert
system (ES) and hybrid intelligence systems which report high percentage of accuracy
and seem to be more superior to those of traditional & statistical methods in dealing with
financial market related predictions. Review work of [8] and [9] focus on text-mining
based stock market prediction to handle the unstructured type of textual news-based
information. The latest advances in social network analysis makes it possible to include
news-driven sentiments and emotions as a crucial predictive input in model building.
Their analysis covers different type of text sources employed, natural language process-
ing (NLP) algorithms, and reported results to categorize and standardize the evaluation
metrics. In [2, 4, 10] and [11] review of technical, fundamental, and combined analysis
techniques by grouping them based on dataset nature, data sources usage, data time-
frame, machine learning algorithms used, performance evaluation metrics are focused.
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Table 2. Performance metrics equations [4]

Metric Equation
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Accuracy TR+TF
TR+FR+FF+TF × 100

Precision PR = TR
TR+FR × 100

Recall RR = TR
TR+FF × 100

F-score 2×PR×RR

PR+RR

They find ANN, SVM and hybrid ensemble algorithms to have comparative advantage
for stock forecasting.

4 Review Methodology

In this review work, we specifically focused only on other primary review works pub-
lished in last 15 years. Primary scientific paper databases like Web of Science and Sco-
pus were considered for literature selection. Articles with the relevant filter keywords as
stock market, financial market forecast, prediction, etc. were considered. A total of 10
published review work were covered for this research on stock prediction.

5 Conclusions

From the literature study so far, many gaps were observed as opportunities for future
studies. We realize the importance and vacuum in the field of algo-trading, specifically
for Indian stock market. Focus on the performance of ensemble techniques for stock
prediction offers a lot of research scope. In a live robust environment, predictive mod-
elling can play pivot role to build the bots that take quick and accurate decision for high
frequency trading. Through this research work, we are hopeful of contributing in this
field of computational data science for stock forecasting.
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