JJERAR

International Journal of Sciences: .. -
Basic and Applied Research Sclences:

S Basic and Applied
) m (IJSBAR) Bllearii
e ISSN 2307-4531
(Print & Online)
ISSN 2307-4531 e
(Print & Online)
e I e

http://gssrr.org/index.php?journal=Journal OfBasicAndApplied

Determining the Coefficients of Storing Information in the

Human Memory

Angel Dishliev®, Christian Girginov®, Katya Dishlieva®

*bUniversity of Chemical Technology and Metallurgy - Sofia, 8 bul. Kliment Ohridski, Sofia 1000, Bulgaria
“Technical university of Sofia, 8 bul. Kliment Ohridski, Sofia 1000, Bulgaria

Email: aadishliev@uctm.edu , "Email: girginov@uctm.edu , “Email: kgd@tu-sofia.bg
Abstract

The authors introduce a methodology for approximate finding the coefficient of storing information in the
human memory. The method is realized in one specific variant. For this purpose, many tests are implemented

and analyzed in a suitably selected student’s group.
Keywords: amount of information; coefficient storing information; approximations.
1. Introduction

The following terms are introduced in article [1]:- Quantity of information - a set of knowledge related to the
same science or a section of human knowledge that can be measured, i.e. it possesses a measure;- Coefficient
storing information - the change in the amount of information at any moment is proportional to the volume of
information at that moment. The coefficient of proportionality is called the coefficient storing information and it
is a function of time.lt is clear that these concepts have an individual character. They are specific even for
different individuals placed under the same external conditions. In order to use analytical mathematical methods
and especially the results to be applicable to a wide range of people placed under different external conditions, it
is assumed that the above-mentioned concepts have averaged character and relate to the qualities of an idealized
abstract individual. Under certain conditions, we can assume that the results obtained for this idealized
individual can also be transferred to the representatives of the large groups of people which have the similar

positions in society.Such generalizations are characteristic of the applications of mathematics.

* Corresponding author.
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As the examples, we will point out analogous mathematical methods in population dynamics (see [2,3]),

queuing theory (see [4,5]), control theory (see [6]), mathematical methods in the economy (see [7]) etc.
2. Preliminary Notes
We will use the following notations:

- t, - the initial moment (point) of investigation the dynamics of the amount of information;

- |, - the amount of information in the human memory at the initial moment t;

- I(t;ty,1y) - the amount of information in the memory at the moment t >t;, provided that at the initial
moment t,, the amount of information is 1,. There is I(t;t,,1,)>0, t>t,. It is clear that
I =1(tyits, 1g);

a(t) - the coefficient of storage information for t>0;

- a

- p= ﬂ(t, | (t)) - the coefficient of proportional completing information at each training for t > 0.

In the above mentioned paper [1], the model equation for storing the information in the memory in the absence

of additional training is obtained. The corresponding initial problem has the form

di
-t () =1 @)

The solution of the above initial value problem (1) is the function
[ (tt10)= 1,050 (e, ). %)

Therefore, if the initial moment t, of the process and the initial amount of information 1, are known, then by
equality (2), we can easily conclude that the coefficient of storage information o :a(t) and the amount of

information | =1(t;t,,1,) define mutually. For practice, it is more useful to know the amount of information

I. Moreover, it is clear that:

- From these two magnitudes, it is much easier to determine the amount of information through an experiment.

Then, as a consequence, we can find the coefficient of proportionality;

- In the absence of a short-term training, there is no practical significance in finding the coefficient ¢ .

Therefore, in this case, finding a coefficient of information storage is meaningless.

In the article [8], the dynamics of the amount of information was studied in the presence of the short-term

intensive trainings. Hypothetically, It can be assumed that these trainings take place instantaneously in the form
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of impulsive increasing the memory information. In this case (see [8]), the general problem modeling the

dynamics of the amount of information in memory has the form

%za(t—ti)l, t<t<t.,; ®)
L(t;+0) = (1+ B(t, 1 (1)) 1(t), i=12,..; 4)
1(t,)=1,, ®)

where the filling of information take place at the moments t;,t,,..., t, <t <t, <.... We introduce the notations

= (14 861 (63t 15)))- 1 (it 1), =1.2,....

Recall that, in paper [8] and [9], the form of the solution of impulsive system (3), (4), (5) is determined

Ioexp(jtoa(r—to)dr), t, <t<t;

t

ta(r—ti)dz'), t <t<t,;
(5 P 1R (6)
I exp(j[a(r—ti)dr), t<t<t,, i=23..

I exp(_[

Clear that, the solution is a discontinuous function and its points of discontinuity coincide with the impulsive

moments t,,t,,..., at which the amount of information is continuous function on the left - hand side. In order to
find the approximate function | (t;to, IO) in this case, it is necessary to conduct the experiments (observations)
in each interval of continuity [t,,t,], (t.t,], (t,.t;],.... The large number of experiments in the general case

significantly complicate to find numerically | (t;to, IO). Thus, in order to obtain approximately the amount of

information in the presence of short-terms intensive training, it is necessary to realize the following plan

1. We find approximately the function | =1 (t;to, IO) in the arbitrary interval without external intensive
filling the information in the memory;

2. Finding the function & = «(t) using formula (2);

3. Obtaining the function | =1 (t;to, Io) in the presence of impulsive effects by formula (6).

The problems of determining:
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- The impulsive jumps 1", i=12,..., which take place at the impulsive moments t,t,,...;

- Numerical approximation of the coefficient of proportional filling the information ﬁzﬂ(t, | (t)) t>0 at

each training is beyond the scope of this study. We will repeat once again that the objective of this work is to

find approximate coefficient o = a(t) .

3. Method of determining the Storage Coefficient of Information
We will present the methodology in several successive steps.
3.1. Selection of the object of study

First, we determine the type and composition of the group which will be surveyed, i.e. how to find the

coefficient of storing information). It is important to observe the following requirements:

- Homogeneity: Studies are applicable to a group of people placed under the same essential external
conditions. The absence of additional training is the most important;

- Target: The survey refers to the one and same type of information;

- Mass participation: Research targets relatively large groups of people;

- The sample of members of the observation group should adequately reflect the distribution of the major

types of subgroups in the study group.
3.2. Determination of the numerical parameters of observations
The following observation parameters should be specified here:

- Number and times of test implementation (experiments or observations): Observations should be fairly
evenly distributed, at a time interval for which it has been previously specified that there is no further
training on the subject of the survey. Observations must be a sufficient number in order to ensure the
relevance of the results using regular mathematical methods. Such method is the least squares, which
occupies a central role in the realization of the task. According to the remarks above, we determine the
number of observations N and the moments z,,z,,...,7,, 0<7, <7, <...<7, of the experiments.

- Number of participants in each experiment: The participants must be representatives of each subgroup
composing the group profile (subject of study). Their number may vary in different experiments, since
the results are averaged. Let the number of participants in the observations be k;,k,, ...,k , respectively.

- Weighting factors: It is possible to enter weighting factors for each participant in every experiment. In
general, the coefficients correspond to the participant's frequency of occurrence in the study group.

Assume that for the first experiment (held at the moment 7, ) the weight factors related to the

participants are 4, 4,,,..., 4, ; for the second experiment (carried at the moment z,), the weight

factors are 4,,4,,...,4,, and for the last experiment, the weight factors are 4,,,4,,,.... 4 , . If in the
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i-th experiment, the first participants and only they are representative of the same subgroup, then:

- All of these participants have the same weighting factor, i.e. 4; =4, =..= 4,

- Sum of the weight coefficients of representatives of the same subgroup is equal to the frequency of

subgroup, i.e. A; + 4, +...+ 4, = frequency of the representatives of subgroup.
It is clear that the next equalities are valid
Mg+ +A Ay =8 A+l +ot Ay =L A+ A+t A, =1
3.3. Determination of the amount of information in the observations
Modern reporting for the information in memory is based on the tests.

The participants in the given survey analyze the test and then share the available information in their memory.

It is written too much by different authors about the content, form, scope, method of compiling the tests and so

on.

In our opinion, this question is a question of methodology and therefore, it is far from the subject of this study.

For this reason, we will not dwell on shaping the tests.

We will specify few details related to the reporting of information that is important for accurately determining

the coefficient of storage information:

- The tests must contain information that has been provided to the students in one or more previous
training. For convenience, assume that the information given in advance to the participants in the

experiment has a measure 1, i.e. 1, =1;

- The main purpose of each specific observation i (i =12,.., n) on every specific participant in the i -
th experiment with the number ij (j :1,2,...,ki) is to estimate approximately the amount of
information stored in its memory at the moment ;.

- In other words, we find the constants P, Py, Py + Pars Pozseos Pak, s+++s Prs Paaseons P » fOr which
0<p; <1 i=12..,n j=12..k is satisfied. The constant p; shows the portion of information
(which we investigate) stored in the memory of j -th participant in i-th experiment. Approximate

determination of the information amount I, at the moment z; in the memory of an abstract generalized

individual, we find the formula

L =}%1pi1+ﬂﬁzpiz+---+}%k, Pik, i=12..n. (7
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3.4. Approximate determination of the amount of information

In the preceding paragraphs, we obtain the tabulated function

Table 1
o % 7y
Il IZ In

Using these numerical data, we define (intuitively) the parameters a, b,... and parametric family of the

functions ®(a,b,...). The requested function I(t;a,b,...) belongs to this family and approximates the amount

of information 1(t;t;, 1,), i.e., we have:
I(t;a,b,..)ed(ab,..), I(tab..)~1(tt,1,).

Using the least squares method, we will specify that the function I(t;a,b,...) is the best average quadratic
approximation of the amount of information I(t;O,l)). We assume that the initial moment is t; =0 and the

initial amount of informationis I, =1.

3.5. Approximately determination of the coefficient of storing information

In general, according to formula (2), the approximation a(t;a,b,...) of the coefficient of storage information
a =a(t) satisfies the equality

I(t;a,b,..)= exp('f;a(r;a,b,...)dr)

<inl (t;a,b,...)=I;a(r;a,b,...)dr

< a(r;ab,...) :m.%l (t;a,b,...).

3.6. Particular case

In particular, let be given the type of function that is a quantitative dimension of the information (see again

formula (2)), it is natural to assume that the parametric family of the middle-quadratic approximations has the

type

118



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2018) Volume 42, No 2, pp 113-120

®(ab,..)= {exp(A(t;a,b,...)); a,b,..e R} .

Using this type of parametric family of approximations, it is reasonable to convert Table 1 in Table 2,

respectively.

Table 2

7 7, T

A=Inlp | A=Inl, |...| A =Inl,

Then we define the type of parametric family go(a,b,...) to which this function belongs i.e.,

A(t;ab,...)ep(ab,..).

Using the least square method, we specify the parameters a,b,... i.e., we find the function A(t;a,b,...). It is

t
clear that this is the best mean-square approximation of the class ¢(a,b,...) for the integral function foa(r)dr .

In this case, the approximation a(t; a, b) of the coefficient of storage information satisfies the equality

A(t;ab,..)= j;a(r;a,b,...)dr = a(r;ab,..) =%A(t;a,b,...) .

4. Algorithm for determining the coefficient of storage information
Using the considerations in the previous paragraph, we reach the following algorithm:
Algorithm

4.1. Determine the number of observations n;

4.2. Define the times of the experiments z,,7,,...,7, ;
4.3. Determining the number of participants in the observations k,k,,...,K, ;

n?

4.4. Determination the relative weights of the participants in the observations A, 4,,.... 4 .

/qullﬂ'zz!---’/iw2 [AERS) /Inl’ﬂ’nZ""'ﬂ‘nkn ;
4.5. Determination of the parts of the stored information by the participants in the experiments
P11y Praseeos plk1 v Pars Pagseees p2k2 reonr Pras Pogseess pnkn ;

4.6. Evaluation the constants I, 1,,...,1, using formula (7);

n

4.7. Calculating the constants A =Inl,, A, =Inl,,..., A =1,;

4.8. For the table function set by Table 2, we define the type of approximating parametric family (p(a,b,...)
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4.9. Define the function A(t;a,b,...) €¢(a,b,...) (finding the parameters) using the least square method;

4.10.

Finding the estimate of the function «(t;a,b,...) :%A(t; a,b,..).

Acknowledgements

1. The authors are grateful for the funding of this research to the Bulgarian National Scientific Research

Fund, under contract DM19/1 (2017).

2. The authors are grateful for funding of this work under project BGO5M20P001-2.009-0015.

References

[1].

[2].

[3].

[4].
[5].

[6].

[7]1.

[8].

[9].

Dishliev A., Dishlieva K., Abou Habib M., Mathematical model of dynamics of the amount of
information in human memory, American J. of Education, Vol. 123, Issue 4, (2017), 1073-1081.
Brauer F., Castillo-Chavez C., Mathematical models in population biology and epidemiology, New
York: Springer, Vol. 40, (2001).

Tuljapurkar S., Caswell H. (eds), Structured-population models in marine, terrestrial, and freshwater
systems, Springer Science & Business Media, VVol. 18, (2012).

Cooper R., Introduction to queueing theory. North Holland, (1981).

Dishliev A., Dishlieva K., Nenov S., Introduction to queuing theory, University of Chemical
Technology and Metallurgy — Sofia, (2016), (in Bulgarian).

Boyd S., El Ghaoui L., Feron E., Balakrishnan V., Linear matrix inequalities in system and control
theory. Society for industrial and applied mathematics, (1994).

Aubin J., Mathematical methods of game and economic theory, Courier Corporation, (2007).

Dishliev A., Dishlieva K., Antonov A., Abou Habib M., Mathematical model of the amount of
information in the human memory for short time discrete trainings, Science and Educational Studies,
Vol. VIII, Issue 1 (29), (2018), 229-244.

Dishliev A., Dishlieva K., Antonov A., Abou Habib M., Mathematical training model maintaining
minimum amount of information in the memory, London Review of Education and Science, Vol. 22,
Issue 2, (2017), 323-340.

120



