
 

Systematic Literature Review: Stock Price 

Prediction Using Machine Learning and Deep 

Learning 

Grace Yoby Dopi1,*, Rudy Hartanto2, Silmy Fauziati3 

1 Department of Information Technology, Gadjah Mada University, Yogyakarta, Indonesia 
2 Department of Information Technology, Gadjah Mada University, Yogyakarta, Indonesia 
3 Department of Information Technology, Gadjah Mada University, Yogyakarta, Indonesia 

 *Corresponding author. Email: gracedopi08@mail.ugm.ac.id  

ABSTRACT 

This research was conducted using a literature review method to analyze various studies that will identify the type 

of analysis with the attributes used, the methods used, the methods most often used, and the methods that have the 

best performance. This study collected research from 2016 – July 2021, selected based on predetermined criteria 

and then collected 40 papers. This review found that there are four research topics, namely estimation, 

classification, clustering, and association. The findings of this study are four research topics, namely fundamentals, 

technicals, sentiment analysis, and even a combination of analyzes that use their respective attributes and datasets. 

There are thirty-one different methods found to be used in predicting stock prices. LSTM, MLP, RF, and SVM are 

the most widely used methods. In addition, MLP is a method that gives the best performance of 71.63% and LSTM 

of 70%. The use of combined machine learning methods with ensemble techniques, deep learning, and selection 

of input attributes in pre-processing is recommended for better accuracy. 

Keywords: Systematic literature review, stock price  prediction, technical analysis, fundamental 

analysis, sentiment analysis, machine learning, deep learning.

1. INTRODUCTION 

Stock price analysis and prediction is the most 

challenging issue in financial matters [1]. That is 

because financial markets are very risky, chaotic, 

dynamic, and uncertain. Fundamental and Technical 

are the two main analyzes for making investment 

decisions in the stock market [2]. In addition to 

analyzing these forms, stock prices are influenced by 

many factors such as economic policy, current news, 

political events, and investor sentiment [3][4]. 

Each form of analysis has its attributes to analyze 

or predict stock prices. Technical analysis is an 

analytical methodology to predict prices through the 

study of past market data. Technical Analysis will use 

several attributes from historical market data such as 

date, open price, closing price, highest price, lowest 

price, volume, and other technical data. Fundamental 

analysis involves studying overall economic and 

industry conditions with the financial condition and 

quality of company management to predict price 

changes. Fundamental analysis will use fundamental 

data taken from the company. And sentiment analysis 

in the form of analysis of news sentiment, social 

media, and investor sentiment. In addition, a 

combination of the two attributes is also used, such as 

combining technical attributes and sentiment 

attributes. A combination of technical and 

fundamental attributes. 

The COVID-19 pandemic has also affected the 

stock market and economic growth in Indonesia, as 

evidenced by the decline in stock prices in all 

industrial sectors. However, from this it was found that 

during the pandemic, stock investors increased. This 

increase is mostly due to fomo or just following the 

trend of stocks that have increased considerably during 

the pandemic. Many new stock investors who just 

because of fomo come into play without learning it 

first so they experience not small losses. So stock 

forecasting will help investors make profits and help 

the stock market recover due to the pandemic. 
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Researchers use various methods and algorithms to 

find the best accuracy. For example, [12], [13], [9] use 

the Random Forest algorithm to predict stock prices or 

actions such as buy, sell, and hold. In addition, some 

researchers also use Deep Learning such as Artificial 

Neural Networks, LSTM, MLP in studying stock 

movements [14], [15], [16]. Furthermore, various 

other algorithms will be using. 

In addition to methods and algorithms, it is also 

essential to know the current research trends, the type 

of analysis used, processing input attributes to get 

better accuracy. 

Some researchers have reviewed the predictions 

related to stocks, such as research [17] in which the 

research only analyzes the technical analysis without 

considering the form of fundamental analysis and 

sentiment. This study was conducted to analyze 

research in 2010 – 2018 related to stock price 

predictions. 

Therefore it is crucial to complement the previous 

research that has not been done. Such as the type of 

analysis that is not only centered on one type of 

analysis but combines types of analysis, in addition to 

previous studies that have not been complete 

researching the latest research. So this study focuses 

on researching research from 2016 – July 2021 to 

identify the type of research used, the research topic, 

the methods used, the most widely used method, and 

the method that has the best work performance. The 

following is the arrangement of writing in this paper. 

In part 2, the research methods used in this study will 

explain, part 3 will describe the research results, and 

part 4 will describe the conclusions and future 

research. 

2. RESEARCH METHODS 

Systematic Literature Review will be a reference 

in reviewing the literature on stock price predictions. 

System Literature Review defines as the process of 

identifying, assessing, and interpreting all available 

research evidence to provide answers to research 

questions [18]. Based on the rules in the systematic 

literature review, a step will carry out, namely, 

describing the research questions that are the research 

objectives so that the research is focused. Then explain 

the search strategy, including any data sources and 

databases, including the keywords used in the search. 

After that, select the data obtained based on 

predetermined criteria. Unsuitable studies will also be 

filtered.   To make it easier for readers to understand, 

Figure 1 shows the research flow. 

 

 

Figure 1. Research Flow. 

2.1 Research Questions 

In order for the research to remain focused, it is 

necessary to define the research questions. The 

Research Question design adopted the PICOC [18] 

Population, Intervention, Comparison, Results, and 

Context. Table 1 shows the PICOC structure of the 

research questions. 

Table 1.  PICOC 

Structure Description 

Population  Stock, Stock  Market 

Intervention Stock Prediction, Stock Forecasting, 

Technical Analysis, fundamental 

analysis, sentiment analysis 

Comparison n/a 

Outcomes Prediction accuracy of stock return, 

successful stock prediction methods 

Context Studies in stock forecast 

Based on the PICOC table, research questions are 

makes of what will expect from this research. For this 

reason, the following research questions will 

formulate: 
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RQ1: What are the trending research topics 

studied in the field in the field of stock 

prediction? 

RQ2: What type of analysis is most widely used 

in predicting stocks? 

RQ3: What are the methods used in predicting 

stocks? 

RQ4: What are the most frequently used methods 

of predicting stocks? 

RQ5: What is the best performing method for 

forecasting stocks? 

2.2 Search Strategy 

2.2.1 Search Term 

To define a search string, we first define keywords 

with potential alternatives to ensure that the selected 

literature will be relevant to the study. In this SLR, we 

will only use articles that have writing in English. The 

keywords used to build the search query are as 

follows: 

1) Stock market, Stock price, Stock index 
2) Sentiment analysis, fundamental analysis, 

technical analysis 
3) Forecasting, prediction 

Once these search keywords are defined, a search 

query will create using a boolean operator for the next 

step. The search queries used are: 

(“Stock market” or “Stock price” or “Stock Index”) 

AND (“sentimental analysis” or “fundamental 

analysis” or “technical analysis”) AND (forecast* or 

predict*) 

2.2.2 Literature Resource 

The search process in this study selects a digital 

library or database to review. This step recommends 

using a database or library that is relevant to the 

research used. The most popular digital libraries or 

databases will broaden the search and make it possible 

to find relevant articles. The following is a list of 

digital databases used to search for articles: 

1) IEEE Explore (ieeexplore.ieee.org) 

2) ScienceDirect (sciencedirect.com) 

3) Springer (springerlink.com) 

In the search for articles on Literature Source limiting 

research from 2016-2021. 

 

2.3 Search Procedure 

On selecting articles that will meet the 

requirements, the following process is followed by 

searching based on a query compiled from keywords 

and filtering the year and type of article. Then filtering 

is done by reviewing the title and abstract in order to 

remove irrelevant information easily. Then select all 

the literature based on the existing criteria and analyze 

the selected articles to find answers to research 

questions. 

2.4 Selection Criteria 

This stage is the filtering stage for excluding 

articles selected initially, which must match the 

expected criteria. The exclusion criteria are: 

a. Research has no contribution to the field of 

machine learning or deep learning 

b. Research does not display research results. 

The selection of articles from beginning to end can 

be seen in Table 2, where the total data that came out 

according to the query were 2706 articles. Then the 

articles that download were 269 articles. After 

reviewing the exclusion criteria and the desired 

criteria, 40 articles were selected for further research. 

Table 2.  Search Result 

Portal Result Based 

on keywords 

Download 

Journal 

Science Direct 569 131 

IEEE Explore 117 59 

Springer 2020 269 

Total 2706 269 

3. RESEARCH RESULT 

3.1 The Most Trending Topics in the Field of 

Stock Price Prediction 

This research is to know what trending research 

topics studies in the field of stock prediction. The 

analysis carries out by classifying 41 selected articles 

based on the research topic. The research topics 

dividing into four topics: 

1. Forecasting or forecasting or prediction. 

In this topic, research carries out to estimate, 

predict, or predict stock price returns using 

forecasting or regression algorithms. 
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2. Grouping 

In this topic, the research implementation uses a 

classification algorithm to classify research into 

two or more classes such as “UP and Down,” “Buy 

and Hold,” or “Buy, Sell, Hold. 

3. Clustering 

In this topic, the research implementation uses a 

clustering algorithm in which stocks will be 

grouped based on investment decision-making. 

4. Association 

In this topic, research will find the relationship 

between stock price movements from one thing, 

for example, the relationship between the 

emergence of bullish and bearish signal indicators 

for stock price movements. 

Estimates or forecasts or predictions is to predict 

stock prices using several algorithms using Artificial 

Neural Networks [19], [14] even using 

backpropagation artificial neural networks, [20] using 

MLP, [21] using RNN, and various other Neural 

Network methods. In addition, using regression, 

namely Lasso regression [22]. 

Then the grouping will give the output of the 

grouping of stock data such as “buy,” “sell,” “hold” 

[7], [12], [23], or “up” and “down” [24]. Several 

algorithms found will classify in this study, namely 

LSTM [10], [24]–[28], Random Forest used in 

research [9], [13], [29], and also random forest 

ensemble in research [12]. . Also using other 

algorithms such as fuzzy logic, MLP, FNN, and 

Decision Boosted Tree [2], [8], [23], [30]. Several 

studies have compared the best method for clustering, 

such as [31] comparing Naive Bayes and SVM, and 

found that Naive Bayes is better than others. 

In clustering, the research [5] found using bi-

clustering to find buying and selling patterns. In 

addition, research [32] conducted K-means to find 

indicators that affect market mood to find forecasting 

models for companies that develop for each market 

situation. Furthermore, the association method in 

research [33] also uses ANN Backpropagation to find 

the relationship between variables and stock prices on 

the following day.  

Figure 2 shows the total distribution of stock 

prediction research topics from 2016 to June 2021. 

The most research topic is classification as much as 

65%, followed by estimation research topics as much 

as 28%, after that clustering is 5%, and association is 

the most little was done, by 2% of the total research. 

 

Figure 2. Research Topic Distribution 

3.2 The Most Type of Analysis Used in 

Predicting Stocks 

Several forms of analysis are carried out with 

different attributes in predicting stock prices. The three 

most core types of the analysis found in this study 

namely technical analysis, sentiment analysis, and 

fundamental analysis. Technical analysis uses 

historical stock market data or technical data used as 

attributes, which will then use to predict the stock 

market. The attributes used are different; some 

researchers use historical data directly, such as open 

prices, closing prices, volumes, etc. [6], [15], [19], 

[27], [33], [34]. In addition, some use attributes in the 

form of technical data such as Moving Average, 

Bollinger Bands, Weighted Moving Average (WMA) 

and share other technical data attributes [7], [12], [23], 

[29], [35]– [39]. Then sentiment analysis is carried out 

by analyzing data or sentiment from an object in the 

form of news and social media to predict stock prices. 

In research [9] conducted sentiment analysis using 

Twitter data with tweet and date indicators.   

Furthermore, fundamental analysis is an analysis 

that uses a company's financial data to look at the 

financial health of the company, the attributes that 

exist also vary. This literature review uses 

fundamental analysis with 21 fundamental attributes 

to predict stock prices.  

In addition, it is possible to use more than one form 

of analysis, in other words combining two or more 

forms of analysis above to predict stocks. Sentiment 

and technical analysis mean using technical and 

sentiment attributes to predict stocks; the attributes 

used are different. As done by [1], [10], [20], [21], 

[24], [25], [30], [31], [40], [41] using a combination of 

technical attributes and analysis sentiment to be an 

attribute of predicting stock prices. Then also several 

studies using a combination of technical and 

fundamental analysis in which technically and 

fundamental attributes company's used to predict stock 

prices [2], [11], [13], [32], [42], [43]. Attributes of 
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technical and fundamental are different from each 

researcher. The use of fundamental attributes and other 

sentiments not found in this experiment, also includes 

using the third form of analysis at once. However, a 

study conducted by [44] suggested increasing the 

attribute fundamental to complement the research 

done with the attributes of the technical and sentiment. 

Figure 3. Analysis Type Distribution 

Figure 3 displays the distribution of this paper 

where the use of technical attributes is the most 

commonly found in predicting the stock price by 56%. 

The combined use of technical attributes and other 

sentiments by 23%, the combined use of fundamental 

and technical attributes by 15%, the use of 

fundamental attributes by 3%, sentiment analysis by 

3%, and there has been no combined use of 

fundamental attributes and sentiment analysis, and the 

use of all three at once.  

Each type of analysis sometimes has a different 

process, such as research conducted by [15] which 

performs technical analysis using attributes of past 

stock data and RSI values. This study describes the 

study in 6 steps that is presented in Figure 4. The share 

price used in this study is from finance.yahoo.com for 

training and research purposes, where the data taken 

for training is stock price data between 1/1/1997 to 

31/12/2006, then for stock price test data between 

1/1/2007 to 1/1/2017. In phase 0, the downloaded 

stock price is normalized based on the closing price as 

in the picture. Then in phase 1, RSI values in different 

intervals are between 1 to 20 days, and the SMA for 

an interval between 50-200 days calculating to 

determine the uptrend or down. The data is computing 

by adopting the TA4J2 Technical Analysis for the Java 

library. Algorithm Genetic is used in phase 2 to find 

the best RSI values for buying and selling points of 

previous uptrends and downs found in randomly 

initialized data populations that will then be input in 

phase 3 using MLP. Phase 3 will process inputs into 

training and testing data sets using Apache Spark M-

Lib. Phase 4 will do voting to find the best value used 

as a prediction of RSI intervals. The predicted results 

of the classifications of "sell," "buy," and "hold" will 

be calculated, which has several more than 14, and the 

result will be a reference for predictions. Then phase 5 

is the evaluation of stock prices based on predictions. 

Furthermore, the research was conducted by [46] 

using fundamental analysis. First, make the selection 

of a company based on its liquidity. A total of 15 

companies applied to train models. The financial data 

is used as a training model and test model. Training 

data was used from 18/02/2019 to 01/09/0219, while 

test data was between 1/10/2019 to 15/12/2019. The 

model trains using fundamental attributes: Volume, 

History, Expiry, Take Profit, Stop Loss, Minimum, 

RSI, Donchian channel, MACD, MFI, and Moving 

average. Then, various combinations of parameters 

checking to get the best results by removing, adding, 

and crossing them. At first, the basic parameters are 

analyzed to determine which works best (history, 

expiration, minimum), then other parameters are 

added and crossed. The results compare by using 

metrics such as precision, recall, f1, portfolio results, 

and transaction number.  

 
Figure 4. Proposed Method (Genetic Algorithm and MLP) [15]. 
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Figure 5.  Prediction Model for Daily Prediction 

Model [30] 

Research [30] conducts research combining 

sentiment and technical analysis. This research step 

image can be seen in Figure 5. First, Twitter and news 

data will use as input data for sentiment research, then 

the history of past data is used to see trends, 

continuous up/down, volume variation. Some of these 

inputs will be combined into the prediction model 

using machine learning. The results of the study will 

produce an output in the form of up or down.  

Then on research [2] using a combination of forms 

of fundamental and technical analysis. The attribute 

used for fundamental analysis is the financial ratio 

performing the feature selection and discretization 

data. While in technical analysis will use stock prices 

that initially done discretization data then will do 

technical analysis. The output of the two previous 

analyses will be the input of the Hybrid Model to enter 

the prediction system. Data collection obtained from 

the Nasdaq Stock Market will be input along with the 

output of the previous Hybrid Model that will be 

processed using MLP to display accuracy. 

3.3 Method Used in Predicting Stock 

In predicting stocks, various machine learning 

methods are using to research the possibility of finding 

the best method of predicting stock prices. Research 

gathered from 2016-July 2021 found as many as 31 

algorithms in adoption to find the best accuracy. 

Figure 6 displays all methods used. 

3.4 The Most Used Methods in Stock 

Prediction 

Based on Figure 6, we can see that the most widely 

used methods are MLP and LSTM, which Random 

Forest and Support Vector Machine follow. Therefore, 

this method still has the potential in the future to be 

used to predict stock prices.  

3.5 The Best Performing Methods in Stock 

Prediction 

Various methods are using to get better accuracy in 

predict stocks. Although using the same process, the 

prediction results remain different depending on the 

dataset used and the type of attributes used. These 

studies often lay out the results without providing 

research accuracy, so only a few studies can be 

summarized. 

In Table 3, the study results explained the accuracy 

value, and it is found that the MLP managed to predict 

the stock price with an accuracy of 71.63% using 

technical analysis [15]. Research[15] shows results 

that trading systems produce to buy, sell and hold 

classification results that are comparable or better 

when compared to Buy and control, then can use for 

various stock markets even for more extended periods.  

Then ANN Backpropagation generated RMSE 0.0348 

in its research in analyzing stock prices using technical 

analysis [32]. LSTM in predicting stocks using 

technical analysis and sentiment analysis from Twitter 

Figure 6. Method used in stock prediction 

Advances in Economics, Business and Management Research, volume 194

57



 

data with 70% accuracy and then random forest in 

fundamental analysis has an accuracy of 66.30%. 

Table 3.  Method with best performing 

Author Method Analysis 

Type 

Accu-

racy 

RMSE 

[15] MLP Technical 71.63% - 

[33] ANN 

Backpro

pogation 

Technical - 0.0348 

[24] LSTM Technical 

and 

Sentiment 

(Twitter) 

70% - 

[13] Random 

Forest 

Fundamental 66.30% - 

The method with the best performance is also a list 

of the most frequent methods used, so using some of 

these methods is still very complicated for further 

research. The methods proposed for use in subsequent 

research are the LSTM and MLP methods. However, 

it is necessary to re-research using the same data to see 

which one is the best of these algorithms. 

Based on research, some weaknesses that cause 

accuracy is not maximal are:  first: do a thorough 

analysis of the state of the market, such as conducting 

a combination of forms of research to get better 

accuracy. Then pre-processing is needed, such as 

attribute selection to get the best accuracy, so it is 

better to do feature selection first for each attribute to 

be inputted. Then, try to use various possible 

algorithms or hybrids to find what is the most 

appropriate method to use in predicting stocks. 

It is proposed to perform a combination of types of 

analysis. In addition, pay more attention to pre-

processing processes such as feature selection of input 

data to be used. In this study, it was found that he use 

of deep learning was also found to provide improved 

accuracy. 

4. CONCLUSION 

This literature review authenticates and analyzes 

the trends of research topics, the types of analysis 

used, the methods used, the most widely used 

methods, and the methods that perform best. This 

literature review adopts[17] in research methods. A 

total of 40 studies from 2016 to June 2021, taking into 

account expected research criteria. In this review, four 

research focuses find estimation, classification, 

clustering, and association. It found that category 

became the most widely used research topic at 65% of 

studies, followed by an estimate by 28%, then 

clustering by 5% and association of 2% of the total 

distribution. 

Then also researched the type of analytical 

techniques used, namely technical analysis, 

fundamental analysis, sentiment analysis, or a 

combination of 2 or more analyses. Technical analysis 

uses data sets from historical stock data, fundamental 

analysis using data sets derived from company 

fundamentals, and sentiment analysis, namely public 

sentiment related to the stock can obtain from the news 

or social media. It is also used in a combination of both 

forms of analysis. From the results of the total 

distribution of this literature review, it was founded 

that 56% of research uses technical analysis and 

technical attributes or datasets in their research, then 

23% combined from technical analysis and sentiment 

analysis. Combined fundamental and technical by 

15%, fundamental analysis by 3%, sentiment analysis 

by 3%, no research found using combined sentiment 

analysis and fundamental analysis, and three forms of 

analysis. 

This review found 31 algorithmic methods used in 

this study. MPL and LSTM became the dominant 

methods used, then RF and SVM. To determine 

performance methods cannot be chosen due to 

different data sets and attributes; still, it is understood 

that MPL can provide an accuracy of 71.63% in 

detecting stock prices using this type of technical 

analysis [15]. Additionally, LSTM provides an 

accuracy performance of 70% in technical analysis 

and sentiment [23]. The method will produce good 

performance with suitable techniques and proper pre-

processing for each data set. 

In the future, this systematic literature review 

proposes to perform a combination of types of 

analysis. And also, using combined machine learning 

methods through ensemble techniques, using deep 

learning methods is expected to give better results. 

Processing the selection of influential input attributes 

is also essential for further research. 
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