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ABSTRACT 

The purpose of this article is to review the financial fields where machine learning techniques have been applied and 

which ones have been the most studied by researchers. It also aims to gather the models that have been used in these 

applications; such as neural networks and ensemble modelling such as Bagging and Booting, among others. This will 

help financial management professionals to rely on machine learning and its models to better analyze the available 

information and contribute to making decisions about companies'  staff. So that they become part of the technological 

innovation that has been increasing in the financial industry. 
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1. INTRODUCTION 

From the data and information compiled in ERPs (Enterprise Resource Planning) such as SAP, Oracle and 

Peoplesoft (LB et al., 2020) , professionals in the financial areas are in search of obtaining greater benefit from this 

information through technologies such as machine learning (Financial Stability Board, 2017). Machine learning is 

being used rapidly for many applications in the financial services industry, allowing better use of the information 

available to the extent that they have a higher level of data processing and allowing a system to learn from the data 

instead of learning through explicit programming, in this way any professional with the correct training and practice 

could use these techniques and apply them to their analyzes. 

From the data and information compiled in ERPs (Enterprise Resource Planning) such as SAP, Oracle and 

Peoplesoft (LB et al., 2020), professionals in the financial areas are looking for obtaining advantage from this 

information through technologies such as machine learning (Financial Stability Board, 2017). Machine learning is 

being used rapidly for many applications in the financial services industry. It allows better use of the information 

available to the extent that they have a higher level of data processing.  Besides, it lets a system to learn from the 

data instead of learning through explicit programming, in this way any professional with the correct training and 

practice could use these techniques and apply them to their analyzes. 

It is important that financial management professionals have the current tools to generate reports of greater 

value for companies and that allow them in turn to be in the competitive environments that new technologies are 

generating. For this reason, this article aims to review the most studied areas and, in turn, the applied machine 
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learning models. 

Financial management professionals must have the current tools to generate reports of greater value for companies 

and that allow them in turn to be in the competitive environments that new technologies are generating. For this reason, 

this article aims to review the most studied areas and, in turn, the applied machine learning models. 

2. MATERIALS AND METHODS 

Following there are some concepts and definitions, before addressing the methodology and results of this project. 

2.1 Machine Learning 

Machine learning is a field of data science as well as artificial intelligence that allows computer systems to learn from 

examples. It creates rules that are capable of discovering patterns, detecting anomalies and adapting models to execute 

complex tasks generally associated with intelligence human. These statements are mentioned by Kodratoff (1988) in his 

book Introduction to Machine Learning and confirmed by other authors such as Hegde and Rokseth (2020). According to 

(Guyon, 2008), the uses of machine learning can be organised as it appears in Figure 1. The use of algorithms is increasing 

because there are already large repositories of data. It needed to be processed on a large scale, also thanks to the constant 

need to automate processes and the use of the Internet of Things(Yin et al., 2015). 

 
Figure 1: Types of Machine Learning usage. Source: Authors 

 

2.2 Financial Management 

It aims to manage and control the financial resources of the company, which implies that they must ensure that they are 

allocated and used in a way that adds value to the company. Likewise, Sánchez (2006) indicates that financial management 

must make sufficient efforts to control financial resources to obtain acceptable and satisfactory levels in their management. 

According to (Córdoba, 2012) the main financial activities of the companies are shown in figure 2. 
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Figure 2: Financial Management Activities. Source: Authors 

 

 Financial planning : Some of the definitions consulted indicate that financial planning is "the quantified 

information of the company's plans that have an impact on financial resources" (Cibrán et al., 2013). For Sánchez (2006) 

“It is understood not only as a model of financial projections that show the Financial Statements of results, balance and 

flows of resources with their respective indicators. But also it is a set of activities that are developed mainly at the strategic 

level (both business and functional) and to a lesser degree, at the operational level ”. Others indicate that "it is the process 

that allows translating into quantitative and financial terms all the policies, practices and strategies contemplated in the 

business plan through financial modeling" (Correa et al., 2010). 

 Financial control: It consists of ensuring compliance with the budget, generally done through the control of 

purchases or the periodic review of sales and expenses. On the other hand, also analyze and correct deviations (Córdoba, 

2012) such as provision and/or reclassification of accounts and cost centres. It must also contribute to the preparation of 

reports and reports that help the business management in decision-making and the continuous monitoring of the company's 

results. 

 Fund raising: Its objective is to determine the cash or funds needs required for the operation of the company, and 

following this, identify possible sources of financing. Among its functions is to process bank loans and short and long-term 

financing (Córdoba, 2012). 

 Fund allocation: According to (Córdoba, 2012) the basic tasks of the allocation of funds is to correctly assign the 

funds to the multiple assets, provide the monetary resources for the operation of the business lines, manage the cash and 

record the movements of the money in the accounting system. 

3. METHODOLOGY  

The main question to be solved in this bibliographic review is: How can we use machine learning algorithms in financial 

planning and control in private security companies? 

3.1 Information Search 

In this work, the emphasis is on the search for bibliographic material from recent years in the database: Scopus using 

keywords such as machine learning + (finance, financial management, financial control and financial planning).  

3.2 Organization of Information 

There are 2.805 references from 1994 to 2020, which shows that the financial sector has always been a well-studied 
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application through machine learning. Part of the analysis is done by using VOSviewer software. 

4. APPLICATION OF MACHINE LEARNING IN FINANCIAL MANAGEMENT 

The financial sector has always been a widely studied application through machine learning. When performing an analysis 

through the VOSviewer software to the references found, it can be seen that the most studied fields are: risk assessment, 

financial market prediction, bankruptcy prediction and the blockchain (Figure 3 and 4). At the same time, we can show that 

the most used technique is support vector machines, logistic regression, decision trees, genetic algorithms, financial time 

series and natural language processing. 

 

Figure 3: Map of VOSviewer references Scopus keywords by the authors.Source: Authors 

 

 
Figure 4: Map of VOSviewer references Scopus keywords of the search Index.Source: Authors 

 



Machine Learning Techniques used in Financial Management                                                                                                             601 

 
www.tjprc.org                                                                                                                                                                        editor@tjprc.org 

Filtering only the articles with specific applications in the financial area, a sample of 777 documents was obtained 

(Table 1). Which highly supports what VOSviewer found. 

Table 1: Financial Management areas most studied in 777 Articles Extracted from Scopus. 

Financial Management areas No. of items Percentage of items / total 

Risk 185 24% 

Stock market 173 22% 

Credit scoring and loans 91 12% 

Financial time series 81 10% 

Portfolio management 57 7% 

Financial analysis 40 5% 

Fraud detection 37 5% 

Blockchain 33 4% 

Exchange rate forecast 21 3% 

Credit cards 13 2% 

Bankruptcy prediction 11 1% 

Money laundering 7 1% 

Fintech 5 1% 

Others 23 3% 

Total 777 100% 

 

In the most recent literature, we find (Campos, 2019) who performs financial analysis with some machine 

learning techniques, applying them to credit risk and Ibex 35 quotes, as a conclusion she recognizes that there are still 

many advances yet to be implemented in the financial industry and that artificial intelligence will surely have a 

fundamental role in this field. On the other hand, this (Sosa, 2007) who carried out a review of the main Artificial 

Intelligence techniques applied to financial management, found that these tools facilitate decision-making and put the 

companies that incorporate them in a globalized and competitive context. 

Other authors such as (Gupta et al., 2020) made a complete review of data mining and machine learning 

applications in the financial field, finding the importance it has in: the prediction of financial trends, digitization in the 

banking field, in the analysis of reports and income statements. As a result of their exploration, they find that there are still 

many barriers to the text mining technique. For example, the lack of structure in the data and the difficult access to 

confidential information, additionally, it indicates that current techniques allow obtaining static results and that in the 

future it would be significant to be able to get data continuously and dynamically. AccordingSosa (2007) the applications 

of expert systems in financial management can be (figure 5). 
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Figure 1. Application of Expert Systems in Financial Management, taken from (Sosa, 2007) 

5. ALGORITHMS OF MACHINE LEARNING IN FINANCIAL MANAGEMENT 

The models based on machine learning applied to the previously exposed areas are not different for each one of the areas 

as one might think, but on the contrary the same model can be applied in all the areas, so the following will be reviewed. 

models used by researchers in the 5 most studied management areas.  

 Risk analysis: We find authors like (Assef & Steiner, 2020) who conducted a review of the last ten years of credit 

risk research. In this article, they indicate that there are many applications of machine learning in this field and that the 

most used technique is artificial neural networks (ANN). It is because of the As financial products have developed, it is a 

constant challenge to find analysis tools that process large amounts of data. One of the most cited authors isWang et al., 

(2005) because its fuzzy support vector machine (SVM) model to assess credit risk was widely applied (Table 2). 

Table 2: Some Models based on Machine Learning used for risk analysis. Information extracted from scopus. 

Title Year Model DOI 

Application of deep learning neural network 

in online supply chain financial credit risk 

assessment 

2020 
Restricted Boltzmann Machine 

(RBM) and the SOFTMAX Classifier 

(Rong-zhen, 

2020) 

Supply chain finance credit risk assessment 
using support vector machine–based 

ensemble improved with noise elimination 

2020 AdaBoosting 
(Ying Liu & 
Huang, 2020) 

Extreme Learning Machine for Credit Risk 

Analysis 
2020 

Extreme learning machine (ELM), 

naive Bayes, decision tree, and multi-

layer perceptron (MLP). 

(Qasem & 

Nemer, 2018) 

Comparative study of support vector 

machines and random forests machine 

learning algorithms on credit operation 

2020 

Support Vector Machines (SVM), 

Random Forests (RF), Artificial 

Neural Networks, Gaussian Processes 

and Adaptive Learning 

(Teles et al., 

2020) 

Heterogeneous ensemble learning with 

feature engineering for default prediction in 

peer-to-peer lending in China 

2020 

Extreme gradient augmentation 

(XGBoost), a deep neural network 

(DNN), and logistic regression (LR) 

(Li et al., 2019) 
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 Stock market: In this field we find studies to predict: stock prices, stock markets, bond ratings, the performance 

of stock markets, among others. Table 3 shows some of the articles related to the stock market and the machine learning 

model they used. 

Table 3: Some models based on machine learning used for the stock market. Information extracted from scopus. 

Title Year Model used Author (s) 

Fusion in stock market prediction: A decade survey 

on the necessity, recent developments, and potential 

future directions 

2021 Deep learning 
(Thakkar & 

Chaudhari, 2021) 

Predicting stock market trends using machine 

learning algorithms via public sentiment and 
political situation analysis 

2020 
Natural language 

processing 

(Khan et al., 

2020) 

Stock Market Prediction Using a Hybrid Model 2020 

ARIMA, assembly 

learning, bagging, 

boosting 

(Akhtar & 

Khursheed, 2020) 

Analysis and Prediction of Stock Market Using 

Twitter Sentiment and DNN 
2020 

Deep neural network 

(DNN) 

(Sahana & 

Anuradha, 2020) 

Predicting the Co-movement of Stocks in the Hong 

Kong Stock Market 
2019 K-means clustering 

(Chuxun & Lai, 

2019) 

Machine learning in sentiment reconstruction of the 

simulated stock market 
2018 

Agent-based market 

model 

(Goykhman & 

Teimouri, 2018) 

Stock market prediction using keywords from expert 

articles 
2018 Bootstrap 

(Ichinose & 

Shimada, 2018) 

Restricted Boltzmann machine based stock market 

trend prediction 
2017 

Restricted Boltzmann 

Machine (RBM) 

(Liang et al., 

2017) 

Prediction Models for Indian Stock Market 2016 Boosted Decision Tree 
(Nayak et al., 

2016) 

 

 Credit scoring and loans: The neural network technique for credit rating has been the most cited.  For example, 

the article by Tsai & Wu (2008) has been very well received in the study of this topic because it compares the application 

of a single classifier based on ANN versus the assembly of several methods also based on ANN.  But it concludes that the 

best alternative is to always evaluate with both to make better decisions. Table 4 shows some of the articles related to 

credit scoring and the machine learning (ML) model they used. 

Table 4: Some Machine Learning-based models used for credit scoring. Information extracted from scopus. 

Title 
Ye

ar 
Model Author (s) 

A Deep Learning Approach for Credit Scoring of Peer-to-

Peer Lending Using Attention Mechanism LSTM 

20

19 
LSTM neural networks 

(C. Wang et al., 

2019) 

A rejection inference technique based on contrastive 

pessimistic likelihood estimation for P2P lending 

20

18 

Gradient boosting decision 

tree estimation 
(Xia et al., 2018) 

Risk assessment in social lending via random forests 
20

15 

Classification method based 

on random forests (RF) 

(Malekipirbazari & 

Aksakalli, 2015) 

A granular computing-based approach to credit scoring 

modeling 

20

13 

Artificial neural networks 

(ANN) 
(Saberi et al., 2013) 

A comparative assessment of ensemble learning for credit 

scoring 

20

11 

Bagging (Bootstrap 

aggregating) 

(G. Wang et al., 

2011) 

Using neural network ensembles for bankruptcy prediction 

and credit scoring 

20

08 

Artificial neural networks 

(ANN) 
(Tsai & Wu, 2008) 

 

 Financial time series: Financial time series have been used in many investigations to forecast data of interest in 

various areas, and it is perhaps one of the best resources that finance researchers have as it generates indispensable analysis 
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in the industry. In the articles consulted, there have been applications of different methodologies such as artificial neural 

networks (ANN) and delayed variables representation network (LAVARNET). It is an architecture based on neural 

networks, short and long-term memory networks (LSTM), Recurrent Neural Networks (RNN) (GRU), Convolution Neural 

Networks (CNN), Deep Belief Networks (DBN), Empirical Wave Transformation (EWT) with Artificial Bee Colony 

(ABC), Extreme Learning Machine (ELM) Neural Network and the Auto-Regressive Integrated Moving Average 

(ARIMA). (Table 5). 

Table 5: Some machine learning-based models used for financial time series. Information extracted from scopus. 

Title Year Model Author (s) 

LAVARNET: Neural network modeling of causal 

variable relationships for multivariate time series 

forecasting 

2020 LAVARNET 
(Koutlis et al., 

2020) 

A labeling method for financial time series prediction 

based on trends 
2020 

Deep learning: LSTM and 

GRU 

(Wu et al., 

2020) 

Prediction research of financial time series based on 

deep learning 
2020 CNN 

(Xu et al., 

2020) 

Financial time series forecasting with deep learning: A 

systematic literature review: 2005–2019 
2020 CNN, DBN and LSTM 

(Sezer et al., 

2020) 

DSTP-RNN: A dual-stage two-phase attention-based 
recurrent neural network for long-term and 

multivariate time series prediction 

2020 
DSTP-RNN: A two-stage, 
two-phase attention-based 

recurrent neural network. 

(Yeqi Liu et 
al., 2019) 

A Hybrid Model for Financial Time Series 

Forecasting-Integration of EWT, ARIMA with the 

Improved ABC Optimized ELM 

2020 
ARIMA with Enhanced ABC 

Optimized ELM 

(Yu et al., 

2020) 

Transforming Finance into Vision: Concurrent 

Financial Time Series as Convolutional Nets 
2019 Deep learning 

(Dhar et al., 

2019) 

 

 Portfolio Management: The portfolio that most researchers refer to is the securities portfolio, and managing it 

consists of finding the right way to invest assets (stocks, bonds, etc.) in a way that maximizes returns and minimizes risk. . 

A few authors refer to the portfolio of projects that companies have or the design of the product portfolio. Among the 

models used are: artificial neural networks (ANN), short and long-term memory networks (LSTM), recurrent neural 

networks (RNN) (GRU), convolutional neural networks (CNN), among others. Here are some articles on the topic (Table 

6). 

Table 6: Some Models based on machine learning used for portfolio management. Information extracted 

from:Scopus. 

Title Year Model Author (s) 

Modeling of project portfolio management process by 

cart algorithm 
2021 Decision tree 

(Yehorchenkova, 

2021) 

Portfolio Optimization Using a Novel Data-Driven 

EWMA Covariance Model with Big Data 
2020 

Exponentially Weighted 

Moving Average 

(DDEWMA) volatility model 

(Zhu et al., 

2020) 

Application of Deep Q-Network in Portfolio 

Management 
2020 

Deep Reinforcement 

Learning, Deep Qnetwork 

(Gao et al., 

2020) 

Portfolio management via two-stage deep learning 

with a joint cost 
2020 Pooled ETF Model (GEM) 

(Yun et al., 

2019) 

Portfolio formation with preselection using deep 
learning from long-term financial data 

2020 
Long-term short-term 
memory networks (LSTM) 

(W. Wang et al., 
2020) 

Continuous control with Stacked Deep Dynamic 

Recurrent Reinforcement Learning for portfolio 

optimization 

2020 

Stacked Deep Dynamic 

Reinforcement Learning 

(SDDRRL) 

(Aboussalah & 

Lee, 2020) 
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Continuous control with Stacked Deep Dynamic 

Recurrent Reinforcement Learning for portfolio 

optimization 

2019 
Deep Recurrent Neural 

Networks (RNN) (GRU) 

(Hu & Lin, 

2019) 

A multi-scale temporal feature aggregation 

convolutional neural network for portfolio 

management 

2019 
Convolution neural network 

(CNN) 
(Shi & Li, 2019) 

Risk-Sensitive Portfolio Management by using 
Distributional Reinforcement Learning 

2019 Deep learning 
(Harnpadungkij, 
nd) 

 

 Financial analysis: In this area of study, there are different analysis objectives such as balance sheets, income 

statements, financial indexes, financial capacity, internet finance, investment strategies, among others. The balance sheets 

and income statements are analyzed to see opportunities to improve financial indicators, to identify risks and financial 

capacity, to forecast future results, among others. Here are some articles with applications of this type. (Table 6). 

Table 6: Some models based on machine learning used for financial analysis. Information extracted from scopus. 

Title Year Model Author (s) 

Data oriented financial analysis using 

machine learning methods 
2020 

Random Forest as a meta-learning. 

LightGBM, XGBoost, and CatBoos as 

students. 

(Altan et 

al., 2020) 

The exploration of internet finance by using 
neural network 

2020 Random Forest (RF) 
(Qi et al., 
2019) 

Application of machine learning models and 

artificial intelligence to analyze annual 

financial statements to identify companies 

with unfair corporate culture 

2020 

The gradient-boost 

ed decision trees (XGB) and the random 

forest algorithm (RF) 

 

(Wyrobek, 

2020) 

Curriculum Learning in Deep Neural 

Networks for Financial Forecasting 
2020 

Long Short-Term Memory (LSTM) and 

Dilated Convolutional Neural Network 

(DCNN) 

(Koenecke, 

2020) 

Using SOM-Based Visualization to Analyze 

the Financial Performance of Consumer 

Discretionary Firms 

2020 
Cluster analysis using self-organizing maps 

(SOM) 

(Bai et al., 

2020) 

AlphaStock: A buying-winners-and-selling-

losers investment strategy using interpretable 

deep reinforcement attention networks 

2019 

History state Attention network (LSTMHA) 

and Cross-Asset Attention Network 

(CAAN) 

(J. Wang et 

al., 2019) 

 

This review shows that most of the models applied to various fields in the financial area, therefore it is significant 

that professionals keep these models in mind when they want to apply machine learning: Long Short-Term Memory 

(LSTM), Convolution neural network (CNN), Deep neural network ( DNN), Autoregressive integrated moving average 

(ARIMA), Bagging, Boosting, K-means clustering, Bootstrap, Boosted Decision Tree, Support vector machine (SVM), 

Random Forests (RF), Extreme Learning Machine (ELM), Multilayer perceptron (MLP ), Naive Bayes and Logistic 

regression 

7. CONCLUSIONS 

Machine learning applications to the financial sector began in 1994 by (Nedellec et al. 1994), since then finance has been 

widely studied.  Among the most studied fields, we find credit risk, the stock market, credit rating, financial time series and 

portfolio management. In most investigations, neural network models of different types prevail, such as LSTM, CNN and 

DNN, and assembly methods such as Bagging, Boosting, among others. However, there are still many fields to explore 

through machine learning other than those mentioned, such as financial control tasks, such as controlling expenses against 
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budget. 

Machine learning models have been evolving by combining them with tools that improve them. Like as 

apprenticeships by stacked deep dynamic reinforcement (SDDRRL) or ARIMA with optimized ELM and improved ABC, 

among others, this allows us to see that there are still many models to try and combinations to experiment. 
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