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Abstract 

 

This research project aims to describe a stochastic process, a mathematical concept 

that characterizes a series of time, to evaluate the risk and reduce the uncertainty 

inherent in the moment of investing. Hence, explore the behavioral aspect of the 

financial investor in terms of neuroscience, specifically from neuromarketing. The 

methodology focuses on the exploration from the Normal and Log-Normal 

distributions, widely used as measurement criteria for contingencies. Also, it 

applies the Weibull distribution, since this provides a better adjustment of the 

results. About the results, it was found that at higher concentration, according to 

the Weibull distribution function, the probability of success is high or low in 

74.11%; Contrary to what refers to the variable attention, which shows that its 

influence is null. This explicitly clarified several aspects, including the possibility 

of calculating, with a probability 95%, the degree of success in investments when 

the due concentration is given or not. As a general conclusion, the paper 

demonstrates that the Weibull distribution is the most suitable tool to evaluate the 

businesses supported in neuroscience. 

 

Keywords: Neuromarketing, investment and neurofinance, brain waves, weibull 

distribution. 
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Introduction 

 

Neuromarketing for investment decisions is a process of Neuroscience that 

has been gaining important space in developing different areas of knowledge, 

especially in social studies such as Administration, Marketing, Economics, 

Finance, among others. The present thesis focuses the financial and stock 

market aspect through stochastic processes in order to evaluate risk and reduce 

the inherent uncertainty in the investment decision making process, supported 

by neuromarketing. This is why it is a question of verifying the behavior of 

people in their states of attention and concentration in decision making by 

means of a brain activity measuring device, or electroencephalography, called 

MindWave, which allows, once these measurements have been made , 

Transmit the data to a mobile device and export it to software, such as SPSS, 

for processing. 

Using Statistical as a tool of analysis and the different probabilistic 

distributions such as Log Normal, Normal, Weibull, among others, a sweep is 

made looking for the most adequate so that it allows some type of description 

for the behavior of the measured variables, selecting it and proposing further 

studies that allow a greater validation of this behavior. 

Although it is true that from the neuroscience there are investigations that 

allow to evaluate risk in the decision making of investment, to date it is not 

evident in the literature available similar studies from Neuromarketing using 

the Weibull distribution. Therefore, the purpose of this thesis is to describe this 

model as a reliable distribution to assess risk and reduce uncertainty from this 

area of study. 

The present thesis is developed as follows. Initially, it presents the 

conceptual elements of risk and uncertainty, theory and concepts of 

probability; and a review of the literature on investment models and 

Neurofinance, Neuroscience, Decision Making and Brain Waves. 

Subsequently, we describe the statistical techniques relevant to this study and 

the theoretical concepts of Neuroscience and Neuromarketing. Finally, the 

analysis of data, results, conclusions and suggestions for future research is 

developed. 

 

 

Literature Review 

 

Approaches to Neural Measurement Events 

 

Investment and Neurofinance Models 

 

Traditionally investment decisions and specifically in finance, are one of 

the episodes that mostly uses rationality. In fact, several proposals have come 

to coincide that more than subjective investments today are an extremely 

objective factor. To further increase these particularities, we add another 

ingredient, the neuronal aspect, thus creating the metaconcepto of Neurofinanzas. 
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Since 2003, it was defined that neuroscience would influence investment 

decision making as they claim (Heyde & Kou, 2003), also see this trend of 

using statistical data to make investment decisions in (Gettinby, Sinclair, 

Power, & Brawn, 2006) completing with probabilistic methods and using a 

specific distribution function such as Weibull in (Perello, Gurierrez-Roig, & 

Masoliver, 2011); (Hammoudet & McAller, 2012) and again in 2013, again test 

the Weibull distribution as a good approximation to the statistical forecast for 

price changes in stocks ( Allen, Ng, & Peiris, 2013). 

Heyde & Kou (2003) state that the idea that there is a true statistical model 

for any real data set is a theoretical (convenient) idealization, it introduces the 

possibility of using statistical methods and stochastic processes to develop 

stock market behavioral forecasts . In this study, they use six of the most 

commonly used methods: tail probability, mean excess function, moment 

generation function, peak summation ratio method, cloud method Of plotted 

points or generalized Hill ratio plot and finally use probabilistic methods not 

supported in queues. They propose to compare these six methods and to 

evaluate which one has the greatest goodness in adjusting the prediction. 

Gettinby, et al. (2006), already focus on probabilistic data analysis, but not 

with individual instruments (specific stocks or papers), but with indices, for 

which the values at the extreme points of the stock market indicators of the 

United States , The United Kingdom and Japan in a range of 37 years from 

1963 to 2000. The functions that comparatively evaluate are Normal, Frechet, 

Gumbel, Weibull, Generalized Extreme Value (GEV), Generalized Pareto and 

Generalized Logistic (GL). They compare these indicators and evaluate which 

of them fit or explain better the behavior of the indicators, since they only take 

the extremes (maximum or minimum) of the indexes. They take into account 

that an interference factor in the indicators are the anomalous situations that 

appear in the markets as the different financial crises, whether these are 

generated by internal casuases or by external influences. (Gettinby, Sinclair, 

Power, & Brawn, 2006) 

Perello, et al (2011) proposes to make these predictions under probability 

schemes of First Passenger time (ftp) how long it takes, in a stochastic system, 

a variable to take a certain value. The results of this study conclude with three 

fronts of analysis like this: a first front supported in the normalization of the 

objective yields with its own volatility, a second concept the Value at risk 

(VaR) in which the worst value that can take is evaluated The variable (the 

least desired) in a time horizon t is assigned its respective level of reliability 

and the third method is to find the temporality of permanence in desired values 

of the variable. These three evaluated methods allow to visualize in a 

probabilistic horizon the possible behavior of prices and markets; Tools that 

investors would use for their decision-making. (Perello, Gurierrez-Roig, & 

Masoliver, 2011). 

Hammoudet & McAller (2012), elaborate a sweep on the different articles 

as papers that talk about the possibility of statistical behavior of the behavior of 

the indices derived from the oil prices. These have traditionally been handled 

as Markovian processes. They are supported by measurements of Credit 
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Default Swaps known as the CDS indicator, which is a credit derivative used to 

hedge credit risk or to take a position in a portfolio or group Of credit 

institutions. They find that it is fully applicable and that in fact, we are working 

with the measurement of these indicators. They also highlight the fact that their 

handling and use are relatively simple and can be done under traditional 

management schemes. (Hammoudet & McAller, 2012). 

Among the authors who experiment with specific functions, we find Allen 

et al. (2013) who work with a specific probability distribution Weibull, 

resuming measurements prediction studies based on Engle (1982) work on 

econometric measurements for (Engle, 1982) and Engle & Russell (1998), 

where, under the same scheme above, the measurements of irregularity in 

transactions data interpretations (Engle & Russell, 1998) ). E also by Bollerslev 

(Bollerslev, 1986), who works with models ARCH (Conditional Model of 

Heteroskedasticity) and supported in Engle's previous work of 1982. Allen tries 

to do under the aforementioned studies, take them to calculate models of 

investment risk With self-conditioned duration or ACD, according to acronyms 

in English. We investigate the statistical properties of the corresponding 

optimal estimates and compare the estimates using the EF (estimation 

functions) and QML (quasi-maximized probability) methods. The result shows 

that EF estimates are easier to evaluate than ML (maximized probability) and 

QML methods. However, ML-based estimates are superior and work best when 

the true distribution is known; when this is not the case, EF estimates are a 

powerful tool; Another conclusion is that it is really possible under 

probabilistic approximations to arrive at specific conclusions. (Allen, Ng, & 

Peiris, 2013). 

This has led to long time periods being managed, increasing the risks that 

investors can bear in making decisions. This is precisely what we intend to 

measure and if it is possible to take it to a probability function as expressed by 

(LI & HO, 2009) 

Concerning to Neurofinance, one can consider that within the main articles 

or papers is the one of KC Tseng (2006) who approaches a current of analysis 

more recent, which maintains that according to the calculations of the 

international stock indices and starting Of adaptive financial market 

hypotheses, trying to understand how they behave and how they can evolve, is 

the starting question contrasting behavioral financing, limited rationality, 

traditional Neurofinance and finance to evaluate which is more efficient Tseng 

(2006), also, already Trying to find out how neuroscience is an effective tool 

for financial risk management Shai (2012); Or get to propose the 

Neurofinanzas as a revolution in the financial field Gippel (2012) and an 

effective tool in the decision making in Finance Wu (2012). Two years later, 

Behavioral Factors and their Influence on Real Estate Investment Decisions are 

evaluated: a prospective study Rath et al (2014) 

Based on the proposal made by Tseng in (2006) where questions arise as 

to the possibility that the Neurofinances face the traditional aspects of financial 

risk decision making to go beyond reasonability and take it to the probabilistic 

field, Tries to verify what initially proposed by the Nobel Prize Herbert Simon 
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who begins to apply rational measures to economic and financial processes 

arriving until the Nobel prize winner Daniel Kahneman who tries to explain 

from the psychology the behavior of the investors, since the traditional 

assumptions affirm And are supported in that markets work under static and 

equilibrium parameters but the reality is that the standards and the proposed 

linearity for market behavior does not exist, so it is proposed to use 

neuroscience to try to explain these behaviors. In general, the purpose of this 

study is to bring together the traditional theory of Efficient Market Hypothesis, 

EMH, limited rationality which is the most realistic, behavioral financing 

explicitly incorporating decision making under uncertainty, neural/medical 

finance and Adaptive market hypothesis that takes into account the potential 

contribution of recent developments in the evolution of biology, information 

technology, neuroscience, psychology and sociology. (Tseng, 2006). 

On the other hand, Gippel (2012) asks whether finances are entering this 

extraordinary period of scientific research, starting from the concept of 

Extraordinary Science that characterizes Thomas Kuhn in "The Structure of 

Scientific Revolutions" (Kuhn, 1970). Gippel also states that Neurofinance is 

initially supported from Neuroscience with strong connections to cognitive 

psychology. It also retakes the concept of AMH or adaptive markets 

hypothesis, treated by Tseng (2006) and (Lo, 2004) and presented in the 

following illustration: 

 

Figure 1. Hypothesis of Adaptive Markets 

 

 
Source: Gippel (2012) 
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Sahi (2012) makes an exhaustive bibliographical review, he finds that 

Neuroscience can be applied to finance and makes a sweep from the basis of 

the theory of reasoning and thinking to the explanation of how the brain works 

at the time of making of decisions. This review of the literature that makes, it 

clarifies much more the theme of the present work, allowing to confirm that it 

is possible, thanks to neural measurements, to support the human behaviors, 

that according to the found by said author, the conscious part seeks to 

maximize utilities supported In rational decisions, but when applying neural 

tools it is possible to understand the behavior in such situations. It also finds 

that financial decision making has roots in emotional and motivational 

processes and can not be understood only as an expression of cognitive 

limitations, says Sjobreg and Engelberg, (2006) in (Sahi, 2012). 

Wu et al. (2012) argue that advances in spatial and temporal resolution of 

neuroimaging techniques, such as magnetic resonance imaging (MRI) or 

FMRI, have allowed researchers to update intellectual activity as they 

anticipate and choose the options financial institutions. Likewise, when 

measuring galvanic reactions or skin sensitivity and reactions of the body in 

terms of sweating, breathing and cardiac functioning, you can project and map 

how the body structure is at the time of decision making. It also stipulates that 

in order to link activity in these deep brain circuits to affective experience and 

finally to choice, they have outlined a model of anticipatory affect. The model 

postulates that uncertainty causes greater arousal, while potential gains versus 

losses generate a positive affect against negative affect. Since most future 

events are subjectively uncertain, the potential gains should trigger positive 

excitement. (Wu, Sacchet, & Knutson, 2012), which again sustains that neural 

measurements are useful for predicting and even explaining the rationale of the 

investment professional's behavior in decision making. 

Rath et al. (2014) argue that not all investor decisions are rational, in fact 

many of them are due to subjective processes that are not easily explained, but 

thanks to the current advances in neuroscience if they can be understood. To 

explain irrational behavior, financial and economic researchers have developed 

various theories of behavior as heuristic processes and prospective theory 

supported in psychology, sociology and anthropology. (Sabyasachi, Mahapatra, 

&,, 2014). As they themselves identify it, the work of Rath et al (2014) focuses 

on factors that directly influence financial decisions in accordance with the 

theory of financial behavior. Although there will be a number of factors that 

will influence investors and the financial market causing fluctuations in 

instrument prices the study identifies the factors that influence the real estate 

investment decision in the real estate market of twin cities of Andhra Pradesh. 

It also examines how investor behavior affected the investment decision and to 

what extent the ownership investment decision is made based on the behavior 

of real estate investors. It is important to bear in mind that if you can only 

evaluate the real estate market instrument, you can make evaluations to the 

other instruments of financial speculation. (Sabyasachi, Mahapatra, &, 2014) 
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The Neurostatistics, also comes to play an important role in this work, its 

results are supported in statistics obtained from neural measurements. Although 

there is very little that is found in the literature until today of this subject and 

that there are, to date in the consulted by the author, studies that speak of 

Neurostatistics applied to the decision making of investment, something was 

found, that Part from the fact that there is an interesting relationship in the 

evolution of mathematics and the evolution of the human being, as shown in 

Emerging Technology's paper by ArXiv, states that mathematics is not 

notoriously different from other cultural phenomena. Indeed, an interesting 

project is to compare how the evolution of mathematics does not differ much 

from other cultural phenomena such as the evolution of words, from memes in 

the world of social networks like twitter and beyond, to physical networks or 

Real since they originate until they disappear. Perhaps this will give an idea of 

the way in which new ideas arise and become important for human minds. 

(Emerging Technology from the arXiv, 2016) 

Georgopoulos and Karageorgiou (2008) argue that behavioral 

neuroscience is unthinkable without statistics. Both behavior and neuroscience 

are based on the variation of the measurements; So they depend and thrive on 

statistics. During the last 25 years of work in this area, they have found 

different methodologies to evaluate brain function and to relate it to specific 

behavioral variables. They believe that no method can provide all the answers, 

so it becomes necessary to use complementary technologies to acquire 

knowledge about brain function and its relations with behavior from different 

perspectives. Although the study is purely of medicine and specifically of 

neurology, it lays the foundations that define the need for neuroscience in the 

understanding of the brain, but this is anchored to a statistical behavior. 

(Georgopoulos & Karageorgiou, 2008), which is expressed in his conclusion: 

 

(...) The discussion above underscores the intimate relationship between 

neurophysiology, fMRI and MEG in current and mental spatial-motor 

functions, a relation that was documented using practically identical 

methods of statistical analyzes. The encoding of behavioral or cognitive 

variables on the activity of single elements and the decoding of these 

variables from neural ensembles form two inextricably related approaches 

that underlie practically all research in behavioral neuroscience. 

"(Georgopoulos & Karageorgiou, 2008, p 415) 

 

Neuroscience 

 

According to the postulates about Neuromarketing and its affinity with 

Neuroscience, this is a useful tool to develop predictions and validations of 

consumer behavior. In addition to improving the understanding of human 

behavior. (Braeutigam, Rose, & Swethenby, 2004; McClure, Cypert, & Montage, 

2004), Knutson, Rick, & Wimmer, 2007, Plassmann, Baba, & O'dorty, 2008). 
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The study of brain waves has shown that it is possible to evaluate the behavior 

of consumers against stimuli and through various devices for measuring brain 

wave activations such as electroencephalographs, magnetoencephalographs and 

others, depending on access and costs May or may not use in this process 

(Braeutigam, Rose, & Swethenby, 2004) 

May or may not use in this process (Braeutigam, Rose, & Swethenby, 2004) 

Similarly, and based on the Neuroeconomics, Knutson et al. (2007) 

propose that people's decisions regarding product choice go beyond the simple 

management of price preferences. They demonstrate through measurements 

with an fMRI machine, subjecting individuals to different stimuli. As a result, 

they find that they respond not only to prices but to other motivations. Using 

the same measurement apparatus, Mcclure et al. (2004) validate that there is a 

process of measurable sequences that allow to evaluate the reactions of people, 

which (Wilson, Gaines, et al., 2005). In the present study, the results of the first 

test of flavor preferences were obtained by other authors of the field of 

neuroscience. And Hills, 2008), who have adjusted the procedures addressing 

the issue, even from elements as conflicting as ethics, showing that these 

measurements can be adjusted by comparing various models of persuasion 

towards the consumer. The same ethical approach made in measurements and 

schemes Orientation to the consumption through the understanding of the 

brain, to find that famous button of purchase (buy botton), has puts the 

discussion of pertinence and the violation of the privacy of the clients. (Morín, 

2011). Neuroscience, specifically Neuromarketing, has developed an appetite 

for savings in campaigns, supported in two specific situations: seeking a 

greater economy, not only in developing the study but also in the reduction of 

development time of the studies and in the decision-making process, which 

tends to become more specific to develop its approach in terms of advertising. 

(Ariely & Berns, 2010). 

 

Decision Making in Marketing Environments 

 

According to the Lancaster Theory given in 1961, it is assumed that 

consumers have no preference for a product, but for their attributes, such as color 

or texture (Lancaster, 2008). It defines the utility on the same characteristics of a 

product, giving relevance to the studies of behavior supported with technological 

tools. Fader and Hardie (1996), as well as Lancaster (2008), claim that consumers 

select SKUs and non-brands as proposed in most marketing research. 

Thus, Fader and Hardie (1996) affirm that it is more useful for marketing, to 

analyze the levels of acceptance of SKUs
1
, being this a more complex study by the 

technological necessities required for its development. Inman and Dyer (1997) 

support this idea Stating that "the most appropriate level of analysis is consumer 

choice at product attribute level, rather than focusing on brand choice" (p.107). To 

what Sachin Gupta et al. (1995) They complement saying that there are 

thousands of characteristics in the products that must be identified, to know 

                                                           
1 Stock-keeping unit 
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which are of preferences, representing this a great problem for both the 

researchers and the owners of the establishments. It should be added that it 

should be borne in mind that these SKUs may arise or disappear, so a 

continuous monitoring should be done. For this, three options are defined:  

 

The first is to estimate a model considering each parameter at SKU level 

as a fixed effect, which results in a considerable loss of degrees of 

freedom; However, and according to Bucklin and Gupta (2009) the 

problems arise when there is high volatility both in the entry and exit of 

SKUs. (Buckling and Gupta, 2009).  

 

The second is the option presented by Fader and Hardie (1996) in which 

specific characteristics of the product are isolated thanks to data collected 

with consumer panel; So they can then analyze the categories with a low 

number of attributes such as shape, size, taste, etc. 

 

 And the third option is to develop simpler aggregate models, as an initial 

approximation to more complex models. Here it is assumed that 

consumers do not take into account all the product information, but rather 

a limited number of alternatives, allowing fewer features to be eliminated 

and analyzed (Payne, Bettman, & Johnson, 2014) in Cotes, Muñoz, & 

Gonzales, 2010). 

 

These attributes allow to focus research, which is not precisely about 

product preferences, but about impact in decision making, as a projection of 

consumer behavior, that is, try to evaluate which of the Attributes that investors 

have are those that are identified as relevant and how to make their 

measurement. 

 

Brain Waves Alpha α and Beta β 

 

The human being as a superior mammal animal, besides living 

harmoniously in an environment characterized by social patterns, develops in 

such a way; Which manages to participate actively and assertively towards 

their peers. This behavior is easily attributable to the consolidation of factors 

such as mental processes, neurological maturation and the demands of a 

context that allow anchoring in the subject's memories, experiences that arise 

during the demands of the environment. Thanks to these experiences, man 

updates how he behaves, how he responds to a situation, and how he perceives 

and makes a decision. 

Regarding decision-making, it can be said that it involves deliberating 

among a series of options, choosing the one that can avoid a negative 

consequence; Or, failing that, approaching the solution of the problem. For this 

reason it is expected to be a subject of curiosity for the related sciences, this is 

the case of Neuromarketing. Being clear how complex it is to enter into terms 

such as brain processes, mental processes, and even more, conscious or 
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unconscious states; It is relative to the text to mention some structures and 

processes, which give light to the subject in question. (Ariely & Berns, 2010) 

Brain waves are a neurological process that contribute to the regulation 

and care of the body through electrical responses, depending on their voltage or 

frequency, and contribute to homeostasis in humans. Reference is made to the 

frequency to speak of the rate of electrical pulses, which are measured in cycles 

per second or Hz; And the voltage level is characterized by the amplitude or 

intensity of the brain wave (Vinuenza Bonilla, 2016). Various experiences such 

as wakefulness, alertness, resting state, preparation for sleep, deep sleep, 

meditation, among others; Are some of the sensations produced during any of 

the phases that develop these waves. For purposes of this article emphasis will 

be placed on the following 2 waves: 

 

Beta waves (β): They correspond to the frequencies between 12 to 40Hz, 

with a voltage of approximately 5-30 ¹V. What characterizes the Beta 

wave, is the state of wakefulness and continuous alertness, perceived not 

only a correct response to the stimuli, but also produces conscious mental 

activity, everyday psychological states, analysis, thinking, decision 

making, among others. This process has been localized mainly in the 

frontal and parietal lobes (Ortega Caballero, 2016). Specifically, these 

waves provide the optimal state for attentional and alert processes in the 

subject. 

 

Beta (β) waves increase their visualization in moments of attention, panic 

or problem solving. Although mainly present in the central and frontal regions, 

they can be observed in some cases in later areas. (Raut & Taywade, 2012) 

 

 

Alpha waves (α): They show a frequency of 7.5-14Hz with amplitudes 

close to 20 ¹V, is better known as the phase of light or non-restorative 

sleep, allows to continue to perceive the majority of stimuli in the 

environment, although with a lower degree of Response to these. These 

waves with location in occipital and frontal structures; In addition to the 

cortical area and partially the thalamus; Is characterized by being a phase 

that gives way to meditation and relationship, increases the concentration 

and imagination of the human being, which allows a higher level of 

introspection and self-consciousness (Ortega Caballero, 2016). 

 

These alpha waves are the most abundant brain waves and appear in states 

of rest and closed eyes. They are found mainly in the posterior areas and in the 

central and anterior areas of the brain. (Raut & Taywade, 2012). 

It is important to mention that within the research; only the brain waves 

mentioned above will be taken into account, since these are the ones that have 

a greater relation with attention and concentration. Therefore, the other brain 

waves are not discussed in this document. 
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Methodology 

 

The Etoro platform is a free virtual access application that provides real 

information about the quotes of different financial instruments such as stocks, 

commodities, currencies, among others. This platform is characterized by its 

ease of use to perform investment simulations. 

In order for the study subjects to know the interaction with the Etoro 

platform, they were given an induction about the platform's handling so that 

they had enough tools to make the simulated investments. 

Each study subject had 10 minutes to make their investment decisions in 

currency pairs, which are classified according to Melendez Gonzalez (2016) as: 

seniors, crosses and exotic, as explained below. 

The major currencies are characterized by being represented by the 

developed economies; Are very high liquid currencies with low margins. 

Investors are attracted to these currencies because they are very stable and 

predictable in relation to other asset classes. They stand out: EUR / USD, GBP 

/ USD, USD / JPY, USD / CHF, USD / CAD, AUD / USD and NZD / USD. 

Cross currency class currencies do not include the US dollar in the 

currency pair and are ideal within the investment that is made for 

diversification. Most crosses include: GBP / JPY, EUR / GBP, CAD / JPY, 

AUD / CAD, EUR / AUD and NZD / JPY. 

Exotics always include a currency of a developed country, so they do not 

have much liquidity and are characterized by being currencies with high 

spreads. Examples are: Hong Kong Dollar (HKD), Singapore Dollar (SGD), 

Russian Ruble (RUB), Indian Rupee (INR) etc. 

During the process, the subject is connected through the MindWave, a 

brain wave detection handset, which for the case of this study, as mentioned 

above, focused on the waves corresponding to concentration, which is 

identified with the code Number 5 and attention that is identified with code 

number 4. 

The EEG Analyzer application generates the values that are exported to 

Dropbox and then downloaded into a spreadsheet, and the average levels of 

each individual are obtained. 

For each individual, 566 samples or interactions were taken on average, 

which allow measuring on a scale of 0% to 100%, level of attention and 

concentration. These values are those that were used individually and jointly 

for the study of the adjustment to the distribution functions, Normal, Log-

Normal and Weibull. 

The distributions of the statistical package SPSS, such as Normal, 

Exponential, Cubic and Logarithmic, among others, were validated to prove 

their goodness of fit to the data. These showed that the data of the chosen 

sample does not fit most distributions. 

Given the results of the previous tests, it was decided to test the goodness 

of fit of the data to the density and cumulative function of the Weibull 

distribution, due to its characteristics of versatility and reliability, as mentioned 

above. 
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The statistical parameters of said respective distribution were calculated to 

each subject, using software R; The results showed that the distribution is 

adjusted. Therefore, the Weibull distribution is considered as a reliable model 

to explain the percentage of attention and concentration that a person should 

have in decision-making in stock market investments. 

To perform the above-described analyzes, the basal electroencephalography 

method was used, which analyzes the cortex of the brain. This method is 

simple to implement, since it is performed in a waking state and does not 

require any preparation or alteration of the subject's habits. The only thing that 

must be taken into account is the sepsis of the site where the electrode will 

have contact with the skin (Talamillo García, 2011). 

 

Study Subject Characteristics  

 

The profile of the people who were tested: students from the National 

University of Colombia, Manizales, with a age range of 17 years and 30 years, 

regardless of gender and with previous experience managing investment 

platforms such as Thomson Reuters Eikon, EToro, among others. The tests 

were carried out in the hours of 10:00 a.m. to 1:00 p.m. (GTM -5), due to 

business hours and to avoid extreme volatility due to opening and closing 

times. 

Each subject had a hundred thousand virtual dollars (USD $ 100,000) 

allocated by the platform, which could invest in any of the five selected 

financial instruments, taking into account the limitations in units or in amount 

that it has predetermined. 

The objective is to make a profit from the purchase or sale of the 

instruments. Clarifying that it is not a competition. To make your investment 

decisions, you have the freedom to choose the type of leverage you are going 

to use. In addition to the stop loss, which is the maximum loss level to which 

the investor is subjected and the take profit, which is the maximum gain level 

at which a position is automatically closed. 

During the 10 minutes of the test, the subject is autonomous to decide the 

number of transactions that will perform. To perform the investment analysis 

the platform shows the graph of the historical behavior of the instrument on 

which it is desired to invest. 

In this regard, it should be said that at the time of application of the test, 

the subject is in the following conditions for the normal development of the 

investigation: (Barea Navarro, 1998). 

 

1. The waking state indicates the situation of a normal adult at rest, 

although alert, allowing the observation of different waves and 

possessing peculiar and identifiable characteristics. 

2. No previous presence or consumption of psychoactive substances as 

they can be (drugs, alcohol, control drugs, consumption of foods high in 

sugars). The parameters mentioned above are necessary for the correct 
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functioning of the process, since otherwise they could affect the brain 

synapse process and distort the results of the test. 

 

A survey must be conducted before the test, in order to verify that the 

subjects meet the requirements. The management of the Etoro platform is 

explained to each one. 

 

Sample Selection 

 

Of the 59 subjects of the population, who meet the profile defined in the 

previous section, a random sample was selected without replacement of 30 

people; Which are referred to as subject 1, subject 2 to subject 30. With a error 

margin about 13% and a confidence level of 95%. 

The option of using a simple random sampling is used, although it allows 

for statistical inference on the population. For the present study, it is more 

important than statistical inference to perform statistical tests to show the 

respective level of significance. 

 

 

Findings/Results 

 

Analysis Variance of Pilot Test 

 

This test is performed to evaluate the possibility of studying subjects in 

groups or failing to do individual analyzes; for this purpose an analysis of 

variance was performed to the subjects of the pilot test. The following 

hypotheses are proposed to contrast the above. 

 

      ó 

 

  
 

Analysis of Variance for Variable Attention Pilot 

 

The analysis of variance is performed in order to test the hypothesis H0, 

which means that there is no difference in the attention sample; the results are: 

The results of the analysis of variance (ANOVA) for the attention of the 

pilot test are shown in the following table: 

 

Table 1. Analysis of Variance for the Attention Variable. Pilot Test 
SUBJET Fisher (F) Statistical significance 

1 15.974 0.000 

2 16.461 0.000 

3 15.376 0.000 

4 8.051 0.000 

5 62.035 0.000 
Source: Own elaboration. 
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As shown in Table 1, the level of significance of the analysis of variance is 

less than 0.05; Therefore, the null hypothesis is rejected and it is determined 

that the attention of the Subjects varies throughout the trial period, so that they 

will be evaluated individually.  

 

Analysis of Variance for Variable Concentration Pilot 

 

The analysis of variance is performed in order to test the hypothesis H0, 

which means that there is no difference in the concentration sample; the results 

are: 

The results of the analysis of variance (ANOVA) for the concentration of 

the pilot test are shown in the following table: 

 

Table 2. Analysis of Variance for Variable Concentration Pilot 
SUBJECT Fisher (F) Static SIgnificance 

1 17.910 0.000 

2 5.578 0.000 

3 17.686 0.000 

4 17.320 0.000 

5 13.392 0.000 

Source: Own Elaboration 

 

As shown in Table 2, the level of significance of the analysis of variance is 

less than 0.05; Therefore, the null hypothesis is rejected and it is determined 

that the concentration of the Subjects varies throughout the trial period, so that 

they will be evaluated individually. 

In the analyzes of variance for attention and concentration, it was found 

that time itself is a variable that influences during decision making. That is, the 

sample is representative for determining variations in both brain waves. 

 

Work Static 

 

As we found in anterior tittle, the distribution function that presented the 

best fit according to the samples was the Weibull. Next, the mathematical and 

statistical support is constructed for the corresponding analysis. 

 

Cumulative Weibull Function 

 

 
 

Where 
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In order to construct the Weibull cumulative probability graph it is 

necessary to find the value of the shape and scale parameters. Therefore, the 

following procedure, which is illustrated in the following equation, is 

performed: 

To calculate Form Parameter: 

 

 
 

and then 

 

To calculate Scale Form 

 

 
 

Thus, for any Weibull variation, ln (1 / (1-F (x)))) will plot as a straight 

line against the natural logarithms of the observations. 

Weibull distribution 

 

; 

 

Where Calculation of form scale 

 

 

 

  
 

And scale calculation 

 

 
 

Using the above equations the calculation of the intercept is achieved: 

 

  

 
 

In which the values of "b" and "a" are obtained as the intercept and slope. The 

latter is as follows: 

 

 
 

Where V_ 2 and V_ 1 are the values of ln (1 / (1-F (x)))) and N_2 and N_1 

correspond to the values of ln (x) in the line graph. 
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The calculation of the parameters was made using the software R-Studio 

with the package "survival". It is necessary to remember that type 4 refers to 

attention, while type 5 refers to concentration. 

 

Attention Parameter  

 

Table 3. Attention Parameter 

Subjet 
Attention 

Escale Form 

1 2,64493 48,79412 

2 4,732234 63,85037 

3 2,359051 44,43653 

4 2,995197 58,25390 

5 2,359498 47,52727 

6 2,843833 59,15028 

7 4,425715 71,94252 

8 2,803697 56,15086 

10 4,100651 68,04001 

11 4,756200 67,94120 

12 2,849388 45,54510 

13 1,604820 41,45400 

14 2,581635 55,83731 

15 3,204879 56,24835 

16 4,493011 69,60255 

18 3,831050 56,69609 

19 2,493245 50,99949 

20 3,644391 58,15200 

21 3,936034 65,55362 

22 2,728954 55,58085 

23 2,693910 56,68733 

24 3,864266 61,42286 

25 2,718788 42,72280 

26 4,094046 64,53121 

27 5,177247 64,85506 

28 2,460497 48,71078 

30 2,990081 55,53928 
Source: Own Elaboration 

 

The Weibull distribution parameters referring to the form and scale of the 

attention variable in each subject are segmented by the rows. 

 

Concentration Parameter 
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Table 4. Concentration Parameter 

Subject 
Concentration 

Scale Form 

1 3,29633 59,33911 

2 3,034053 52,55529 

3 6,08218 70,31469 

4 3,804606 61,24083 

5 3,485911 52,16833 

6 4,207125 58,85976 

7 2,714145 45,39972 

8 4,918137 68,67831 

10 4,141029 67,1683 

11 4,345523 59,069 

12 3,894883 60,72244 

13 3,339501 58,77956 

14 4,584964 69,51604 

15 4,027609 61,85092 

16 4,034478 64,7341 

18 3,776194 58,27225 

19 4,454463 68,17252 

20 3,001826 56,3074 

21 3,426097 64,89707 

22 3,345865 60,59974 

23 2,885325 48,14943 

24 4,968252 66,90399 

25 3,614579 61,99957 

26 3,803932 60,06839 

27 4,434846 69,66863 

28 3,747588 55,20521 

30 3,91954 52,04371 
Source: Own elaboration 
 

The Weibull distribution parameters concerning the shape and scale of the 

concentration variable in each subject are segmented by the row. 

 

Attention Wave Analysis  

 

To make the descriptions with respect to the attention, the following values 

were obtained that are shown in the table: 
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Table 5. Probabilities of the Attention Variable between 40% and 80% according 

to the Parameters calculated in Table 3 

Subject Mean probabilities 

1 0.52888966 

2 0.84175403 

3 0.44002662 

4 0.64769193 

5 0.48106178 

6 0.62542031 

7 0.72631614 

8 0.61215746 

10 0.74961273 

11 0.80907316 

12 0.49429499 

13 0.33237294 

14 0.57564800 

15 0.67205960 

16 0.76610248 

18 0.74514537 

19 0.53313439 

20 0.73350135 

21 0.75476675 

22 0.59821491 

23 0.59673814 

24 0.76416422 

25 0.43004066 

26 0.77857908 

27 0.86973819 

28 0.50646581 

30 0.63652647 

Source: own elaboration 

 

The range between 40% and 80% is taken, looking for stability in the 

measurements and having a referent to perform and analyze all the tests. 

 

Multi-level Graph of Cumulative Probability Variable Attention 

 

Next graph shows the behavior of the Weibull cumulative function of each 

of the subjects in terms of the attention variable: 
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Graph 1. Multi-Level Graph of Cumulative Probability Variable Attention 

 
Source: own elaboration 

 

According to graph 1, it can be observed that there are several subjects that 

present atypical behavior before a measurement level of 40%, but in the range 

of 40% to 80% already stabilize with the rest of the sample; this is the reason 

why the analyzes are done in this interval.  

Above 80% level, and all the values measured to the subjects begin to 

converge, reasoning that doing analysis beyond this value would be very 

complicated since all the subjects have similar behavior. 
 

Descriptive Statistics of the Measurement of Attention 
 

The following table summarizes the descriptive statistics of the observations, 

with respect to the cumulative probability of the levels between 40% and 80%: 
 

Table 6. Descriptive Statics Attention 
Average Deviation Míni Máx CI (95%) 

0,638870 0,138901 0,332372 0,869738 0.5839 0.6938 
Source: own elaboration 
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The average probability that the subjects analyzed had a level of attention 

between 40% and 80% is 63.88% with a deviation from the value of the 

probability 13.89%. 

The minimum probability that the subjects have a level of attention 

between 40% and 80% is 33.24%, and the maximum probability is 86.97%. 

Once the descriptive statistics have been performed, and based on Graph 1, 

it can be determined that there is a difference between the means of 

probabilities in the different levels of attention of the subjects. Given this 

situation, we must verify this statement statistically, so that a test of variance 

analysis will be performed. 

 

Analysis of the Mean of the Probabilities of the Attention Variable 

 

Each interval is calculated using the Sturges rule. 

 

Table 7. Probability Intervals for each Variable Class Attention 

Class Min approx  x1 Max approxx2 Average probability 

1 40 43 0.051270178 

2 44 47 0.054907451 

3 48 50 0.037998658 

4 51 53 0.038537139 

5 54 57 0.057456439 

6 58 60 0.037127932 

7 61 63 0.035312972 

8 64 67 0.048462976 

9 68 70 0.028538082 

10 71 73 0.024851775 

11 74 77 0.03048601 

12 78 80 0.015882541 

Source: own elaboration 

 

The previous table and graph 2 show the average probability that an 

individual has a certain level of attention according to the class to which it 

corresponds. 

According to the subjects studied, the probability of highest care when 

making a decision is when a person is between the levels of 54 and 57 (Interval 

5 with an average of 5.75% probability) of Attention and according to the 

subjects the probability of lower attention when making a decision is when a 

person is between the 78 and 80 levels (Interval 12 with an average probability 

of 4.59%) of attention. 
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Graph 2. Average Probability of the Intervals 

Source: Own Elaboration  
  

Attention Anova 

 

To perform the analysis of variance, a Fisher test is performed, checking 

the following hypotheses: 

 

H0: The means of probability are equal; H1: The means of probability are 

different. 

 

Table 8. ANOVA Attention 

Variation 

Source 

Square 

adds 

Freedom 

degree 

Square 

mean 
F Significancy 

Between 

groups 
0.048 11 0.004 26.927 0.000 

Inside groups 0.05 312 0.000   

Total 0.098 323    

 

Working with values between groups and within these groups with results 

with 11 degrees of freedom for the test between group and 312 degrees of 

freedom for the test within the groups, a Fisher of 26,927 was obtained with a 

significance of 0.00; So it would be accepted that at least one of the 

probabilistic means evaluated is different (the null hypothesis H0 is rejected). 

According to previous results it is validated that you can continue with the 

analysis, since the means of probabilities are different. 

 

Concentration Wave Analysis 

 

To make the descriptions with respect to the concentration, the following 

values were obtained that are shown in the table: 
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Table 9. Probabilities of the Concentration Variable between 40% and 80% 

according to the Parameters calculated in Table 4 

Subject Probability 

1 0.69270764 

2 0.61816073 

3 0.85648518 

4 0.75749016 

5 0.66106533 

6 0.79493968 

7 0.48253212 

8 0.81207399 

10 0.76254304 

11 0.80827356 

12 0.76782733 

13 0.69755096 

14 0.7747792 

15 0.78159821 

16 0.77101653 

18 0.74887991 

19 0.78106725 

20 0.64217312 

21 0.69752078 

22 0.70005574 

23 0.54353743 

24 0.8373114 

25 0.89917092 

26 0.94241074 

27 0.76036786 

28 0.72354849 

30 0.6956308 

Source Own elaboration 
 

The range between 40% and 80% is taken, looking for stability in the 

measurements and having a referent to perform and analyze all the tests. 

 

Multi-level Graph of Cumulative Probability Variable Concentration 

 

Next graph shows the behavior of the Weibull cumulative function of each 

of the subjects in terms of the concentration variable: 
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Graph 3. Multi-level Graph of Cumulative Probability Variable Concentration 

 
Source: Own Construction 

 

According to graph 3, it can be observed that there are several subjects that 

present atypical behavior before a measurement level of 40%, but in the range 

of 40% to 80% already stabilize with the rest of the sample; this is the reason 

why the analyzes are done in this interval.  

Above 80% level, and all the values measured to the subjects begin to 

converge, reasoning that doing analysis beyond this value would be very 

complicated since all the subjects have similar behavior. 

 

Descriptive Statistics of the Measurement of Concentration 

 

The following table summarizes the descriptive statistics of the observations, 

with respect to the cumulative probability of the levels between 40% and 80%: 
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Table 10. Descriptive Statics Concentration 
Mean Deviation Mín Máx C.I (95%) 

0.741137 0,099046 0,482532 0,942410 0.701956 0.780319 
Source: Own elaboration 

 

The average probability that the subjects analyzed had a level of 

concentration between 40% and 80% is 74,11% with a deviation from the 

value of the probability 9,9%. 

The minimum probability that the subjects have a level of concentration 

between 40% and 80% is 48.25%, and the maximum probability is 94,24%. 

Once the descriptive statistics have been performed, and based on Graph 3, 

it can be determined that there is a difference between the means of 

probabilities in the different levels of concentration of the subjects. Given this 

situation, we must verify this statement statistically, so that a test of variance 

analysis will be performed. 

  

Analysis of the Mean of the Probabilities of the Concentration Variable 

 

Each interval is calculated using the Sturges rule. 

 

Table 11. Probability Intervals for Each Variable Class Concentration 

Class 
Rounded Min 

X1 

Rounded Max 

X2 

Probability average 

1 40 43 0.0496957175 

2 44 47 0.0569618045 

3 48 50 0.0413797807 

4 51 53 0.0433992911 

5 54 57 0.0666945203 

6 58 60 0.0440570909 

7 61 63 0.0424411394 

8 64 67 0.0587505084 

9 68 70 0.0346926328 

10 71 73 0.0301274706 

11 74 77 0.0365720272 

12 78 80 0.0186630737 

Source: Own elaboration 

 

Table 11 and Graphic 4 show the average probability that an individual has 

a certain level of concentration according to the class to which it corresponds. 

According to the subjects studied, the highest probability of concentration 

when making a decision is when a person is between the levels of 54 and 57 

(Interval 5 with a mean of 6.67%) of care and according to The lowest 

probability of care when making a decision is when a person is between the 78 

and 80 levels (Interval 12 with an average of 1.87%) of concentration. 
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Graph 3. Probability Average of Concentration 

 
Source: Own elaboration 

 

Anova Concentration  

 

To perform the analysis of variance, a Fisher test is performed, checking 

the following hypotheses: 

 

H0: The means of probability are equal; H1: The means of probability are 

different. 

 

Table 12. ANOVA Concentration 

Probability 
Square 

Adds 

Freedom of 

Liberty 

Cuadratic 

Average 
F Significancy 

Between  

groups 
0.052 11 0.005 31.671 0.000 

Inside 

groups 
0.046 312 0.000   

Total 0.098 398    
Source: Own elaboration 

 

Working with values between groups and within these groups with results 

with 11 degrees of freedom for the test between group and 312 degrees of 

freedom for the test within the groups, a Fisher of 31.671 was obtained with a 

significance of 0.00; So it would be accepted that at least one of the probabilistic 

means evaluated is different (the null hypothesis H0 is rejected). 

According to previous results it is validated that you can continue with the 

analysis, since the means of probabilities are different. 
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Correlation Analysis of the Influence of the Attention and Concentration 

Variables on the Gains and Losses of Decision Making 

 

In order to perform an additional analysis to determine if the level of 

attention or concentration influences the results obtained in the decisions that 

the subjects made, an analysis of correlations of the profit and losses with the 

average levels of attention and concentration of Each of the subjects. 

The objective of this test is to test the following hypotheses: 

 

• H0: Correlation equals zero. 

• H1: The correlation  different zero. 

 

Once the results of the significance have been obtained, it is possible to 

determine whether or not there is a relationship between the variables and, if it 

exists, to determine the magnitude of that correlation. 

 

Magnitude and Calculation of the Correlations between Attention and Profit or 

Loss 

 

Table 13. Correlations between Attention and Profit or Loss 

Correlaciones 

 Attention Prof /Loss 

Rho of Spearman 

Attention 

Correlation Coefficient 1,000 ,167 

Sig. (bilateral) . ,404 

N 27 27 

Prof /Loss 

Correlation Coefficient ,167 1,000 

Sig. (bilateral) ,404 . 

N 27 27 
Source: Own Elaboration 

 

According to Table 13, the significance of the test states that there is no 

relationship between test results and attention, because the null hypothesis (H0) 

is rejected. 

When rejecting the null hypothesis, it is found that attention does not 

influence the event of having or not gains, so this variable would be irrelevant 

to explain the obtaining of greater or lesser gains or losses in the decision-

making processes. 

However, if it allows exploring the behavioral aspect of the investor in 

terms of neuroscience, since attention is simply visualizing something, noting 

something but not necessarily introspecting it or performing a deep analysis; It 

is enough to note the situation that can be a price variation, for example, to get 

to call the attention but that does not merit a stimulus to arrive to develop a 

discernment in depth. 

This is supported by another study, which found that low cognitive 

impulsivity was associated with both a better performance of minimizing losses 

and maximizing gains during the task (Caceres & San Martin, 2017), showing 

the low influence of attention. 
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Magnitude and Calculation of the Correlations between Concentration and Profit 

or Loss 

 

Table 14. Correlations between Concentration and Profit or Loss 

Correlaciones 

 Attention Prof /Loss 

Rho of Spearman 

Attention 

Correlation Coefficient 1,000 -0,383 

Sig. (bilateral) . ,049 

N 27 27 

Prof /Loss 

Correlation Coefficient -,383 1,000 

Sig. (bilateral) ,049 . 

N 27 27 
Source: Own Elaboration 

 

According table 14 The significance of the test asserts that there is a 

relationship between the test results with the concentration, because the null 

hypothesis (H0) is not rejected. 

In addition, the correlation of these variables is negative, which means that 

an increase in the concentration of the subject, generates a decrease in the loss 

that this may present. 

Therefore, according to what has been found, the concentration, contrary 

to what happens with attention if it has an influence on the final result of 

obtaining more or less losses; And it is logical, because this state implies 

tension and pressure (Aguilar & Musso, 2008), which is the opposite of 

meditation or attention that equates with calm.  

When analyzing the data obtained thanks to MindWave corresponding to 

the attention and concentration variables, interesting situations are observed, 

beginning because the distribution function that best describes such behaviors 

is the Weibulll and it is on this function that rests all the analysis 

In this way, it is found that the distribution serves to explain the degree of 

concentration and attention that are needed to have a favorable result in the 

stock market investment. 

 

 

Conclusions 

 

1. It is possible to evaluate the risk stochastically from measurements 

made by an electroencephalograph; Specifically MindWave. We 

measured the alpha α and beta, β brain waves, which are related to 

concentration and attention respectively. 

2. The stochastic evaluation was adjusted to a Weibull distribution model, 

which allows a description of possible behaviors and influences in 

decision making. 

3. It is concluded that it affects more the variable concentration than the 

variable attention in the decision making, as is clear in tables 13 and 14, 

where the respective attention and concentration validations are 

performed in relation to the outcome of the decision, as described in the 
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analysis performed in the section on the calculation of the correlation 

between concentration and profit or loss. 

4. It can be added to the Neuromarketing that the decision-making process 

at a given moment must not only attract attention, but also that the 

subject is concentrated, that is, to evaluate the possible options to 

choose, taking into account that concentration achieves Improve results 

regardless of ability. 

5. The average probability that the subjects analyzed has a concentration 

level between 40% and 80% is 74.11%; In addition to this, with a 

reliability of 95% it can be stated that the mean concentration 

probability between 40% and 80% levels is between 70.2% and 

78.032%, finally, it is determined that the minimum probability that the 

Subjects have a concentration level between 40% and 80% is 48.25%, 

and the maximum probability is 94.24%. 

6. The average probability that the subjects analyzed has a level of 

attention between 40% and 80% is 63.88% with a deviation from the 

probability value 13.89%. In addition, with a 95% confidence level, the 

average of the probability of attention between the levels of 40% and 

80% is between 58.39% and 69.38%. The minimum probability that the 

subjects have a level of attention between 40% and 80% is 33.24%, and 

the maximum probability is 86.97%. 

7. Mathematically, it is possible to describe the decision-making process 

supported by the Weibull distribution, where the form and the scale of 

the measured, attention and concentration wave Make the 

corresponding calculations of this distribution. 

8. These measurements and their probabilistic calculations allow to 

generate and evaluate behavior patterns, according to the work statistics 

of the distribution found; These patterns are shown in conclusions 5 and 

6. 

9. It is possible to express in stochastic terms the brain waves that 

correspond to attention and concentration, as criteria of measurement of 

risk and uncertainty. This is demonstrated by the description and 

interpretation of the experiments developed with the subjects mentioned 

in the study. 

10. Mathematically, a function can be described in terms of probabilities to 

predict the behavior of investors in terms of their level of concentration 

and attention and their degree of success; This thanks to the work 

statistics of the Weibull function, reducing risk and uncertainty. 

11. What is found in the study is interesting, since it shows that 

concentration and attention levels actually influence the decision-

making process in people, since there is evidence of their influence on 

the measurements made. 
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