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Abstract: The investigation of investments in stock markets is an important and a challenging topic.  Knowing the 

number of Turkish stock investor makes a benefit to conduct a smooth economical circulation. In this study, it is aimed 

that the Turkish stock investor numbers are estimated by using the kernel estimation method. The built functions in the 

Mathematica software are used. The built functions are responsible to model the data sets smoothly. After necessary 

components of the statistical results in the built function, the random number generation is performed for the estimated 

function,𝑓, which is the sampling form of the assumed function 𝑓 for the population representing the investor numbers. 

The numbers are estimated to be around 5 million for the real data sets if the maximum order statistics are used. The 

confidence interval as a covering probability being %95 in the asymptotic theory shows that the estimated value can be 

around 7 million if the new population occurs. 
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Introduction 

The investigation of Turkish stock market investments is an important and a challenging topic in the 

Turkish economy. Nowadays, there are many factors affecting the behaviors of potential investors. 

Estimation of the stock market investor numbers help the economy in various aspects. The companies 

can use it as one of the decision tools. To get credit, borrowing, issue bonds or going public are some 

options for companies to get working capital or fixed asset capital. In general to get short term capital 

or bond issuing can be considered cheaper capital for the companies as long as business profit is 

higher than their cost. However, in other cases, providing cash by equity can be considered a more 

appropriate, reliable and stable source. Thus, it is important for companies to know how many 

investors will be in the capital markets and how much capital support they will provide to companies. 

Since the economy is an accelerator at many directions in the working field of the business, etc, the 

estimation of the Turkish stock investor numbers will help to set the budget or many indictors in the 

working of government or many fields business. The balanced economical movement can trust the 

number of investors who play role and support the process of economical evaluation. In this principle, 
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the conditions set by investigation and circulation in the umbrella of economy will also affect and 

support the number of investors. For these reasons, the economy depends many factors which can 

already be populations. Since these factors play role, the estimated number can change and the 

different statistical methods should be performed as well. 

Equipment based on mathematical and statistical perspectives are required for us to model actual life 

created randomly by people who try to live and conduct random occurrences that are not predicted in 

most circumstances. For these reasons, the probabilities appear in the findings of the experiment 

performed on the universe's life. Because the random events we encounter happen whenever users 

touch and play with the experiment, the observations should be described by some functions. 

According to the statistical perspective, several mathematical tools exist in the theoretical component 

of the discipline. We can select one of them to conduct the analysis. We can build a prediction and 

forecasting for the analyzing principle. 

All investors are decentralized, which means that the market is influenced/determined as much by the 

government or bank groups in exchange and the currency can be inflated, and so the currency can be 

changed, rotated, and cycled in various ways. Economic marketplaces are defined by currency buyers 

and sellers; they allow for various payments that affect the economy. Because of the decentralized 

market structure, the currency market is extremely volatile; traders can either make a lot of money or 

face significant loses based on the assessed valuations of important items in the cyclic economy. 

Investors can be the most valuable indicators in the world. In addition to, there can be a merging 

among firms as well, which can lead to increase the numbers of investors (Komáromi, 2006; 

Lhabitant, & Gregoriou, 2008). 

Since the mixing of many factors play role in creating the artificial data sets, many summarizing 

statistics should also be given to depict or try to discover the role of factors as many as possible to do 

so. In other words, the maximum value of a data set can be regarded as another population which is 

a moved one from a population. The same approach can be considered for the case in which the 

minimum value of a data set is chosen. Other summarizing statistics such as mean, median, etc. as a 

central tendency of population can also be used to summarize the whole data completely. Other 

statistics such as standard deviation, mean absolute deviation, etc. should be provided to see where 

and how the data sets behave or occur. 

In this study, we estimate the number of Turkish stock investors. The true data set for Turkish investor 

numbers will be utilized to estimate how many Turkish investors are computed in order to give a 

suggestion for economic actors. The economy, in particular, is a critical role in establishing favorable 

economic conditions. Section 1 gives a quick summary of the preliminary information provided by 

the literature. Section 2's research technique provides an introduction to the kernel estimation method. 

Section 3 presents the key findings. The final section of the article is reserved for the paper's 

discussions and conclusions. 

Literature review.  
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Kernel density smoothing, like the histogram, is a technique for identifying structure in the data 

without the use of a parametric model. The formula for the kernel density estimator is 

𝑓(𝑥; ℎ) =
1

𝑛ℎ
∑

𝐾(𝑥 − 𝑋𝑖)

ℎ

𝑛

𝑖=1

, 

where K is called as the kernel function and guarantees 

∫ 𝐾(𝑥)𝑑𝑥 = 1
∞

−∞

, 

and ℎ is called the smoothing parameter or bandwidth at histogram (ℎ > 0). By downscaling, the 

aforementioned equation can be expressed more concisely 𝐾ℎ(𝑢) =
1

ℎ
𝐾(

𝑢

ℎ
) such that: 

𝑓(𝑥; ℎ) =
1

𝑛
∑𝐾ℎ(𝑥 − 𝑋𝑖)

𝑛

𝑖=1

. 

By centering a scaled kernel at 𝑋 and taking the average of the 𝑛 kernel ordinates there, one can 

derive the kernel estimate. In comparison to regions with fewer observations, the estimate is larger 

the more samples that fall inside a bandwidth. This method is comparable to the histogram method 

in that we are now adding the kernel ordinates over the window width ℎ rather than adding the number 

of observations in a bin. 

The Gaussian distribution or standard normal is one frequent option for 𝐾: 

𝜙(𝑥) =
1

√2𝜋𝜎2
exp (−

x2

2σ2
). 

The random variable 𝑋 is assumed to be normal and 𝑋 ∼ 𝑁(0, 𝜎2). 

The mixture model, which can be thought of as a type of kernel approach, is a helpful tool for density 

estimation. The form of the Gaussian mixture model is 

𝑓(𝑥) = ∑ 𝛼𝑚𝜙(𝑥; 𝜇𝑚, Σ𝑚),

𝑀

𝑚=1

 

with mixing propositions 𝛼𝑚, Σ𝑚𝛼𝑚 = 1 as a summation of weightings. Note that 0 ≤ 𝛼𝑚 ≤ 1. 𝜇𝑚 

and Σ𝑚 are location and scale parameters of the normal distribution.7 [3,4]. 

 
7 https://alain-vandormael.netlify.app/post/ksmooth/, (Accessed on 12.08.2023); 

https://mathematica.stackexchange.com/questions/61827/structure-of-kernelmixturedistribution-and-

smoothkerneldistribution, (Accessed on 12.08.2023)  

https://alain-vandormael.netlify.app/post/ksmooth/
https://mathematica.stackexchange.com/questions/61827/structure-of-kernelmixturedistribution-and-smoothkerneldistribution
https://mathematica.stackexchange.com/questions/61827/structure-of-kernelmixturedistribution-and-smoothkerneldistribution
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Research methodology 

The role of software is inevitable if we need to apply the highly computational process. In order to 

conduct the process, the Mathematica software is used. The statistical viewpoint is about the kernel 

estimation method and its mixing form which provides an attractive and comprehensive competence 

in modelling the data set if the non-identically occurs at high degree or the assumption of being 

identical is violated importantly. The built functions in Mathematica software are capable to perform 

the kernel smoothing techniques precisely. On the other hand, after modelling the data set is 

performed, we can have the sampling form of function or the estimate form of the function 𝑓, i.e., 𝑓. 

Since 𝑓 is determined, the built functions in Mathematica provides a compatible platform to add this 

𝑓 into random generator function in Mathematica, that is,  

RandomVariate[SK[𝑤], 𝑛]; 

where 𝑆𝐾 represents the smooth kernel function: 

SK[𝑤] = SmoothKernelDistribution[𝑥, {Adaptive, Automatic,.1}, PerformanceGoal → Quality]; 

and 

SK[𝑤] = KernelMixtureDistribution[𝑥, Automatic, "SemiCircle"]; 

Comprehending KernelMixtureDistribution, whose PDF SmoothKernelDistribution interpolates, is 

essential for comprehending SmoothKernelDistribution. Simple coordinates for that interpolation 

make up the SmoothKernelDistribution internals (Lhabitant, & Gregoriou, (2008) 

Note that even if the real data set is discrete, it is logical to expect that a discrete data set can 

convergence to continuous data set. For example, binomial distribution can convergence to normal 

distribution (Hastie, et. al., 2009; Casella & Berger, 2021). 

The computational procedure and summarizing 

There are two main buildings which are the modelling on real data sets and the generating data sets. 

The following computational schema is used to perform the computation.  

1. Import the real data set; 

2. Perform the kernel estimation method via KernelMixtureDistribution  and 

SmoothKernelDistribution functions in Mathematica; 

3. Set a random number generation based on the kernel method; 

4. Set the number of sample size in the computationally generated data set; 

5. Get the statistics such as mean, median, standard deviation, median absolute deviation, 

minimum, maximum; 

6. Set these values; 
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7. Summarize and make the graphical illustrations for quickly summarizing the results. 

The following section is divided for the results of the functions in Mathematica. 

Results 

There are two main figures which are based on the sample sizes chosen as 𝑛 = 246 and 𝑛 = 1000. 

The number of first sample size represents the number of real data sets. The second number of that is 

chosen arbitrarily; because, if the number of sample size increased, we aim to observe the behavior 

of artificial data set based on the determined function  𝑓 based on the kernel estimation method.  

The kernel estimation method uses the continuous kernel function such as normal distribution. In the 

Mathematica software, there is an adaptative method based on the behavior of data set.  

The following figures represent the statistics about arithmetic mean, median, scale estimate based on 

kernel method, standard deviation, mean absolute error, its variants such as moments based on the 

kernel method, minimum and maximum statistics as well as percents for the quantile statistics where 

and how the data set takes their values in order to observe which value can be generated for the 

probabilities such as 0.01, 0.25, 0.50, 0.75 and 0.99. These probabilities can be alternative statistics 

for the minimum and maximum values as well. 

It is importantly noted that when the maximum values are taken into account, it can be observed that 

there is a potential estimation for the values being lower 5 million. However, since we perform an 

estimation procedure, it is logical to expect that there can be over 5 million. That is, it is confidently 

said that we can estimate values around 5 million for the numbers of Turkish stock investors.  

On the other hand, the estimated value can be supported by means of the confidence interval as given 

below: 

𝜃 + 𝑧𝛼
2

√𝑉𝑎𝑟(𝜃), 

where 𝜃 represents the maximum values of the statistic occurred due to the replicated form conducted 

by simulation. In this case, [5 − 2 ∗ 1,5 + 2 ∗ 1] = [3,7] as a confidence interval of the maximum 

values. 
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Figure 1: The statistics about the artificial data set when 𝒏 = 𝟐𝟒𝟔 (continue) 
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Figure 1: The statistics about the artificial data set when 𝒏 = 𝟐𝟒𝟔 (continue) 
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Figure 2: The statistics about the artificial data set when 𝒏 = 𝟏𝟎𝟎𝟎  
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Figure 2: The statistics about the artificial data set when 𝒏 = 𝟏𝟎𝟎𝟎 (continue) 

Figure 1 and Figure 2 are mainly same statistics for the sample sizes 246 and 1000, respectively. The 

figures 1 and 2 cont. (a) represent the numbers for the statistics based on the maximum value. In 

addition, the scale estimate used for the confidence interval is given by the figures 1 and 2 cont. (c).  

The values from these figures labelled as (a) and (c) are responsible to construct a confidence interval 

given above. It should be noted that since these estimates for the scale parameter can be expected to 

be near or over 1 million due to the fact that we perform an estimation procedure. 

Discussion and conclusions  

Since the kernel method is used to estimate the numbers of Turkish stock investor, the results of 

computational procedure have been based on the data-adaptive approach; because, the empirical 
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cumulative distribution function is mainly used in the kernel estimation method. In other words, the 

main idea in the kernel is the empirical probabilistic behavior and so the estimated values from the 

generated data based on this empirical probabilistic behavior have been observed around the values 

of real data. The estimated values for the maximum value of statistics are around 5 million for Turkish 

stock investor. The upper bound from the confidence interval is around 7 million. It is generally 

commented that we can accomplish to perform a good estimation for the numbers of Turkish stock 

investor and the kernel estimation method is performable to conduct a good estimation for such real 

data sets. 

The forthcoming studies will be based on the parametric approaches and the mixing of the parametric 

models. 
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Appendix: Turkish Stock Market Investor Number 
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