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ABSTRACT

The methodology and technologies of application of Data Mining tools at the analysis of social phenomena on an example of the analysis of family relations are designed. The system of prediction of duration of a marriage for various cases is created. Multifactor computing models of a marriage that capable to approximate influence of the complex of the internal and external factors on duration of a marriage are constructed. 
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1.  Introduction

The social systems belong to the class of super complex systems. They include various subsystems and units, are characterized by a lot of parameters. Their development depends on interaction of the various internal and external factors. Therefore a creation of their models is accompanied always by large difficulties. From this point of view, the problem of development of methods of simulation of social systems on the basis of modern methods of data analysis is very actual. 

A family is example of a complex social system. A formation of family and a disintegration of family (divorce) are one of the most spread social phenomena. On the well known data of sociological interrogations, a family is considering as the most significant orb of life by both young and elder, both rich and poor people. Therefore research problems of the family relations are very important. In particular, the tasks of determination of conditions of formation a long-time ("happy") family, diagnostics of the existing family relations, determination of reasons of family crisis origin, development of ways of preventing of family crisis are very important.
 But now there are no scientifically justified quantitative criteria of determination of perspectives of the family future and diagnostics of an existing family, there are no multifactor quantitative models of the family relations. The complexity of the family relations, in which are interlaced psycho physiological, social, economic, etc forces, is a main reason. From this point of view, methods of Data Mining (DM) could be considered as perspective methods of simulation, because they allow simultaneously analyzing of both quantitative and quality data, allow gaining of multifactor computing models. Earlier we have been used DM for development of calculating models for solution of inverse and direct problems of optics by means of incomplete data in particular by means of “one-point measurement” [1], for determination of temperature profiles in burning wave of propellants by means of measurement of burning rate [2,3], for a prediction of wave form on a free surface of fluid (a task of tsunami) [4], for a creation of a model of automatic control system of boiler unit during transient processes [5], for a creation of a model of deflagration-to-detonation transition under various experiment conditions [2], for a creation of a model of prediction of regularities of energetic materials under various pressures and characteristics of composition [3,6].
The purpose of the work is to make the first step for a development of methodological base and technologies of DM application at a creation of new models of social phenomena on an example of the analysis of the family relations. In particular the purpose of the work was the DM application at the data analysis about divorced families and solution of the concrete task – the task of a creation of quantitative computing models of the family relations. The address of our work Web site is http://www.chuvsu.ru/2008/proekt.html
2.  Research Techniques, Results and Their Discussions
The data of divorced families (more than 200 interviews) were used for execution of the work. The list of a part of the data (questions) is presented below.

A part of data (questions) of divorced spouses
1. Age of groom and bride at the time of wedding

2. Was there ante nuptial pregnancy?
3. A number of children (at the time of divorce)

4. A number of marriage (for groom and bride at the time of wedding)

5. Was there a violence in a family (physical, psychological, both physical and psychological)?
6. Was there husband or wife alcoholism?
7. The type of groom parent family (complete, incomplete, another type)

8. Are there the brothers or sisters? How many?

9. The relations in parent family of a groom (good, not so good, poor)

10. The type of bride parent family (complete, incomplete, another type)

11. Are there the brothers or sisters? How many?

12. The relations in parent family of a bride (good, not so good, poor)

13. The marriage duration
The full list of the questions is presented on the work Web site: http://www.chuvsu.ru/2008/proekt.html (in Russian). 

The DM tools included in the analytical platform Data Fusor [7] were used for the analysis: correlation analysis, decision trees, and artificial neural networks (ANN) [8]. The main attention was paid to detection of regularities existing in the data and a creation of the ANN quantitative models of family relations. The marriage duration (MD) was selected as the goal function of models. 
The examples of some results obtained which illustrate only some possibilities of DM and the comments to models obtained are represented in Fig. 1-4. 
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Fig. 1. The screen of model of the family relations (correlation analysis)

The correlation analysis is applied to an estimation of dependence of the goal function from the input factors and elimination of the insignificant factors. The correlation can be positive and negative. The situation of lack of statistical interrelation for example for independent random quantities is possible also. The correlation analysis is applied, when it is possible to guess that there is a linear relation between the goal function and input factors. The method of correlation analysis (Fig.1) was standard. It has been used both for analyze the family relations and for preliminary estimation of concernment of the factors of family relations. In the left column "input fields" are the factors, in the right column “Correlation with output fields”: in the first line is a title of the goal function – MD. In the inside right column: value of correlation (digit as a decimal fraction). The color elongate rectangles are the graphics mapping of the value of correlation. 

Taking into account that the value of correlation more than 0.6 means, that there is a high connection between an output field (in this case, MD) and the factor, and correlation smaller 0.3, that there is no connection, and intermediate values, that there is a some connection, the results obtained depict, that: 

- There is the large correlation of the factor “age of the first child” with MD. However it is natural, because longer marriage, more age of the first child is. 

- There is an enough large value of correlation of the factor "beats" (physical violence), and it can be considered as the negative factor from the point of view of MD.

- The factor “husband does not work" has small value of correlation. 

- The other factors are significant somewhat. 
It once more confirms that the family relations are influenced by many factors and they should be taken into account at a creation of models of the family relations.
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Fig. 2. The screen of model of the family relations (decision tree)
The method of decision trees are a tool of a solution of a problem of reference an object (data set for concrete family) to one of beforehand known classes. A researcher itself set classes.  Decision trees is a qualifier obtained by means of a set containing objects and their characteristics. 
The method of decision trees was standard. Output parameter was MD. It is shown, how the method of decision tree allows to work out "rules", which determine when MD will be less than 10 years, and when MD will be more than 10 years.
Unrolled "branches" of decision are visible in the top of Fig.2. Each branch of decision is divided into two "colors" – red (dark) and green (light). The red color means that MD is “more than 10”, and the green – “less than 10”. To the right of "branches" the "rules" are indicated which depict, when MD will be less than 10 years, and when - more than 10. The same rules represented in a bottom part of Fig.2 together with the indicating of reliability of each rule. 
Let us consider an example. Compare, please, the condition 2 and 3 and their consequences in the Fig. 2. The comparison depicts that DM is more than 10 years if the bride age (“she before marriage”) less 21,5 years as well as  DM is less than 10 years if the bride age more 21,5 and quantity of children equal 1. 
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Fig. 3. A part of the screen of model of the family relations (artificial neural networks). Dependence of MD from the number of a marriage for the husband and wife

The computing models of the family relations were created by means of ANN. 
The ANN can be considered as an universal tool for multidimensional approximation. The Kolmogorov-Arnold theorem dealing with the capability of representing multidimensional functions by means of superposition of functions of one variable is a basis of ANN application. It permits the use of ANN for solving problems of approximation of multidimensional functions in all cases, when usual methods of approximating either can not be utilized, or give poor results. The ANN methods can induce realistic models of complex systems from experimental data. Therefore the ANN can be used for construction of multifactor quantitative forecasts. Main advantage of ANN technologies for simulation is that they can be used to solve problems that have no algorithmic solution. With ANN, legitimacies of a system behavior on a basis of “inexact data" (or incomplete data) about the characteristics of the system may be revealed. This is especially important when the system is characterized by many parameters and the determination of part of them is technically unfeasible. 

To train the ANN we used the well-known algorithm of “back propagation of error” [8]. The number of hidden layers of ANN was 2, the number of neurons in it was 4 in each, the sigmoid function was selected as the neuron transfer function (with a coefficient 0.5), and the learning rate during training was 0.1. A condition when the number of “epoch” gets 10000 was selected as the stopping condition. The ANN models allow to determine (to predict) MD for the people who are going to marry, and for the people living now in a marriage. These models represented in two sorts: models intended for the experts in area of DM and models intended for the users (not the experts). The first models allow to change the scripts of the analysis of the data and to build the versions of models on the basis of the own data. The last allow to gain a prediction of DM on the basis of own data without change of the script of the analysis of the data and model. In this case, a work of an user do not requires any knowledge, except for knowledge of bases of working with a computer. We are ready to pass the model to those who wish to have it for own usage. 
The computing model (Fig.3) depicts, that the most value of MD (among divorced marriage) was for marriages, which were the first for her and the second for him. The case, when the marriage was the first both for him and for her, is a few worse from the point of view of MD. Most "poor" marriage was the marriage which is the second for her and the first for him. It is interesting to mark, that such allocation is saving at change of any other factors. The data confirm the results which were obtained with the help of the “decision trees”.

[image: image5.jpg]Neuronet graph X Whatdf X | Training set X | Scatter chait X

B <o f e > n QA

Fiold
= Vg
ab The clinart
9. She before mariage
9. He before mariage
ab pregnancy before
9.0 quanily of chiden
20 yeaiso st chid
ab Numberof mariage
ab violence
ab an dlccholism
ab change
ab does notwork
ab characters
ab separae esiding
ab does ot vish to .
ab There s oher love
ab beats

U LE- b %-

Value.

17
the fist at she, th fst athe.
Physical and psychological
vos

vos

ves

2
25
2
305
22
Jos
513
g85
E1s
475

17

185

hysical and psychological

There are na data

duration of Merriage





Fig. 4. The full screen of model of the family relations (artificial neural networks). Testing of model on the data which are not participating in training

On the Fig. 4 in the left column (fields) the titles of data-ins of model and, below, one output parameter - MD are indicated. In the right column are presented their values. In reality the marriage had been broken after 14 years. The model has shown MD equals 16 years (15,89). It is possible to consider the outcome satisfactory.  

In the bottom of Fig. 4 the graph of dependence of MD (for the concrete family relations) from violence is indicated. It is visible, that the presence or absence of violence weakly influences on duration of this marriage.
Among other examples of the results obtained we would like to mark as follows:
- The ante nuptial pregnancy decreases MD, but the class of families is detected, for which the ante nuptial pregnancy, on the contrary, enlarges MD. It is observed for families having many children (2 and more). 

- The presence of violence does not depend on MD, it depends from age of the spouses.
- If violence was not in parent family of the husband, it absents in their family too. If violence was in parent family of the husband the probability that violence will be in his family more high.

- If spouses parent families were incomplete the MD is more than in the case when spouses parent families were complete.

- The presence of the second child positively influences on MD. 

- There is a tendency to decrease of violence in the second marriage, and this tendency is more in the second marriage for the woman, than in the second marriage for the man.

3.  Conclusion parts
3.1 Outputs
1. The methodology and technologies of DM application at the analysis of social phenomena on an example of the family relations in divorced families are designed.  
2. The system of prediction of MD for various cases is created. The system allows putting on computing experiments for determination of MD. 
3. Multifactor computing models of a marriage capable to approximate influence of the complex of the internal and external factors on MD are constructed for the first time. They also have possibilities of framing of measures promoting to extension of a marriage. 
4. The DM tools allow to expand possibilities of social phenomena research essentially, to construct new computing models of social phenomena.
3.2 Conclusions

On the basis of the analysis carried out, on the basis of an analysis of the literature about family relations, and also during discussions of outcomes of the work on forums of Web-sites devoted to family relations, we have developed four types of interview for sociological interrogations. They are represented on the work Web site, can be filled on-line and can be used at research of various types of the family relations. They are intended for the following types of the future respondents: divorced spouses, married spouses, married spouses who consider its marriage as a “happy" marriage (with a MD more than 20 years), groom and bride, and also people who are not having the pretender to a role of the future spouse. The data gathering according to this questionnaire - interviews will allow to put and to solve new tasks of family relations research.
We think that the work can be considered as a start of a “big” work of many the “data mining investigators” in this direction that can be considered as a real-world problem.
The outcomes obtained depict, that DM can be considered as perspective methods at problem solving and simulation for other social phenomena, in particular, at the analysis of such problems, as search of job and selection of staff (warning of fast "divorces" of firm and worker). 
3.3 Schedule of further work 

A schedule of further work involves: 

1. A collection and processing of new sociological data with the help of new interviews (that will be obtained by means of Web technologies). 

2. Usage of other parameters of the family relations: a number of children, common satisfaction by a marriage as the additional goal functions.

3. Development of measures of rendering assistance to young families, measures of social protection of institute of family as a whole. 

4. Development of the methodical guides for the sociologists that will help them during a carrying out of an analysis of the data by means of DM. 

5. Development of ready platforms for the data analysis in the field of family relations.

6. Investigation of DM possibilities in a work of personnel services and agencies.
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