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Abstract: In this paper the development of children under 12 months of age in terms of control theory 
is evaluated. The samples are divided into two groups by sex. A mathematical model of the weight 
changes for each group are made using software Korelia-Ident. The model identification is based on 
the differential equation of the first order. Dynamics characteristics of children growth are estimated 
with the same program. Using the formulated mathematical model a new parameters for appresiation 
of childrens are calculated. 
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“However, I assume that every natural concept 
contains as much real science as it contains 
mathematics."  

Immanuel Kant 
 
1. INTRODUCTION 
 
The change in weight and height in the first year after birth (breastfeeding period) are 
extremely important to the overall process of growth and development subsequently. 
Children are born with different anatomical and physiological parameters. Each one is unique 
and has its own rhythm of growth. Pediatricians and parents have tables that can be used to 
compare the development of children. 
The disadvantage here is that the tables give anthropological traits with their absolute values. 
The growth of children is a dynamic process, and in terms of cybernetics a process has a 
number of parameters. In literary analysis no study to address this problem was found. 
In this work we aim to follow the development of the weight of children from birth to 12 
months of age applying methods of control theory. So a full picture of adolescent 
development as a process described by parameters object of cybernetics can be achieved. 
 
2. MATERIALS AND METHODS 
 
Data for the weight of 13 girls and 13 boys for every month from the moment of birth until the 
age of 12 months has been provided by the parents. The data is formed in two groups by 
gender. For each group, it is assumed that there is a normal distribution of the data for 
individual months. 
The statistical data processing was carried out with MS Excel. For each month within the 

group defined average value , standard deviation SD, asymmetry coefficient SKEW, 
coefficient of excess KURTOSIS and dissipation factor V: 

X
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Because the representativeness of the sample can’t be ensured, these statistical measures 
were used to assess the type of scattering [3,4], and to compare the results with literature 
data. 
With p-level = 0.05 and using the Student-Fisher t-test was found a statistically significant 
difference between the corresponding parameters in both groups. Of interest is the data with 
p-level <0.05. 
Identification of the mathematical model and the calculation of its dynamic parameters is 
made with the program Korelia-Ident [9]. The program has user-friendly interface, driven by 
the presence of language to describe patterns [6], module for recognizing the researched 
process using teaching set [7] and the used dynamic data structures for identified models [8]. 
The dynamic parameters of the process according to the algorithms described in [10] are 
calculated. 
 
3. RESULTS 
 
3.1. Statistical parameters 
 
In Table 1 are given the statistical parameters of the process of increase in weight by months 
of male children, and in Table 2 - female. This table also shows the p-level of the two groups. 
 

Table 1. Statistical parameters of weight in boys 

Months 
Average 

weight [kg] 
SD 

Dissipation 
factor V [%] 

Skew Kurtosis 

0 3,365 0,425 12,637 0,086 -0,506 

1 4,281 0,538 12,557 -0,740 -0,923 

2 5,471 0,595 10,880 -0,355 -0,728 

3 6,436 0,633 9,829 -0,237 -0,485 

4 7,075 0,690 9,749 -0,038 0,942 

5 7,775 0,815 10,503 0,106 1,541 

6 8,167 0,789 9,660 0,272 1,548 

7 8,583 0,909 10,593 0,518 1,065 

8 8,998 0,859 9,543 0,299 0,551 

9 9,452 0,992 10,498 0,726 1,048 

10 9,888 1,109 11,219 0,176 -0,249 

11 10,313 1,177 11,410 -0,212 -0,960 

12 10,753 1,138 10,585 -0,140 -0,669 
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Table 2. Statistical parameters of weight in girls 

Months 
Average 

weight [kg] 
SD 

Dissipation 
factor V [%] 

Skew Kurtosis p-level 

0 3,028 0,392 12,954 0,108 0,239 0,0334 

1 4,033 0,613 15,213 0,750 -0,704 0,2113 

2 4,980 0,694 13,942 0,413 -0,917 0,0414 

3 5,637 0,728 12,914 0,175 -0,903 0,0035 

4 6,402 0,711 11,121 0,442 -0,905 0,0179 

5 6,887 0,637 9,261 0,599 -0,802 0,0047 

6 7,324 0,652 8,912 0,322 -0,625 0,0057 

7 7,681 0,716 9,325 0,933 0,413 0,0079 

8 8,203 0,798 9,728 1,135 0,815 0,0189 

9 8,656 0,900 10,406 1,482 2,456 0,0408 

10 8,960 0,982 10,966 1,274 1,721 0,0258 

11 9,250 1,087 11,751 1,427 2,410 0,0189 

12 9,692 1,090 11,253 1,154 2,081 0,0164 

 
In both groups, the coefficient of variation does not exceed 14%, skew and kurtosis are about 
zero. Therefore it can be assumed that each group is homogeneous and has a normal 
distribution. Graphic study shows the same dependency. 
Figure 1 shows a graph of change of weight of boys according to our measurements, and 
data derived from the [1] and [5]. Figure 2 shows the analogous curves for girls. 
 

 
 

Figure 1. Comparative chart weight in boys, according to Table 1  
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Figure 2. Comparative schedule of weight in girls according to Table 2 

 
3.2. Mathematical model 
 
The graphs in Fig. 1 and Fig. 2 show a clear growing monotonous process. It can be 
described with a differential equation of the first order: 
 

 

 

(2) 

 
Where: 

 
y(t) - the weight at a time t. 
r – the rate constant of the process; 
K – the proportionality coefficient; 
U(t) – the input step force; 
C0 - birth weight 
 

The solution of Eq.(1) is: 
 

 
 

(3) 

Where: 
  -  infinite asymptote of y(x) 

 
Identification according to growth data is done for each child. The identification vector [9] is 
also defined. 
 

Qi=[C0 , C∞ , r].  
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The identification vector is calculated as for the optimization criterion is selected minimizing 
the quadratic error. For each model the absolute error and the coefficient of determination R2 
are also calculated. 
Statistical values of identification parameters and error for both groups are shown in Table 3. 
 
Table 3. Value of identification parameters for both treatment groups 

 parameter 
Average 

weight [kg] 
SD 

Dissipation 
factor V [%] 

Absolute 
error 

Quadratic 
error 

R2 

boys 

C0 [kg] 2,911 0,271 9,3 

0,2115 0,2286 0,9964 r [month-1] 0,117 0,020 17,1 

C∞  [kg] 13,346 0,855 6,4 

girls 

C0  [kg] 2,727 0,507 18,6 

0,1798 0,1045 0,9980 r [month-1] 0,172 0,010 5,7 

C∞ [kg] 10,297 1,038 10,1 

 
The initial value C0 (p = 0.0449) and C∞ (p = 0.0094) showed a statistically significant 
difference. The mathematical model for boys: 
 

 ( )                          (4) 
 
The mathematical model for girls: 
 

 ( )                         (5) 
 
The graphs of the models are shown on figure 3. 
 

 
 

Figure 3. Mathematical model of boys and girls 
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4. DYNAMIC PROCESS PARAMETERS 
 
The dynamic parameters according to [10] for each child were calculated using the software 
Korelia-Ident. The tolerance band was chosen to be δ=0.05. Korelia-Ident estimates 8 
parameters of the dynamic processes.Into account will be taken only those that demonstrate 
a statistically significant difference when comparing the two groups. 
 
4.1. Initial value C0 
 
C0 is the weight with which the child is born. 
 
4.2. Infinity value C∞ 
 
Asymptotic value which tends to the child's weight at the end of the twelfth month .This value 
is derived from the formulated mathematical model. Due to the fact that C∞ is the asymptote 
of the process, it is difficult to use it for practical purposes. 
 
4.3. Steady state level Ys 
 
This is a value which in practice is used instead C∞. Its value depends on the amplitude of 
the process and the selected tolerance band δ: 
 

  ( )       (     ) (6) 

 
4.4. Settling time ts 
 
It is time that the process reaches Ys. This time also depends on the tolerance band δ: 
 

  ( )  
 

 
  (
 

 
) (7) 

 
This value shows no statistical difference, but is important because of its participation in the 
formation of other parameters of the researched processes. 
 
4.5. Process area SR 
 
Steady state level and Settling time form a rectangle that wraps the process. 
 

   |     |     (8) 

 
4.6. Quality factor of regulation Sp 
 
It shows how much the system response is optimal. It’s measured using the area determined 
by the actual curve of the transition process and the shell of the process: 
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 (9) 

 
4.7. Area under curve (AUC) 
 
This parameter is associated in the literature with the area under the curve of the researched 
process: 
 

    ∫  ( )  
  

 

 (10) 

 
This formulation is valid only for increasing processes. In [10] general definition is given, 
which is a consequence of the Process area and Quality factor of regulation: 
 

          (11) 

 
AUC has a wide popularity in medical and biological sciences for evaluation of drug 
absorption, drug bio-availability and drug concentrations over time, integral muscle force and 
so on. 
The next two parameters are abstract in nature, but are often used to evaluate and compare 
the signals [2]. 
 
4.8. Energy E  
 
Signal Energy defined as: 
 

   ∫ | ( )|   
  

 

 (12) 

 
4.9. Power P  
 
Power P is the average power for the period of child development: 
 

   
  
  

 (13) 

 
The calculated values of dynamic parameters for both groups and their p-level values are in 
Table 4. 
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Table 4. Dynamic parameters showed statistically significant differences 

 

boys girls 

p-level 
Average 

value 
[kg] 

SD 
V 

[%] 

Average 
value 
[kg] 

SD 
V 

[%] 

Settling time 
ts [month] 

26,22 4,206 16 17,44 0,920 5 0,33 

Initial value 
C0 [kg] 

2,91 0,271 9 2,73 0,507 19 0,044 

Infinity value 
C∞ [kg] 

13,35 0,855 6 10,30 1,038 10 0,0094 

Steady state 
level Ys [kg] 

12,83 0,810 6 9,92 0,993 10 0,0087 

Process area 
[kg*month] 

262,19 65,229 25 125,99 21,372 17 0,04769423 

AUC 
[kg*month] 

179,05 44,543 25 86,04 14,594 17 0,04769422 

Quality of 
regulation Sp 

[kg*month] 
83,15 20,685 25 39,96 6,778 17 0,04769427 

Energy E 4836,15 1414,176 29 1910,42 457,687 24 0,0103 

Power P 182,30 24,164 13 109,01 23,165 21 0,0105 

 
 
5. DISCUSSIONS 
 
The study confirmed the known fact that there is a statistically significant difference between 
the weight of boys and girls 
The formulated and identified mathematical models of both processes show statistically 
significant difference in two of the parameters - C0 and C∞. This is evidence that both models 
should be considered separately. 
There was no difference in the rate constant for the two processes. 
The dynamic parameters of the two processes are calculated and a statistically significant 
difference for many of them is found. 
Near the accepted limit of 0.05 is the initial value C0 (p = 0.044). 
The difference in parameters characterizing the weight at the end of the test period is 
significant: Infinity value (p = 0.0094) and Steady state level (p = 0.0088). That indicates that 
the final weight is an important parameter for assessing the development of children. 
This work examined three parameters that are related to the assessment of areas: Process 
area, Area under curve and Quality of regulation. Typical for them is that they have the same 
values for the level of significance and for inter-group comparison could be used only one of 
them. 
 
6. CONCLUSIONS 
 
In this work was studied the weight development of children during infancy. The statistical 
parameters of the first order (average value) and second order (standard deviation) were 
calculated and the parameters of the third (skewness) and fourth (kurtosis) order. This gives 
fullness and completeness of the statistical analysis of the sample. 
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A mathematical model of change in children’s weight, for both sexes, is found. The model 
identification is based on the differential equation of the first order. The credibility of the 
model is high. The coefficient of determination is not less than 0.98. 
For all calculations, the data of interest in the article, is calculated p-level between the 
groups. This helped to identify parameters, highly dependent on the sex of the children. 
Exactly these parameters can be used as a criterion for the development of both sexes in 
infancy. 
Special attention may be paid to Infinity value and the closest in meaning Steady state level, 
which show smaller inter-sexual significance respectively 0.0094 and 0.0088. 
The three parameters related to evaluation of areas are equivalent as a statistically 
significant difference. Therefore the recommendation is to use the most easily calculable 
(Process area) as a parameter to compare . 
Using the model are formulated new criteria for assessing the growth of adolescents and 
calculated their statistical parameters. 
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