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Abstract 
The article develops a method for determining the quality and usefulness of information 
technologies for supporting medical decision-making based on civil law, which provides a 
conclusion on the quality and usefulness of these information technologies in terms of classifying 
decisions into possible and impossible ones. All the calculated metrics' values indicate the quality 
of the work of all the developed information technologies for supporting various medical 
decisions based on civil law. The conducted experiments and the obtained results showed that 
the usefulness of information technology for supporting decision-making on the possibility of 
using reproductive technologies for reproductive clinics is to ensure that it increases the legal 
correctness of the medical decisions provided – by 47.2% for 193 cases of surrogacy and by 
44.4% for 320 cases of in vitro fertilization. The usefulness of the information technology for 
supporting decision-making on the possibility of donation and transplantation for surgical and 
transplantation clinics and departments is to ensure that it increases the legal correctness of 
medical decisions – by 10.8% for 102 reviewed cases of donation and by 5.9% for 102 reviewed 
cases of transplantation. The usefulness of the information technology for supporting decision-
making on the possibility of providing medical services, therapeutic services, and dental services 
for family medicine outpatient clinics, clinics and hospitals is to ensure that it increases the legal 
correctness of the decisions made – by 37.3% for 1943 cases (including by 57.3% for 328 cases 
of general medical services, by 25.9% for 1090 cases of therapeutic services, and by 48.4% for 
525 cases of dental services). 
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Every year, the use of information technologies in medicine is rapidly expanding [1, 2]. The 

need for efficient use of large amounts of information to solve diagnostic, therapeutic, 

statistical, managerial and other tasks leads to the active introduction of information 

technologies in medical institutions [3, 4].  

Information technologies significantly improves the functioning of the healthcare system 

by introducing organizational changes, making it more accessible to the public and ensuring 

greater transparency in the activities of medical institutions [5, 6]. They help to improve the 

efficiency and quality of healthcare services, reduce the cost of providing them, reduce the 

time required for examination and treatment of patients, optimize the use of medical staff 

time, and provide consulting support to doctors [7, 8]. In addition, they facilitate the 

integration of the country's healthcare system into the global medical information space, 

allowing doctors to communicate effectively, access medical archives and libraries, and 

interact with various medical equipment [9, 10]. 

Currently, decision-making processes in the medical field are characterized as time-

consuming, complex, non-transparent, and ambiguous for both patients and many doctors 

[11, 12]. 

A modern physician makes decisions based on several medical specialties and a wide 

range of diagnostic and therapeutic methods, medicines, etc. In his/her practice, a physician 

must take into account various factors and peculiarities, guided by his/her own experience, 

knowledge and clinical guidelines [13-15]. Sometimes a physician is also forced to take into 

account civil law grounds relating to a particular medical decision and the legal capacity to 

provide it, as many problems in the field of medicine have legal roots [7, 16, 17]. Thus, with 

the growing amount of medical and other knowledge and limited time for decision-making, 

it is becoming increasingly difficult for a doctor to provide accurate and timely diagnoses. 

This can lead to an increase in the number of medical errors [1, 13]. 

Thus, medical practice is characterized by a shortage of time, rapid disease dynamics, 

and a high cost of medical errors. The introduction of information technology can help 

reduce the number of medical errors, provide more reliable solutions, and reduce 

healthcare costs [18, 19]. The development of cross-disciplinary information technologies 

(e.g., information technologies for supporting medical decision-making based on civil law) 

is currently an important, relevant, but complex and time-consuming problem, since, on the 

one hand, such technology ensures that the norms of current legislation are taken into 

account when making medical decisions, the correctness of the medical procedure from a 

legal point of view, protects the doctor and the patient from legal conflicts, and, on the other 

hand, requires taking into account the standards and principles of development of 

information technologies along with regulatory documents in the field of medical law.  

To solve this problem, the authors paid considerable attention and developed theoretical 

and applied principles of information technology for medical decision-making support 

based on civil law [22], and implemented this information technology for medical decision-

making support based on civil law [23, 24]. 



 

The analysis of the subject area carried out in [22-24] showed that the problem of medical 

decision-making based on civil law, which, in general, is an optimization problem (which 

consists in finding the extremum of the objective function by systematically selecting input 

values from the allowed set and calculating the value of the function), can be considered as 

a problem of binary classification regarding the possibility/impossibility of providing a 

certain medical service. Based on this, the considered problem is to synthesize appropriate 

methods of binary classification az to solve the task of medical decision support (solved in 

[22-24]) and analyze the obtained binary classifier solutions, which is the purpose of our 

study. 

By synthesis for the considered problem, we mean the combination of abstracted aspects 

of the problem and their reflection as a concrete integrity. That is, in [22-24], an abstract 

model for supporting medical decision-making based on civil law is proposed. The final 

result of this synthesis is the information technology for supporting medical decision-

making based on civil law, developed in [22-24]. 

By analysis for the considered problem, we mean obtaining an optimal solution as a 

result of the classification task about impossibility (class 0) or possibility (class 1) of 

providing a certain medical service based on the available civil law grounds. 

Thus, for the problem being solved, the abstract model can be represented as follows: D 

→ PM, where D is a text document (data on potential patients and/or a contract for the 

provision of a specific medical service), PM is the information technology parameters for a 

specific medical service. 

The classification task is as follows: for a sample Xz = {x1,…,xw} (civil law grounds 

(essential conditions) in real patient data or in real contracts for the providing the z-th 

medical service) and known binary answers Yz = y(Xz)  {0;1} (conclusion about the 

impossibility (0) or the possibility (1) of providing the z-th medical service) there is a 

method az (solution function, strategy, etc.), that approximates Yz on the entire set of objects 

Xz, i. e. az: Xz → Yz (Fig. 1). 

To analyze the obtained solutions of the binary classifier, it will be important to measure 

the quality of each information technology az, i.e., in essence, the quality of the binary 

classifier az. The quality assessment will answer the question of how well the classifier az 

separates classes in a given sample. 

Let's analyze the known statistical metrics for evaluating the quality of classifiers in 

terms of their application to the considered problem. 

As a rule, the results of solving a binary classification problem are denoted as positive 

and negative. As a result of binary classification, all sample objects are divided into four 

types, forming a confusion matrix [25] – Fig. 2. 

Using the confusion matrix from Fig. 1, let's consider several quality metrics of the binary 

classification model [25], which are not mutually exclusive, complement each other, and can 

be used simultaneously:  



 Accuracy metric – the ratio of all correct conclusions to the total number of all 

conclusions  

 Precision metric – the ratio of correctly generated positive decisions among all 

positive decisions of the classifier  

 Recall metric – the ratio of correctly generated positive decisions among all really 

positive cases 

 F1 metric – combines information about Precision and Recall metrics and is their 

harmonic mean value 

 Specificity metric – the ratio of correctly generated negative decisions among all 

really negative cases 

 TPR metric – the frequency of true-positive results, which coincides with the Recall 

metric 

 FPR metric – the frequency of false-positives results 

 AUC metric – area under the ROC-curve (Receiver Operating Characteristic) – FPR 

and TPR metrics should be plotted on the same graph in the coordinate system with 

the FPR and TPR axes, resulting in a curve, which is the ROC-curve; for binary 

responses of the algorithm, the ROC-curve consists of three points connected by 

lines: (0,0), (FPR, TPR), (1, 1), so the ROC-curve built for a binary dataset (for a binary 

classifier) is a line containing only three points. 

 

Figure 1: Synthesis and analysis of information technologies for supporting medical 

decision-making based on civil law). 



 

Figure 2: Confusion matrix [25]. 

In various fields, when making a "binary" decision (yes/no) based on a certain criterion, 

type I and type II errors are often used. If a true hypothesis is mistakenly rejected, this error 

is called a type I error. If a false hypothesis is mistakenly accepted, it is a type II error. 

Type II errors are a significant problem for the medical field. They lead to a false belief 

that a disease is not present, when in fact it is. This often leads to inadequate treatment. 

Type II errors cause serious and difficult to understand problems, especially when the 

condition in question is widespread. If a test with a 10% type II error rate is used to screen 

a group where the probability of "true-positive" cases is 70%, many negative test results 

will be false [25]. 

Type I errors can also cause serious and difficult-to-understand problems. This happens 

when the condition being sought is rare. If the rate of type I errors in a test is one case in ten 

thousand, but the probability of "true-positive" cases in the group of samples under test is 

on average one case in a million, then most of the positive results of this test will be false 

[25, 26]. 

Therefore, the above metrics Accuracy, Precision, Recall, F1, Specificity, TPR, FPR, AUC are 

still more correct and understandable criteria for determining the quality of a classifier. 

 

Method for determining the quality and usefulness of information technologies for 

supporting medical decision-making based on civil law (binary classifiers az: Xz → Yz) 

consists of the following steps: 

1. Description of each data set used for experimental studies of the quality of the 

proposed binary classifiers az: Xz → Yz in terms of data balance (percentage of 

positive and percentage of negative conclusions), data representativeness (ability of 

the selected data to reproduce the main characteristics of the total data set) and data 

markup quality (compliance by experts with the classification criteria by which the 

classifier operates) 

2. Filling the confusion matrix with data to support decision-making on the 

possibility/impossibility of a particular medical service based on the civil law – Fig. 

3 

 



 

Figure 3: Confusion matrix for the task of supporting decision-making on the 

possibility/impossibility of a certain medical service based on the civil law. 

3. Determination of the Accuracy metric by the formula: 

FNFPTNTP

TNTP
  Accuracy  




 , although in some problems the Accuracy metric 

may be uninformative, especially in unbalanced samples where only a few percent 

of the conclusions about the impossibility to provide a medical service may be made 

4. Determination of the Precision metric by the formula: 
FPTP

TP
   Precision


  – the 

ratio of correct conclusions about the possibility of a medical service among all 

classifier's decisions about the possibility of a medical service; the higher the value 

of the metric, the fewer incorrect decisions the classifier has proposed 

5. Determination of the Recall metric by the formula: 
FNTP

TP
   ecallR


  – the ratio of 

conclusions about the possibility of a medical service among all cases of the 

possibility of providing a medical service; the higher the value of the Recall metric, 

the fewer correct decisions about the possibility of a medical service are missed 

during classification; obviously, the higher the values of the Precision and Recall 

metrics, the better, so it is necessary to find the right balance between the Precision 

and Recall metrics 

6. Determination of the F1 metric by the formula: 
callReecisionPr

RecallPrecision2
  1F




  – high 

value of the F1 metric proves that the classifier is not primitive 

7. Determination of the Specificity metric by the formula: 
TNFP

TN
  ySpecificit


  – the 

ratio of correct conclusions about the impossibility of a medical service among all 

cases of impossibility of providing a medical service 

8. Determination of the AUC metric (area under the ROC-curve) – the higher the value 

of the AUC metric, the better the classifier works, with a value of 0.5 demonstrating 

the unsuitability of the chosen classification method (corresponds to a simple guess) 

9. Forming a conclusion about the quality of binary classifiers az: Xz → Yz based on the 

values of the metrics Accuracy, Precision, Recall, Specificity, F1, AUC 



10. Analysis of the reasons for misclassification – why the classifier recommended the 

conclusion that the service is possible when this medical service is impossible from 

the point of view of civil law, as well as why the classifier recommended the 

conclusion that the service is impossible when such a medical service is possible 

from the point of view of civil law 

11. Determination of the usefulness of the proposed binary classifiers az: Xz → Yz based 

on the value TN (the number of cases when a medical service is impossible from the 

point of view of civil law, and the classifier recommended the conclusion that such a 

service is impossible), which demonstrates in how many cases the developed binary 

classifier helped prevent the provision of a medical service when such a service is 

impossible from the point of view of current civil law, thus protecting the patient 

and the doctor. 

The proposed method for determining the quality and usefulness of information 

technologies for supporting medical decision-making based on civil law provides a 

conclusion about the quality and usefulness of these information technologies (binary 

classifiers az: Xz → Yz) in terms of classifying decisions into possible and impossible 

decisions. 

 

As noted above, the authors designed and implemented information technology foe 

supporting decision-making on the possibility of using reproductive technologies based on 

civil law (classifiers a1 and a2), information technology for supporting decision-making on 

the possibility of donation and transplantation based on civil law (classifiers a3 and a4), 

information technology for supporting decision-making on the possibility of providing 

medical services, therapeutic services, dental services based on the civil law (classifiers a5, 

a6 and a7), and information technology for supporting decision-making on the need and 

possibility of vaccination against Covid'19 based on the civil law (classifiers a8 and a9) [22-

24]. Let's evaluate the quality and usefulness of each of the implemented information 

technologies in accordance with the proposed method for determining the quality and 

usefulness of information technologies for supporting medical decision-making based on 

the civil law. 

 

First, in accordance with steps 1 and 2 of the method for determining the quality and 

usefulness of information technologies for supporting medical decision-making based on 

civil law, let's consider the datasets used to assess the quality of each information 

technology, as well as the resulting confusion matrices. 

To evaluate the quality of information technology for supporting decision-making on the 

possibility of using reproductive technologies based on the civil law (quality of classifiers a1 

– surrogacy, a2 – in vitro fertilization) we used data sets, marked by experts in the field of 



medical law (according to the criterion for making a decision about 

possibility/impossibility of provision of a particular medical service, developed in [24]), on 

surrogacy collected in reproductive clinics in Khmelnytskyi and Lviv for the period from 

February 2021 to November 2023, and on in vitro fertilization collected in reproductive 

clinics in Khmelnytskyi and Lviv for the period from November 2019 to October 2022. Each 

case was evaluated for the possibility of providing or refusing surrogacy or in vitro 

fertilization services by two legal experts. The total volume of the surrogacy dataset is 193 

cases (193 data on potential parents (biological parents and surrogate mother) and 

contracts on the use of reproductive technology submitted to the information technology 

input, as well as 193 conclusions on the possibility or impossibility of providing surrogacy 

services based on the current civil law). The total volume of the data set on in vitro 

fertilization is 320 cases (320 data on potential parents and contracts on the use of 

reproductive technology submitted to the information technology input, as well as 320 

conclusions on the possibility or impossibility of providing in vitro fertilization based on the 

current civil law). According to the experts, in 100 cases (51.8%) surrogacy is possible, for 

the remaining 93 cases (48.2%) it is not; in 177 cases (55.3%) in vitro fertilization is 

possible, for the remaining 143 cases (44.7%) it is not; the ratio of decisions on the 

possibility/impossibility of decisions for both datasets indicates a balance of data. To 

ensure the representativeness of the dataset, cases with different age groups of the 

surrogate mother and biological parents, with different places of residence of the surrogate 

mother and biological parents (different countries; urban/rural, etc.) were selected. 

As a result of the use of information technology for supporting decision-making on the 

possibility of using reproductive technologies based on the civil law, 96 decisions on the 

impossibility of performing the surrogacy procedure and 97 decisions on the possibility of 

performing the surrogacy procedure were generated for the 193 reviewed surrogacy cases; 

150 decisions on the impossibility of performing the in vitro fertilization procedure and 170 

decisions on the possibility of performing the in vitro fertilization procedure were 

generated for the 320 reviewed in vitro fertilization cases.  

The values of the elements of the confusion matrices are as follows – Fig. 4, Fig. 5. 

 

 

Figure 4: Confusion matrix for information technology for supporting decision-making on 

the possibility of using reproductive technologies (surrogacy) based on the civil law. 

  

Figure 5: Confusion matrix for information technology for supporting decision-making on the 

possibility of using reproductive technologies (in vitro fertilization) based on the civil law. 



To evaluate the quality of information technology for supporting decision-making on the 

possibility of donation and transplantation based on the civil law (quality of classifiers a3 – 

possibility of donation and a4 – possibility of transplantation) we used data sets, marked by 

experts in the field of medical law (according to the criterion for making a decision about 

possibility/impossibility of provision of a particular medical service, developed in [24]), on 

donation and transplantation in Ukraine, collected mainly from the UNOS (The United 

Network for Organ Sharing) database for the period from October 2020 to October 2023. 

Each case was evaluated for the possibility of providing or refusing donation and 

transplantation services by two legal experts. The total volume of the dataset is 102 cases 

(102 data on potential donors and recipients submitted to the information technology input, 

as well as 102 conclusions on the possibility or impossibility of donation and 

transplantation based on the current civil legislation of Ukraine). According to the experts, 

in 90 cases (88.2%) donation is possible, for the remaining 12 cases (11.8%) it is not; in 95 

cases (93.1%) transplantation is possible, for the remaining 7 cases (6.9%) it is not; the 

ratio of decisions on the possibility/impossibility of the decision to provide 

donation/transplantation indicates a certain imbalance of data, but it should be noted that 

the cases of transplant operations performed, for which the legal framework is carefully 

studied, were studied. To ensure the representativeness of the dataset, cases with different 

age groups of both donors and recipients, with different places of residence of both donors 

and recipients (different countries; urban/rural, etc.) were selected. 

As a result of the use of information technology for supporting decision-making on the 

possibility of donation and transplantation based on the civil law, 14 decisions on the 

impossibility of donation and 88 decisions on the possibility of donation were generated for 

the 102 reviewed cases, as well as 8 decisions on the impossibility of transplantation and 

94 decisions on the possibility of transplantation were generated for the 102 reviewed 

cases. 

The values of the elements of the confusion matrices are as follows – Fig. 6, Fig. 7. 

 

 

Figure 6: Confusion matrix for information technology for supporting decision-making on 

the possibility of donation and transplantation based on the civil law (donation possibility). 

 

Figure 7: Confusion matrix for information technology for supporting decision-making on 

the possibility of donation and transplantation based on the civil law (transplantation 

possibility). 



To evaluate the quality of information technology for supporting decision-making on the 

possibility of providing medical services, therapeutic services, dental services based on civil 

law (quality of classifiers a5 – general medical services, a6 – therapeutic services, a7 – dental 

services) we used data sets, marked by experts in the field of medical law (according to the 

criterion for making a decision about possibility/impossibility of provision of a particular 

medical service, developed in [24]), on general medical services, collected in outpatient 

clinics of family medicine of Khmelnytskyi region for the period from January 2022 to 

January 2023, on therapeutic services, collected in outpatient clinics of family medicine of 

Khmelnytskyi region for the period from January 2022 to January 2023, on dental services, 

collected in dental clinics of Khmelnytskyi region for the period from June 2022 to February 

2023. Each case was assessed for the possibility of providing or refusing the service by two 

legal experts. The total volume of the dataset includes 328 cases of general medical services 

(328 medical service contracts submitted to the information technology input, as well as 

328 conclusions on the possibility or impossibility of providing general medical services 

based on the current civil law), 1090 cases of therapeutic services (1090 therapeutic service 

contracts submitted to the information technology input, as well as 1090 conclusions on the 

possibility or impossibility of providing therapeutic services based on the current civil law), 

525 cases of dental services (525 dental service contracts submitted to the information 

technology input, as well as 525 conclusions on the possibility or impossibility of providing 

dental services based on the current civil law). According to the experts, in 136 cases 

(41.5%) general medical service is possible, in other 192 cases (58.5%) it is not; in 795 cases 

(72.9%) therapeutic service is possible, in other 295 cases (27.1%) it is not; in 266 cases 

(50.7%) dental service is possible, in other 259 cases (49.3%) it is not; the ratio of decisions 

on the possibility/impossibility of the decision to provide general medical and dental 

services indicates a balance of data, the ratio of decisions on the possibility/impossibility of 

the decision to provide therapeutic services indicates a certain imbalance of data, which is 

explained by the careful preparation of contracts for the provision of therapeutic services. 

To ensure the representativeness of the data set, we selected cases with different age groups 

of patients, with different places of residence of patients (urban/rural, etc.). 

As a result of using the information technology for supporting decision-making on the 

possibility of providing medical services, therapeutic services, dental services based on the 

civil law, 191 decisions on the impossibility of providing medical services and 137 decisions 

on the possibility of providing medical services were generated for the 328 reviewed cases; 

302 decisions on the impossibility of providing therapeutic services and 788 decisions on 

the possibility of providing therapeutic services were generated for the 1090 reviewed 

cases; 270 decisions on the impossibility of providing dental services and 255 decisions on 

the possibility of providing dental services were generated for the 525 reviewed cases.  

The values of the elements of the confusion matrices are as follows – Fig. 8, Fig. 9, Fig. 10. 

To evaluate the quality of information technology for supporting decision-making on the 

need and possibility of vaccination against Covid'19 based on civil law (quality of classifiers 

a8 – determining the need/optionality of vaccination and a9 – determining the 

possibility/contraindications to vaccination) we used data sets, marked by experts in the 

field of medical law (according to the criterion for making a decision about 

possibility/impossibility of provision of a particular medical service, developed in [24]), on 



Covid'19 vaccination, collected in family medicine outpatient clinics of Khmelnytskyi region 

for the period from June 2021 to February 2022. Each case was assessed for 

necessity/optionality and possibility/contraindications for vaccination by two legal 

experts. The total dataset comprises 62 cases (62 data sets about a person who intends to 

be vaccinated against Covid'19 submitted to the information technology input, as well as 62 

conclusions on the need/optionality of vaccination and 62 conclusions on the 

possibility/contraindications for vaccination based on the current civil law). According to 

experts, in 42 cases (67.7%) vaccination is mandatory, for the remaining 20 cases (32.3%) 

it is optional; in 49 cases (79%) vaccination is possible, for the remaining 13 cases (21%) 

there are contraindications to vaccination; the ratio of decisions on necessity/optional and 

possibility/contraindications to vaccination shows some imbalance in data for decisions on 

possibility/contraindications to vaccination, which is explained by a significantly lower 

number of people with contraindications to vaccination compared to healthy people. To 

ensure the representativeness of the dataset, cases with different age groups of patients, 

with different places of residence (urban/rural, etc.), and with different types of patient 

activities were selected. 

 

 

Figure 8: Confusion matrix for information technology for supporting decision-making on 

the possibility of providing medical services, therapeutic services, dental services based on 

civil law (on the example of general medical services). 

 

Figure 9: Confusion matrix for information technology for supporting decision-making on 

the possibility of providing medical services, therapeutic services, dental services based on 

civil law (on the example of therapeutic services). 

 

Figure 10: Confusion matrix for information technology for supporting decision-making on 

the possibility of providing medical services, therapeutic services, dental services based on 

civil law (on the example of dental services). 



As a result of the use of information technology for supporting decision-making on the 

need and possibility of vaccination against Covid'19 based on the civil law, 42 decisions on 

mandatory vaccination and 20 decisions on optional vaccination were generated for the 62 

reviewed cases; 49 decisions on the possibility of vaccination and 13 decisions on existing 

contraindications to vaccination were generated for the 62 reviewed cases. 

The values of the elements of the confusion matrices are as follows – Fig. 11, Fig. 12. 

 

 

Figure 11: Confusion matrix for information technology for supporting decision-making on 

the need and possibility of vaccination against Covid'19 based on civil law (vaccination 

need/optionality). 

 

Figure 12: Confusion matrix for information technology for supporting decision-making on 

the need and possibility of vaccination against Covid'19 based on civil law (vaccination 

possibility/contraindications). 

 

Now, in accordance with steps 3-8 of the method for determining the quality and usefulness 

of information technologies for supporting medical decision-making based on civil law, 

based on the obtained values of TP, TN, FP, FN (Fig. 4-12) we will calculate the quality 

metrics of the analyzed binary classifiers a1; a2; a3; a4; a5; a6; a7; a8; a9 – information 

technologies for supporting various medical decisions based on civil law, and summarize 

them in the form of Table 1. 

Table 1 

Results of the study of the quality of binary classifiers – information technologies for 

supporting the decision-making of various medical decisions based on civil law 

 a1 a2 a3 a4 a5 a6 a7 a8 a9 

Accuracy 0,96 0,97 0,96 0,97 0,979 0,97 0,96 1 1 
Precision 0,979 0,994 0,989 0,989 0,97 0,98 0,98 1 1 

Recall 0,95 0,96 0,97 0,98 0,98 0,975 0,94 1 1 
F1 0,965 0,975 0,98 0,985 0,975 0,98 0,96 1 1 

Specificity 0,978 0,993 0,917 0,857 0,979 0,96 0,98 1 1 
AUC 0,9642 0,9739 0,9417 0,9180 0,9786 0,9654 0,9603 1 1 



The ROC-curves with the calculated AUC metrics plotted for 8 binary classifiers are 

shown in Figs. 13-20 (the ROC-curve for classifier a9 is similar to the ROC-curve for the 

classifier a8). 

 
Figure 13: ROC-curve and AUC metric for the 

classifier a1 

 
Figure 17: ROC-curve and AUC metric for the 

classifier a5 

 
Figure 14: ROC-curve and AUC metric for the 

classifier a2 

 
Figure 18: ROC-curve and AUC metric for the 

classifier a6 

 
Figure 15: ROC-curve and AUC metric for the 

classifier a3 

 

Figure 19: ROC-curve and AUC metric for the 

classifier a7 



 

Figure 16: ROC-curve and AUC metric for the 

classifier a4 

 

 

Figure 20: ROC-curve and AUC metric for the 

classifier a8 

 

In accordance with step 9 of the method for determining the quality and usefulness of 

information technologies for supporting medical decision-making based on civil law, we 

conclude on the quality of binary classifiers a1-a9.  All the calculated values of the metrics 

(Accuracy, Precision, Recall, F1, Specificity, AUC), presented in Table 1, indicate the quality of 

all the developed binary classifiers a1-a9 – information technologies for supporting medical 

decision-making based on civil law. 

 

Let's now analyze the reasons for the misclassification. 

Thus, there is a situation where in 2 cases from the analyzed data set experts noted the 

impossibility of providing surrogacy, and in one case experts noted the impossibility of 

providing in vitro fertilization from the point of view of the current civil law, but the 

information technology for supporting decision-making on the possibility of using 

reproductive technologies based on the civil law (classifiers a1, a2 respectively) 

respectively), issued a conclusion on the possibility of surrogacy or in vitro fertilization, 

respectively. There is also a situation when in 5 cases from the analyzed data set experts 

noted the possibility of surrogacy, and in 8 cases experts noted the possibility of in vitro 

fertilization in terms of the current civil law, but the information technology issued a 

conclusion that surrogacy or in vitro fertilization was impossible, respectively. 

There is a situation when in one case from the analyzed data set experts noted the 

impossibility of donation, and in one case experts noted the impossibility of transplantation 

from the point of view of the current legislation, but the information technology for 

supporting decision-making on the possibility of donation and transplantation based on the 

civil law (classifiers a3, a4 respectively) issued a conclusion on the possibility of donation or 

transplantation, respectively. There is also a situation where in 3 cases from the analyzed 

data set experts noted the possibility of donation, and in 2 cases experts noted the 

possibility of transplantation in terms of current legislation, but the studied information 



technology issued a conclusion that donation or transplantation was impossible, 

respectively. 

There is a situation when in 4 cases from the analyzed data set experts noted the 

impossibility of providing general medical services, in 13 cases experts noted the 

impossibility of providing therapeutic services, and in 5 cases experts noted the 

impossibility of providing dental services in terms of current legislation, but the 

information technology for supporting decision-making on the possibility of providing 

medical services, therapeutic services, dental services based on the civil law (classifiers a5, 

a6, a7 respectively) issued  a conclusion on the possibility of general medical services or 

therapeutic services, or dental services, respectively. There is also a situation when in 3 

cases from the analyzed data set experts noted the possibility of providing a general medical 

service, in 20 cases experts noted the possibility of providing a therapeutic service, in 16 

cases experts noted the possibility of providing a dental service in terms of the current 

legislation, but the studied information technology issued a conclusion about the 

impossibility of providing a general medical service or a therapeutic service or a dental 

service, respectively. 

There are no incorrectly classified cases regarding the necessity/optionality of 

vaccination (classifier a8), and the possibility/contraindications to vaccination (classifier 

a9) by the information technology for supporting decision-making on the necessity and 

possibility of vaccination against Covid'19 based on the civil law.  

The analysis of all 27 cases where experts noted the impossibility of providing a 

particular medical service in terms of the current legislation, but the information 

technology issued a conclusion about the possibility of providing such a service, showed 

that the information technology provided an erroneous conclusion due to errors in the data 

on potential patients and/or the contract for the provision of medical services submitted to 

it (for example, an erroneous space in a word; separately written words that should be 

written together; empty contract clauses, etc.). 

The analysis of all 57 cases where experts noted the possibility of providing a particular 

medical service in terms of the current legislation, but the information technology issued a 

conclusion that such a service could not be provided, showed that the information 

technology also issued a false conclusion due to errors in the data on potential patients 

and/or the contract for the provision of medical services submitted to it (for example, 

missing letters in words; missing spaces between words; words written together that 

should be written separately; letters swapped, etc.). 

Therefore, the reasons for misclassification are errors and inaccuracies in the patient 

data and/or contracts for the provision of medical services, submitted to the classifiers. 

Since the information technology for supporting decision-making on the need and 

possibility of vaccination against Covid'19 based on civil law (classifiers a8; a9) does not 

involve analysis of the patient's document or analysis of the contract, but works on the basis 

of clear "yes" or "no" answers to the questionnaires, there are no errors or inaccuracies in 

the data submitted as input, and therefore no incorrectly classified cases. Thus, the 

conclusions drawn from the analysis of incorrectly classified cases showed the following 

limitation of the information technology for supporting medical decision-making based on 

civil law as the dependence of its conclusions on the correctness of the formation and 



writing of patient data and contracts for the provision of medical services submitted to it 

for further processing. 

 

To determine the usefulness of the proposed information technology for supporting 

decision-making on the possibility of using reproductive technologies for reproductive 

medicine clinics, let's consider the cases analyzed by the information technology. 

From 193 surrogacy cases analyzed by the information technology, in 91 cases it 

generated a correct decision on the impossibility of performing the surrogacy procedure. 

From 320 cases of in vitro fertilization analyzed by the same information technology, in 142 

cases a correct decision was generated on the impossibility of performing the in vitro 

fertilization procedure. Thus, 91 surrogacy procedures (almost half of all reviewed cases) 

from 193 reviewed cases and 142 in vitro fertilization procedures from 320 reviewed cases 

were not allowed in terms of civil law regulation, as there was a failure to take into account 

or violation of certain civil law provisions, and this was revealed by the analyzed 

information technology (Fig. 21). Without the use of the proposed information technology 

for supporting decision-making on the possibility of using reproductive technologies based 

on civil law, the provision of surrogacy services in 91 cases (47.2%) and in vitro fertilization 

in 142 cases (44.4%) would have inevitably led to adverse legal consequences, lawsuits, 

and, given the nature of the surrogacy and in vitro fertilization procedures, to violations of 

moral and ethical standards. 

Therefore, the usefulness of information technology for supporting decision-making on 

the possibility of using reproductive technologies for reproductive clinics is to ensure that 

it increases the legal correctness of medical decisions – by 47.2% for 193 reviewed cases of 

surrogacy and by 44.4% for 320 reviewed cases of in vitro fertilization. 

 

 

Figure 21: Usefulness of information technology for supporting decision-making regarding 

the possibility of using reproductive technologies for reproductive clinics. 



To determine the usefulness of the proposed information technology for supporting 

decision-making regarding the possibility of donation and transplantation for surgical and 

transplant clinics and departments, let's consider the cases analyzed by information 

technology. 

From 102 analyzed decisions on organ or tissue transplantation in Ukraine over the past 

3 years, taken mainly from the UNOS (The United Network for Organ Sharing) database, in 

11 cases a correct decision was generated about the impossibility of donation and in 6 cases 

a correct decision was generated about impossibility of transplantation. Therefore, 11 

donation procedures and 6 transplantation operations from 102 considered cases of 

performed transplant operations were not allowed from the point of view of civil law 

regulation, because certain civil law norms were disregarded or violated, and this was 

revealed by the analyzed information technology (Fig. 22). Without the use of the proposed 

information technology, surgical and transplant clinics and departments may have adverse 

legal consequences, lawsuits, and, given the essence of the donation and transplantation 

procedure, also violations of moral and ethical norms. 

 

 

Figure 22: The usefulness of information technology for supporting decision-making 

regarding the possibility of donation and transplantation for surgical and transplant clinics 

and departments. 

Therefore, the usefulness of information technology for supporting decision-making 

regarding the possibility of donation and transplantation for surgical and transplant clinics 

and departments is to ensure an increase in the legal correctness of the provided medical 

decisions – by 10.8% for 102 considered cases of donation and by 5.9% for 102 considered 

cases of transplantation. 

To determine the usefulness of the proposed information technology for supporting 

decision-making regarding the possibility of providing medical services, therapeutic 

services, dental services for family medicine clinics, polyclinics and hospitals, let's consider 

the cases analyzed by information technology. 



From 328 cases analyzed by information technology, in 188 cases (more than half of all 

considered cases), a correct decision was generated about the impossibility of providing a 

medical service. From 1090 cases analyzed by information technology, in 282 cases, a 

correct decision about the impossibility of providing a therapeutic service was generated. 

From 525 cases analyzed by information technology, in 254 cases, a correct decision about 

the impossibility of providing dental services was generated. Therefore, 188 procedures 

form 328 considered cases regarding the provision of general medical services, 282 

procedures from 1090 considered cases regarding the provision of therapeutic services, 

254 procedures from 525 considered cases regarding dental services were not allowed 

from the point of view of civil law regulation, because there was a failure to take into account 

or violation of certain civil law norms, and this was revealed by the analyzed information 

technology (Fig. 23). Without the use of the proposed information technology for 

supporting decision-making regarding the possibility of providing medical services, 

therapeutic services, dental services based on civil law, the provision of medical services in 

188 cases (57.3%), the provision of therapeutic services in 282 cases (25.9% ), the provision 

of dental services in 254 cases (48.4%) – a total of 724 cases from 1,943 reviewed cases 

(37.3%) – would certainly lead to adverse legal consequences and possibly lawsuits. 

Therefore, the usefulness of information technology for supporting decision-making 

regarding the possibility of providing medical services, therapeutic services, dental services 

for family medicine clinics, polyclinics, and hospitals consists in ensuring that it increases 

the legal correctness of general medical decisions provided – by 57.3% for 328 reviewed 

cases for the provision of general medical services, by 25.9% for 1090 reviewed cases for 

the provision of therapeutic services, and by 48.4% for 525 reviewed cases for the provision 

of dental services – a total of 37.3% for 1943 reviewed cases. 

 

 

Figure 23: The usefulness of information technology for supporting decision-making 

regarding the possibility of providing medical services, therapeutic services, dental services 

for family medicine clinics, polyclinics, hospitals and dental clinics. 



 

The development of cross-disciplinary information technologies (e.g., information 

technologies for supporting medical decision-making based on civil law) is currently an 

important, relevant, but complex and time-consuming problem, since, on the one hand, such 

technology ensures that the norms of current legislation are taken into account when 

making medical decisions, the correctness of the medical procedure from a legal point of 

view, protects the doctor and the patient from legal conflicts, and, on the other hand, 

requires taking into account the standards and principles of development of information 

technologies along with regulatory documents in the field of medical law. 

The considered problem is to synthesize appropriate methods of binary classification az 

to solve the task of medical decision support (solved in [22-24]) and analyze the obtained 

binary classifier solutions, which is the purpose of this study. 

The article develops a method for determining the quality and usefulness of information 

technologies for supporting medical decision-making based on civil law (binary classifiers 

az: Xz → Yz), which provides a conclusion on the quality and usefulness of these information 

technologies in terms of classifying decisions into possible and impossible ones.  

All the calculated metrics' values (Accuracy, Precision, Recall, F1, Specificity, AUC) indicate 

the quality of the work of all the developed binary classifiers a1-a9 – information 

technologies for supporting various medical decisions based on civil law. 

A limitation of information technologies for supporting medical decision-making based 

on civil law is that its conclusions depend on the correctness of the formation and spelling 

of patient data and contracts for the provision of medical services submitted for further 

processing. If the data and/or contracts contain spelling and/or punctuation errors (e.g., no 

spaces between words), the information technology for supporting medical decision-

making based on civil law may issue an incorrect conclusion based on the incorrect 

classification of such words and phrases. 

The conducted experiments and the obtained results showed that the usefulness of 

information technology for supporting decision-making on the possibility of using 

reproductive technologies for reproductive clinics is to ensure that it increases the legal 

correctness of the medical decisions provided – by 47.2% for 193 cases of surrogacy and by 

44.4% for 320 cases of in vitro fertilization.  

The usefulness of the information technology for supporting decision-making on the 

possibility of donation and transplantation for surgical and transplantation clinics and 

departments is to ensure that it increases the legal correctness of medical decisions – by 

10.8% for 102 reviewed cases of donation and by 5.9% for 102 reviewed cases of 

transplantation.  

The usefulness of the information technology for supporting decision-making on the 

possibility of providing medical services, therapeutic services, and dental services for family 

medicine outpatient clinics, clinics and hospitals is to ensure that it increases the legal 

correctness of the decisions made – by 37.3% for 1943 cases (including by 57.3% for 328 

cases of general medical services, by 25.9% for 1090 cases of therapeutic services, and by 

48.4% for 525 cases of dental services). 



[1] A. Ghorayeb, J. L. Darbyshire, M. W. Wronikowska, P. J. Watkinson, Design and 

validation of a new Healthcare Systems Usability Scale (HSUS) for clinical decision 

support systems: a mixed-methods approach, BMJ Open 13.1 (2023) e065323. 

doi:10.1136/bmjopen-2022-065323. 

[2]  M. Parker, L. Willmott, B. White, G. Williams, C. Cartwright, Law as Clinical Evidence: A 

New ConstitutiveModel of Medical Education and Decision-Making, J. Bioethical Inq. 

15.1 (2018) 101–109. doi:10.1007/s11673-017-9836-3. 

[3] R. Bouvet, The Role of the Medical Officer in the Soldier’s Enhancement, Eur. J. Health 

Law 25.5 (2018) 587–596. doi:10.1163/15718093-12540384. 

[4] P. Hryhoruk, S. Grygoruk, N. Khrushch, T. Hovorushchenko. Using non-metric 

multidimensional scaling for assessment of regions' economy in the context of their 

sustainable development. CEUR-WS 2713 (2020) 315-333. 

[5] N. Davoody, S. Koch, I. Krakau, M. Hägglund, Accessing and sharing health information 

for post-discharge stroke care through a national health information exchange 

platform - a case study, BMC Med. Inform. Decis. Mak. 19.1 (2019). 

doi:10.1186/s12911-019-0816-x. 

[6] M. H. Hsieh, F.-J. Shih, S.-J. Sheu, S.-S. Wang, F.-J. Shih, Using an informatics education 

strategy to resolve the dilemma of teaching transplantation in medical institutions, 

Medicine 97.43 (2018) e12809. doi:10.1097/md.0000000000012809. 

[7] P.-Y. Meunier, C. Raynaud, E. Guimaraes, F. Gueyffier, L. Letrilliart, Barriers and 

Facilitators to the Use of Clinical Decision Support Systems in Primary Care: A Mixed-

Methods Systematic Review, Ann. Fam. Med. 21.1 (2023) 57–69. 

doi:10.1370/afm.2908. 

[8] C. A. Varotsos, V. F. Krapivin, Y. Xue, V. Soldatov, T. Voronova, COVID-19 pandemic 

decision support system for a population defense strategy and vaccination 

effectiveness, Saf. Sci. 142 (2021) 105370. doi:10.1016/j.ssci.2021.105370. 

[9] K. Knight, Who is the patient? Tensions between advance care planning and shared 

decision‐making, J. Evaluation Clin. Pract. 25.6 (2019) 1217–1225. 

doi:10.1111/jep.13149. 

[10] T. Hovorushchenko, A. Moskalenko, V. Osyadlyi, Methods of medical data management 

based on blockchain technologies, J. Reliab. Intell. Environ. (2022). 

doi:10.1007/s40860-022-00178-1. 

[11] A. Nisal, U. Diwekar, V. Bhalerao, Personalized medicine for in vitro fertilization 

procedure using modeling and optimal control, J. Theor. Biol. 487 (2020) 110105. doi: 

10.1016/j.jtbi.2019.110105. 

[12] P. Delbon, The protection of health in the care and trust relationship between doctor 

and patient: Competence, professional autonomy and responsibility of the doctor and 

decision-making autonomy of the patient, J. Public Health Res. (2018). 

doi:10.4081/jphr.2018.1423. 

[13] T. Ostermann, Information Technology and Integrative Medicine: Intimate Enemies or 

In-Team Mates?, J. Altern. Complement. Med. 27.11 (2021) 897–898. doi: 

10.1089/acm.2021.29100.tos. 



[14] P. Staňková, J. Horkelová, J. Lučzewská, J. Tichá, S. Zimčíková, J. Černobila, The Key 

Factors Influencing Clients’ Decision-Making in the Market of Selected Planned 

Healthcare in the Czech Republic, J. Competitiveness 9.4 (2017) 94–113. 

doi:10.7441/joc.2017.04.07. 

[15] R. Kothandaraman, S. Andavar, R. S. P. Raj, A Hybrid Feature Ranking Algorithm for 

Assisted Reproductive Technology Outcome Prediction, Braz. Arch. Biol. Technol. 65 

(2022). doi:10.1590/1678-4324-2022210605. 

[16] C. Adams, J. Allen, F. Flack. Data custodians and the decision-making process: releasing 

data for research. Journal of Law and Medicine 26 2 (2018) 433-453. 

[17] C. Ploem, Legal challenges for the implementation of advanced clinical digital decision 

support systems in Europe, J. Clin. Transl. Res. (2018). 

doi:10.18053/jctres.03.2017s3.005. 

[18] E. Zaitseva, V. Levashenko, J. Rabcan, E. Krsak, Application of the Structure Function in 

the Evaluation of the Human Factor in Healthcare, Symmetry 12.1 (2020) 93. 

doi:10.3390/sym12010093. 

[19] M. Sharma, S. Anand, R. Pourush, Landscape of Epilepsy Research: Analysis and Future 

Trajectory, Interdiscip. Neurosurg. (2023) 101879. doi:10.1016/j.inat.2023.101879. 

[20] S. A. Soliman, E.-S. A. El-Dahshan, A.-B. M. Salem, Deep Learning 3D Convolutional 

Neural Networks for Predicting Alzheimer’s Disease (ALD), у: New Approaches for 

Multidimensional Signal Processing, Springer Singapore, Singapore, 2022, с. 151–162. 

doi:10.1007/978-981-16-8558-3_11. 

[21] S. Khodambashi, J. A. Gulla, P. Abrahamsson, F. Moser, Design and Development of a 

Mobile Decision Support System: Guiding Clinicians Regarding Law in the Practice of 

Psychiatry in Emergency Department, у: 2017 IEEE 30th International Symposium on 

Computer-Based Medical Systems (CBMS), IEEE, 2017. doi:10.1109/cbms.2017.77. 

[22] T. Hovorushchenko, Ye. Hnatchuk, A. Herts, O. Onyshko. Intelligent Information 

Technology for Supporting the Medical Decision-Making Considering the Legal Basis. 

CEUR-WS 2853 (2021) 72-82. 

[23] T. Hovorushchenko, A. Herts, Y. Hnatchuk, O. Sachenko, Supporting the Decision-

Making About the Possibility of Donation and Transplantation Based on Civil Law 

Grounds, in: Advances in Intelligent Systems and Computing, Springer International 

Publishing, Cham, 2020, pp. 357–376. doi:10.1007/978-3-030-54215-3_23. 

[24] Y. Hnatchuk, T. Hovorushchenko, O. Pavlova, Methodology for the development and 

application of clinical decisions support information technologies with consideration 

of civil-legal grounds, Radioelectron. Comput. Syst. № 1 (2023) 33–44. 

doi:10.32620/reks.2023.1.03. 

[25] Confusion Matrix: How To Use It & Interpret Results [Examples], 2022. URL: 

https://www.v7labs.com/blog/confusion-matrix-guide.  

[26] A. Chiche, Hybrid decision support system framework for crop yield prediction and 

recommendation, Int. J. Comput. (2019) 181–190. doi:10.47839/ijc.18.2.1416. 

https://www.v7labs.com/blog/confusion-matrix-guide

