Topic 3 Review of modern methods of statistical analysis (dispersion, multivariate, cluster). (1 hour.)

1  Concept of one-factor analysis of variance

2 Concept of cluster analysis

3 Analysis of survival of patients the method of Kaplan - Meier

1 Concept of one-factor analysis of variance

Analysis of variance is a set of statistical methods designed to test hypotheses about the relationship between a certain feature and the studied factors that do not have a quantitative description, as well as to determine the degree of influence of factors and their interaction. In the literature, analysis of variance is often referred to as ANOVA (from the English name Analysis of Variations). This method was first developed by G. Fisher in 1925. 

Factors called controlled factors that affect the final result. The level of the factor or method of processing, called the values that characterize the specific manifestation of this factor. These values are usually presented in nominal or ordinal scale. The value of the measured feature is called response. 

Often the initial values of the factors are measured in quantitative or ordinal scales. Then there is the problem of grouping the original data into series of observations corresponding to approximately the same value of the factor. If the number of groups is too large, the number of observations in them may not be sufficient to obtain reliable results. If you take it too small, it can lead to the loss of significant features of the influence of the studied factor on the system. The General grouping methodology is described in section 1. The choice of a particular way of grouping data depends on their size and the nature of the variation in the values of the factor. 

The number and size of intervals in univariate analysis is most often determined on the principle of equal intervals or on the principle of equal frequencies. In multivariate analysis, three types of grouping are used:

- groups with equal number of observations; 

- groups with different number of observations;

- groups, the number of observations in which correspond to a certain proportion. 

In this case, there are certain features of data processing, depending on the type of grouping, which are not discussed in this guide.

Factor analysis is a method of multivariate mathematical statistics used in the study of statistically related features in order to identify a certain number of hidden factors from direct observation. Developed for the needs of psychology, factor analysis has subsequently become widespread in Economics, medicine, sociologists and other Sciences, which have a huge number of variables, of which it is necessary to identify the leading.

The main purpose of univariate analysis is usually to assess the impact of a particular factor on the studied response. Another goal may be to compare two or more factors with each other in order to determine the difference in their impact on response, which is often referred to as the contrast of factors. The preliminary step is to check the null hypothesis about the absence of any influence of the studied factor (s), that is, the hypothesis that the changes in the values of the characteristic in the compared samples are random, and all the data refer to one General population. 

If the null hypothesis is rejected, the next step is the quantitative assessment of the influence of the studied factor and the construction of confidence intervals for the obtained characteristics. In the case where the null hypothesis can not be rejected, it is usually accepted and concluded that there is no influence. But, if there is reason to believe that such an impact should be present (for example, this may result from theoretical ideas about the object of study), it is necessary to check the presence of other factors that can mask it. 

In single-factor analysis of variance, the original data is presented in tables where the number of columns is equal to the number of factor levels, and the number of values in each column is the number of observations at the appropriate factor level. For different levels of the factor, the number of observations may be different. 

At the same time, it is assumed that the results of observations for different levels are samples from normally distributed populations, the mean values and variances of which are the same and do not depend on the levels. The task of the analysis is to test the null hypothesis of the equality of the average values of the populations that are considered.

2 Concept of cluster analysis

Cluster analysis (eng. Data clustering) - the task of dividing a given selection of objects (situations) into subsets, called clusters, so that each cluster consists of similar objects, and objects of different clusters differ significantly. The clustering problem is related to statistical processing, as well as to a wide class of unsupervised learning problems. Cluster analysis is a multivariate statistical procedure that collects data that contains information about a sample of objects, and then orders the objects into relatively homogeneous groups — clusters (Q-clustering, or Q-technique, cluster analysis itself).

The main purpose of cluster analysis is to find groups of similar objects in the sample. The range of applications of cluster analysis is very wide: it is used in archeology, anthropology, medicine, psychology, chemistry, biology, public administration, Philology, marketing, sociology and other disciplines. However, the universality of application has led to the emergence of a large number of incompatible terms, methods and approaches that make it difficult to unambiguously use and consistent interpretation of cluster analysis.

Quite a lot of research aims to organize the data into visual structures. So, in biology, often the goal is to split the totality of animals into species and subspecies, in psychology – the classification of behaviors, in pedagogy – taxonomy of educational purposes and the like. Cluster analysis can help to do this. In fact, cluster analysis is a set of different classification algorithms. Clustering technique is used in very different fields of activity. Thus, the authors of the textbook Statsoft give examples of the use of cluster analysis in medicine is the clustering of the exposed symptoms of the disease or treatment, and obtained quite an interesting classification.

Cluster analysis has one significant feature – it is not a conventional statistical method, because it is in most cases not applicable to the processes of checking the statistical significance. Cluster analysis provides the most possible-meaningful solution. That is why it is often used when the researcher has a set of data, but has no a priori hypothesis about the classes of this data. 

Peculiar properties. Before proceeding directly to the clustering algorithms, we highlight a few remarks that should be taken into account using cluster analysis: 

a. Most methods of cluster analysis are rather simple heuristic procedures, which, as a rule, have no statistical justification. 

b. Different clustering methods can produce different cluster solutions for the same data. This is a common phenomenon in most applied research, that should first choose the most meaningful solution, and secondly-always indicate which method of clustering was used. 

C. Using cluster analysis, the researcher aims to identify the structure of the data. At the same time, the effect of cluster analysis is to introduce structures into the analyzed data. That is, clustering can lead to artifacts (identifying the structure in data that does not have it).

d. A meaningful solution in cluster analysis can be chosen only when there is a basis for its understanding - the theory. Without a theoretical model, without a hypothesis about the data structure, there is a danger of naive empiricism, when the results of clustering are accepted to the truth in the final instance.

The following stages of work can be distinguished:

1. Realization of research.

2. Prepare data for cluster analysis.

3. Choice of cluster analysis method.

4. Select a measure of the distance between objects and its calculation.

5. The choice of clustering strategy.

6. Application of the chosen strategy for the formation of clusters.

7. The test results of the cluster analysis on the meaning and their interpretation.
3 Analysis of survival of patients the method of Kaplan - Meier

Kaplan-Meier ESTIMATE (KAPLAN-MEIER ESTIMATE, son. Product-limit method and printing method) is a nonparametric method of compiling life tables or survival. Combines calculated survival probabilities and estimates; provides for censorship, which is assumed to occur randomly. The time intervals for which the calculation is performed always end when the event occurs (death, elimination) and are therefore unequal.

Kaplan-Meier method is used to estimate the proportion of objects of observation (patients) in which the event did not occur (survival function, survival) for any given time during the entire period of observation. Since the breakdown of data by time intervals (grouping) is not carried out, the essence of the Kaplan-Meier method is somewhat different from the survival tables. At the same time, the results obtained by these two methods are fundamentally similar in meaning. The Kaplan-Meier survival function estimate is the product of survival at a given time of survival at the next time the event occurred.

Like the survival tables, the Kaplan-Meier method is fully used to censor the data. For calculations, the actual number of objects for which the event did not occur at any time for which the assessment is carried out is used. Note that the censoring of data may affect the assessment of survival function, and therefore the Kaplan-Meier method uses the following assumptions: a) censored objects ( "retired") have the same survival rates as those that continue to be observed (t . E. redaction does not affect the prognosis of survival); b) estimates of survival are the same for the objects included in the study at an earlier or later date; C) the event occurs at the time under consideration. The latter assumption may artificially overestimate survival if measurements are rarely made, since the time of occurrence of the event is postponed until the next survey.

Kaplan-Meier method is widely used in clinical trials, for example, to evaluate the effectiveness of a new drug in the study group compared to the control (placebo) group. For example, we want to determine the proportion of patients who have 2 weeks after the start of a new drug cholesterol level in the blood has not decreased (as expected) to a certain value; cholesterol determination is made once a week. Suppose that the effect was observed in 5 out of 50 patients during the first week (survival function assessment 0.90; calculated as (50-5) / 50). Of the 45 patients who did not experience a decrease in cholesterol until the beginning of the second week, the effect was observed in 9. "Survival" during the second week was thus 36/45 = 0.80. Total two-week survival (the proportion of patients who had no effect) in this case was 0, 90x0, 80 = 0.72. Since the multiplication operation is used for calculations, the Kaplan-Meier method is also called a multiplier estimate.

A graphical representation of the Kaplan-Meier method is to construct a survival curve, which reflects the proportion of patients whose expected event did not occur until a certain point in time. The time intervals are determined either by the periodicity of the control surveys or the time to the event in real time (if the moment of the event origin is known). When the object of observation has the expected event, the proportions are recalculated left in the study of objects whose event did not occur, which is displayed as a "step" down on the curve, as shown in figure 1

drawing. 1. Kaplan-Meier method (example). Vertical strokes reflect censored observations, "steps" down - the origin of the event.

The curves constructed using the Kaplan-Meier method are often used to assess the survival or disease-free survival of cancer patients.

The apparent advantage of the method is that it does not require knowledge of the expected shape of the survival curve or the distribution of survival over time. On the other hand, being a descriptive tool, Kaplan-Meier method has the disadvantage that it does not allow to compare survival between groups, i.e. to assess the reliability of differences in survival curves.

For censored but not grouped observations of lifetimes, the survival function can be evaluated directly.

Let the chosen points in time.

For each moment of time we estimate the probability to survive this moment. Such an estimate would be the ratio of the number that experienced that moment to the number observed up to that point. Then, according to the rule of probability multiplication, multiplying the probability of survival in each interval, we obtain the following formula.

The estimate of the survival function is calculated by the formula
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where
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 the number of objects that survive to the point in time, excluding the eliminated,
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 the number of objects for which the result occurred at a time,
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 the probability of an outcome.
Note that you can multiply the value only for those moments of time when at least one result occurred, because [image: image5.png]
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 a multiplication by one does not change the result.

This estimate of the survival function, called the multiplier estimate, was first proposed by Kaplan and Meier (1958).
