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Summary. Based on statistical survival analysis, the assessment and forecasting of the risks of pleading 

guilty to criminal offenses in conditions of incomplete data are carried out. Risk function is constructed to estimate 

the probability of confession of suspects at certain stages (time periods) of the trial. The Kaplan-Meier model is 

applied to calculate the chances of obtaining confession evidence after the end of the trial in criminal proceedings. 

Differences in the decision to admit guilt for two groups of defendants: in the commission of a criminal offense by 

one person and a group of persons are investigated. Cox regression model is constructed to establish the 

interconnection between the stages of the pre-trial investigation, at which the accused gives confessions, with the 

duration of the investigation and the method of prosecution.  
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Statement of the problem. The judicial system of Ukraine requires improvement and 

reform. This is possible only under the conditions of modern information technologies and 

mathematical modeling methods application in order to solve the important scientific and 

applied problem of developing a reliable information system to support decision-making in 

criminal justice. Forecasts construction and risk assessment in this area involve the analysis of 

large amounts of information, usually under the conditions of incomplete data. 

One of the main pieces of evidence of the suspect's guilt is his confession of committing a 

crime. However, according to the estimates of the American project «The Innocence Project», about 

25 percent of suspects, whose innocence was proven just after conviction, admitted their guilt [1]. 

The risk of false confessions may result in confessional evidence being inadmissible in the criminal 

trial. In addition, investigative bodies require a clear understanding of non-obvious 

interrelationships between the elements of the decision-making process by suspects to plead guilty 

to criminal offenses. Information about the time intervals of the pre-trial investigation where the 

accused are most likely to give confessions, can provide significant support during the trial and 

reduce the probability of criminal justice errors due to the lack of experience and analytical tools. 

In order to prevent and solve criminal offenses successfully, justice authorities should use data 

science, mathematical modeling and innovative analytical and information support. 

Analysis of available investigation results. Scientific investigations on the applied 

application of information technologies and mathematical modeling methods for optimal 

decision-making support in the field of criminal justice are extremely rare and touch upon only 

specific problems of analyzing complex arrays of big data under conditions of uncertainty [2–

7]. In particular, the analysis of the effects and risks of the confession of the accused is carried 

out only in relation to certain aspects of this process. In most scientific papers, the problem of 

confession’s role in the criminal process is investigated or various aspects of the voluntariness 

and truthfulness of the confession are analyzed [8–13]. The absence of scientific analysis of 

criteria, signs and hidden peculiarities of the process of guilt admission by the accused in the 
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commission of the criminal offense is the reason for mistakes made by police while 

investigating criminal cases. In order to assess such risks, diverse investigations of the process 

of decision-making by the accused to plead guilty to a criminal offense are required. 

The objective of the paper. Analysis of the risk factors of the confession of those 

accused of committing a criminal offense, determination of the probability of possible guilt 

admission after the end of the trial in criminal proceedings, the investigation of differences in 

confessions between two groups of persons: accused of committing a criminal offense by one 

person and accused of committing a criminal offense by a group of persons, identification of 

the connection between the prosecution methods and the trial duration with pre-trial 

investigation stages where the accused tend give confessional testimony. 

Statement of the task. Survival analysis is used to identify non-obvious relationships 

between the elements of the process of suspect's guilt recognition in the commission of a 

criminal offense [14]. Applied investigations are carried out on the basis of official statistical 

data about 787 persons accused of committing criminal offences provided by the judicial 

administration of Ternopil City District Court. It is formed on the basis of materials sent to the 

court of criminal proceedings [15]. The dataset contains the following variables: 

 Month 1, Day 1, Year 1 – month, day and year of information input into the Unified 

Register of Pre-trial Investigations (URPI) ; 

 Month 2, Day 2, Year 2 – month, day and year of the verdict date in the criminal 

proceedings; 

 time to confess – trial duration or the end of the observation period (entry into force 

of the guilty verdict, the closing of the case, stay in the proceedings, etc.); 

 organized crime – method of prosecution: crime committed by one person; crime 

committed by a group of persons;  

 censored – censored observations indicator: the value complete is set only for 

defendants who are definitely known to plead guilty to a criminal offense; all other records are 

set to the value censored.  

After completing the investigation, there are a number of accused about whom it is not 

known whether they have pleaded guilty to committing a crime (the case is transferred to another 

court body, the suspect is acquitted due to lack of evidence of guilt, the case is pending, etc.). It 

would be inexpedient to lose the information about them, since most of these accused did not 

confess to the crime during the investigation period. Such observations are used in the investigation 

as censored. Survival analysis tools are used to investigate censored (incomplete) data [14]. 

The survival function determines the probability that the object will «survive» time t: 

 

S(t) = P(T> t). (1) 

 

The most common method of survival description in the sample is the construction of 

tables and distributions of «life» times («survival»), intended for the calculation of the simplest 

statistics and description of the «survival» time of objects (the defendant does not admit to 

committing a criminal offense). The range of possible times of critical events occurrence (the 

defendant's confession to the commission of a criminal offense) is divided into 12 intervals. 

Table No. 1 represents the following attributes of the survival table:  

 Number Entering – the number of objects who were «alive» (accused who did not 

confess to committing a criminal offense) at the beginning of the investigated time interval. 

 Number Withdrawn – the number of objects censored at each interval (removed from 

observation, label censored).  

 Exposed – the number of objects who were «alive» (accused who did not confess to 

committing a crime) at the beginning of the investigated time interval, minus half of the number 

of removed objects. 
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 Number Dying – the number of objects who «died» (accused that confessed to 

committing a crime) in the given interval (label complete). 

 Proporth Dead – the ratio of the number of objects who «died» (accused who pleaded 

guilty to a criminal offense) in the current interval to the number of objects investigated in this 

interval. 

 Proporth Surviving (proportion of objects who «survived»): unit minus the 

proportion of «survived» (defendants who pleaded guilty to a criminal offense).  

 Cump. Prop. Surviving – the cumulative proportion of «survivors» (defendants who 

have pleaded not guilty to a criminal offense), or survival function. This is the probability that 

the subject will «survive» (the defendant pleads not guilty to the crime) the current interval. It 

is equal to the product of the shares of objects that «survived» (accused who did not plead guilty 

to committing a criminal offense) over all previous intervals.  

 Problty Density – the density of «death» probability of (the defendant admitting guilt 

in committing a criminal offense) in the given interval: the survival function in the next interval 

is subtracted from the survival function in the given interval and divided by the length of the 

interval, displayed in the third column of the Table (Interval Width).  

Kaplan-Meier estimates. One of the tasks in survival analysis is to estimate the survival 

function, that is, the probability that the object «will live» for a certain time after the occurrence 

of a certain event (completion of the trial). For censored observations, the survival function can 

be estimated directly without life times table application. 

For chronological events, the following estimation of the survival function takes place: 
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where S(t) is the estimation of survival function, n is the total number of events (sample 

volume), j is the ordinal (chronological) number of the separate event, (j) = 1, if the j-th event 

means failure («death») and (j) = 0, if the j-th event means the loss of observation (censoring 

indicator),  is the product of all observations j completed up to moment t.  

Another popular tool in survival analysis is the exponential model. This is a parametric 

model assuming the data compliance with a certain distribution. The survival function of the 

exponential model is as follows: 
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It is more difficult to obtain the estimation of the instantaneous risk function, which is 

the probability of a «fatal outcome» (the accused pleads guilty to a criminal offense) in a short 

period of time, provided that the object has been «alive» (did not confess) at the beginning of 

the investigated period. This is an important feature of the event development forecast. Cox 

proportional hazards model is used for direct estimation of the instantaneous risk function. The 

investigation is the determination of the fact of individuals’ variables connection with the 

observed lifetimes. 

The model of proportional intensities, or Cox proportional hazards, is the most general 

regression model assuming that the intensity function is as follows: 

 

h(t) = h0(t) y(z1, ..., zm). (4) 

 

The multiplier h0(t) is the basic intensity function. 
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The model can be parameterized, for example, in the following form: 
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The product of two functions and each of them depends on its set of variables is in the 

right part of the formula. The intensity function h0(t) can be considered as the intensity function 

when all covariates are equal to zero. It does not depend on the variables z (covariate). The 

second factor depends on the variable z0, which possibly depends on t.  

Analysis of numerical results. The table of life times (Table 1) represents the results 

of the simplest statistics calculation and the description of the «survival» times of objects. The 

range of possible times of critical events occurrence (the defendant's confession to committing 

a crime) is divided into 12 intervals. 
 

Table 1 

 

Lifetime Table (fragment 1) 

 

 
 

In order to match the data to the family of distributions that best fits the data, the model 

with exponential distribution is considered. The agreement scores obtained using 2 tests are 

presented in Table 2. 
 

Table 2 

 

Estimation of the exponential model parameters 

 

 
 

It is evident from Table 2 that the obtained results are significant (p < 0,001), and all fitting 

methods give the exponential distribution of satisfactory agreement: 2(10) > 39. The graph of 

the survival function shown in Fig. 1, confirms the correctness of the obtained results. The 

abscissa shows the duration of the investigation (days). For all three sets of parameters (Weight 

1, Weight 2, and Weight 3), satisfactory agreement with the data is observed. The exponential 

distribution with these data sets satisfactorily describes the observed lifetimes. It can be concluded 

that at the initial stages of the investigation, the accused are the least prone to plead guilty to a 
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criminal offense (the probability of confession («death») is minimal). However, it increases 

sharply during the first six months and reaches its maximum after three years of the trial. 

In order to analyze the process of making a decision by the accused to plead guilty to a 

criminal offense, the graph of the instantaneous risk function (failure analysis) is constructed. This 

function calculates the probability that the accused will plead guilty to a criminal offense in the next 

observation interval (during the duration of the investigation), given that he has not confessed at the 

beginning of the observation interval. The graph of the risk function shown in Fig. 2, clearly 

demonstrates that at the beginning of the investigated period, the risk of «death» (the accused pleads 

guilty to a criminal offense) is high; over the next 2 years it declines. In the third year of the duration 

of the investigation, the probability that the accused will plead guilty to a criminal offense increases 

to a maximum value and decreases to a minimum for the next more than 1.5 years. The lowest 

probability that the accused will plead guilty to a criminal offense is observed in the 4th year of the 

investigation and reaches its peak again in the 5th year. After that, it drops again almost to its 

minimum value and slightly increases at the end of the investigation (the duration of the 

investigation). It is the risk function that is used for predictive purposes. This makes it possible for 

investigative bodies of pre-trial investigation and the prosecutor's office to assess the chances of 

obtaining a confession at certain stages (time periods) of the trial. 
 

  
 

Figure 1. Estimations of the survival function 
 

Figure 2. Risk function graph 

 

The risk function graph, which fluctuates continuously throughout the observation 

period, shows the dependence and riskiness of suspects who change their readings. The 

obtained risk estimates have small errors (Str. Err. Haz. Rate), therefore, they can be considered 

acceptable (Table 3). 
 

Table 3 
 

Lifetime Table (fragment 2) 
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The median life expectancy (Median Life Exp.) is the time points at which 

the survival function is equal to 0.5. For example, it follows from the first line  of 

Table 3 that the accused with a probability of 0.5 does not plead guilty to committing 

a criminal offense during the first 196 days from the moment of information input into 

the Unified Register of Pre-trial Investigations. If the accused «survived» (did not confess) 

during the first interval (196 days), then the median time of his «life» would be 262. 

This means that the accused does not plead guilty for the next 262 days, and so on.  

The calculated estimations of the survival function (the probability that 

the accused will not plead guilty to a criminal offense) at a certain time after the end 

of the investigation (the end of the duration of the investigation) are shown in Table 4.  

The obtained results can provide investigative bodies, prosecutor's offices and 

courts with information about the probable possibility of making a decision for the 

accused to give confessional testimony after making a procedural decision in the 

proceedings (Table 4). 
 

Table 4 

 

Estimations of the survival function (Kaplan-Meier model) 

 

 
 

The standard error of the survival function is quite small, although larger than 

the error for the lifetime tables. The obtained results are correct. From Table 4 it is obvious, 

for example, that the probability that the accused will not plead guilty to committing a 

criminal offense for more than 15 days is 0.99. The probability that he will not confess for 

more than 563 days is 0.17. The first column of the table displays the number of 

observations for which a certain event (confession) has occurred at a given point in time. 

The «+» sign means that the observation is censored (the criminal case is closed or it is 

pending). 
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The graph of the survival function obtained by the Kaplan-Meier method is shown in 

Fig. 3. It confirms the obtained results: the probability that the accused will not admit guilt in 

committing a criminal offense is inversely proportional to the duration of the investigation. 

The differences between the decision to plead guilty to the commission of 

a criminal offense for two groups of defendants are studied: in the commission of a criminal 

offense by one person and in the commission of a criminal offense by a group 

of persons. Table 5 represents the estimations of the logarithmic rank test for comparison 

of the confession process in groups. This is the non-parametric test for incomplete 

observations. 
 

Table 5 

 

The results of the log-rank test (fragment) 

 

 
 

The logarithmic rank test is a popular test for testing the null hypothesis 

of no difference in survival between independent groups. The test compares the total 

«survival» experience between the groups and can be considered as the test of the survival 

curves identity. Due to the Kaplan-Meier method, the curve estimations for each of the 

selected groups are obtained. Statistical comparison of survival curves is carried out by 

means of the logarithmic rank test, which uses the χ2 test for the null hypothesis. The degree 

of freedom for this test is k – 1, where k is the number of comparison groups. In our 

investigation k = 2, therefore the test degree of freedom is df = 1. From the χ2 distribution 

table for p < 0.01, we get that the difference between the groups is statistically significant: 
22

теоремп   . There is no statistically significant evidence that the process by which 

defendants decide to plead guilty to a criminal offense has significant differences for 

selected groups of defendants. 

It can be seen from Fig. 4 that the same results are confirmed by the diagram of 

differences between groups. It can be concluded that no significant differences are found in the 

decision of the accused to plead guilty to the commission of a criminal offense by one person 

(group 0) and the crime committed by a group of persons (group 1). 
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Figure 3. The graph of the survival function 

(Kaplan-Meier model) 

 

Figure 4. The graph of differences between groups 

(Kaplan-Meier model) 

 

In order to determine the probable dependence of the method of prosecution and the 

stage of the pre-trial investigation at which the accused pleads guilty, Cox proportional risks 

regression model is constructed (Table 6). 

 
Table 6 

 

Parameter estimations of the Cox proportional risks model 

 

 
 

The value of 2 statistics for this model is highly significant (p < 0.001). At least one of 

the independent variables of the model is significant. Approximate estimates of t-value of the 

regression model parameters can be considered statistically significant only for the variable 

time to confess. Close to zero parametric statistical measure of Wald (Wald Statist.) for the 

variable organized crime confirms its insignificance for the constructed model. The negative 

t-value indicates the change in the direction of the effect, unrelated to the significance of the 

difference between groups. 

Therefore, time to confess (the duration of the investigation) is the most important 

predictor for the instantaneous risk function. For the investigated sample, the stage of pre-trial 

investigation, where the accused make the decision to plead guilty, significantly depends on the 

trial length, and does not depend on the prosecution method. 

It can be concluded from Table 7 that the time to confess is the most important predictor 

for the instantaneous risk function. The regressors in the model are independent of each other 

(correlation coefficient -0.015). The obtained simulation results are correct. 
 

Table 7 

 

Correlation coefficients (Cox Proportional Risks Model) 
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The graph of the survival function for the case when all independent variables are equal 

to their average value is presented in Fig. 5. Graphs of survival functions for different values of 

regressors (time to confess – value in years; organized crime: 0 – a crime committed by one 

person, 1 – a crime committed by a group of persons) presented in Fig. 6–8 confirm the 

previously obtained results: the stage of the pre-trial investigation, at which the accused will 

decide to plead guilty, depends on the length of the trial and does not depend on the method of 

prosecution. 

 

  

Figure 5. The graph of the survival function for mean 

values of the independent variables 
Figure 6. The graph of the survival function for 

confess = 3, organized crime = 1 
  

  
 

Figure 7. The graph of the survival function for 

time to confess = 5, organized crime = 0 

 

Figure 8. The graph of the survival function for time to 

confess = 5, organized crime = 1 
 

Conclusions. The probability of the accused confessing to a criminal offense at each of 

the stages (time periods) of the trial is calculated. The chances of not admitting guilt in 

committing a criminal offense by the accused for a certain time after the end of the trial are 

determined. It is proved that there are no differences in confessions between two groups of 

defendants: in the commission of a criminal offense by one person and in a crime committed 

by a group of persons. The chances of obtaining confessional evidence after the end of the 

criminal trial are calculated. The probability of guilty pleas by the accused in a short period of 

time is determined. It is established that the stage of the pre-trial investigation, at which the 

accused is more prone to plead guilty, depends significantly on the duration of the trial and does 

not depend on the method of prosecution. The obtained results can provide relevant information 

to the justice authorities regarding the optimization of investigative tactics to obtain evidence 

of confessions, particularly, to assess the chances of obtaining confessions from the accused at 

certain stages of the trial or after the completion of the investigation. This will reduce the risks 

of errors in criminal investigations and increase the level of public safety in general. The next 
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stage of our investigations is the study of the risks and negative effects of admitting guilt in the 

commission of criminal offenses by minors. 
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МОДЕЛЮВАННЯ РИЗИКІВ ПРОЦЕСУ ЗІЗНАННЯ 

ОБВИНУВАЧЕНИХ У КРИМІНАЛЬНИХ ЗЛОЧИНАХ НА ОСНОВІ 

КОНЦЕПЦІЇ ВИЖИВАННЯ 
 

Ольга Ковальчук 
 

Західноукраїнський національний університет, Тернопіль, Україна 
 
Резюме. Вирішення важливої науково-прикладної проблеми створення надійної інформаційної 

системи для підтримання прийняття рішень у кримінальній юстиції потребує розроблення аналітичного 

інструментарію. «Золотим стандартом» доказової бази для кримінальних розслідувань є зізнання 

підозрюваних. Застосовано аналіз виживання для виявлення неочевидних факторів ризику зізнання 

обвинувачених на різних етапах (часових періодах) судового розгляду. Використано техніку таблиць часів 

життя для аналізу ризиків зізнання та взаємозв’язків між елементами процесу визнання обвинуваченими 

вини у скоєнні кримінальних злочинів в умовах неповноти даних. Побудовано функцію ризику для 

оцінювання шансів отримати свідчення зізнання на певних етапах судового розгляду. Застосовано модель 

Каплана-Майєра для обчислення ймовірності того, що підозрюваний у скоєнні кримінального злочину не 

зізнається певний час після закінчення судового розгляду в кримінальному провадженні. Встановлено, що 

ймовірність невизнання вини обвинуваченим обернено пропорційна до терміну тривалості слідства. За 

допомогою логарифмічного рангового критерію доведено відсутність відмінностей прийняття рішення 

про визнання вини для двох груп обвинувачених: у скоєнні кримінального злочину однією особою та у 

скоєнні кримінального злочину групою осіб. Побудовано регресійну модель Кокса для прогнозування 

ймовірності зізнання обвинувачених за нетривалий проміжок часу. Виявлено щільний зв’язок тривалості 

судового розгляду з етапами досудового розслідування, на яких обвинувачені у скоєнні кримінальних 

злочинів дають покази зізнання. Отримані результати можуть надати інформацію правоохоронним 

органам щодо оптимізації тактики проведення окремих слідчих дій, наприклад для отримання доказів 

зізнання, та зменшити негативні ефекти помилок кримінального судочинства. 

Ключові слова: аналіз виживання, модель Каплана-Майєра, модель пропорційних ризиків Кокса, 

зізнання. 
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