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An important part of educational activities is updating of textbooks and 

handbooks, in particular, on Higher Mathematics. Taking into account the modular 

credit system of education, chapters are compiled according to modules. The 

materials include basic notions, facts, formulas and theorems and are supplemented 

by examples of solving mathematical problems both on paper and with the help of 

MathCAD, MatLab or Excel.  The increase in students’ work efficiency, as well as 

visuality and convenience of studying process using a modernized handbook, are 

reached with the help of informational and communicative technologies (ICT).  
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Introduction. Work on higher education modernization caused by integration 

into the global educational community, in particular, the European one, is being 

carried on in Ukraine. Changes in educational system demand improvement of 

mathematical and, in general, basic education. In particular, Mathematics, 

Informatics and IT are tools which facilitate studies of other basic sc iences and 

special subjects. Therefore, high-quality education calls for high-quality studies of 

Mathematics, Informatics and related subjects. 

An important constituent of educational activities is improvement of scientific 

and methodological provision, in particular, writing textbooks and handbooks, both 

electronic and paper [1]. A textbook or handbook is the main component of 



educational and methodological complex. It identifies the content of studies and the 

system of students’ work, acts as a teacher’s work organizer in accordance to the 

academic discipline. In particular, Higher Mathematics course modernization is 

considered. Changes, new goals and tasks of Mathematics studies under conditions of 

competent and personality-oriented studies are reflected in corresponding methodical 

systems of mathematical education, in new textbooks and handbooks on Higher 

Mathematics. 

Problem definition. There is a number of requirements towards a textbook or 

handbook on Mathematics. The aim of mastering the scientific and cultural heritage 

of humanity imposes didactic requirements as well as demands towards methodical 

provision which are to be met. 

―General understanding of the problem of professional-to-be training 

improvement in higher educational establishments demands the analysis of their 

professional competence essence in terms of professional activity efficiency. 

Introducing competent approach into modernization of higher education content 

requires selection of the disciplines’ content, which can provide the formation of the 

competencies, and development of the control system over their formation‖ [2].  

But nowadays teachers work under conditions when, firstly, the amount of 

information which should be assimilated by students is growing all the time, 

secondly, class session duration is actually being reduced and the amount of students’ 

individual studies is increasing.  This contradiction can be eliminated with the help of 

intensive teaching technologies such as Information and Communication Technology 

(ICT) and new or updated textbooks and handbooks which meet modern 

requirements. Integration of Higher and Computer Mathematics studies provides 

additional opportunities for mathematical education intensification. These exact tasks 

define the ways of writing textbooks, handbooks and other teaching aids. 

In order to improve their quality and eliminate drawbacks, one should be guided 

by methodical recommendations of Ministry of Education and Science of Ukraine [3] 

and one should use one’s own research which is a generalization of gained exper ience 

and which received positive reviews. 



Main results.  Textbook (handbook) structure should comply with methodical 

recommendations scheme [3] shown on fig.1.  

 

 

Fig.1. Handbook Structure 
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Harmonizing the ratio of visual and verbal components in the process of 

education is carried out taking into consideration psychological and physiological 

aspects of cognition.  

The main way to transfer educational information during theoretical teaching is 

the verbal and logical one which let the essence of knowledge be expressed in general 

and move on to its direct usage.  

In planning and carrying out the educational process the part of a natural limiter 

is played by different capacity of human analyzers. It is known that the capacity of 

visual analyzers is 100 times higher than that of auditory ones. That means that the 

role of eyesight is of high priority when the quantity of information increases in the 

process of studying. It is not by chance that psychologists consider visual process to 

be the most important of all perception processes. It is known that 90% of all the 

information about environment people get by eyesight, 9% - by hearing, 1% - by 

touch. That is why visualization of educational information is chosen as the leading 

direction. 

Widespread adoption and usage of training equipment is the most important 

element in increasing the quality of higher education. Nowadays informational and 

communicative technologies are preferable. In order to use them in textbooks, it is 

suggested to insert appropriate fragments of different tasks solved with the help of 

mathematical systems.   

It is natural to suggest some methodical requirements for selecting and using the 

fragments: 

 fragments should only accompany the text; 

 each chosen fragment should not only illustrate this or that statement but 

also be a source of additional or developmental information; 

 the quantity of the fragments should be thoroughly regulated but the strict 

norms as to the number of the fragments is pointless because they are 

identified by the topic, its complexity, etc;    

 from the methodical viewpoint it is proper and effective to insert the 

fragments in the course of handbook because in that case direct integration 



of visual and logical components is kept which ensures the greatest effect in 

education. 

Taking into account the modular credit system of education, chapters should be 

purposefully compiled according to modules. For example, Higher Mathematics 

course (taking into account Probability Theory and Mathematical Statistics) has six 

modules and in addition a module of special chapters, i.e. the handbook is naturally 

divided into six or seven chapters. 

 

Fig. 2. Scheme of division higher mathematics course into modules 

 

For the development of abilities and skills for solving mathematical problems, 

development of mathematical competencies of professionals-to-be, text material 

includes basic concepts, facts and formulas, theorems, and is supplemented by 

solutions examples of corresponding problems in each paragraph. 

One of the most important universal competencies of the modern professional is 

the competence in informational technologies in which connection are required 
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proficiencies and skills oriented towards chosen sphere of the chosen field. In such 

approach the activation of education is reached as a result of concurrent solving 

processes both with and without the use of a computer. (fig. 3).  

 

Fig.3. Scheme for problem solving using the integration of Computer and 

Higher Mathematics methods  

As a result, probability of getting errors in answers significantly reduces due to 

thorough analysis and comparison solutions of the same problem using different 

methods (in terms of implementation). Abilities are formed and developed faster, 

analytical and calculating skills of students are surely consolidated. 

Besides, automating calculations reduces the complicity of educational tasks 

adaptation and gets them closer to the practical conditions. It is natural, for example, 

to move from integer coefficients of equations to fractional ones etc. Examples of 

problem solutions made both with and without the use of a computer and limited to 

the tasks of Higher Mathematics course are given in chapters. That is why materials 

(prints) of working windows of problem solutions with the help of MathCAD, 

MatLab, Maple or Excel are added to the sections. 

As an example, statistical hypothesis testing using the Kolmogorov-Smirnov test 

is given. 

It is known that after Pearson’s criterion one of the most used in practice tests is 

the Kolmogorov-Smirnov test. This test can optionally verify that the real distribution 

of the random variable correspond to normal, uniform, exponential distribution and 

the Poisson distribution. Of course, the most common type of test is to verify the 

presence of a normal distribution-being. To perform the Kolmogorov-Smirnov test is 

used in the package MatLab function 
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kstest: 

H = kstest(X,cdf,alpha) 

[H, P, KSSTAT, CV] = kstest(X,cdf,alpha). 

Input parameters:  Х – initial vector data; cdf – is given as a matrix of size 

m×2, where m – number of specified values of the random variable Х. The first 

column of matrix cdf  corresponds to the given values of the random variable  Х.  

The second column of matrix cdf calculated on the cumulative theoretical 

distribution function in the points Х. Assignment the functions cdf in this form is 

recommended. If cdf = [ ], then as a theoretical distribution will use a standard 

normal law N(0,1); 

alpha -  allows you to set the level of significance to test the null hypothesis . 

 Output parameters of the function are: 

H – result of the test of the null hypothesis for a given significance level;  

P – significance level, which corresponds to the sample values of  Kolmogorov-

Smirnov statistics; 

KSSTAT – value of the sample Kolmogorov-Smirnov statistics; 

CV – critical value of Kolmogorov-Smirnov statistics. CV value is used to test the 

null hypothesis. If  KSSTAT<CV, the null hypothesis can be accepted, otherwise it is 

rejected. 

Task. For the sample X by the Kolmogorov-Smirnov criterion test the 

hypothesis 0H  of a normal distribution of the random variable X. Parameters of the 

normal distribution take such as  2,5; 0,1a . 

>> X=[2.2 2.7 2.2 2.5 2.5 2.2 2.2 2.6 2.5 2.5 2.6 2.1 2.6 

2.5 2.6 2.4 ... 

2.7 2.6 2.4 2.5 2.3 2.5 2.4 2.5 2.5 2.4 2.5 2.6 2.4 2.6];  

>> alpha=0.05;  

>> G = normcdf(X, 2.5, 0.1); 

>> cdf = [X',G']; 

>> [H, P, KSSTAT, CV] = kstest(X, cdf, alpha)  

H =     0 

P =    0.1303 

KSSTAT =    0.2080 



CV =     0.2417  

Since the condition KSSTAT<CV performed, the hypothesis of the proximity of 

the distribution X to a normal distribution with parameters 2.5, 0,1a  accepted.  

This is confirmed by histogram and function density distribution graphs (fig.4). 

>> histfit(X,7) 

 

Fig.4. Histogram and function density distribution graphs 

An opportunity arises to expand calculation practice significantly with the help 

of increase in quantity of problems solved by the students using computer without 

significant increase or even with some reduction of general duration of practical 

seminars in each of the modules with an appropriate redistribution of classes and 

types of control. Creation and implementation of each student’s personal curriculum 

provides an opportunity of individual choice of the topic modules following the 

sequence of their studying [4]. Personal tasks differentiated by levels of complexity 

provide organization of individual students’ work. Firstly, on the level of replication 

individual work is oriented towards using quizzes and first-level tests. 

To acquire productive level mathematic skills, the variants of individual 

assignments, modular tests of the second and third levels are exemplified. 



Module № 6   

Probability theory and statistics  

Test № 1  

First level. In tasks 1-6 choose one faithful on your opinion answer. 

1. Bernoulli’s formula looks like  
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3. Let’s consider families that have two children. An experiment consists in that  at 

random one chooses family and fix the sex of child. Result BG means that a senior 

child is a boy, junior is a girl et cetera. Describe an event А – among two children 

there are at least one boy.  

a b c d 

,А GG BG      , ,А BB GB BG          ,А BB GB        ,А BB GG  

 

4.  Shooter made one shot on a target that has form of 

square with side 4 cells. Find probability of that he has got 

to the led round part of a square.     

 

 

a b c d 

1 2 1 3 16  0 

5. Theoretical part of course consists three sections. In each of them there are 10 

questions. A student knows 5 questions from the first section, 6 questions from the 

second and 8 questions from the third section. Teacher gives a student at random on 

one question from every section. Find probability of that the student knows answers 

for all of three questions. 

a b c d 

0,24 0,18 0,76 0,48 

 



6.  Throughout 6 days water temperature in Black sea at 6 o'clock in the morning was 

such  18°,  20°,  16°, 19°,  18°, 17°.  Find 1) mean value of sample, 2) mode and 3) 

median.  

 a b c d 

Mean  value 16 17 18 19 

Mode 18 16 19 17 

Median 17 16 20 18 

 

Solutions of tasks 7 - 10 it must have a ground. Write down 

successive logical actions and explanations. If it is needed 

illustrate the solution of tasks charts, graphs and tables. 

Second level  

7.  Two thirds of made details are made on the first of machine-tools, the others on 

the second. Probability of making of defective detail on the first machine-tool is 

equal 0,25 and on second  – 0,1. With what probability the detail taken at random will 

be high-quality? 

8.  Probability p of that the proprietor of apartment does not owe on payment for the 

use of electric power (event А) is equal  0,4. What is the probability of that from 

3500 proprietors of apartments 1400 persons do not have the adopted debt?   

9.  Statistics testify that 20% families have cable television. At random choose three 

families. Write a binomial  (as a Bernoulli’s formula) distribution of random variable 

Х – numbers of families which have cable television from three at random chosen 

and  calculate probability of event А − no more than one family from three has cable 

television 

Third level  

10.  On an external evaluation from mathematics pupils got such estimates  

Number of pupil  1 2 3 4 5 6 7 8 9 10 11 12 

Quantity of points 7 5 6 5 5 8 6 7 5 7 6 5 

 

Make a frequency table; build a polygon and histogram of frequencies. Find the mean 

value of sample and corrected standard deviation — s(X). 



To create conditions for advanced studying of the course and to make the work 

more efficient recommended references and bibliography are placed at the end of the 

book. Index facilitates the usage of the handbook. 

Here is a fragment of the index: 

В   

Варіаційний ряд, 

206 

Вариационный ряд Variational  

series 

Взаємно протилежні 

події, 112 

Взаимно  

противоположные  

события 

Converse events 

Вибірка, 205 Выборка Sample 

Вибіркова 

дисперсія, 210  

Выборочная 

дисперсия 

Sample variance 

Вибіркове середнє, 

210 

Выборочное среднее Sample mean  

(average) 

Вибірковий 

коефіцієнт 

кореляції, 225 

Выборочный  

коэффициент  

корреляции 

Sample  

coefficient of  

correlation 

Випадкова величина 

(ВВ), 138 

Случайная величина 

(СВ) 

Random variable  

(RV) 

- дискретна, 138 - дискретная  Discrete variable 

- неперервна, 139 - непрерывная  Continuous  

variable 

Відносна частота 

події, 114 

Относительная  

частота события 

Relative  

frequency of event 

 

Appendixes are added to the book to make calculations easier.  

Above mentioned recommendations are used in handbook writing [5, 6] 

approved by the Ministry of Education and Science of Ukraine. It differs from a 

number of known analogues in that materials in chapters are placed in accordance 

with curriculum of the course which implements modular/credit system for studying 

Higher Mathematics. In comparison with printed handbooks where information is 

presented consecutively, electronic handbooks have natural opportunity of branching 

and give a student direct access to the necessary chapter or chosen task. That is why 

electronic handbook is written during the next stage under condition of its direct 

usage in the process of studying.  



Conclusions. The ways of training aids are united into one complex which is 

based on a textbook or handbook that replaces it. Changes in the system of higher 

education, in particular mathematical disciplines, demand modernization or writing of 

new handbooks. Usage of textbooks and handbooks of the new generation leads to 

the changes in educational technology. Nowadays mathematical education activation 

of professionals-to-be is based on usage of educational informational and 

communications technologies. 

Computers give an opportunity to study individually in terms of amount as well 

as pace, to keep mobile control of knowledge assimilation and gaining of 

corresponding competencies. To increase students’ individual work efficiency, as 

well as visuality and convenience of studying process at ―teacher-student‖ level, we 

consider that it is necessary to use modernized printed, electronic handbooks and 

informational and communications technologies in general. Further research and 

development of the educational processes calls for the elaboration or improvement of 

conceptual approaches in accordance with chosen specialty of professional education 

using ICT. Availability of modern technologies in the educational processes gives 

professionals-to-be ample opportunities for work with information not only in their 

professional field but also in other spheres of social life. 
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