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Abstract

In the paper results of study on the influence of inadequate information on the estimation of survival curve using the Kaplan-Meier method will be presented. Authors carried out the time of being unemployed analysis for people unregistered from the District Labour Office in Szczecin in the IV quarter of 2006. Methods of survival analysis allowing censored data applying were used. In the described study these are the people that have been unregistered due to different than finding job reasons. In their case one can suppose that they took a job but did not report it to the office. This information may have essential influence to the course of survival curve describing probability of being unemployed (in register) for specific period of time.
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Introduction

The study was carried out on the basis of the methods of survival analysis. Generally, this is a set of statistical procedures for which randomized variable is the time between certain events or the time of the process. An event results in moving from one state into another (e.g. an individual’s death, machine failure, company’s liquidation, withdrawing from the register of local labour office). The period between the initial state and the event is called survival time. Setting the probability that an individual survives consecutive time values “t” we calculate survival function. These functions set for two or more samples can be compared. An example of a randomized variable in this case is the time of registration of the unemployed in the local labour office.
In the programme of statistical research for year 2008 within labour market research, analysis of registered unemployment was implemented
. The goal of such permanent analysis is retrieving the data about the number and structure of unemployed, registered in employment bureau, with respect to demographic and social features, professional experience, time of being unemployed and fluctuation of unemployment with consideration of territorial sections and diagnosis of situation on the labour market within the area of unemployed population, registered in employment bureau and realisation of activities for promotion of employment (help in active job finding), also containing information about number of job offers in employment bureaus.

The goal of the research is indication, how classification of data can influence interpretation of results.

Statistical data and its ciphering

Quantitative data referring to the labour market are essential in evaluation of economic situation of a country or region. However, aggregated data cannot fully characterise this market. Apart from unemployment rate, number of unemployed in various sections, inflow and outflow of unemployed and number of job offers, very important is „quickness” of leaving the unemployment. It is very important, how long unemployed persons look for job. The negative effect of long-term unemployment on unemployed person's, his/her family and wider environment situation was described not only by the economists, but also bi sociologists. Analysis of time of being unemployed must be conducted on the basis of individual data. Such data, referring to the unemployment, may come from Research of Population's Economic Activity or from the register in the employment bureau. Researches based on inquiries of Research of Population's Economic Activity were lead among the others by T. Bednarski [1]. The Author wrote about research problems connected with absence of respondents drew to the sample, who were assumed to have been analysed four times during one and a half year. This is called the censorship. In performed several times researches it is connected with prolongation of time of looking for a job beyond the analysed period and also with units „leaving” the sample during the analysis.

Performed in this paper analysis was based on statistical data obtained from the Local Labour Office in Szczecin. They refer to the unemployed persons that were signed out in the IV quarter of 2006. It is a retrospective analysis. Full information was considered as signing out because of finding a job, while the other causes resulted in qualification of data as censored observations. The analysed period ends on December 31st 2006 without specification of its beginning. All analysed persons were signed out in the IV quarter of 2006. For analysed unemployed persons the following features were obtained: moment of signing in the bureau, moment of signing out, sex, age, education are cause of signing out. Finding a job was treated as the full observation and was ciphered as 1. Censored data was ciphered as 0. It should be stated that censored time is not the time of looking for a job. Some reasons of signing out cannot be connected with not reported job. The following causes are doubtful: going abroad, not coming to the office in fixed date, request for signing out. According to this, the Authors decided to use two different approaches to censoring the data. In the first approach, the full observation was considered only as signing out because of finding a job (also self-employment). The second method of censoring, a list of causes that may result in finding a job was extended. It may have great impact on results of analyses referring to estimation of distribution of time of being without a job.

Table 1 shows structure of unemployed signed out from the Local Labour Office in Szczecin in the IV quarter of 2006 with respect to age, sex, education and age. Total 5,074 persons were analysed. The research did not cover unemployed persons being on trainings. In such cases there is no formal establishment of job agreement and therefore such persons are not included in analysed data.

Tab. 1. Number of unemployed of persons with respect to sex, education and age intervals with use of two methods of censorship.

	Characteristic
	Censoring I
	Censoring II

	
	Observations

	
	uncensored
	censored
	uncensored
	censored

	Gender
	Females
	1192
	1277
	2287
	182

	
	Males
	953
	1652
	2444
	161

	Education
	· lack or incomplete primary,

· primary,                          (1)

· lower secondary,             
	529
	1226
	1600
	155

	
	· basic vocational,            (2)
	427
	628
	976
	79

	
	· general secondary,         (3)
	215
	273
	463
	25

	
	· 4-year vocational secondary,

· Vocational secondary,

· post secondary,               (4)
	456
	485
	883
	58

	
	· higher (tertiary) or college 

                                          (5)
	518
	317
	809
	26

	Age
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                             (1)
	516
	703
	1167
	52
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                             (2)
	798
	920
	1663
	55
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                             (3)
	358
	459
	772
	45
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                             (4)
	385
	634
	900
	119
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                             (5)
	77
	173
	196
	54

	
	
[image: image6.wmf])

65

,

60

                             (6)
	11
	40
	33
	18

	Total
	2145
	2929
	4731
	343


Presented in Table 1 numbering of particular variants of sex and education and age intervals will be used in further presentation of results.

Product-Limit-Estimation

Nonparametric models for a randomized variable of survival time are used if an analytic nature of distribution is unknown. The theory of estimation of certain functions in this case is very complex and extensive. The oldest nonparametric model is a life table. A traditional method of the construction of such tables gives nonparametric estimation of survival function, density function, the hazard indicator for a given period of time. One of the limitations of this method is the necessity to group times of observation into intervals of equal length
. Thus, when studying the time of process duration other methods are used. An example of these is Kaplan-Meier Product- Limit- Estimation
 method used for the construction of life tables. This is a nonparametric method, including the occurrence of censored observations
, and thus, the incomplete data. In this case there is no need to construct the intervals for time variable, but only to put in order the episodes according to time duration. Every point in time when at least one event occurred is ascribed risk value.
In 1958 E.L. Kaplan and P. Meier proposed method of estimation of survival function
:
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where:

ti – point in time, where at least one event occurred and 
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di – number of events in time ti,

ni – number of units observed in time  ti; 
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zi – number of cut observations in time ti.

Analysed sets can be divided into groups with respect to analysed features. For every group there is possibility to estimate survival function and analysis of significance of differences between them.

Survival time can be compared in two or more groups. Because distributions are unknown, non-parametric test must be used. Such tests are based on rank order of survival times. In case of two groups the following tests can be used: Gehan's generalisation of the Wilcoxon test
, the Cox-Mantel test, the F-Cox test, the log-rank test and Peto and Peto generalisation of the Wilcoxon test
. There are also tests for comparison of many groups. Unfortunately, there are no widely accepted methods of selection of test in given situation because it depends on sample size, existence of cut data, distributional information
. In most tests statistics converge asymptotically to the normal distribution. Such fact is used to testing statistical significance of differences between samples. Most tests give reliable results only for large samples, while effectiveness of tests for small samples is less known.

In the survival analysis it is significant to consider units that in given moment belong to the population and from the moment of censorship they are not considered. In case of unemployment, the chance of finding job depends on total number of unemployed in given period no matter if in the future they will be signed out because of finding the job or any other reason. Figure 1a presents the course of survival curves (probability of remaining in register) of unemployed with use of two methods of censorship.

Consideration of certain causes of signing out as finding job causes change of course of survival curve and indicates on faster leaving the unemployment, what influences significantly adaptive capabilities of the local labour market.
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Fig. 1. Estimators of Kaplan-Meier survival curves considering two methods of censorship: a- total number of unemployed people, b- unemployed with respect to sex, c- unemployed with respect to education, censorship I, d- unemployed with respect to education, censorship II, e- unemployed with respect to age, censorship I, f- unemployed with respect to age, censorship II.

Source: own calculations.

Figures 1b-d present comparison of course of curves characterising probability of remaining in the register for unemployed with respect to sex, education and age
 by using two methods of censorship.

In all analysed cases the second method of censorship indicates on shorter time of looking for a job. Also the differences between particular categories of sex, age and education decreased, while in both cases persons with higher education and the youngest found the job at the earliest.

The authors of the article used Gehan’s test for two samples
 to verify the hypothesis of the equality of survival functions H0: S1(t) = S2(t). First, using Mantel’s procedure, each survival time is ascribed points. Then, statistical value is calculated on the basis of the sum of these points (for each sample).

Given are two samples 
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 respectively which must be ordered increasingly. Data can be ordered in two ways. First, the uncensored observations from both samples should be put in an increasing sequence giving them consecutive natural values, and in the place of censored observation put the value of the closest consecutive uncensored observation. Then, recurrent observations in two samples must be reduced to a smaller value. This way we arrive at a sequence whose terms can be marked as
[image: image16.wmf]i

R

1

. Now another sequence of values must be created. All observations must be put in a decreasing sequence. Next, we substitute every censored observation with value equal 1. In this way, the value sequence marked as 
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 was created. Let set A be the set of indices i which are ascribed to data concerning the first sample. Statistics G is calculated as follows:
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The calculated value is compared to critical values of standard normal distribution at a certain level of significance. 

This test was performed first for all groups of given feature and subsequently for pairs of groups. Assuming significance level at 0,05 it can be stated that analysed sub-groups of unemployed, allocated with respect to education, age and sex have different survival times. Therefore these features have influence on the process of signing out from employment bureau.

The course of function characterising probability of not finding the job by using two methods of censorship is presented on Figure 1b. Analysis of this figure indicates on decrease of differences between probability for women and men after subsequent months after registration. It should be noticed that using first method of censorship, women found job sooner than men. However, changing the range of reasons of signing out considered as finding a job, man left unemployment sooner than women. So it can be supposed that such reasons as: going abroad, not being in the bureau, petition for removing from records that can indicate employment are more frequently given by men.

Analysis of groups with respect to education showed significant differences between them. After comparing pairs of each group the Gehan test indicated lack of significant differences:

· between group 3 and 4 at censorship I, or between persons with medium liberal education and medium professional education (p = 0,9363),

· between group 1 and 2 at censorship II, or between persons with at most junior high education and basic professional education (p=0,3439).

Analysis of figure 1 e, f gives several important conclusions. Finding a job is strictly connected with education. The best chances have people with higher education, the worst – with at most junior high. Using both censorship methods the lack of significant differences refers to pair of variants of education:

· groups 5 and 6, or persons aged from 55 to 60 years and 60 to 65 years, what refers only to the men because of retirement age (censorship I p=0,8508, censorship II p=0,7311).

Conclusions

Methods of analysis of history of events, widely used in demography are more and more commonly used in other fields of social and economic sciences. Applied tools force appropriate method of collecting statistical data. Individual data with consideration of time of being in particular state is essential.

Performed analyses showed that reasons of signing out from unemployment records in labour bureau can be ambiguous and therefore we may obtain results that differ between each other.
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