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The foreign exchange market is more and more often used by individual investors to 

multiply their capital, while the accuracy of investment decisions in this market is relatively 

low, as evidenced by the fact that most foreign currency investors incur losses. The main 

reasons for this lies in high exchange rate volatility and the possibility of using high financial 

leverage. Taking these factors into consideration, it seems very important from the investor's 

point of view to search for investment tools that allow for accurate forecasting of exchange 

rates. 

The problem of the accuracy of the methods used in exchange rates forecasting is a 

complex issue. It is essential from the investor's point of view, both psychologically and in 

terms of creating effective investment strategies. Forecasting is understood in this case as 

predicting the future levels of exchange rates. For the purposes of the doctoral dissertation, 

the concept of accuracy is, in turn, understood as the degree to which the adopted forecasts 

of exchange rates coincide with the actual levels in the period for which the forecast was 

made. Additionally, due to the fact that the primary goal of investments in the foreign 

exchange market is to generate profits, it has been assumed that the forecasting is accurate 

if, at the end, the investor is able to make a profit using a given forecast. In this dissertation, 

the forecasting accuracy will be considered from the point of view of individual investors who 

have little impact on individual factors influencing the volatility of exchange rates and do not 

have access to advanced forecasting methods. 

Classical methods of forecasting exchange rates, such as technical analysis or 

fundamental analysis, in many cases do not allow for generating sufficiently accurate 

forecasts of exchange rates. Therefore, an interesting solution seems to be searching for 

methods and tools that enable direct forecasting of the future exchange rate levels. Such a 

tool is, for example, neural network, which, as opposed to trend extrapolation tools, allow - by 

analyzing the input data and determining the interdependencies between them - to predict 

further movements in exchange rates. 

The subject of research in the doctoral dissertation is the accuracy of exchange rates 

forecasts generated by neural networks using technical indicators, fundamental indicators 

and their combination as input data. The main goal of the dissertation is to determine 

whether neural networks allow for accurate forecasting of exchange rates and what type of 

input data allows to obtain the most accurate forecasts. Due to the complexity of this issue, 
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specific objectives were also distinguished, related to the subsequent chapters of the 

dissertation, enabling the main objective to be achieved. The specific objectives consist in: 

 indicating the root causes of exchange rate volatility, which has become the reason 

for the growing interest of investors in investments in the foreign exchange market, 

 identificating  factors affecting the volatility of exchange rates, 

 identificating determinants shaping the decisions of individual investors trading on the 

FX market, 

 determining the role of forecasting and the accuracy of exchange rates forecasts in 

the decision-making process, 

 assessing how useful the classical methods of forecasting exchange rates are in the 

decision-making process by individual investors on the FX market, 

 proving that neural networks, which are an innovative method of forecasting 

exchange rates, can be an alternative in this respect to classical methods, 

  comparing the accuracy of forecasts made using neural networks based on various 

types of input data (technical, fundamental and a combination of technical and 

fundamental). 

In relation to the theoretical and theoretical-empirical chapters, the following research 

theses were put forward: 

 T 1 : The main reason for the increase in exchange rate volatility were changes in the 

international monetary system, including the collapse of the Bretton-Woods system.  

 T 2 : Non-economic factors do not have significant informational value in the process 

of forecasting exchange rates, in contrast to economic factors, which in most cases 

allow the indication of the approximate direction of the movement of exchange rates 

as a reaction to a change in a specific factor. 

  T 3 :Classical methods of forecasting exchange rates are of limited use in the foreign 

exchange market due to the large variety of factors influencing the volatility of 

exchange rates and the presence of non-linear structures in the rates. 

 T 4 : Neural networks make it possible to obtain point forecasts, important from the 

point of view of the accuracy of investment decisions. 

In the empirical part of the dissertation, the main hypothesis was verified, assuming 

that the forecasts of exchange rates generated with the help of neural networks that use 

technical data, fundamental data and a combination of technical and fundamental data as 

input variables are accurate enough to ultimately allow you to profit from investments in the 

foreign exchange market (in the following time intervals: hourly, daily, weekly and monthly). 

In relation to this hypothesis and the main aim of the dissertation, the following sub-

hypotheses have been also formulated: 
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 H 1 : Forex forecasts generated by neural networks using technical data as input are 

more accurate than currency forecasts generated by neural networks using 

fundamental data as input variables. 

 H 2 : Forex forecasts generated by neural networks using technical and fundamental 

data as input are more accurate than currency forecasts generated by neural 

networks using technical data as input variables. 

 H 3 : Forex forecasts generated by neural networks using technical and fundamental 

data as input are more accurate than currency forecasts generated by neural 

networks using fundamental data as input variables. 

The research was conducted on the basis of data for the six most commonly used 

currency pairs in FX transactions: AUD / USD (Australian dollar to US dollar), EUR / USD 

(euro to US dollar), GBP / USD (British pound to US dollar), USD / CAD ( US dollar versus 

Canadian dollar), USD / CHF (US dollar versus Swiss franc), and USD / JPY (US dollar 

versus Japanese yen). Data from the period: from 01/01/2010 to 31/12/2019 were used. The 

data was aggregated in four time intervals: hourly, daily, weekly and monthly. In the case of 

the daily interval, due to the computational  capabilities, the research period was shortened 

to the last six months of 2019, but due to the availability of most macroeconomic data only 

for a monthly interval it does not interfere with fundamental relationships. On the basis of the 

forecasts obtained, accuracy measures were calculated, such as error statistics and 

correlation coefficients between actual and forecast values. In order to finally assess the 

accuracy of predictions, transactions concluded on the basis of the obtained forecasts were 

simulated, and then the results of individual transactions were compared, expressed in ten 

thousand parts of the quotation, so-called pips. As a measure of accuracy, profitability 

expressed in pips was selected, because on the one hand it is a universal method that 

facilitates the comparison of the obtained results without taking into account additional 

assumptions, such as e.g. the size of the transaction or the amount of leverage, which may 

distort the final results, and on the other hand, bearing in mind that forecasting is accurate if 

the investor makes a profit. 

The following research methods were used in the theoretical part of the dissertation: 

 in-depth analysis of the scientific achievements to date relating to the theory of 

exchange rate volatility and factors that affect this volatility, 

 a critical review of publications containing the results of previous research related to 

the issues of exchange rate volatility factors and currency rate forecasting using the 

following methods: technical analysis, fundamental analysis, neural networks and 

others described in the literature. 

In the empirical part of the dissertation, quantitative methods were used, such as: 
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 forecasting exchange rates using neural networks constructed on the basis of various 

types of input data: technical analysis indicators, fundamental data and a combination 

of technical and fundamental indicators, 

 regression analysis (building a neural network model for forecasting exchange rates, 

forecasting exchange rates using a neural network, analysis of forecast errors), 

 analysis of deviations of the actual values of the exchange rate from the prepared 

forecasts, 

 analysis of the profitability of transactions generated on the basis of forecasts 

obtained using neural networks, 

 comparative analysis of exchange rate forecasts prepared with the use of neural 

networks using various types of input data. 

 The following research tools were used to conduct empirical analyzes: 

 Statistica 12 software with the addition of Neural Networks (network construction), 

 Microsoft Excel spreadsheet (input data preparation). 

 The dissertation consists of five chapters, two of which are the theoretical part of the 

thesis, the third and fourth chapters are theoretical and empirical, while the fifth chapter is 

research. 

 The first chapter is a theoretical introduction to exchange rate volatility, it explains 

why this problem has become important, i.e. what was the premise for many scientists to 

tackle the problem of forecasting. In the first chapter the basic concepts relating to exchange 

rates have been ordered and the most important differences between the individual types of 

exchange rate systems have been explained. The main theories of exchange rates were also 

recalled, such as: the theory of purchasing power parity or the theory of the balance of 

payments. Moreover, the process of the evolution of exchange rate systems and the genesis 

of exchange rate volatility are presented: in the world, in Europe and in Poland, which 

consequently led to the extension of the variable exchange rate system and increased 

interest of investors in the currency market. 

 The growing volatility of exchange rates has caused interest in the factors that affect 

their level and its fluctuations, therefore, in the second chapter, the determinants of 

exchange rate volatility were analyzed. The first part of the chapter presents the most 

important characteristics of the contemporary foreign exchange market, and then, based on 

theoretical findings and the results of the research conducted so far, the economic and non-

economic factors of exchange rate volatility were identified and the direction of their impact 

on changes in exchange rates was shown. Then, groups of entities concluding transactions 

in the FX market were classified and characterized, and rational and behavioral determinants 

of their investment decisions were identified. The last part of the chapter explains the 
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importance of forecasting and the accuracy of forecasting exchange rates, bearing in mind 

the fact that it was the increase in volatility in the FX market that made the forecasting of 

exchange rates necessary in the process of investing in the currency market, and the level of 

forecast accuracy became a factor directly determining profits achieved by investors. 

 The increased importance of forecasting exchange rates, caused by the increase in 

their volatility, consequently led investors to search for the most accurate methods of 

predicting exchange rates. Therefore, chapter three presents the classic methods of 

forecasting exchange rates, focusing on the two main methods identified in theory and 

applied in practice, which are technical and fundamental analysis. However, less known 

methods of price forecasting were also presented, such as: the theory of market 

microstructure or statistical analysis of time series. Reference was also made to the random 

walk hypothesis, which - in contrast to the previously mentioned methods - assumes that 

forecasting rates is not possible. Each of the above-mentioned methods was briefly 

characterized, taking into account its features, used data /measures/indicators, as well as 

advantages and disadvantages. Subsequently, on the basis of the results of previous 

studies, conclusions were formulated regarding the optimal time horizon of their application 

in investment decisions/strategies and the accuracy of the forecasts obtained with their use. 

 The fact that the classical methods of forecasting exchange rates do not always allow 

for their prediction with the accuracy necessary to achieve profits on the foreign exchange 

market, made investors start to look for alternative methods, including such as neural 

networks. The fourth chapter address the issue of neural networks. It explains the essence of 

neural networks, the most important methods of their construction, types and possible 

applications. The characteristics of potential input variables to the network are also 

presented. The chapter also provides a critical review of the previous studies on forecasting 

foreign exchange rates with the use of neural networks, which made it possible to identify a 

research gap consisting in the fact that the impact of the type of input data used in the 

construction of the network on the accuracy of forecasting exchange rates was examined to 

a small extent. 

 The prognostic possibilities of neural networks were verified in the empirical part of 

the dissertation. Chapter five begins with the presentation of the assumptions and research 

procedure. The next part presents the results of forecasts obtained with the use of neural 

networks learning based on technical and fundamental data and a combination of both types 

of variables. The results achieved was also compared with the results obtained by other 

authors, and a detailed discussion was carried out. 

 The doctoral dissertation was completed with a synthetic summary. In this part of the 

dissertation reference was made to the implementation of the various objectives of the 
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dissertation and the verification of the research hypotheses. Additionally the key findings from 

the studies have been put forward, and suggestions for future research were made.  

 The considerations contained in the PhD thesis were based on extensive literature. In 

the theoretical part of the dissertation, over one hundred monographs and almost two 

hundred research papers have been referenced as well as and several reports prepared by: 

the Bank for International Settlements, the International Monetary Fund, the United States 

Bureau of Economic Analysis, the American Bureau of Labor Statistics, the US Department 

of Money and Capital Markets were used, National Bureau of Statistics of China, Office of 

National Statistics of Great Britain, Statistical Bureau of Japan, Association of Individual 

Investors, Jagiellonian Club. In the empirical part of the PhD thesis, several websites 

containing current data constituting input variables to neural networks were used. 

The achievement of the main objective and specific objectives of the PhD thesis 

required conducting in-depth theoretical analyzes and empirical research. Their results were 

presented in the individual chapters of the dissertation. 

The conducted empirical study allowed to draw the following conclusions: 

1) forecasting exchange rates with the use of neural networks designed on the basis of 

technical, fundamental data or a combination of them does not allow to obtain forecasts 

that are accurate enough to generate profits from FX transactions based on them in the 

analyzed time intervals (hourly, daily, weekly and monthly); the most accurate forecasts 

were obtained in the case of the daily interval; 

2) the level of accuracy of the forecasts of exchange rates generated by neural networks 

increases with the increase in the length of the time interval adopted for research in the 

case of neural networks based on technical data for the first three intervals and in the 

case of networks using technical and fundamental data as input variables for the last 

three intervals; 

3) the highest level of accuracy was found in the forecasts generated with the use of neural 

networks, using a combination of technical and fundamental data as input variables;  

4) comparing the results of forecasts obtained with the use of neural networks, using 

technical data as input variables, and neural networks, using fundamental data as input 

variables, the forecasts based on technical data turned out to be slightly more accurate; 

5) among the technical indicators used as input variables to neural networks, the most 

significant impact on the forecast results was noted in the case of: Average True Range 

indicator (12 out of 24 sections), exponential average calculated from the lowest price (10 

out of 24 sections), On Balance Volume indicator calculated from the lowest price and the 

arithmetic mean calculated on the basis of the closing price (9 out of 24 sections); 

6) among the fundamental indicators used as input variables to neural networks in all cross-

sections, the most significant impact on the forecast results was noted in the case of: the 
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lowest cocoa price (12 out of 24 sections), the highest cotton price (10 out of 24 sections) 

and the highest oil price (9 out of 24 sections); 

7) among the fundamental indicators from the United States published on a monthly basis 

used as input variables to neural networks, most often a significant impact on the forecast 

results was noted in the case of: imports of goods to the United States (4 out of 6 cross-

sections) and exports of goods from the United States (3 out of 6 cross-sections) ); 

8) Among fundamental indicators specific for other countries whose currencies were 

included in pairs with the US dollar, the most frequently significant impact on the results 

of forecasts was noted in the case of: the opening rate of the Canadian TSX index and 

the rate of the lowest Australian index ASX 200 (2 out of 4 sections). 

The results of the conducted research allowed: 

 to confirm the hypothesis H 1 : stating that the forecasts of exchange rates generated 

by neural networks using technical data as input variables are more accurate than the 

forecasts of exchange rates generated by neural networks using fundamental data as 

input variables, 

 to confirm the hypothesis H 2 stating that the forecasts of exchange rates generated by 

neural networks using technical and fundamental data as input variables are more 

accurate than the forecasts of exchange rates generated by neural networks using 

technical data as input variables, 

 to confirm the hypothesis H 3 stating that exchange rate forecasts generated by neural 

networks using technical and fundamental data as input variables are more accurate than 

exchange rate forecasts generated by neural networks using fundamental data as input 

variables. 

However, they did not confirm the main hypothesis stating that the forecasts of 

exchange rates generated by neural networks using technical data, fundamental data, and a 

combination of them as input variables are accurate enough to ultimately allow you to profit 

from investments in the foreign exchange market (in the following time intervals: hourly, daily, 

weekly and monthly). It is worth noting, however, that the neural networks constructed for the 

purposes of the empirical study made it possible in individual cases (i.e. in some time 

intervals and for some currency pairs) to generate accurate forecasts, i.e. allowing for 

profitable transactions, both using the first and second strategy. Summing up the effects of 

all transactions concluded on the basis of the forecasts generated by the constructed 

network did not allow, however, to confirm the main hypothesis. 

The reasons for rejecting the main hypothesis may be found in several factors. In 

most studies on forecasting currency exchange rates using neural networks, past (historical) 

exchange rates were used as input variables rather than technical and fundamental 

indicators. Perhaps, therefore, these quotations have sufficient information value in 
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themselves, and according to one of the assumptions of the technical analysis, the factors 

influencing the rate are already included in the past exchange rate. Most of the authors in 

their studies forecasted a single currency exchange rate, most often it was the closing rate, 

while in the research conducted for the purposes of the PhD thesis, whereas in the research 

conducted for the purpose of the dissertation all four types of the exchange rate (opening, 

closing, minimum and maximum) were forecasted in order to check the potential of the 

neural network and on this basis create a transaction system, such an approach may have 

reduced the accuracy of individual forecasts. In some of the studies conducted so far, no out-

of-sample tests have been used, which allow an assessment of the usefulness of the 

obtained network in relation to real data. This approach increases the accuracy of forecasts, 

but only with regard to sample data. In the studies conducted for the purposes of the  

doctoral dissertation the out-of-sample tests were used. Some of the authors of previous 

studies made forecasts for a small number of periods, in the studies presented in the 

dissertation as many as 20 periods were selected, which was justified by their usefulness for 

investors. It is possible, however, that the forecasts for a smaller number of periods are, in 

turn, more accurate. 

 


