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Abstract. The article presents an analysis of the educational standards, training programs and curricula currently used in training of informatics teachers in Ukraine. The article features the prospects of introduction of the national credit-modular system in universities on the basis of the European Credit Transfer System, the possibilities of adaptation of the current training programs and curricula for a two-level system of academic degrees and formation of individual study plans for students in the spirit of Bologna declaration.
1 
Introduction
Introduction of informatics as a separate subject in Ukraine’s secondary schools in the late 80-ies-early 90-ies called for teachers of the adequate qualification. At first informatics in secondary schools was mainly taught by teachers of mathematics and physics, after their taking a one-month course in informatics at regional institutes of in-service training. At the same time training of secondary school teachers was normally provided by pedagogical institutes and universities, which existed in each of the twenty-five regions of Ukraine.

At the first stage (90-ies), these universities added the additional speciality “informatics” to the basic specialities of physics and mathematics. For instance, a pedagogical university graduate in “mathematics and informatics” after a five-year course of training got the complete higher education, the Specialist’s degree and the qualification “a secondary school teacher of mathematics and informatics”. Such training in two specialities is still carried out in Ukrainian universities. But the programs and curricula of such courses have obvious shortcomings – they are dominated by the major qualification-oriented disciplines, e.g. mathematics, at the expense of the minor speciality, in our case informatics.

At the second stage (2000-2003), higher education system in Ukraine entered the period of reforms: the existing qualification standards were adjusted and new ones developed, new degrees (Bachelor and Master) and fields of training were introduced alongside corresponding programs and curricula, the system of Ukrainian academic credits was brought into the academic process. Secondary school teachers began to be trained in the new field of “pedagogical education”, which entailed narrowing of specialities. For instance, teachers of mathematics and informatics began to be trained in the speciality “pedagogy and methods of secondary education; mathematics and basics of informatics”. At the same time, the standards give the possibility for secondary school informatics to be taught by classical universities graduates in “applied mathematics” (speciality “informatics”). Programs and curricula for training informatics teachers were revised and as such have been in effect till today, continuing to have a number of drawbacks and causing certain problems in the organization of the process of study.

The third stage began in academic year 2003-2004. The major distinctive feature of this stage is the express intention of Ukraine’s higher education to become integrated with the European and global educational environment through adoption of Bologna principles. With this aim in view, many Ukrainian universities are carrying out experimental implementation of the national credit-modular system, developed on the basis of ECTS (European Credit Transfer System). In 2006-2007 this national system is planned to be introduced in all Ukrainian universities, for informatics teachers’ training in particular.

This article aims to analyze the current state of training specialists in informatics in Ukrainian universities, with particular emphasis on programs and curricula and their adaptation for effective implementation of Ukrainian credit-modular system of training informatics teachers.
2 
Current Approaches to Training of Informatics Teachers
2.1 
How Can One Become a Teacher of Informatics at a Ukrainian School?
Option one: at once after graduation from a university. A person has to complete a university course in one of the two fields of training, either in “applied mathematics” or “pedagogical education”. But this way has its own limitations and side conditions.

According to the Public register of fields of training and specialities, in the field of “applied mathematics” out of four existing specialities only the speciality “informatics” gives graduates the qualification of an informatics teacher, provided that during the five-year course a student has passed required psychological-pedagogical disciplines and the course in methods of teaching informatics.

In the field of “pedagogical education” training in the speciality “pedagogy and methods of secondary education; informatics” is not possible at present, due to the absence of corresponding public standards. As a result, a student has to choose a speciality comprising at least two disciplines, with informatics being a minor one. It can be for instance “pedagogy and methods of secondary education; mathematics and basics of informatics”. After four years of training in such course and getting the first degree, the graduate can teach at school only the major subject (mathematics), whereas the qualification to teach the minor subject (informatics) is awarded only after the fifth year of training. 

Option two: additional university degree. People with the Specialist’s or Master’s pedagogical degree in related sciences can get the Master’s in informatics after completing a one-year course of training. On the other hand, those who have a non-pedagogical degree in the fields of “applied mathematics” or “computer sciences” can take a 1-2-year course of training for the additional pedagogical degree at university-based institutes of further education.

Option three: retraining. A schoolteacher who teaches one of the sciences can take a retraining course in informatics at the regional institute for in-service pedagogical training and get the qualification of an informatics teacher.

It should be pointed out that secondary schools still have many vacancies for informatics teachers. As a result, school administrations often have to hire those specialists with a university degree who have taken a licensed computer course giving a corresponding practical qualification, for instance, “computer typist”.    
2.2 
Current Educational Standards and Training Programs
Currently, universities train informatics teachers for two educational levels:

· “basic higher education”, resulting in the Bachelor’s degree. The common course duration is 4 years. Students who take two-speciality courses get the qualification of a secondary school teacher only in the major speciality;

· “complete higher education”, which follows the basic higher education level, resulting in either Specialist’s (one-year course) or Master’s (one-year course) degree. There exists a certain difference between the said Specialist’s and Master’s degrees. In case of two specialities, the Specialist’s degree is awarded in both specialities, whereas the Master’s degree is awarded only in the major speciality.

It should be said that the state can provide free higher education only during five years of study. Actually, in case of two-speciality courses this means that after getting the Bachelor’s degree a student has to choose among three options of further training: Bachelor-Specialist (4+1 years of study, the student can get free complete higher education and the right to teach two subjects at school, but does not get the Master’s degree); Bachelor-Master (4+1 years of study, free complete higher education, the right to teach only one subject at school or university); Bachelor-Specialist-Master (4+1+1 years of study, 5 years of free training, 1 fee-paying year, the right to teach two subjects at school or one major subject at a university).

As a result of the existence of several models of training informatics teachers in Ukraine, the educational standards for training school teachers today have been developed and officially approved only for the Bachelor’s degree. Each standard includes two major documents: qualification description and training program. The latter serves the basis used by each university to develop their own five-year course curricula for each speciality. These curricula then have to be approved by the Ministry of Education and Science of Ukraine and are mandatory for the accreditation of the corresponding specialities. Qualification descriptions and training programs for the Master’s degree are developed by universities themselves and have temporary application until corresponding unified national documents are developed and officially approved.

As an illustration, let us take a look at the program for the Bachelor’s degree in informatics (field of training “applied mathematics”). It should be noted that this program is a state normative document which specifies the prescribed content of the course of training, sets requirements to the amount and level of the general and professional training for the Bachelor’s degree.

In two-speciality training of secondary school teachers of informatics (field of training “pedagogical education”, informatics as a minor speciality), this training program is used to develop and adjust corresponding curricula, syllabi and competence diagnostics tools, to determine the content of training as the basis for mastering new specialities and qualifications and to determine the content of training in the system of retraining and upgrading.

This training program consists of the prescribed and optional parts (table 1). It is necessary to explain that currently Ukrainian credits are calculated as 1 credit = 54 hours, 1 academic hour comprising 40 or 45 astronomical minutes.  The standard percentage of students’ independent work ranges from 1/3 to 2/3 of the total amount of hours assigned for a discipline. The program specifies a recommended list of academic disciplines and the amount of hours and credits per each discipline.
Table 1. Training program content distribution and minimum hours/credits in units of training
	Components and units of training
	%
	Minimum

	
	
	academic hours
	credits

	1. Prescribed component, including the following units:
	66,9
	5022
	93

	1.1 Humanities and social-economic disciplines
	19,4
	1458
	27

	1.2 Sciences
	25,9
	1944
	36

	1.3 Professional training
	12,2
	918
	17

	1.4 Practical training
	9,4
	702
	13

	2 Optional component, including:
	33,1
	2484
	46

	2.1 Disciplines selected by the university
	23
	1728

	32

	2.2 Disciplines selected by the student
	10,1
	756

	14

	Minimal general training
	100
	7506
	139


Unit 1 “Humanities and social-economic disciplines” includes history of Ukraine, Ukrainian language, culture studies, economics, philosophy, religion study, sociology, political science, psychology, jurisprudence, fundamentals of ecology, safety of human activities, ethics and aesthetics, foreign language, physical training.

Unit 2 “Sciences” includes mathematical analysis, algebra and geometry, discrete mathematics, differential equations, operations research, probability theory and mathematical statistics, theory of algorithms and mathematical logic.

Unit 3 “Professional training” recommends study of programming, functional analysis, simulation of economic, ecological and social processes, management theory, systems and methods of decision-making.

Unit 4 “Practical training” includes numerical methods, databases and information systems, basics of Internet, computer architecture, computer nets, data analysis.

For selection by universities, the training program in informatics offers optional disciplines in Sciences, Professional and Practical training units. These disciplines fall into two categories:

· applied mathematics (random processes, analysis of time series, general theory of systems, mathematical models of economic, ecological and social systems, mathematical economics, operations research, qualitative theory of differential equations, equations in mathematical physics, numerical methods in mathematical physics, cryptology, algorithm theory, mathematical logic);

· computer disciplines (languages of computer simulation and imitation, computer graphics, multimedia technology, computer-aided control systems, intelligence systems, AI languages, distributed databases, programming theory, software engineering, information security, compilation theory).
2.3 
Curricula: Peculiarities of Disciplines Distribution
The major normative document (standard) which determines organization of the course of specialists’ training at Ukrainian universities is the curriculum. The curriculum specifies the list of disciplines, the amount of hours per each discipline, the sequence of disciplines, forms of classes and their number, the course schedule, forms of final control and the amount of hours assigned for students’ independent work.

Distribution by academic credits. We have analyzed the distribution of disciplines according to academic credits in four current curricula for the Bachelor’s degree of an informatics teacher at Zhytomyr University. On the basis of the data obtained the following distribution chart was obtained (Fig. 1).
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Fig. 1. Distribution of disciplines according to the number of credits in the curricula for training school teachers of informatics, currently in use at the Faculty of physics and mathematics 

The data shown in Fig. 1 display a certain regularity: about 80% of disciplines comprise 0.5-2 credits, among them more than a half up to 1 credit.

Number of disciplines per semester. The number of disciplines studied by the students concurrently during one semester is considerable: the curricula require the study of up to 13 disciplines on average. Such number of disciplines entails a considerable number of control activities, semester tests and examinations. The upper limit of 5 examinations and 7 final tests per semester is reached almost in every semester.
3
Transfer to Credit-Modular System of Training Informatics 
Teachers
3.1
What Should the Optimal Credit-Modular System be Like?

The national university credit-modular system, developed on ECTS basis, is defined as a model of the academic process organization which rests on combination of modular teaching technologies and final credits. 
It should be noted here that ECTS is mainly oriented to recognition of credits (credit transfer) as a prerequisite of academic mobility [2; 3]. This system takes into consideration the qualitative parameters of a discipline, i.e. mainly the amount of time spent on it by a student. The qualitative parameter, i.e. the role of the discipline in the whole context of the specialist’s training, is not given proper consideration.

Besides, the use of quantitative parameters itself has drawbacks and creates serious problems. In ECTS, a credit is calculated on the basis of the relative amount of hours a student spends on study. This system ignores the fact that the time consumption for each specific discipline depends on the speciality which requires this discipline in the program and some other factors. Most countries accredit specialities, not separate disciplines. As a result, curricula and syllabi for the same discipline in different, even related, specialities can display essential deviations in terms of the number of hours.

Some researchers have even come to the conclusion that ECTS with its credit system does not allow to establish exact quantitative correlations on the national, let alone international, levels. This system can not be effectively used for quantitative evaluation during international student exchange, as the same disciplines in different universities even within one country are assigned different number of hours due to different curricula content [4].

At present, the aim and tasks of ECTS have become broader. The system is being transformed into a credit-accumulation system and with good reason can be defined as a credit-transfer and accumulation system [5].

It should be pointed out that a large number of European universities are oriented towards credit-accumulation systems (e.g. in UK, Scandinavian countries, Italy, Germany, Spain, Belgium), some prefer systems of credits transfer, and some use “hybrid” systems. Though most of the existing credit systems in Europe allow for transfer into ECTS credits, the introduction of ECTS still presents some problems. One of the major ones is how to apply principles and approaches of the European credit-transfer system in continuous, or life-long, education.

We believe that developers of Ukrainian credit-modular system should make use of the benefits of accumulation systems (USCS, CATS [6; 7]) which have a more universal character and better meet challenges of continuous (life-long) education and upgrading. As a rule, they do not depend on the form of study and peculiarities of national educational systems, and can consequently be easily adjusted to new forms and technologies of the educational process.

We define the optimal national credit system as a credit-based educational-professional technology, which in view of a person’s individual needs makes it possible to ensure, irrespective of the form of education,  the socially relevant direction and up-to-date level of the person’s professional training during their life. We suggest that the credit should be understood as a relative unit of measuring a student’s progress (level of knowledge and skills) shown within one module (a course fragment). That means that a credit is to show in quantitative terms, what share of all the student’s results, planned by the training program, falls on the completed module, and to specify the maximum time for study of the module material. 
3.2 Introduction of a Two-Level System of Academic Degrees
The Concept of development of pedagogical education in Ukraine, approved by the Ministry of Education and Science [8], stipulates that teachers of informatics will be trained for the educational levels “basic higher education” and “complete higher education”, with the qualification degrees of the Bachelor and Master. The Bachelor’s course is to last 3-4 years, Master’s – 1-2 years.

Upon obtaining the Bachelor of Education degree, two-speciality graduates will have the right to teach only the major discipline, whereas the degree of the Master of Education will give the qualification to teach in both specialities.

The content of pedagogical education comprises fundamental, psychological-pedagogical, methodological, information-technological, practical and social-humanitarian training.

Specifically, the content and amount of the fundamental training in the speciality “informatics” in the field of training “education” are to correspond to the content and amount of such training in the speciality “informatics” in the field of training “applied mathematics” at a classical university. For joint specialities, fundamental training is provided concurrently in both specialities and is completed in the first speciality on the Bachelor’s level and in the second speciality on the Master’s level. As stipulated in the Concept, such system will ensure equal academic rights of people who have completed such fundamental training.

3.3 Curricula Modernization
The current informatics teacher training curricula call for revision. 

Firstly, the distribution of disciplines in the curricula is characterized by a big share of disciplines comprising less than two credits, which for many reasons is an essential obstacle to effective implementation of Ukrainian credit-modular system. We believe that the average content of a discipline should increase up to 3-6 credits at the expense of integration of related disciplines. Such integrated courses can be taught by several instructors on the basis of a single training program.

It also seems expedient to administer inter-disciplinary tests, as mono-disciplinary testing system leads to students’ excessive load and as a result, low quality of written papers, especially such as reports, essays and semester research papers.

Secondly, at present the system of credits (36 academic hours) is used alongside the traditional system of academic load (54 academic hours per week). Such situation allows to avoid essential structural changes in the current curricula and carry out the transfer to calculation of curriculum components in ECTS credits.

On the basis of the first results of the experimental implementation of the credit-modular system in Ukrainian universities, it is planned to carry out a final transfer from 54-hour credit to 36-hour credit, with 60 ECTS credits per one year of study. Such transfer requires that the total amount of hours per a discipline in a curriculum should comprise not only contact hours, but the whole amount of hours, i.e. lectures, practical classes, lab hours, workshops, tutorials, practical training, students’ independent and individual work and tests. Contact hours are limited – they can not exceed 50% of the credit.

Thirdly, the introduction of Ukrainian national credit-modular system entails a broader application of modular technology in current and final testing of students’ progress. Some universities do students’ final assessment on the basis of modular control results, without examination sessions. With such approach, end-of-semester examinations can be taken by students at their own discretion, either when a student wants to improve the final module grade or when their final module grade is unsatisfactory (they do not pass).

Fourthly, provision of monitoring, updating of program and curricula content in view of the present-day and future vocational needs of the labour market. This means the possibility of selection of optional disciplines (selected by a university or a student) and teachware content within each prescribed discipline, especially in the professional and practical training units. Realization of this requirement is possible on the basis of a wide access of the academic staff, students and employers to curricula and provision of mechanisms of their real participation in curriculum development. One of the possible effective mechanisms can be development and use of university information services which can provide feedback and help students to build their individual study plans.

It should be mentioned that Ukrainian universities have initiated several projects in the field of students’ information services development, aimed at facilitating students’ participation in building their own individual plans. For instance, in February 2006 the project “Student Information Services for Promotion of the Bologna Declaration Principles in UA Universities (SIS)" was submitted for TEMPUS Program competition. The major objective of this project is to develop the mechanism and key tools (Model of the SIS) which will ensure informational openness of the academic process and facilitate students' self-guidance and active participation in the process of study. The project consortium members include University of Dunkerque (France) and Wroclaw University of Technology (Poland). Wroclaw University realized the project "Service Systems for Students" which provided a whole spectrum of services connected with admission to the university, access to curricula, provision of various databases for students, etc.
Conclusions
The system of training informatics teachers in Ukraine is being reformed in view of the present-day tendencies in the evolution of informatics as a science and rapid implementation of innovative information technologies in all spheres of social life. This is the reason why at present Ukrainian universities train future teachers of informatics on the basis of several curricula and training programs.
The transfer of Ukrainian higher education to its national credit-modular system which corresponds to the principles of Bologna Declaration serves an additional motivation for revision of educational standards, training programs and curricula. Ministry of Education and Science of Ukraine requires that since academic year 2006-2007 all universities introduce new curricula for first-year students, based on the credit-modular system.
The research done gives grounds to assert that the majority of Ukrainian universities today are not ready to carry out students exchange within the course of training secondary school teachers of informatics, as foreseen by Bologna Declaration.

Consequently, the study of the experience gained by European universities in the field of development and use of standards, training programs and curricula for training specialists in informatics is of high importance for improvement of the quality of informatics teachers training in Ukraine, facilitation of student mobility and recognition of Ukrainian diplomas by other countries. The study of such experience will be of high value for better understanding of tendencies and prospects of curricula development.
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