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Introduction 

This course handles various methods of solving popular statistical tasks like probability density 
estimation, describing the dependence structures via regression models, providing statistical 
tests, and the reduction of dimension. All methods, considered in this  course, require only few 
assumptions about the probabilistic properties of the model, from which the data is obtained. 
For instance, they forgo the assumption that the original distribution is normal. 

In this course, we show the implementation of considered appoaches in statistical software 
(preferably in the R-language), and demonstrate how the subsequent application of different 
methods leads to complete statistical analysis of the real-world problems.  

 

Content 

Part I: Probability density estimation. 

1. Estimation of the distribution function. 
2. Histogram as a density estimator.  
3. Bias-variance tradeoff. General concept and particular results for the histogram. 
4. Bias-variance decomposition for histograms.  
5. Minimization of AMISE for histogram: Scott and Friedman-Diaconis rules for 

bandwidth selection.  
6. Other ideas for choice of the amount of bin: Sturges rule.  
7. “Pretty” procedure in the R language.  
8. Kernel density estimates.  
9. Bias-variance decomposition for kernel estimates.  
10. Minimization of AMISE for kernel estimates with respect to the kernel: Ep-

anechnikov kernel. The notion of efficiency of a kernel. 
11. Minimization of AMISE for kernel estimates with respect to bandwidth: nrd and 

nrd0 options.  
12. Cross-validation (biased and unbiased) for the probability density estimators.  
13. Plug-in estimates for bandwidth selection: Park and Marron estimate.  

 

Part II. Nonparametric regression. 



1. Linear smoothers. First examples: regressogram and local averages. 
2. Cross-validation  for regression models.  
3. Local regression. The Nadaraya-Watson kernel estimator. 
4. Spline approach: wavelets, multivariate adaptive regression splines (MARS). 

 

Part III. Nonparametric tests. 

1. Tests on the location parameter: Wilcoxon, sign test. 
2. Two-sample location problem: Mann-Whitney test. 
3. Tests for many samples: Kruskal-Wallis test. 
4. Testing the independence: Kendall’s test. 

Part IV. Dimension reduction techniques. 

1. Principal component analysis. 
2. Independent component analysis. Negentropy and curtosis. 
3. Projection pursuit regression. Alternating procedure. 
4. Neural networks. Single-layer perceptron.  
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Student evaluation 

 

The final evaluation grade of the students is calculated according to the formula: 

[Final mark] = 0.3 * [cumulative mark for the work during the modulus] 

+ 0.7   * [mark for the final test]. 

 

The cumulative mark for the work during the modulus is based on the mark for the home tasks 
and on the activity during the seminars.  If the student missed 5 pairs or more, the final mark 
can be reduced by 25 %.  
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