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ABSTRACT 

 

A proposal of a new postgraduate scientific study in education in technical sciences is presented. This 

study is a part of an interdisciplinary postgraduate scientific degree program in education that includes social 

sciences (discipline: education, branch: didactics), natural sciences discipline: (chemistry, biology) and 

technical sciences (discipline: informatics, technics). 

Proposed study is primarily oriented towards students that finished graduate studies for elementary and 

secondary school professors in informatics and technics but it is also opened towards engineers that have 

obtained additional psychological-pedagogical education. Students are preparing for future systematical 

scientific work in the field of education in informatics and technics, for applying acquired scientific knowledge 

in special didactics within the educational process, development and evaluation curricula, improvement of 

educational process, etc. Student chooses one of the two disciplines in technical sciences: informatics or 

technics. Study consists of obligatory and elective courses. Obligatory courses include psychological-

pedagogical contents and special didactics. Elective courses, besides courses in social sciences include technical 

science courses, as well. Elective courses are divided into several groups in order to preserve overall 

equilibrium between courses in social sciences and technical sciences.  

Presented study is fully compatible with the Bologna declaration and the intention to provide education 

vertical according to 3+2+3 principle to all students.                
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1. INTRODUCTION 

 
Dynamical development of science, the large amount of new information in natural and in technical 

science are reasons for an increasing need of continuous teacher's education, for the development of new 

methodologies, the development of modern teaching contents at all levels of education. Teachers must be 

qualified to collect recent data, for selection and systematization of knowledge, to develop teaching contents 

supported by modern information and communication technologies. Computer science does not investigate 

phenomena associated to computers; it primarily investigates natural and artificial information processes [3]. 

Up-to-date information has to be adjusted to students with varying competences, starting from those 

with special needs to the particularly talented ones. Students need to develop the habit of teamwork and use of 

scientific literature. Recognizing on time the differences in individual student abilities and by properly 

channelling their interests using modern educational programs will promote a gradual introduction of talented 

students into research within a specific scientific field. 

Also, highly motivated students with clear preferences and interests will certainly contribute to a higher 

quality of teaching at the universities, to the quality of research and in the long run to the development of 

technology and economy in general. 

If instruction in natural and technical science would provoke a critical way of thinking, it could fulfil its 

educational function. Very often the opposite is accomplished: mostly non-understandable principles are applied 

to unrealistic cases, without explaining their relevance. This is the cause of frustration, since students remain at 

an intuitive, pre-scientific level of perception. Knowledge very often remains at the level of reproduction of 

definitions and formulas, this approach to instruction being very inefficient. 

Therefore, in teaching natural and technical science much more attention has to be devoted to critical 

analysis of the fundamentals of knowledge and the way they have been assessed. This has to be the leading 

policy in education, particularly of those who have the most important role in knowledge transfer - primary and 

secondary school teachers. 

It is obvious that only well educated teachers will know how to trigger the interest for natural and 

technical science. Therefore, it is necessary to offer a postgraduate program that will enable graduated teachers 

to obtain a higher level of education as a function of their professional orientation, job and field of interest.  
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The Bologna process offers a new model of higher education according to the principle 3+2+3. Hence, 

postgraduate studies are a natural phase in education that should be available to all those who have graduated 

and have obtained the necessary academic degree. 

 Authors came up with a proposal to the University of Split that comprises an interdisciplinary 

postgraduate scientific doctoral program „“PhD in education in natural and technical sciences” with disciplines: 

biology, informatics, chemistry, technics [1]. Globally proposed educational program of study contains, along 

with modern contents in substrate science (area of natural and technical sciences), contents in social and 

humanistic sciences as well as the overview of research in education of particular vocations (special didactics). 

Advisability of this study program can be confirmed by the fact that there is no such postgraduate scientific 

doctoral study of this kind, i.e. there is no doctoral study for graduated teachers that could provide them with 

knowledge for scientific research and improvements of the teaching process in the area of natural and technical 

sciences along with high-quality knowledge in natural or technical sciences. 

We think that the proposed postgraduate doctoral study would contribute to the higher quality of 

teachers and the whole educational process. This would affect the design of new curriculum at all levels of 

education. We expect that the knowledge obtained would be an efficient basis for the introduction of modern 

methods of learning and teaching, diagnosis and problem solving in teaching and learning, evaluation of 

curricula, development of new curricula, introduction of new teaching methods and media into the educational 

process, mentorship of talented students, critical evaluation of teaching materials.  

The proposed program is in accordance to the national Plan for the development of the educational 

system in the Republic of Croatia for the period from 2005 to 2010 [2]. It is also in accordance to our long-term 

strategy: education of highly qualified teaching staff is a strategic priority in a knowledge based society, aimed 

to enhance the scientific and technological development of a country determined to pursue an industrial and 

exporting orientation. 

Although complete program includes four disciplines and possible orientations for PhD students, in this 

paper we will focus on disciplines of technical sciences: Informatics and Technics. The rest of the paper is 

organized as follows. Section 2 gives a comparison and overview of the other similar postgraduate studies in the 

world, structure of the proposed study is presented in Section 3 and the conclusion regarding expected outcomes 

of this study is given in Section 4.   

 
2. OVERVIEW OF SIMILAR DOCTORAL PROGRAMS  

 

After survey of various similar studies in the world, it can be noticed that the term methodics is 

substituted with the term special didactics, specific didactics, vocational didactics (Germany), didactics of the 

discipline (France). This term relates to the undergraduate or graduate course as well as to the scientific branch 

within certain scientific area. 

 

Table 1. Overview of the number of courses (points) according to course type. 

 

University Number of courses (points) according to type  

Group 1 Group 2 Group 3 

Stanford 15 points 60 points 

Maryland [5] 6 4 7 

Illinois IT 9 4 4 

Illinois SU 6 10 2 

Portland 6 6 6 

Virginia [4] 6 4 2 

Weizman It (Israel) 7 2 7 

 

In Germany, valuable knowledge of social and humanistic sciences is added on tradition based on high 

quality of fundamental knowledge. In France, didactics of particular disciplines are dominantly on graduate level 

of study and acquiring the doctoral degree is mainly on mentor principle within groups specialized for didactics 

of certain discipline. Czech approach is somewhat different. Parent faculties have three-year doctoral study in 

didactics of certain vocation and it is comprised mainly with courses in substrate science while the dissertation is 

oriented towards curriculum issues. Lack of social courses is partly due to their significant inclusion in 

undergraduate and graduate programs and partly due to the fear of return of idoologized pedagogy. Anglo-saxon 

countries don’t use term methodics and very rarely vocational didactics, too. By integration of substrate sciences 

and scientific areas oriented towards investigation of education, special scientific disciplines such as Science and 

Technology education at the University of Roehampton – London, Computer sciences education at he University 

of Kent have been established. One of the top-quality studies in education is the study on King’s College of the 

University of London. Doctoral studies in education of natural and technical sciences in USA have been 
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organized at the departments for mathematics, physics, computer sciences (Illinois, Montana, Portland, Purdue, 

UCSD, Maryland [5]), at the departments for education – “curriculum and instruction” (Berkeley, Stanford, 

Austin [6], Pennsylvania) as well as at some universities that posses both possibilities (Arizona State University, 

Columbia, Michigan, Georgia). 

An overview of distribution of courses in the above mentioned doctoral studies can be done according 

to the classification into three main groups (Table 1). Group 1 includes courses such as research methodology, 

learning theories, teaching models, statistics, ICT in education, philosophy and history of natural sciences, social 

and cultural aspects of teaching natural and technical sciences. Group 2 includes courses such as research in 

teaching of natural and technical sciences while Group 3 includes so called substrate sciences courses 

(informatics and technics). 

Higher number of courses that can be noticed is the consequence of the interdisciplinary nature of these 

studies. It can be expected that the development of the Bologna process would result with the additional set of 

fundamental courses such as methodologies and teaching theories that will broader the knowledge of the 

graduate students interested in education. 

 
3. STRUCTURE OF THE STUDY 

 
Since the potential participants can be employed in educational institutions as well as young researchers 

at the universities, both types, full time and part time students are allowed. Turn based lectures are also planed, 

since this timetable should provide a higher efficiency of studying and leave the participants with more time for 

their research. 

 

Table 2. Study overview. 

 

Semester Courses 

I 2 obligatory + 1 elective (Group 1) + 1 elective (Group 5) 

II 2 obligatory + 1 elective (Group 2) + 1 elective (Group 7) 

III Seminar I* + 4 elective (1-Group 3; 1–Group 4; 1-Group 7; 1-Group 6) 

IV 3 elective courses (Group 7) + Seminar II **  

V and VI Research semesters under supervision of the mentor/s 

* Seminar I is the defence of the doctoral research project before a five-member committee 

including the mentor/s. Seminar I is valued with a total of 5 ECTS. 

** Optional: study visit to another university evaluated with 30 ECTS 

 

The program is of a modern concept. It is enriched with new courses in different scientific fields and not 

subordinated to the present official classification of science.  

The curriculum of the postgraduate program is composed of obligatory and elective courses. The 

obligatory part includes psychological-pedagogical contents (psychology, didactics, methodology) and special 

didactics (Table 2). The elective courses are in the field of social sciences and technical sciences, respectively. 

Seminar II can be completed by gaining ECTS points in various ways: participation with an oral 

presentation at meetings of primary and secondary school teachers in a particular discipline (4 ECTS), having 

lecture at the meeting of informatics or technical societies (4 ECTS), participating at international scientific 

conferences in the section for education with an oral presentation or a poster (5 ECTS), participating at national 

scientific conferences in the section for education with an oral presentation or a poster (4 ECTS), participating 

with pupils at regional (3 ECTS), national (5 ECTS) or international (8 ECTS) competitions. Also ECTS points 

for accomplishment of Seminar II can be obtained by participation in a workshop or a summer school (2 ECTS), 

attending specialized courses (2 ECTS) or by publication of an article: CC article (8 ECTS), a scientific article in 

an internationally recognized journal (6 ECTS), publication of a professional article (5 ECTS). Participation in a 

student project also can be an option for gaining points (5 ECTS). The student should, in the course of this study, 

obtain within the listed activities at least 8 ECTS. 

 

Table 3. Obligatory and elective courses that can be chosen by students regardless of chosen orientation 

 

Course title No. Of  teaching hours 

(No. Of total hours) 

ECTS 

Obligatory courses 

Research methods in education 40 (25) 9 (5) 

Motivation and learning 40 (25) 9 (5) 

Didactic theories and models of learning 40 (25) 9 (5) 
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Trends and issues in computing education research (for Informatics 

students only) 

40 (25) 9 (5) 

Didactical-methodical paradigms of the politechnics education (for 

Technics students only) 

40 (25) 9 (5) 

Elective courses: Group 1 – Methodology and statistics 

Statistical methods in natural sciences 20 (15) 5 (3) 

Statistics 20 (15) 5 (3) 

Statistical methods in the pedagogical research 20 (15) 5 (3) 

Measurements of educational processes outcomes  20 (15) 5 (3) 

Qualitative research methodology 20 (15) 5 (3) 

Meta-analysis 20 (15) 5 (3) 

Elective courses: Group 2 – Information and communication technologies in education  

Information and communication technologies in education  20 (15) 5 (3) 

Distance learning systems  20 (15) 5 (3) 

Instructional materials in a digital environment 20 (15) 5 (3) 

Adaptive hypermedia learning management systems (LMS) 20 (15) 5 (3) 

Elective courses: Group 3 – Philosophy-sociology-history contents   

History of science 20 (15) 5 (3) 

The sociology of a teaching profession 20 (15) 5 (3) 

Logic, science and education 20 (15) 5 (3) 

Elective courses: Group 4 – Didactics-pedagogy contents  

Cognitive models of learning – mathematics and sciences 20 (15) 5 (3) 

Curriculum theories 20 (15) 5 (3) 

Media in education 20 (15) 5 (3) 

Constructivism in natural science teaching 20 (15) 5 (3) 

 
Table 4. Elective courses for Informatics students 

 
Elective courses: Group 5 – Review content course  

Object oriented systems design 40 (25) 9 (5) 

Elective courses: Group 6 – Special didactics and methodology 

Selected chapters in research of teaching of informatics 30 (20) 7 (4) 

Elective courses: Group 7 – Content course  

E-learning systems 30 (20) 7 (4) 

Semantic Web  30 (20) 7 (4) 

Data bases 30 (20) 7 (4) 

Distance learning systems 30 (20) 7 (4) 

Human Computer Interaction 30 (20) 7 (4) 

User Interface Design and Evaluation of e-Learning Systems 30 (20) 7 (4) 

Selected chapters in Computer graphics 30 (20) 7 (4) 

Formal semantics of programming languages 30 (20) 7 (4) 

Adaptive hypermedia learning management systems (LMS) 30 (20) 7 (4) 

Intelligent systems 30 (20) 7 (4) 

Distributed Information System 30 (20) 7 (4) 

Procedures for quality validation, analysis and presentation of 

geospatial data 

30 (20) 7 (4) 

Networked Computer Systems 30 (20) 7 (4) 

 
Table 5. Elective courses for Technics students 

 
Elective courses: Group 5 - Review content course  

Mechatronics  40 (25) 9 (5) 

Power system engineering 40 (25) 9 (5) 

Elective courses: Group 6 - Special didactics and methodology 

Didactics of technics and technology 30 (20) 7 (4) 

Project based learning in technics 30 (20) 7 (4) 

Elective courses: Group 7 - Content course  
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Selected chapters in automatics 30 (20) 7 (4) 

CAD in electrotechnics 30 (20) 7 (4) 

Energy and environment 30 (20) 7 (4) 

Human exposure to electromagnetic fields 30 (20) 7 (4) 

Multimedia and virtual reality systems 30 (20) 7 (4) 

Renewable energy sources 30 (20) 7 (4) 

Selected chapters in computer graphics 30 (20) 7 (4) 

Selected chapters in robotics 30 (20) 7 (4) 

Organization and methods of a scientific-research work  30 (20) 7 (4) 

Selected chapters of fatigue design 30 (20) 7 (4) 

CAD in mechanical engineering 30 (20) 7 (4) 

Thermal and hidraulic machines 30 (20) 7 (4) 

Software tools in electroenergetics 30 (20) 7 (4) 

System engineering 30 (20) 7 (4) 

Elective courses from the list of content courses in Informatics 30 (20) 7 (4) 

 
Titles of obligatory courses and elective courses that can be chosen by both, Informatics and Technics 

orientation, along with number of teaching hours, total hours for course and ECTS points is presented in Table 3. 

Elective for students oriented towards Informatics are presented in Table 4 while Table 5 presents elective 

courses for students oriented towards technics. Student has to choose one course from each elective course group 

1-6 (depending on chosen orientation of Informatics or Technics) and five courses from Group 7 (also depending 

on chosen orientation). 

The student that graduates from this postgraduate study obtains a PhD in science according to the 

respective discipline: PhD in technical science education (Disciplines: Informatics, Technics). 

 
4. CONCLUSION 

 
Conventional type of education which leads towards PhD in substrate sciences for professors (teachers)  

interested in scientific research related to education is not an optimal choice, but, at the moment, in Croatia 

doesn’t exist a system of scientific specialization that leads towards PhD in education of technical (and natural) 

sciences. It should be emphasized that the proposed study is primarily oriented towards students that finished 

graduate studies for elementary and secondary school professors in informatics and technics but it is also opened 

towards engineers that have obtained additional psychological-pedagogical education. In addition, it is expected 

that the high-quality authors of the elementary and secondary schools textbooks could be recruited from the 

students that finished this study program. Modular approach of the presented study program and large number of 

elective courses provides students to learn and sub specialize in various specific areas. However, a number of 

mandatory courses ensure that student will receive necessary fundamental knowledge that is essential for future 

scientific work in the field of education in informatics and technics, for applying acquired scientific knowledge 

in special didactics within the educational process, development and evaluation curricula, improvement of 

educational process, etc.  

Presented study is fully compatible with the Bologna declaration and the intention to provide education 

vertical according to 3+2+3 principle to all students. 
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SAŽETAK 

 

Opisan je prijedlog novog poslijediplomskog znanstvenog doktorskog studija iz obrazovanja u 

tehničkim znanostima. Studij je dio interdisciplinarnog poslijediplomskog znanstvenog programa iz obrazovanja 

koji uključuje društvene znanosti (obrazovanje - didaktika), prirodne znanosti ( kemija, biologija) i tehničke 

znanosti (informatika, tehnika). 

Predloženi studij je orijentiran prvenstveno na studente koji su završili diplomske profesorske studije iz 

informatike i tehnike, ali je otvoren i prema inženjerima koji su stekli dopunsko psihološko-pedagoško 

obrazovanje. Studenti se pripremaju za budući sustavni znanstveno-istraživački rad u području obrazovanja u 

informatici i tehnici, za primjenu dobivenih znanja u metodici, razvoju i evaluaciji kurikuluma, unapređenje 

procesa učenja, itd. Omogućen je izbor jedne od dviju ponuđenih disciplina iz tehničkih znanosti: informatika ili 

tehnika. Studij se sastoji od obaveznih i izbornih kolegija. U obaveznim kolegijima su psihološko-pedagoški 

sadržaji te metodika. Izborni kolegiji, osim kolegija iz društvenih znanosti, uključuju i kolegije iz područja 

informatike i tehnike. Podijeljeni su u više grupa kako bi se omogućio ravnomjeran odnos između opterećenja 

kolegija društvenih i tehničkih znanosti.  

Prikazani studij u potpunosti je u skladu s Bolonjskom deklaracijom i potrebom omogućavanja vertikale 

obrazovanja za sve studente po formuli 3+2+3.  

 

Ključne riječi: sveučilišni studij, poslijediplomski doktorski studij, obrazovanje, informatika, tehnika 


