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A traditional definition says that

• didactics, from Greek diactos – I learn, is the 
science on teaching and learning. 

• But such a statement is a tautology – the 
definitions that gets defined by itself: 

• butter consists of butter*

• *We should rather say that butter is a saturated emulsion of milk fat 
(82%) and water; a higher percentage of fat is not possibly to obtain 
without refining. This is similar to the production ot ethyl alcohol 
which arrives to the maximum contents of 96% C2H5OH in a 
standard distillation.



Jan Amos Comenius in „Didactica
Magna” (1657) defined it differently:

• „DIDACTIC signifies the art of teaching”
• Didactics is such a teaching that is:
- durable
- efficient (i.e. fast and cheap)
- pleasant

Chapt. XVIII/ 18



Our definition says that
Didactics, is the science on detecting difficulties in the

process of teaching and learning. 

• and giving recepies how to solve these difficulties.

Didactics defines first of all social goals for teaching

and in the following: 

forms od education, 

the system of education, 

contents of teaching, 

methods. 

Final goal: fit the needs of the society, to make life happy



General aim:
The aim of the course is the introduction to novel forms of 

didactics: 

inter-disciplinary, 

constructivitic, 

interactive. 

We use the newest achievements of cognitive didactics 
and pedagogy, our vast experience in teaching abroad, 
and results of international programs in education.



Results: knowledge

• W1 - fundamental concepts, principles and 
theories in didactics

• W2 - constructivistic principles of pedagogy and 
didactics

• W3 – modern tools and methods of didactics

• W4 - fundamental knowledge of natural sciences

• W5 – understanding cultural environment of 
education 



Results: abilities

• U1 - ability to explain simple interdisciplinary 
issues on natural science, using a proper 
methodology

• U2 - ability to conduct didactics in constructivistic 
manner  

• U3 - ability to find autonomously information in 
national and international scientific journals and 
in popular literature, and in internet 

• U4 – (for PhD students) ability to teach the own 
subject of the research at the university level
and to link it to the current state of physics and
technology



Results: social competences

• K1 - knowing limits of own knowledge, ability to 
complete in a permanent way  own knowledge

• K2 - understanding the complexity of 
educational and pedagogical problems 

• K3 – defining critically open questions in
science, including ethic issues

• K4 - ability to get involved listeners, on both 
humanistic and scientific subjects.

• K5 – ability to argument on the importance of
science and technology and their



Detailed contents:

1. Traditional categories of didactical principles. Didactical 
tools. Didactical methods. 

2. Traditional student laboratories - examples and limitations 
in didactical efficiency.

3. Practical implementations of textbooks - foreign examples

4. Principles of hyper-constructivistic didactics. 

5. Neo-realism: simple didactical objects.

6. Hyper-constructivistic workshops and laboratories -
experimental set-ups for electromagnetism. 

7. Laboratory of modern physics - from simple objects to on-
line experiments.

8. Computer-guided experiments - principles of group work, 
basic technical standards, interfaces and sensors.



Detailed contents (cont.ed):

9. Ideas and implementations of interactive didactics - musea
and exhibitions.

10. Multimedia text-books (Zanichelli)

11. Implementations: quantum mechanics in short.

12. Multimedia implementations in culture, history of arts, 
tourism.

13. Interdisciplinary methods in teaching science.

14. Teaching and language: language as the way of reproducing 
and shaping the reality.

15. Education as a part of culture and society



1. Traditional categories of didactical principles. 
Didactical tools. Didactical methods.



2. Traditional student laboratories - examples and 
limitations in didactical efficiency.

Zhuldyzay Ye. Akimkhanova, Kunduz M. Turekhanova, Grzegorz P. Karwasz
Implementing EU Interactive Teaching Methods at Al-Farabi Kazakh National University

Situation, Prediction, Experiment, Explanation



Experiment: SPEA
• Situation

• Prevision

• Experiment

• Analisis

G. Karwasz, Dydaktyka fizyki, op cit. 



Aristotle: motion is eternal, until the impact

Ad-hoc experiment during the lecture



3. Practical implementations of textbooks - foreign 
examples

A. Karbowski, G. Karwasz, BUILDING CURRICULA – WHAT TO DO AND WHAT NOT TO DO?

Examples On Electromagnetism From Recent Polish Textbooks Vs Mosem Project



• Example
of German
school book



• Description of the shape of 
magnetic field lines inside and 
outside the coil. 

• The magnetic filed is similar to 
that from a bar magnet.

• Where is North magnetic pole 
students should know using the 
right-hand grip rule learned in 
gymnasium few years ago.

• Next we can read what is an 
electromagnet and where it is 
applied in technics, what is 
electrodynamic force and how to 
use Fleming’s left-handle rule. 

• All this resumed on two pages. 
The book shows schemes, but 
not real examples or photos.



P. Hewitt „Physics around us”

P. Hewitt, Conceptual Physics, 1967
Wyd. pol. Fizyka wokół nas, PWN 2012

G. Karwasz, M. Sadowska, K. Rochowicz
Toruński poręcznik do fizyki, UMK 2010



4. Principles of hyper-constructivitic didactics

Collective constructing of knowledge from individual notions
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4. Principles of hyper-constructivitic didactics

Collective constructing of knowledge from individual notions



Hyper-constructivism: free inquiring, 
autonomous answering



Hyper-constructivism: free inquiring, 
autonomous answering



5. Neo-realism: simple didactical objects

Einstein: „Everything should be explained as simple as possible, but not simpler
GK: Dear Albert! Everything should be explained as simple as possible and even
simpler



5. Neo-realism: simple didactical objects

From a „toy” to the theory of classical „chaos”



6. Hyper-constructivistic workshops and laboratories -
experimental set-ups for electromagnetism. 

Minds-on experiments on electromagnetism



Collection of simple, thought-provoking (minds-on) physics experiments.

The drunken magnet

Paperclip-motor



7. Laboratory of modern physics - from 
simple objects to on-line experiments

Science Museum, Munchen, Photo Maria Karwasz



7. Laboratory of modern physics - from 
simple objects to on-line experiments

Science Museum, Munchen, Photo Maria Karwasz



GK, J. Kruk, Idee i realizacje dydaktyki interaktywnej, UMK, 2012



8. Computer-guided experiments - group work, basic 
technical standards, interfaces and sensors



From measurement to representation



From real world to mathematical abstraction

VIII LO Toruń, fot. J. Kosicki



From real world to mathematical abstraction

VIII LO Toruń, fot. J. Kosicki



9. Ideas and implementations of interactive 
didactics - musea and exhibitions

Daejon, Republic of Korea, photo Maria Karwasz
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„Kopernik Science Center, Warsaw, photo Maria Karwasz
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9. Ideas and implementations of interactive 
didactics - musea and exhibitions

„Kopernik Science Center, Warsaw, photo Maria Karwasz



10. Multimedia textbooks

Ugo Amaldi, Fisica, Zanichelli, 1999



Operational definitions in physics

A clear recipe how to measure the mean velocity:
- Instruments needed
- Measurement procedures
- Calculation procedure



Internet collection of interactive problems

Z. Koupilowa, H. Mandlikova, K. Rochowicz, G. Karwasz, Zbirka zadań z fizyki,  UMK, 2014

http://physicstasks.eu/733/lodka



Interactive excercises in Internet 

Z. Koupilowa, H. Mandlikova, K. Rochowicz, G. Karwasz, Zbirka zadań z fizyki,  UMK, 2014

http://physicstasks.eu/1987/moving-boat
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Interactive excercises in Internet 
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Interactive excercises in Internet 

Z. Koupilowa, H. Mandlikova, K. Rochowicz, G. Karwasz, Zbirka zadań z fizyki,  UMK, 2014

http://physicstasks.eu/1987/moving-boat



11. Quantum mechanics in short

• http://www.quantum-physics.polytechnique.fr/



Real experiment

• https://www.youtube.com/watch?v=4lcYC2tsDDE



Modelling

• http://phet.colorado.edu/sims/quantum-tunneling/quantum-tunneling_pl.jnlp



12. Multimedia implementations in culture, 
history of arts, tourism



13. Interdisciplinary methods in teaching science

Geography in School



Scienze interdisciplinari



14. Language and reality

G. Karwasz, Polonistyka, Stories from Narnia



OECD, TALIS report, 2011

15. Education and society



Hours of teaching in the age 7-14 yrs
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Raport OECD 
„Education at glance”



Brake-down of teaching hours: science, math, mother language
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Physics for everybody:
dydaktyka.fizyka.umk.pl

http://dydaktyka.fizyka.umk.pl/nowa_strona/?q=node/601
http://dydaktyka.fizyka.umk.pl/nowa_strona/?q=node/427 

Thank you!
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