
ɆŬɟɎɜŰɞɠ ɊɡɢɎɟɖɠ, ȾŬɗɖɔɖŰɐɠ ȷ.Ɇ.ɄȷȽ.ɇ.Ⱥ.əŬɘ ɄɟɧŮŭɟɞɠ Űɖɠ Ⱥɚɚɖɜɘəɐɠ ȺəˊŬɘŭŮɡŰɘəɐɠ 
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PhD University of Glasgow

ɈˊɎɟɢŮɘŭɡɜŬɛɘəɧŬɚɚŬɔɐɠɐɓɟɐəŬɛŮŰɖɜsilver bullet;

ɈˊɞɚɞɔɘůŰɘəɎˊŮɟɘɓɎɚɚɞɜŰŬŭɘŮˊɘůŰɖɛɞɜɘəɐɠˊɟɞůɏɔɔɘůɖɠSTEAM



1. ȼ ȺˊɘůŰɖɛɞɚɞɔɑŬ Űɞɡ STEM
2.ɄŬɟŬŭŮɑɔɛŬŰŬ Ɉ.Ɇ.-ɈˊɞɚɞɔɘůŰɘəɞɨ STEM

ɄŮɟɘŮɢɧɛŮɜŬ

ɈˊɞɚɞɔɘůŰɘəɎˊŮɟɘɓɎɚɚɞɜŰŬŭɘŮˊɘůŰɖɛɞɜɘəɐɠˊɟɞůɏɔɔɘůɖɠSTEAM.

ɃɟɑɕɞɡůŮɠəŬɘɄɟɞɞˊŰɘəɏɠ



ȷɜŬɕɐŰɖůɖ ɢɤɟɑɠ ŰŮɚŮɘɤɛɧ

ȰɢɞɡɛŮ ɎɟŬɔŮ ˊŮŰɨɢŮɘ əɎˊɞɘŬ ŮɜɧŰɖŰŬ Űɖɠ ɔɜɩůɖɠ ɐ 

ɛɐˊɤɠ ɏɢŮɘ ŭɘŬůˊŬůŰŮɑ ɖ ŮˊɘůŰɐɛɖ ůŮ ŭɘɎűɞɟŬ ɛɏɟɖ ˊɞɡ ůŰɖɟɑɕɞɜŰŬɘ ůŮ ŬɜŰɘűŬŰɘəɏɠ 

ɗŮɤɟɖŰɘəɏɠ Ŭɟɢɏɠ;

ILYA PRIGOGINE (Nobel ɉɖɛŮɑŬɠ)-Ŭˊɧ Peter Coveney & Roger Highfield , ɇɞ ɓɏɚɞɠ Űɞɡ 

ɉɟɧɜɞɡ,ȺəŭɧůŮɘɠȾɎŰɞˊŰɟɞ

ɇɏŰɞɘŬ ŬɜŰɑůŰɞɘɢŬ ŮɟɤŰɐɛŬŰŬ ɗŬ ɛŬɠ ɞŭɖɔɐůɞɡɜ ůŮ ɓŬɗɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɞɡ  çintegratedò 

STE(A)M 

ȺɘůŬɔɤɔɐ



ɇŬ ŭŮŭɞɛɏɜŬ 
ɇŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕŮɘ ɖ ŬɜɗɟɤˊɧŰɖŰŬ  ɢɟŮɘɎɕɞɜŰŬɘ ɛɘŬ ɞɚɘůŰɘəɐ ŬɜŰɘɛŮŰɩˊɘůɖ əŬɘ ŭŮɜ 

ɛˊɞɟɞɨɜ ɜŬ Ůˊɘɚɡɗɞɨɜ Ŭˊɧ  çɛŮɛɞɜɤɛɏɜŮɠè ɔɜɤůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɐ Ŭˊɧ ůŰŮɟŮɧŰɡˊŮɠ ɛŮɗɞŭɞɚɞɔɘəɏɠ 

ˊɟɞůŮɔɔɑůŮɘɠ əŬɗɘŮɟɤɛɏɜɤɜ ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜ (NAE & NRC,2014;Bryan& Guzey, 2020). 

Ⱥˊɑůɖɠ ɡˊɎɟɢŮɘ ɔŮɜɘəɐ ůɡɜŬɑɜŮůɖ ɧŰɘ ɞ ůəɞˊɧɠ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ  ŭŮɜ ŮɑɜŬɘ ɖ ŭɘŭŬůəŬɚɑŬ 

ɛŮɛɞɜɤɛɏɜɤɜ  ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜ, ŬɚɚɎ  ɖ ŮůŰɑŬůɖ Űɖɠ ŭɘŭŬůəŬɚɑŬɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ  

ñto developa reliablecompassand the navigationtoolsto find their ownway in a world that is

increasinglycomplex, volatile and uncertain.ò 

(Schleicher, 2019, The OECD Learning Compass 20https://www.oecd.org/education/2030-

project/teaching-and-learning/learning/30). 

ȺɘůŬɔɤɔɐ

https://www.oecd.org/education/2030-project/teaching-and-learning/learning/30


ɆɈɁȺɄȺȽȺɆ-ɄɅɃȾȿȼɆȺȽɆ 

ȺɝŬɘŰɑŬɠ Űɤɜ ɓŬɗɘɩɜ əŬɘ ŮəŰŮŰŬɛɏɜɤɜ ŬɚɚŬɔɩɜ ˊɞɡ ɛŮŰŬůɢɖɛŬŰɑɕɞɡɜ Űɞɜ əɧůɛɞ ˊɞɡ ɕɞɨɛŮ əŬɘ ˊɞɡ ɏɢɞɡɜ ŬɜŰɑůŰɞɘɢŮɠ 

ŬɚɚŬɔɏɠ ůŰɖɜ ɓɘɞɛɖɢŬɜɘəɐ ŭɞɛɐ, ɏɢŮɘ ŰŮɗŮɑ Űɞ ɗɏɛŬ Űɞɡ ŮˊŬɜŬˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ ůŰɧɢɤɜ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ, Űɤɜ 

ŭɘŭŬəŰɘəɩɜ ůŰɟŬŰɖɔɘəɩɜ əŬɘ Űɤɜ ŭŮɝɘɞŰɐŰɤɜ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɞɘ ɛŬɗɖŰɏɠ əŬɘ ɔŮɜɘəɧŰŮɟŬ ɞɘ ŮəˊŬɘŭŮɡɧɛŮɜɞɘ.

ɄŬɔəɞůɛɘɞˊɞɑɖůɖ Űɞɡ ȷ.Ʉ. ŪɏɛŬŰŬ çˊŬɔəɧůɛɘŬè, ɧˊɤɠ ɖ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ, ɖ ɓɘɞ-ɞɘəɞɜɞɛɑŬ , ɖ ŰŮɢɜɖŰɐ 

ɜɞɖɛɞůɨɜɖ, ɞɘ ɣɖűɘŬəɏɠ ŭŮɝɘɧŰɖŰŮɠ əɚ,́ ŬˊŬɘŰɞɨɜ ɜɏŮɠ ŬɚɚŬɔɏɠ ůŰɞɡɠ ůəɞˊɞɨɠ əŬɘ ɛŮɗɧŭɞɡɠ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ.

ɇŬ ˊŬɟŬˊɎɜɤ ɗɏɛŬŰŬ ŬɜŬŭŮɘəɜɨɞɡɜ əŬɘ Űɞ ɕɐŰɖɛŬ Űɖɠ ŬɜŬɗŮɩɟɖůɖɠ Űɤɜ ůɡɜɧɟɤɜ ɛŮŰŬɝɨ Űɤɜ ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜ 

Űɞɡ Ŭəɟɤɜɡɛɑɞɡ Űɞɡ STEM, ŬɚɚɎ əŬɘ Űɤɜ ȷɜɗɟɤˊɘůŰɘəɩɜ ȺˊɘůŰɖɛɩɜ, ɛŮ Űɘɠ ŭɡůəɞɚɑŮɠ ɜŬ ŮɜŰɞˊɑɕɞɜŰŬɘ:

Ŭ) ůŰɞɜ ɞɟɘůɛɧ-ɞɟɘɞɗɏŰɖůɖ Űɖɠ çɞɚɞəɚɖɟɤɛɏɜɖɠ/ɞɚɘůŰɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ STEMè,

ɓ) ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ůɡɜɞɟɘŬəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɡ ɗŬ ŭɘŬůɢɑɕɞɡɜ Űɘɠ ɔɜɤůŰɘəɏɠ ˊŮɟɘɞɢɏɠ əŬŰɎ Űɖɜ Ůˊɑɚɡůɖ Ůɜɧɠ 

ˊɟŬɔɛŬŰɘəɞɨ ˊɟɞɓɚɐɛŬŰɞɠ (ˊ.ɢ. Ůɜɧɠ ˊɟɞɓɚɐɛŬŰɞɠ ɓɘɞɞɘəɞɜɞɛɑŬɠ), 

ɔ) Űɖɜ ŬɜŮɨɟŮůɖ ŭɘŭŬəŰɘəɩɜ ůŰɟŬŰɖɔɘəɩɜˊɞɡ ɗŬ ŮɑɜŬɘ ůŬűŮɑɠ əŬɘ ˊɘɗŬɜɩɠ ɜŬ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ůŰɖɟɘɢɗɞɨɜ ɗŮɤɟɖŰɘəɎ ůŮ 

ɜɏŮɠ ɗŮɤɟɑŮɠ ɛɎɗɖůɖɠ, əŬɘ

ŭ) Űɞɜ Űɟɧˊɞ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ ɛŬɗɖŰɩɜ/űɞɘŰɖŰɩɜ  ɧŰŬɜ ŮűŬɟɛɧɕŮŰŬɘ ɖ çɞɚɞəɚɖɟɤɛɏɜɖ/ɞɚɘůŰɘəɐ ŮəˊŬɑŭŮɡůɖ 

STEMè,

ȺɘůŬɔɤɔɐ

Professor Sarantos Psycharis 



ɆɡɜŬűɐ ŮɟɤŰɐɛŬŰŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ŮɑɜŬɘ: 

ȷ) ɀˊɞɟɞɨɛŮ ɜŬ ɞɟɘɞɗŮŰɐůɞɡɛŮ ɜɏɞɡ Űɨˊɞɡ ɘəŬɜɧŰɖŰŮɠ (ɔɜɩůŮɘɠ, ŭŮɝɘɧŰɖŰŮɠ ŬɚɚɎ əŬɘ ˊɟŬəŰɘəɏɠ) 

ˊɞɡ ŭɘŬůɢɑɕɞɡɜ ɔɜɤůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ůəɞˊɧ Űɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ŬɜŬɚɡŰɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ˊɞɡ 

ɗŬ ɓɞɖɗɐůɞɡɜ Űɞɡɠ ɛŬɗɖŰɏɠ ɜŬ ŬˊɞəŰɐůɞɡɜ Űɘɠ ŭŮɝɘɧŰɖŰŮɠ Űɖɠ ŰɏŰŬɟŰɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ 

ŮˊŬɜɎůŰŬůɖɠ əŬɘ ɜŬ ɏɢɞɡɜ ůŰɖ űɡůɘəɐ Űɞɡɠ ɕɤɐ ŰŬ ŮűɧŭɘŬ ɔɘŬ ɜŬ ɕɐůɞɡɜ ɛŮ ŮˊŬɟəŮɑɠ ˊɧɟɞɡɠ;

ȸ) ɀˊɞɟɞɨɛŮ ɜŬ ŭɞɛɐůɞɡɛŮ ɜɏŬ  ŬɜŬɚɡŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ - ůŰɖ Ɇɢɞɚɘəɐ əŬɘ Űɖɜ 

ɄŬɜŮˊɘůŰɖɛɘŬəɐ ȺəˊŬɑŭŮɡůɖ- ˊɞɡ ɗŬ ɓŬůɑɕɞɜŰŬɘ ůŮ ɜɏɞɡ Űɨˊɞɡ ɘəŬɜɧŰɖŰŮɠ;

ũ) ɀˊɞɟɞɨɛŮ ɜŬ ɞɟɘɞɗŮŰɐůɞɡɛŮ-əŬɘ ɛŮ ɓɎůŮɘ ˊɞɘŬ əɟɘŰɐɟɘŬ- Űɘɠ ɚŮɔɧɛŮɜŮɠ ɘəŬɜɧŰɖŰŮɠ STEM  (ɓɚ. 

BoonNg Soo, 2019, UNESCO, ExploringSTEM competencesfor the 21st century, 

https://learningportal.iiep.unesco.org/en/library/exploring-stem-competences-for-the-21st-century, 

2019

ȺɘůŬɔɤɔɐ

Professor Sarantos Psycharis 

https://learningportal.iiep.unesco.org/en/library/exploring-stem-competences-for-the-21st-century,%202019


ÅOECD FUTURE OF EDUCATION AND SKILLS 2030 OECD Learning Compass 2030 A SERIES OF CONCEPT NOTES

Åhttps://www.oecd.org/education/2030-project/teaching-and-learning/learning/learning-

compass-2030/OECD_Learning_Compass_2030_Concept_Note_Series.pdf

Industry 4.0

https://www.oecd.org/education/2030-project/teaching-and-learning/learning/learning-compass-2030/OECD_Learning_Compass_2030_Concept_Note_Series.pdf


ʃʹʴʺΥ https://blog.isa.org/what-is-industry-40

Industry 4.0



ʃʹʴʺΥ https://www.symmetryelectronics.com/getmedia/ea4a8d32-2d97-4e5e-8a1a-065ffa20bfc4/PSDC.pdf

Industry 4.0



ɮ˄ʰ˂ˏˋʶʽ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ɹʁʆ ˁʰʽ MIcroBIT

Industry 4.0



Remote LAB using ARDUINO and MICROBIT 

Ç ɼʰ˂ˇʲˊʷˁˍʹˌ ɼ˖˄ˋˍʰ˄ˍʾ˄ˇˌ, ɾʹ˔ʰ˄ʽˋ˃ˈˌ ʰ˄ˇʽˁˍˇˏ 
ˎ˂ʽˁˇˏ ʴʽʰ ʶ˅ ʰˉˇˋˍʱˋʶ˖ˌ ˎ˂ˇˉˇʾʹˋʹ 
ʶˊʴʰˋˍʹˊʽʰˁ˗˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ˋʶ ʶˁˉʰʽʵʶˎˍʽˁʱ 
ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ʊˎˋʽˁ˗˄ ɳˉʽˋˍʹ˃˗˄Σ {¢9!a ˁʰʽ 
ɳˁˉʰʽʵʶˎˍʽˁʺˌ ʄˇ˃ˉˇˍʽˁʺˌΥ ʰ˄ʱˉˍˎ˅ʹΣ ʶˎ˔ˊʹˋˍʾʰ ˍˇˎ 
ˁʰʽ ˍʶ˔˄ˇ˂ˇʴʽˁʺ ʰˉˇʵˇ˔ʺ ˍˇˎ ʰˉˈ ˃ʶˊʽʱˌ 
ʶˁˉʰʽʵʶˎˍʽˁ˗˄ , 2022, ʃɸ

Ç Kalovrektis, Kostantinos, An open hardware 
mechanism for remote implementation of laboratory 
activities in Science, STEAM and Educational Robotics 
educational environments: development, usability 
and technological acceptance by educators 

Industry 4.0
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4. Integrated 

S.T.E.A.Mɇɞ 

ɈˊɞɚɞɔɘůŰɘəɧ 

STEAM
2. Ƀɘ ȺˊɘůŰɖɛɞɚɞɔɑŮɠ Űɞɡ 

ȷəɟɤɜɡɛɑɞɡ

1. Computational Thinking-

Computing-Computational 

Science

3. Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ɇŬ 

ůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬ

5. Ƀɘ ȹɘŭŬəŰɘəɏɠ 

ɆŰɟŬŰɖɔɘəɏɠ- ȼ 

ȷɝɘɞɚɧɔɖůɖ

Ƀ ȹɟɧɛɞɠ ɔɘŬ Űɖɜ ɃɚɘůŰɘəɐ 

Ʉɟɞůɏɔɔɘůɖ STEAM



Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. ȼ ɈˊɞɚɞɔɘůŰɘəɐ Ɇəɏɣɖ əŬɘ ɖ ȹɘŭŬəŰɘəɐ  

ʇ.ʅ.ˁʰɲ̔ʽʵʰˁˍʽˁʺ

Ƀɘ(WeintropəŬ.,2016)ˊɟɞɢɤɟɞɨɜůŮɛɘŬŰŬɝɘɜɞɛɑŬˊɞɚɨůɖɛŬɜŰɘəɐɔɘŬŰɖɜůɨɜŭŮůɖŰɖɠ

Ɉ.ɆɛŮŰɘɠūɡůɘəɏɠ,ȺˊɘůŰɐɛŮɠ,ŰŬɀŬɗɖɛŬŰɘəɎəŬɘŰɖɜɀɖɢŬɜɘəɐŬɚɚɎəŬɘůŰɞɘɢŮɑŬŬˊɧŰɞ

computing.

ȼŰŬɝɘɜɞɛɑŬŬˊɞŰŮɚŮɑŰŬɘŬˊɧŰɏůůŮɟɘɠˊɟŬəŰɘəɏɠŰɖɠɈ.Ɇ.:

ȷ)ˊɟŬəŰɘəɏɠɔɘŬůɡɚɚɞɔɐŭŮŭɞɛɏɜɤɜ,

ȸ)ˊɟŬəŰɘəɏɠɛɞɜŰŮɚɞˊɞɑɖůɖɠəŬɘ́ɟɞůɞɛɞɑɤůɖɠ,

ũ)ˊɟŬəŰɘəɏɠɡˊɞɚɞɔɘůŰɘəɐɠŮˊɑɚɡůɖɠˊɟɞɓɚɐɛŬŰɞɠəŬɘ

ȹ)ˊɟŬəŰɘəɏɠŭɘŮɟŮɨɜɖůɖɠɚŮɘŰɞɡɟɔɑŬɠŰɤɜůɡůŰɖɛɎŰɤɜ(ůɢɏůɖŰɤɜŰɛɖɛɎŰɤɜŰɞɡ

ůɡůŰɐɛŬŰɞɠɛŮŰɞɧɚɞůɨůŰɖɛŬ).

ȼˊŬɟŬˊɎɜɤŰŬɝɘɜɧɛɖůɖŮɑɜŬɘɗŮɛŮɚɘɩŭɞɡɠůɖɛŬůɑŬɠɔɘŬŰɑŮɛˊɚɏəŮɘŰɖɜɈ.Ɇ. ɛŮŰɖɜ

ůɡɚɚɞɔɐŭŮŭɞɛɏɜɤɜɖɞˊɞɑŬˊɟɞűŬɜɩɠůɡɜŭɏŮŰŬɘɛŮŰɘɠŭɘŬůŰɎůŮɘɠŰɖɠɈ.Ɇ. ,ɧˊɤɠɖŮɨɟŮůɖ

ɛɞŰɑɓɞůŮŬɡŰɎ́ɞɡɛˊɞɟŮɑɜŬɞŭɖɔɐůŮɘŬˊɧŮɛˊŮɘɟɘəɎŭŮŭɞɛɏɜŬůŰɖɜŬɜŬəɎɚɡɣɖűɡůɘəɩɜ

Ɂɧɛɤɜ.ȺˊɑůɖɠůɡɜŭɏŮɘɎɛŮůŬŰɖɜɈˊɞɚɞɔɘůŰɘəɐɆəɏɣɖɛŮŰɖɜɈˊɞɚɞɔɘůŰɘəɐȺˊɘůŰɐɛɖəŬɘ

ŰɖɜŮˊɘůŰɖɛɞɚɞɔɑŬŰɖɠçŮəˊŬɑŭŮɡůɖɠSTEMè.

ɆɨɜŭŮůɖŰɖɠɈˊɞɚɞɔɘůŰɘəɐɠɆəɏɣɖɠɛŮŰɘɠū.Ⱥ,ŰŬɀŬɗɖɛŬŰɘəɎ,ŰɖɜɀɖɢŬɜɘəɐəŬŰɞ

Computing(WeintropəŬ.,2016)



Ƀ ȹɟɧɛɞɠ ɔɘŬ Űɖɜ ɃɚɘůŰɘəɐ 

Ʉɟɞůɏɔɔɘůɖ STEAM. ȼ ɈˊɞɚɞɔɘůŰɘəɐ Ɇəɏɣɖ 



Åȼ ŬűŬɑɟŮůɖ ŮůŰɘɎɕŮɘ  ůŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ ɐ ŭɘŮɟɔŬůɑŬɠ əŬɘ 

ŬɔɜɞŮɑ   ɚŮˊŰɞɛɏɟŮɘŮɠ. 

Åȼ ŬűŬɑɟŮůɖ ŮɑɜŬɘ ɖ ŮɜɏɟɔŮɘŬ Űɖɠ Ŭˊɧůɡɟůɖɠ ɐ Űɖɠ ŬˊɞɛɎəɟɡɜůɖɠ əɎˊɞɘŬɠ ɞɜŰɧŰɖŰŬɠ Ŭˊɧ 

Űɞ űŬɘɜɧɛŮɜɞ

Åȼ ŬűŬɑɟŮůɖ ŮɑɜŬɘ ɖ ˊɟɎɝɖ ɐ ŭɘŬŭɘəŬůɑŬ Űɞɡ ŬˊɞəɚŮɘůɛɞɨ Ŭˊɧ Űɖɜ ɗŮɩɟɖůɖ, Ůɜɧɠ ɐ 

ˊŮɟɘůůɞŰɏɟɤɜ əŬŰŬůŰɎůŮɤɜ Ůɜɧɠ ůɨɜɗŮŰɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ɏŰůɘ ɩůŰŮ ɜŬ ŭɞɗŮɑ ɖ 

ŬˊŬɘŰɞɨɛŮɜɖ ŮůŰɑŬůɖ ůŮ ɎɚɚŮɠ ɘŭɘɧŰɖŰŮɠ/ɔŮɔɞɜɧŰŬ

ÅɀˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɖɜ ŬűŬɑɟŮůɖ ɧŰŬɜ ɔɜɤɟɑɕŮɘ ˊɞɚɚɎ əŬɘ ɗɏɚŮɘ ɜŬ 

ɛŮɘɩůŮɘ Űɘɠ ɚŮˊŰɞɛɏɟŮɘŮɠ, ɔɘŬ ɜŬ ˊɎɟŮɘ ɛɘŬ əŬɚɨŰŮɟɖ ɘŭɏŬ ɔɘŬ Űɞ Űɘ ůɡɛɓŬɑɜŮɘ. 

ɀŬɟɑŬ ɆŰɏəŬ.ɀȹȺ(2017) çɀȺȿȺɇȼ ɄȺɅȽɄɇɋɆȼɆ: ȺɁɆɋɀȷɇɋɆȼɇȼɆ ɈɄɃȿɃũȽɆɇȽȾȼɆ ɆȾȺɊȼɆɆɇɃȺȽɆȷũɋũȽȾɃ 

ɀȷŪȼɀȷɇȼɆ ȺɄȽɆɇȼɀȼɆ ɇȼɆ ɄȿȼɅɃūɃɅȽȾȼɆɀȺ ɇȼ ɉɅȼɆȼ ɇȼɆ ũȿɋɆɆȷɆ ɄɅɃũɅȷɀɀȷɇȽɆɀɃɈ PYTHONè

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. ȼ ɈˊɞɚɞɔɘůŰɘəɐ Ɇəɏɣɖ əŬɘ ɖ ȹɘŭŬəŰɘəɐ  

ʇ.ʅ.ˁʰɮ̔˒ʰʾˊʶˋʹ



ʅˍʹ˄ ˉˊˈˍʰˋʹ ˍʹˌ ό/{¢!-Computer Science Standards, 

https://www.csteachers.org/page/CSTA_Standardsнлмсύ ʴʽʰ ˍʹ˄ ɳΦʇΦ ˋˍʹ˄ ʃˊ˖ˍˇʲʱʻ˃ʽʰ ˁʰʽ 

ɲʶˎˍʶˊˇʲʱʻ˃ʽʰ ɳˁˉʰʾʵʶˎˋʹ ʴʾ˄ʶˍʰʽ ʶ˃˒ʰˍʽˁʱ ʰ˄ʰ˒ˇˊʱ ˋˍʹ˄ ʇˉˇ˂ˇʴʽˋˍʽˁʺ ʅˁʷ˕ʹΦ I 

ʇˉˇ˂ˇʴʽˋˍʽˁʺ ʅˁʷ˕ʹ ˃ˉˇˊʶʾ ˄ʰ ʰ˅ʽˇˉˇʽʹʻʶʾ ˋʶ ˈ˂ʶˌ ˍʽˌ ʶˉʽˋˍʺ˃ʶˌ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ 

ˉˊˇʲ˂ʹ˃ʱˍ˖˄-ˁʰˍʱ ˍʹ˄ CSTA-

ʹ ʇΦʅΦ ʻʶ˖ˊʶʾˍʰʽ ˃ʷʻˇʵˇˌ ʶˉʾ˂ˎˋʹˌ ˉˊˇʲ˂ʺ˃ʰˍˇˌ- ,

ˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˋˎˋˍʹ˃ʱˍ˖˄Σ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˄ʷʰˌ ʴ˄˗ˋʹˌ ˁʰʽ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˂ʶʽˍˇˎˊʴʽ˗˄ 
ˁʰʽ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˍ˖˄ ˎˉˇ˂ˇʴʽˋˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʅɳ ɼɯɸɳ ɳɹɲɹɼʁʆɶʆɮ 

Ƀ ȹɟɧɛɞɠ ɔɘŬ Űɖɜ ɃɚɘůŰɘəɐ 

Ʉɟɞůɏɔɔɘůɖ STEAM. ȼ ɈˊɞɚɞɔɘůŰɘəɐ Ɇəɏɣɖ 

https://www.csteachers.org/page/CSTA_Standards
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computational thinking. Presented at the American Education Researcher Association, Vancouver, 
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London: Western University
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12? Computers in Human Behavior, 41, 51-61.

ȼ ɈˊɞɚɞɔɘůŰɘəɐ Ɇəɏɣɖ(Ɉ.Ɇ):ȰɜɜɞɘŮɠ-ɈˊɞɚɞɔɘůŰɘəɏɠ ˊɟŬəŰɘəɏɠ-

ˊɟɞɞˊŰɘəɏɠ

ʇΦʅΦ

Ƀ ȹɟɧɛɞɠ ɔɘŬ Űɖɜ ɃɚɘůŰɘəɐ 

Ʉɟɞůɏɔɔɘůɖ STEAM. ȼ ɈˊɞɚɞɔɘůŰɘəɐ Ɇəɏɣɖ 



ÅISTE (2011), Operational definitions of computational thinking, retrieved 24.12.2017 from: 

https://c.ymcdn.com/sites/www.csteachers.org/resource/resmgr/CompThinkingFlyer.pdf. 10 

Å

ÅISTE (2016), ISTE Standarts for Students, retrieved 24.12.2017 from: http://www.iste.org/docs/Standards-Resources/iste-standards_students-2016_one-

sheet_final.pdf?sfvrsn=0.23432948779836327.

ȷˊɧ 

Ⱦ. ȾŬɚɞɓɟɏəŰɖɠȷˊ. ɂŮɜɎəɖɠɆ. ɊɡɢɎɟɖɠũ. ɆŰŬɛɞɨɚɖɠ. ɇɑŰɚɞɠ ɆɡɔɔɟɎɛɛŬŰɞɠ: ȺəˊŬɘŭŮɡŰɘəɐ ɇŮɢɜɞɚɞɔɑŬ, ȷɜŬˊŰɡɝɘŬəɏɠ ɄɚŬŰűɧɟɛŮɠ 

ɅɞɛˊɞŰɘəɐɠ əŬɘ IoT. Ⱦɤŭɘəɧɠ ȸɘɓɚɑɞɡ ůŰɞɜ Ⱥɨŭɞɝɞ: 77115672. Ȱəŭɞůɖ: 1ɖ/2020. ISBN: 978-960-418-828-4. ȺȾȹɃɆȺȽɆ ȷ. ɇȻȽɃȿȷ & 

Ƀ ȹɟɧɛɞɠ ɔɘŬ Űɖɜ ɃɚɘůŰɘəɐ 

Ʉɟɞůɏɔɔɘůɖ STEAM. ȼ ɈˊɞɚɞɔɘůŰɘəɐ Ɇəɏɣɖ 



Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ 

Yaĸar, O., Veronesi, P., Maliekal, J., Little, L., Vattana, S., & Yeter, I. (2016). 

Computational Pedagogy: Fostering A New Method of Teaching.Comp. in 

Education, 7(3), 51-72. Presented at: ASEE Annual Conference and Exposition. 

New Orleans, June 2016. 



Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 

ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ 



Ƀ ŰɟɑŰɞɠ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ȺˊɘůŰɖɛɞɜɘəɐ ũɜɩůɖ-ɇɞ ˊŮɑɟŬɛŬ ůŰɞɜ ȼɈ ɛŮ ˊɟŬɔɛŬŰɘəɎ 

ŭŮŭɞɛɏɜŬ 

ɋůŰɧůɞ ɏɢŮɘ ŰŮɗŮɑ əŬɘ Űɞ Ůɝɐɠ ŮɟɩŰɖɛŬ: ɈˊɎɟɢŮɘ  əŬɘ ŰɟɑŰɖ çəɞɚɩɜŬ/ˊɡɚɩɜŬɠ-ɗŮɛŮɚɑɤůɖè; ɈˊɎɟɢŮɘ ɛɘŬ ɜɏŬ ŭɘŬŭɟɞɛɐ 

ɔɘŬ ɜŬ ŬˊɞəŰɐůɞɡɛŮ ȺˊɘůŰɖɛɞɜɘəɐ ũɜɩůɖ əŬɘ ɜŬ ɛŬɠ ɞŭɖɔɐůŮɘ ůŰɖɜ çůɢŮŭɑŬůɖ Űɖɠ ɀɖɢŬɜɘəɐɠè;

ȼ ŬˊɎɜŰɖůɖ Űɤɜ ůɨɔɢɟɞɜɤɜ ȺˊɘůŰɖɛɧɜɤɜ əŬɘ ɀɖɢŬɜɘəɩɜ ŮɑɜŬɘ çɁȷȽè, ɛɏůɤ ɛɘŬɠ ɜɏŬɠ ɔɜɤůŰɘəɐɠ ˊŮɟɘɞɢɐɠ, Űɖɠ 

ɈˊɞɚɞɔɘůŰɘəɐɠ ȺˊɘůŰɐɛɖɠè. ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ(Computational Science) ŮɑɜŬɘ çɖ ɢɟɐůɖ ɡˊɞɚɞɔɘůŰɘəɩɜ 

Ŭɚɔɞɟɑɗɛɤɜ ɩůŰŮ ɜŬ çɛŮŰŬűŮɟɗɞɨɜè ŰŬ ɛŬɗɖɛŬŰɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ŬɜŬˊŬɟɘůŰɞɨɜ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ūɡůɘəɞɨ 

ɆɨɛˊŬɜŰɞɠ, ůŮ ɛɞɜŰɏɚŬ ůŰɞɜ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɘəɐ ŰŬ ɞˊɞɑŬ ˊɟɞɓɚɏˊɞɡɜ Űɞ ɛɏɚɚɞɜ əŬɘ ŬɜŬŭɞɛɞɨɜ Űɞ ˊŬɟŮɚɗɧɜ, Ůɜɩ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ˊɟɞůɞɛɞɘɩůɞɡɜ ɏɜŬ ɛŮɔɎɚɞ űɎůɛŬ ˊɟɞɥɧɜŰɤɜ ˊɞɡ əŬŰŬůəŮɡɎɕɞɡɜ ɞɘ ɀɖɢŬɜɘəɞɑ ŬɚɚɎ əŬɘ 

ŭɘŬŭɘəŬůɑŮɠ əŬɘ ůɡůŰɐɛŬŰŬè(https://tamest.org/news/newscomputational-science-the-third-pillar-of-

science/?tfa_next=%2Fresponses%2Flast_success%26sid%3D01c387cc23da8d99e7e79fad829792ee).

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 

ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ 

https://tamest.org/news/newscomputational-science-the-third-pillar-of-science/?tfa_next=%2Fresponses%2Flast_success%26sid%3D01c387cc23da8d99e7e79fad829792ee


ȼ ŬɜŬűɞɟɎ Űɖɠ ȺˊɘŰɟɞˊɐɠçComputational Science: Ensuring Americaôs Competitiveness -
Presidentôs Information Technology-Advisory Committeeè ŮůŰɑŬůŮ ůŰɖɜ ŬɜɎɔəɖ ŮɘůŬɔɤɔɐɠ Űɞɡ
STEM ůŰɖɜ ůɢɞɚɘəɐ ŮəˊŬɑŭŮɡůɖ ŭɑɜɞɜŰŬɠ ɏɛűŬůɖ ůŰɞɜ ɧɟɞçɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖè 
ŬɜŬűɏɟɞɜŰŬɠ ɧŰɘé. The Presidentôs Information Technology Advisory Committee (PITAC) is 
pleased to submit to you the enclosed report Computational Science: Ensuring Americaôs 
Competitiveness. Computational science ïthe use of advanced computing capabilities to 
understand and solve complex problems ïhas become critical to scientific leadership, economic 
competitiveness, and national security.

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 

ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ 



ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ əŬɘ ɖ çɞɚɘůŰɘəɐ/ɞɚɞəɚɖɟɤɛɏɜɖ ŮəˊŬɑŭŮɡůɖ  STEMè-

ɏɜŬ əŬɗɘŮɟɤɛɏɜɞ(;) ɛɞɜŰɏɚɞ-Pedaste& Palts (2017) 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 

ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ 



ȼ ɈˊɞɚɞɔɘůŰɘəɐ Ɇəɏɣɖ

ȼ ɏɜɜɞɘŬ Űɖɠ ŬűŬɑɟŮůɖɠ(revisited)

ȷˊɧ 

Ⱦ. ȾŬɚɞɓɟɏəŰɖɠȷˊ. ɂŮɜɎəɖɠɆ. ɊɡɢɎɟɖɠũ. ɆŰŬɛɞɨɚɖɠ. ɇɑŰɚɞɠ ɆɡɔɔɟɎɛɛŬŰɞɠ: ȺəˊŬɘŭŮɡŰɘəɐ ɇŮɢɜɞɚɞɔɑŬ, ȷɜŬˊŰɡɝɘŬəɏɠ 

ɄɚŬŰűɧɟɛŮɠ ɅɞɛˊɞŰɘəɐɠ əŬɘ IoT. Ⱦɤŭɘəɧɠ ȸɘɓɚɑɞɡ ůŰɞɜ Ⱥɨŭɞɝɞ: 77115672. Ȱəŭɞůɖ: 1ɖ/2020. ISBN: 978-960-418-828-4. ȺȾȹɃɆȺȽɆ 

ȷ. ɇȻȽɃȿȷ & ɈȽɃȽ ȷ.Ⱥ.

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ (Ɉ.Ⱥ.) əŬɘ ɖ Ɉ.Ɇ.



ȼ ɏɜɜɞɘŬ 
Űɖɠ ŬűŬɑɟŮůɖɠ(revisited)

https://www.open.edu/openlearn/science-maths-technology/computing-and-

ict/introduction-computational-thinking/content-section-0
ȷˊɧ 

Ⱦ. ȾŬɚɞɓɟɏəŰɖɠȷˊ. ɂŮɜɎəɖɠɆ. ɊɡɢɎɟɖɠũ. ɆŰŬɛɞɨɚɖɠ. ɇɑŰɚɞɠ ɆɡɔɔɟɎɛɛŬŰɞɠ: ȺəˊŬɘŭŮɡŰɘəɐ ɇŮɢɜɞɚɞɔɑŬ, ȷɜŬˊŰɡɝɘŬəɏɠ 

ɄɚŬŰűɧɟɛŮɠ ɅɞɛˊɞŰɘəɐɠ əŬɘ IoT. Ⱦɤŭɘəɧɠ ȸɘɓɚɑɞɡ ůŰɞɜ Ⱥɨŭɞɝɞ: 77115672. Ȱəŭɞůɖ: 1ɖ/2020. ISBN: 978-960-418-828-4. ȺȾȹɃɆȺȽɆ 

ȷ. ɇȻȽɃȿȷ & ɈȽɃȽ ȷ.Ⱥ.

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ (Ɉ.Ⱥ.) əŬɘ ɖ Ɉ.Ɇ.

https://www.open.edu/openlearn/science-maths-technology/computing-and-ict/introduction-computational-thinking/content-section-0


ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ(Taubə.Ŭ.Ŭ,2015) çɖ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖè-Computational Science- ŮɑɜŬɘ 
ɏɜŬ ŬɜŬˊŰɡůůɧɛŮɜɞ ŮˊɘůŰɖɛɞɜɘəɧ ˊŮŭɑɞ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ ůɢŮŭɘŬůɛɧ ɡˊɞɚɞɔɘůŰɘəɩɜ 
ɛɞɜŰɏɚɤɜ ŮˊɘůŰɖɛɞɜɘəɩɜ űŬɘɜɞɛɏɜɤɜ. ɇɞ ˊŮŭɑɞ ŬɡŰɧ ůɡɜŭɡɎɕŮɘ Űɖɜ ŮˊɘůŰɐɛɖ, Űɖɜ ŮˊɘůŰɐɛɖ Űɤɜ 
ɡˊɞɚɞɔɘůŰɩɜ(computer science) əŬɘ ŰŬ ŮűŬɟɛɞůɛɏɜŬ ɛŬɗɖɛŬŰɘəɎ ůəɞˊɧ ɜŬ ɚɨůŮɘ ˊɞɚɨˊɚɞəŬ 
ŮˊɘůŰɖɛɞɜɘəɎ ˊɟɞɓɚɐɛŬŰŬè.

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ(Taubə.Ŭ.Ŭ,2013),ɖ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ ɤɠ ŮˊɘůŰɖɛɞɜɘəɧ ˊŮŭɑɞ 
ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖɜ əŬŰŬůəŮɡɐ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ əŬɘ ŮˊɘůŰɖɛɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ 
ŭɘŮˊɘůŰɖɛɞɜɘəɧ ˊŮŭɑɞ, Ůɜɩ ŭɘŭɎůəŮŰŬɘ ůŰŬ ɄŬɜŮˊɘůŰɐɛɘŬ Ůɜɩ ˊɟɧůűŬŰŬ ɏɢŮɘ ŮɘůŬɢɗŮɘ əŬɘ ůŰɖɜ 
ůɢɞɚɘəɐ ŮəˊŬɑŭŮɡůɖ.

Taub, R., Armoni, M., Bagno, E., & Ben-Ari, M. (2015). The effect of computer science on physics understanding in a 
computational science environment.Computers & Education87, 10-23.

Taub, R., Armoni, M., & Ben-Ari, M. (2013). The Contribution of Computer Science to Learning Computational Physics. In I. 
Diethelm& R. Mittermeir (Eds.), Informatics in Schools. Sustainable Informatics Education for Pupils of all Ages (Vol. 7780, pp. 
127-137): Springer Berlin Heidelberg.

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 
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ȼ ɀɞɜŰŮɚɞˊɞɑɖůɖəŬɘ ɖ ȺəˊŬɑŭŮɡůɖ ůŰɘɠ ȺˊɘůŰɐɛŮɠ

ɇŬ ɛɞɜŰɏɚŬ  ɛˊɞɟɞɨɜ ɜŬ ɓɞɖɗɐůɞɡɜ ɞɡůɘŬůŰɘəɎ ˊɟɞɠ Űɖɜ Ůɛˊɚɞəɐ ůŮ ůɨɜɗŮŰŮɠ-ˊɟŬɔɛŬŰɘəɏɠ-

ŬɡɗŮɜŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ əŬɗɩɠ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ əŬɘ ŰŬ űŬɘɜɧɛŮɜŬ Űɞɡ 

ˊɟŬɔɛŬŰɘəɞɨ əɧůɛɞɡ əŬɘ ůŮ ŬɡŰɎ ɗŬ ɓŬůɘůɗŮɑ ɖ ɞˊɞɘŬŭɐˊɞŰŮ ˊɟɞůɞɛɞɑɤůɖ , ɧŰŬɜ ŬɡŰɐ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮɧɟɞɡɠ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊŮɘɟɎɛŬŰɞɠ (Psycharis,2015;Psycharis,2016)

Psycharis, S. (2015). óThe Impact of Computational Experiment and Formative Assessment in Inquiry Based Teaching and LearningApproach in STEM 
Education ;  Journal of Science Education, and Technology 25(2),316-326 (JOST)DOI 10.1007/s10956-015-9595-z

Psycharis, S., (2016).óInquiry Based- Computational Experiment, Acquisition of Threshold Concepts and Argumentation in Science and Mathematics 
Education (Journal ñEducational Technology & Societyò- Volume 19, Issue 3, 2016.

Shiflet, A. B. and Shiflet, G. W.(2006) Introduction to Computational Science: Modelingand Simulation for the Sciences, Princeton University Press, 2006: 
p. 3.

Shiflet, A. B., &Shiflet, G. W. (2014).Introduction to computational science: modelingand simulation for the sciences. Princeton University Press.

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. ȼ 

ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ əŬɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ



ω

ȼ ɈˊɞɚɞɔɘůŰɘəɐ ɄŬɘŭŬɔɤɔɘəɐ

Yaĸar, O., Veronesi, P., Maliekal, J., Little, L., Vattana, S., & Yeter, I. (2016). Computational Pedagogy: Fostering A 

New Method of Teaching.Comp. in Education, 7(3), 51-72. Presented at: ASEE Annual Conference and Exposition. 

New Orleans, June 2016. 

ȷˊɧ Űɞ TPACK ůŰɞ CPACK

Yaĸar,O., (2013). Teaching Science through Computation. International

Journal of Science,Technologyand Society. Vol. 1, No. 1, , pp. 9-18. doi:

10.11648/j.ijsts.20130101.12
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H ɏɜɜɞɘŬ  Űɞɡ computing-ȼ ůɨɔɢɡůɖ!
This publication is a Science for Policy report by the Joint Research Centre (JRC), the European Commissionôs science and 

knowledge service. 



Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. Ƀɘ ȺˊɘůŰɖɛɞɚɞɔɑŮɠ  Űɞɡ 

Ŭəɟɤɜɡɛɑɞɡ  



ȼ ȺˊɘůŰɖɛɞɚɞɔɑŬ Űɖɠ ɇŮɢɜɞɚɞɔɑŬɠ 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ  Kroes& Van de Poel(2009), ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞŭɞɗɞɨɜ ŭɡɞ 

ɜɞɖɛŬŰɞŭɞŰɐůŮɘɠ ůŰɖɜ ɇŮɢɜɞɚɞɔɑŬ(Technology): 

1.ȼ ɇŮɢɜɞɚɞɔɑŬ ɤɠ ŭɘŬŭɘəŬůɑŬ/ŭɟŬůŰɖɟɘɧŰɖŰŬ, ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ůɡɚɚɞɔɐ 

ŭɘŬŭɘəŬůɘɩɜ ůɢŮŭɑŬůɖɠ, ŬɜɎˊŰɡɝɖɠ, ˊŬɟŬɔɤɔɐɠ ŰŮɢɜɘəɩɜ 

əŬŰŬůəŮɡɩɜ/ŰŮɢɜɞɡɟɔɖɛɎŰɤɜ (artifacts) 

2. ȼ ɇŮɢɜɞɚɞɔɑŬ ɤɠ ˊɟɞɥɧɜ, ŭɖɚŬŭɐ ůɡɚɚɞɔɐ çŰŮɢɜɞɡɟɔɖɛɎŰɤɜè(artifacts) 

ɆŰɖɜ ɏəɗŮůɖ Űɖɠ ȺˊɘŰɟɞˊɐɠInternational Technology Education Association 

(ITEEA),  

https://www.iteea.org/File.aspx?id=67767&v=b26b7852&source=generalSearch

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɗɏɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɖɠ çȺəˊŬɑŭŮɡůɖɠ ůŰɖɜ 

ɇŮɢɜɞɚɞɔɑŬè ůŮ ˊɏɜŰŮ ŭɘŬůŰɎůŮɘɠ, ɧˊɞɡ ɖ əɎɗŮ ŭɘɎůŰŬůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ɞɟɘůɛɏɜɞɡɠ 

ŭŮɑəŰŮɠ(standards).

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. Ƀɘ ȺˊɘůŰɖɛɞɚɞɔɑŮɠ  Űɞɡ 
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https://www.iteea.org/File.aspx?id=67767&v=b26b7852&source=generalSearch


ȼ ȺˊɘůŰɖɛɞɚɞɔɑŬ Űɖɠ ɀɖɢŬɜɘəɐɠ 

ȼ ɔɜɤůŰɘəɐ ˊŮɟɘɞɢɐ Űɤɜ ɀɖɢŬɜɘəɩɜ ɛˊɞɟŮɑ ɜŬ ŭɘŬɘɟŮɗŮɑůŰɞ ˊŮɟɘŮɢɧɛŮɜɞ (engineering 

content)  əŬɘ ůŰɞɜ ůɢŮŭɘŬůɛɧ (engineering design). ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ 

Űɞɛɐ Űɖɠ ȺˊɘůŰɐɛɖɠ(ū.Ⱥ.) Űɤɜ ɀŬɗɖɛŬŰɘəɩɜ əŬɘ Űɖɠ ŬɜɎɔəɖɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

ŮɟɔŬɚŮɑŬ ɛŮ ŰŬ ɞˊɞɑŬ ɞɘ ɀɖɢŬɜɘəɞɑ ɛˊɞɟɞɨɜ ɜŬ ůɢŮŭɘɎůɞɡɜ ɚɨůŮɘɠ ɔɘŬ ůɡɔəŮəɟɘɛɏɜŬ 

ˊɟɞɓɚɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ɗŬ ɡˊɧəŮɘɜŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ (Shirey, 2017). 

Ƀɘ (Katehiə Ŭ. ,2009) ŬɜŬűɏɟɞɡɜ ɧŰɘ çˊɘɗŬɜɩɠ Űɞ ˊɘɞ ůɖɛŬɜŰɘəɧ Űɖɠ ɄŬɘŭŬɔɤɔɘəɐɠ Űɤɜ 

ɀɖɢŬɜɘəɩɜ ŮɑɜŬɘ ɞ ůɢŮŭɘŬůɛɧɠ, ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑ Űɖɜ ɓŬůɘəɐ ˊɟɞůɏɔɔɘůɖ Űɤɜ 

ɀɖɢŬɜɘəɩɜ ɔɘŬ ɜŬ ɚɨɜɞɡɜ ˊɟɞɓɚɐɛŬŰŬ əŬɘ ɧŰŬɜ ɞɘ ŮəˊŬɘŭŮɡɧɛŮɜɞɘ ŮɛˊɚɏəɞɜŰŬɘ ɛŮ Űɞɜ 

ůɢŮŭɘŬůɛɧ ŬɜŬˊŰɨůůɞɡɜ ůɡɔəŮəɟɘɛɏɜŮɠ ŭŮɝɘɧŰɖŰŮɠ əŬɘ Űɨˊɞɡɠ ůəɏɣŮɤɜ, ɧˊɤɠ ɖ 

ŬɜŬɚɡŰɘəɐ əŬɘ ůɡɜɗŮŰɘəɐ ůəɏɣɖè. 

Katehi, L., Pearson G., &FederM. (2009). Engineering in K-12 education: Understanding the status and improving the prospects. 

Washington, DC: National Academy of Engineering and National Research Council.

Shirey, K. (2017).Teacher Productive Resources for Engineering Design Integration in High School Physics Instruction 

(Fundamental).In: Proceedings of the 2017 ASEE Annual Conference, Columbus, OH, June 2017
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ȼ ȺˊɘůŰɖɛɞɚɞɔɑŬ Űɖɠ ɀɖɢŬɜɘəɐɠ 

Katehi, L., PearsonG., & FederM. (2009). Engineeringin K-12 education: Understandingthe status and improvingthe 

prospects. Washington, DC: NationalAcademyof Engineeringand NationalResearch Council

Shirey, K. (2017). Teacher Productive Resources for Engineering Design Integration in High School Physics Instruction 

(Fundamental). In: Proceedings of the 2017 ASEE Annual Conference, Columbus, OH, June 2017
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ȼ ȺˊɘůŰɖɛɞɚɞɔɑŬ Űɖɠ ɀɖɢŬɜɘəɐɠ 

ȼ ȹɘŭŬəŰɘəɐ ɆŰɟŬŰɖɔɘəɐ 

çůɢŮŭɘŬůɛɧɠ Űɤɜ ɀɖɢŬɜɘəɩɜè

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ŮɟŮɡɜɖŰɏɠ ɏɢɞɡɜ ˊɟɞŰŮɑɜŮɘ Űɖɜ ŬɜŬŭɧɛɖůɖ Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ 

ůˊɞɡŭɩɜ Űɖɠ ůɢɞɚɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ ɩůŰŮ ɜŬ ɓɞɖɗɖɗɞɨɜ ɞɘ ŮəˊŬɘŭŮɡɧɛŮɜɞɘ ɜŬ ŬɜŬˊŰɨɝɞɡɜ 

ɘəŬɜɧŰɖŰŮɠ(ɔɜɩůŮɘɠ, ŭŮɝɘɧŰɖŰŮɠ, ůŰɎůŮɘɠ) ˊɞɡ ŮɑɜŬɘ ŬɜŬɔəŬɑŮɠ ɔɘŬ Űɞɜ ůɨɔɢɟɞɜɞ əɧůɛɞ.

ɀɘŬ ˊɟɞŰŮɘɜɧɛŮɜɖ ɚɨůɖ ŮɑɜŬɘ ɖ  ŮɘůŬɔɤɔɐ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɤɜ ɀɖɢŬɜɘəɩɜ(ůɢŮŭɘŬůɛɧɠ Űɖɠ 

ɀɖɢŬɜɘəɐɠ)-engineering design- ůŰŬ ŬɜŬɚɡŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ, ɩůŰŮ ɛɏůɤ ŬɡŰɞɨ Űɞɡ 

ŭɘŭŬəŰɘəɞɨ ɛɞɜŰɏɚɞɡ ɜŬ ŮɛˊɚŬəɞɨɜ ɞɘ ŮəˊŬɘŭŮɡɧɛŮɜɞɘ ůŮ ɛɖ ůŬűɩɠ ɞɟɘůɛɏɜŬ 

ˊɟɞɓɚɐɛŬŰŬ, ɧˊɞɡ ŭŮɜ ˊŬɟɏɢŮŰŬɘ ŮˊŬɟəɐɠ ˊɚɖɟɞűɞɟɑŬ Ůɜɩ ŭŮɜ ɡˊɎɟɢŮɘ ŬɡŰɧ ˊɞɡ əŬɚɞɨɛŮ 

ɛɘŬ ɚɨůɖ, ŬɚɚɎ ɓɏɚŰɘůŰŮɠ ɚɨůŮɘɠ əɎŰɤ Ŭˊɧ ˊŮɟɘɞɟɘůɛɞɨɠ. 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 
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ȼ ȺˊɘůŰɖɛɞɚɞɔɑŬ Űɖɠ ɀɖɢŬɜɘəɐɠ 

ȼ ȹɘŭŬəŰɘəɐ ɆŰɟŬŰɖɔɘəɐ 

çůɢŮŭɘŬůɛɧɠ Űɤɜ ɀɖɢŬɜɘəɩɜè

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ŮɟŮɡɜɖŰɏɠ ɏɢɞɡɜ ˊɟɞŰŮɑɜŮɘ Űɖɜ ŬɜŬŭɧɛɖůɖ Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ 

ůˊɞɡŭɩɜ Űɖɠ ůɢɞɚɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ ɩůŰŮ ɜŬ ɓɞɖɗɖɗɞɨɜ ɞɘ ŮəˊŬɘŭŮɡɧɛŮɜɞɘ ɜŬ ŬɜŬˊŰɨɝɞɡɜ 

ɘəŬɜɧŰɖŰŮɠ(ɔɜɩůŮɘɠ, ŭŮɝɘɧŰɖŰŮɠ, ůŰɎůŮɘɠ) ˊɞɡ ŮɑɜŬɘ ŬɜŬɔəŬɑŮɠ ɔɘŬ Űɞɜ ůɨɔɢɟɞɜɞ əɧůɛɞ.

ɀɘŬ ˊɟɞŰŮɘɜɧɛŮɜɖ ɚɨůɖ ŮɑɜŬɘ ɖ  ŮɘůŬɔɤɔɐ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɤɜ ɀɖɢŬɜɘəɩɜ(ůɢŮŭɘŬůɛɧɠ Űɖɠ 

ɀɖɢŬɜɘəɐɠ)-engineering design- ůŰŬ ŬɜŬɚɡŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ, ɩůŰŮ ɛɏůɤ ŬɡŰɞɨ Űɞɡ 

ŭɘŭŬəŰɘəɞɨ ɛɞɜŰɏɚɞɡ ɜŬ ŮɛˊɚŬəɞɨɜ ɞɘ ŮəˊŬɘŭŮɡɧɛŮɜɞɘ ůŮ ɛɖ ůŬűɩɠ ɞɟɘůɛɏɜŬ 

ˊɟɞɓɚɐɛŬŰŬ, ɧˊɞɡ ŭŮɜ ˊŬɟɏɢŮŰŬɘ ŮˊŬɟəɐɠ ˊɚɖɟɞűɞɟɑŬ Ůɜɩ ŭŮɜ ɡˊɎɟɢŮɘ ŬɡŰɧ ˊɞɡ əŬɚɞɨɛŮ 

ɛɘŬ ɚɨůɖ, ŬɚɚɎ ɓɏɚŰɘůŰŮɠ ɚɨůŮɘɠ əɎŰɤ Ŭˊɧ ˊŮɟɘɞɟɘůɛɞɨɠ. 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 

Ƀɘ ȺˊɘůŰɖɛɞɚɞɔɑŮɠ  Űɞɡ Ŭəɟɤɜɡɛɑɞɡ  



ȼ ȺˊɘůŰɖɛɞɚɞɔɑŬ Űɖɠ ɀɖɢŬɜɘəɐɠ 

ȼ ȹɘŭŬəŰɘəɐ ɆŰɟŬŰɖɔɘəɐ 

çůɢŮŭɘŬůɛɧɠ Űɤɜ ɀɖɢŬɜɘəɩɜè

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 

Ƀɘ ȺˊɘůŰɖɛɞɚɞɔɑŮɠ  Űɞɡ Ŭəɟɤɜɡɛɑɞɡ  



ɇŬ Ůɑŭɖ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ

ȾɎɗŮ ˊɟɧɓɚɖɛŬ ůŰɞ ɞˊɞɑɞ ŮɑŰŮ ɖ Ŭɟɢɘəɐ əŬŰɎůŰŬůɖ, ŮɑŰŮ ɞɘ ŮˊɘŰɟŮˊɧɛŮɜŮɠ  ŭɘŬŭɘəŬůɑŮɠ, 

ŮɑŰŮ ɞ ůəɞˊɧɠ ŭŮɜ ŮɑɜŬɘ əŬɗŬɟɎ ŮəˊŮűɟŬůɛɏɜɞɘ, ɐ ɖ ɚɨůɖ ŭŮɜ ŮɑɜŬɘ ɛɞɜŬŭɘəɐ, ŰɧŰŮ ŬɡŰɧ Űɞ 

ˊɟɧɓɚɖɛŬ əŬɚŮɑŰŬɘ  ɛɖ ůŬűɩɠ ɞɟɘůɛɏɜɞ ɐ ɛɖ ůŬűɩɠ ŭɞɛɖɛɏɜɞ (Űɞ ŬɜŰɑɗŮŰɞ ŮɑɜŬɘ ŰŬ 

ůŬűɩɠ ɞɟɘůɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ). 

(https://www.oxfordreference.com/view/10.1093/oi/authority.20110803095957654)

ɆŰɖɜ ůɢɞɚɘəɐ ŮəˊŬɑŭŮɡůɖ ,ɖ ŮəˊŬɑŭŮɡůɖ ůŰɘɠ ŮˊɘůŰɐɛŮɠ ɏɢŮɘ ŭɞɛɖɗŮɑ ɛɏůɤ ůŬűɩɠ 

ɞɟɘůɛɏɜɤɜ ˊɟɞɓɚɖɛɎŰɤɜ. ɆŰŬ ˊŮɟɘůůɧŰŮɟŬ ŬɜŬɚɡŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ əŬɘ ůŰŬ ˊŮɟɘůůɧŰŮɟŬ 

ŭɘŭŬəŰɘəɎ ɛɞɜŰɏɚŬ ŭŮɜ ŮɛűŬɜɑɕɞɜŰŬɘ ɛɖ ůŬűɩɠ ɞɟɘůɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ɏɢŮɘ ɡˊɎɟɝŮɘ əɟɘŰɘəɐ əŬɗɩɠ ɏŰůɘ ɞɘ ŮəˊŬɘŭŮɡɧɛŮɜɞɘ ŭŮɜ ŮɛˊɚɏəɞɜŰŬɘ  ůŮ ˊɟŬɔɛŬŰɘəɎ 

ˊɟɞɓɚɐɛŬŰŬ ůŰŬ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ɚɎɓɞɡɜ ŬˊɞűɎůŮɘɠ ɔɘŬ Űɖɜ Ůˊɑɚɡůɐ Űɞɡɠ(Fortus et al., 

2004). Fortus, D., Dershimer, C., Krajcik, J., Marx, R., & Mamlok-Naaman, R. (2004). Design-based science and student learning. 

Journal of Research in Science Teaching, 41(10), 1081-1110 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 
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https://www.oxfordreference.com/view/10.1093/oi/authority.20110803095957654


ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ˊɟɞɓɚɖɛɎŰɤɜ(Grubbs & Strimel, 2015)

ɆɨɛűɤɜŬ ɛŮ Űɞɜ Jonassen(2011) ŰŬ ˊɟɞɓɚɐɛŬŰŬ ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ ŰɟŮɑɠ ŭɘŬůŰɎůŮɘɠ: Űɞ ˊŮɟɘŮɢɧɛŮɜɞ 
(context), Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ (complexity), əŬɘ Űɖɜ ŭɞɛɐ(structure).

ɇŬ ˊɟɞɓɚɐɛŬŰŬ Űɖɠ ɀɖɢŬɜɘəɐɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɞɜ çůɢŮŭɘŬůɛɧ Űɖɠ ɀɖɢŬɜɘəɐɠè ɗŮɤɟɞɨɜŰŬɘ ɤɠ ŰŬ ˊɘɞ 
ˊɞɚɨˊɚɞəŬ əŬɘ ɤɠ ŰŬ ɚɘɔɧŰŮɟɞ ŭɞɛɖɛɏɜŬ.

ɄɟɞɓɚɐɛŬŰŬ ɛŮ ɡɣɖɚɧ ɓŬɗɛɧ ŭɧɛɖůɖɠ ɛˊɞɟɞɨɜ ɜŬ ɓɟŮɗɞɨɜ  ˊ.ɢ. ůŰŬ ɓɘɓɚɑŬ Űɖɠ ūɡůɘəɐɠ ɛŮ Űɖ ɛɞɟűɐ 
ɛɘŬɠ ɚŮəŰɘəɐɠ ŭɘŬŰɨˊɤůɖɠ Ůɜɧɠ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ ɖ ɚɨůɖ Űɞɡ ŬˊŬɘŰŮɑ Űɖɜ ŮűŬɟɛɞɔɐ ɛɘŬɠ ɛŮɗɞŭɞɚɞɔɑŬɠ 

ɔɘŬ Űɖɜ ɚɨůɖ Űɞɡ əŬɗɩɠ əŬɘ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ əŬŰɎɚɚɖɚɤɜ ŮɝɘůɩůŮɤɜ. 

Grubbs, M. E. (2013). Bridging design cognition research and theory with teaching and learning. In P. J. Williams, & D. Gedera(Eds.), 
Technology Education for the Future: A Play on Sustainability (pp.189ï195). Hamilton, New Zealand: University of Waikato. Retrieved 
from http://www.iteaconnect.org/Conference/PATT/PATT27/PATT27proceedingsNZDec2013.pdfJonassen, D. H. (2011). Learning to solve 
problems: A handbook for designing problem-solving learning environments. New York, NY: Routledge.

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 
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ɇŬ Ůɑŭɖ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 

Ƀɘ ȺˊɘůŰɖɛɞɚɞɔɑŮɠ  Űɞɡ Ŭəɟɤɜɡɛɑɞɡ  



ɇŬ Ůɑŭɖ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ ˊɟɞůɏɔɔɘůɖ. 

Ƀɘ ȺˊɘůŰɖɛɞɚɞɔɑŮɠ  Űɞɡ Ŭəɟɤɜɡɛɑɞɡ  



ȼ ŮɘůŬɔɤɔɐ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɖɠ ɀɖɢŬɜɘəɐɠ ŭŮɜ ůɖɛŬɑɜŮɘ ůŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ ɧŰɘ ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɧŰŮɟɖ ˊŬɘŭŬɔɤɔɘəɐ ůŰɟŬŰɖɔɘəɐ Ŭˊɧ ɧŰɘ ɖ ŮˊɘůŰɖɛɞɜɘəɐ ŭɘŮɟŮɡɜɖŰɘəɐ 

ůŰɟŬŰɖɔɘəɐ.

ɃɡůɘŬůŰɘəɎ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ ɀɖɢŬɜɘəɐɠ ŮɑɜŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ˊŬɘŭŬɔɤɔɘəɐ ůŰɟŬŰɖɔɘəɐ 

ůŰɖɜ ŭɘŮɟŮɡɜɖŰɘəɐ ɛɎɗɖůɖ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ. 

Ƀɘ EˊɘůŰɐɛɞɜŮɠŬɜŬəŬɚɨˊŰɞɡɜ ɜɏŬ ɔɜɩůɖ əŬɘ ɞɘ ɀɖɢŬɜɘəɞɑ ɓŬůɑɕɞɜŰŬɘ ůŮ ŬɡŰɏɠ Űɘɠ 

ŬɜŬəŬɚɨɣŮɘɠ ɔɘŬ ɜŬ ˊŬɟŬɔɎɔɞɡɜ ɚŮɘŰɞɡɟɔɘəɎ çˊɟɞɥɧɜŰŬè  (Carlson & 

Sullivan,2004). 

ȼ ŮˊɘůŰɖɛɞɜɘəɐ ɏɟŮɡɜŬ çŭɖɛɘɞɡɟɔŮɑè ŭŮŭɞɛɏɜŬ ˊɞɡ ɗŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ Ŭˊɧ Űɞɡɠ 

ɀɖɢŬɜɘəɞɨɠ ůŰɞɜ ůɢŮŭɘŬůɛɧ Űɞɡɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ çɛɖɢŬɜɐɠè ˊɞɡ ɗŬ ŬɜŰɘůŰɞɘɢŮɑ 

ůŰɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖˊɞɡ ɏɢŮɘ ˊɟɞɏɚɗŮɘ Ŭˊɧ Űɞɡɠ ȺˊɘůŰɐɛɞɜŮɠ, Ůɜɩ  ɖ əŬŰŬůəŮɡɐ ŬɡŰɐ 

ɗŬ ůŰɖɟɑɕŮŰŬɘ ůŰɞ ɛɞɜŰɏɚɞ Űɤɜ ȺˊɘůŰɖɛɧɜɤɜ.

Carlson, L. E., & Sullivan, J. F. (2004). Exploiting design to inspire interest in engineering across the K-16 engineering curriculum. 

International Journal of Engineering Education, 20(3), 372-378.
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Ƀɘ ȺˊɘůŰɖɛɞɚɞɔɑŮɠ  Űɞɡ Ŭəɟɤɜɡɛɑɞɡ  



Ƀɘ ˊɟŬəŰɘəɏɠ Űɤɜ ȺˊɘůŰɖɛɧɜɤɜ əŬɘ Űɤɜ ɀɖɢŬɜɘəɩɜ  

ʁʽ̌ˁˍ˗̄́ ʰˁˍʽˁʷˌʴʽʰ̱́ ʅ˄˔ˇ˂ʽˁʺʶˁˉʰʾʵʶˎˋʹʴʽʰ̱̔ɳ̩ˉʽˋˍʺ˃ʶˌˁʰʽ̱́ ɾ˄ʹ˔ʰ˄ʽˁʺ

ʃˊʰˁˍʽˁʺ1 ʁʽʁ ˁˉʰʽʵʶˎˈ˃ʶ˄ˇʽʻʷˍˇˎ˄ʶˊ˖ˍʺ˃ʰˍʰόʴʽʰ̱̔ɳ̩ˉʽˋˍʺ˃ʶˌύˁʰʽ
ˇˊʾʸˇˎ˄ˉˊˇʲ˂ʺ˃ʰˍʰόʴʽʰˍʹɾ˄ʹ˔ʰ˄ʽˁʺ

ʃˊʰˁˍʽˁʺ2 ʁʽʁˁˉʰʽʵʶˎˈ˃ʶ˄ˇʽʰ˄ʰˉˍˏˋˋˇˎ˄ˁʰʽ̝́ ʹˋʽ˃ˇˉˇʽˇˏ˄˃ˇ˄ˍʷ˂ʰ

ʃˊʰˁˍʽˁʺ3 ʁʽʁˁˉʰʽʵʶˎˈ˃ʶ˄ˇʽˋ˔ʶʵʽʱʸˇˎ˄ˁʰʽˎ˂ ˇˉˇʽˇˏ˄ʷˊʶˎ˄ʶˌ

ʃˊʰˁˍʽˁʺ4 ʁʽ ʶˁˉʰʽʵʶˎˈ˃ʶ˄ˇʽ  ˋˎ˂˂ʷʴˇˎ˄Σ ʰ˄ʰ˂ˏˇˎ˄ ˁʰʽ ʶˊ˃ʹ˄ʶˏˇˎ˄ ʵʶʵˇ˃ʷ˄ʰ

ʃˊʰˁˍʽˁʺ5 ʁʽʁ ˁˉʰʽʵʶˎˈ˃ʶ˄ˇʽ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ɾʰʻʹ˃ʰˍʽˁʺˁʰʇ̔ˉˇ˂ˇʴʽˋˍʽˁʺ
ˋˁʷ˕ʹ

ʃˊʰˁˍʽˁʺ6 ʁʽʁ ˁˉʰʽʵʶˎˈ˃ʶ˄ˇʽʰ˄ʰˉˍˏˋˋˇˎ˄ʶ˅ʹʴʺˋʶʽˌόʴʽʰɳˉʽˋˍʺ˃ʶˌύˁʰʽ˄h
ˋ˔ʶʵʽʱʸˇˎ˄˂ˏˋʶʽˌόʴʽʰˍʹɾ˄ʹ˔ʰ˄ʽˁʺύ

ʃˊʰˁˍʽˁʺ7 ʁʽ ʶˁˉʰʽʵʶˎˈ˃ʶ˄ˇʽ  ʶˉʽ˔ʶʽˊʹ˃ʰˍˇ˂ˇʴˇˏ˄ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ʵʶʵˇ˃ʷ˄ʰ

ʃˊʰˁˍʽˁʺ8 ʁʽ ʶˁˉʰʽʵʶˎˈ˃ʶ˄ˇʽ  ˋˎ˂˂ʷʴˇˎ˄Σ ʰ˅ʽˇ˂ˇʴˇˏ˄ ˁʰʽ ʶˉʽˁˇʽ˄˖˄ˇˏ˄ ˍʹ˄ 

ˉ˂ʹˊˇ˒ˇˊʾʰ

Science and Engineering Practices Progression Matrix
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Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ ïɇŬ ůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬ  



Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ ïɇŬ ůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ 

ɀɖɢŬɜɘəɐ, ŮɑɜŬɘ ɞɘ :

1) ɀɞŰɑɓŬ /pattern: ɄŬɟŬŰɐɟɖůɖ ɛɞŰɑɓɞ ŮɑŰŮ ůŮ ŭɞɛɏɠ, ŮɑŰŮ ůŮ ɔŮɔɞɜɧŰŬ ,ŮɑŰŮ ůŮ ŭŮŭɞɛɏɜŬ/Ŭɟɘɗɛɞɨɠ 

ɩůŰŮ ɜŬ ɞŭɖɔɖɗɞɨɜ ɞɘ ŮəˊŬɘŭŮɡɧɛŮɜɞɘ ůŮ ɞɟɔɎɜɤůɖ əŬɘ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ əŬɘ ɜŬ əɎɜɞɡɜ 

ɡˊɞɗɏůŮɘɠ əŬɘ ŮɟɤŰɐůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ˊɟɞəŬɚɞɨɜ ŰŬ ɛɞŰɑɓɞ 

2) ŬɘŰɑŬ-ŬˊɞŰɏɚŮůɛŬ, ɛɖɢŬɜɘůɛɧɠ əŬɘ Ůɝɐɔɖůɖ : ɇŬ ɔŮɔɞɜɧŰŬ ɏɢɞɡɜ ŬɘŰɑŮɠ əŬɘ ɛɘŬ ɓŬůɘəɐ ˊɟŬəŰɘəɐ 

Űɖɠ ȺˊɘůŰɐɛɖɠ ŮɑɜŬɘ ɖ ŬɜŬɕɐŰɖůɖ əŬɘ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ŬɘŰɘɤŭɩɜ ůɢɏůŮɤɜ ˊɞɡ ˊɟɞəŬɚɞɨɜ ŰŬ 

ɔŮɔɞɜɧŰŬ, əŬɗɩɠ əŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɛɖɢŬɜɘůɛɩɜ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ˊɟɞəŬɚɞɨɜŰŬɘ ŰŬ ɔŮɔɞɜɧŰŬ. 

ȷɡŰɞɑ ɞɘ ɛɖɢŬɜɘůɛɞɑ ɛˊɞɟɞɨɜ ɜŬ ŮɚŮɔɢɗɞɨɜ ůŮ ŭŮŭɞɛɏɜŬ  ˊɚŬɑůɘŬ ŮűŬɟɛɞɔɐɠ əŬɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ əɎɜɞɡɜ ˊɟɞɓɚɏɣŮɘɠ əŬɘ ɜŬ Ůɝɖɔɐůɞɡɜ ɎɚɚŬ ɔŮɔɞɜɧŰŬ ůŮ ɎɚɚŬ ˊɚŬɑůɘŬ. 

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, 

Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. 

National Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ ïɇŬ ůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ 

Űɖɜ ɀɖɢŬɜɘəɐ, ŮɑɜŬɘ ɞɘ :

3) əɚɑɛŬəŮɠ, ŬɜŬɚɞɔɑŮɠ əŬɘ ˊɞůɧŰɖŰŮɠ : ȳŰŬɜ ˊŬɟŬŰɖɟɞɨɛŮ űŬɘɜɧɛŮɜŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ 

ŬɜŬɔɜɤɟɑɕɞɡɛŮ Űɘɠ ŰɎɝŮɘɠ ɛŮɔɏɗɞɡɠ Űɤɜ ˊɞůɞŰɐŰɤɜ ˊɞɡ ɛŮŰɟɎɛŮ əŬɘ ˊɤɠ ɞɘ ŬɚɚŬɔɏɠ ůŰɖɜ 

əɚɑɛŬəŬ, ůŰɘɠ ŬɜŬɚɞɔɑŮɠ ɐ ůŰɘɠ ˊɞůɧŰɖŰŮɠ Ůˊɘŭɟɞɨɜ ůŰɖɜ ŭɞɛɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ůŰɖɜ 

ŮɜɏɟɔŮɘŬ əɚˊ

4) ůɡůŰɐɛŬŰŬ əŬɘ ůɡůŰɐɛŬŰŬ ɛɞɜŰɏɚɤɜ: ũɘŬ Űɖɜ ɛŮɚɏŰɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ 

əŬɗɞɟɑůɞɡɛŮ ˊɞɘɞ ŮɑɜŬɘ Űɞ ůɨůŰɖɛŬ əŬɘ ŰŬ ɛɏɟɖ Űɞɡ, ˊɞɘɞ ŮɑɜŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ əŬɘ ɜŬ 

ˊɟɞůŭɘɞɟɑůɞɡɛŮ-ůɡɜɐɗɤɠ ɛɏůɤ ŬűŬɘɟŮŰɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ- ˊɞɘɞ ŮɑɜŬɘ Űɞ ɛɞɜŰɏɚɞ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ əŬɘ ˊɤɠ ŬɡŰɧ ŬɚɚɖɚŮˊɘŭɟɎɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ 

ɏɚŮɔɢɞ Űɤɜ Ůɜɜɞɘɩɜ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ɩůŰŮ ɜŬ əŬŰŬɚɐɝɞɡɛŮ ůŮ ŮűŬɟɛɞɔɏɠ Űɤɜ ȺˊɘůŰɖɛɩɜ 

əŬɘ Űɖɠ ɀɖɢŬɜɘəɐɠ.
National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies 

Press, Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and 

engineering. National Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ ïɇŬ ůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ 

Űɖɜ ɀɖɢŬɜɘəɐ, ŮɑɜŬɘ ɞɘ :

5) ŮɜɏɟɔŮɘŬ əŬɘ ɨɚɖ : ɟɞɏɠ, əɨəɚɞɘ əŬɘ ŭɘŬŰɐɟɖůɖ: ɄŬɟŬŰɐɟɖůɖ Űɖɠ ɟɞɐɠ Űɖɠ ŮɜɏɟɔŮɘŬɠ, Űɖɠ 

ɛɎɕŬɠ əŬɘ ŬɜŰɑůŰɞɘɢŮɠ Űɞˊɘəɏɠ  ɐ ɞɚɘəɏɠ ŭɘŬŰɖɟɐůŮɘɠ ɩůŰŮ ɜŬ əŬŰŬɜɞɐůɞɡɛŮ Űɘɠ ŭɡɜɖŰɘəɏɠ 

əŬŰŬůŰɎůŮɘɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ əŬɘ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡɠ.

6) ŭɞɛɐ əŬɘ ɚŮɘŰɞɡɟɔɑŬ :

ȷɜŬűɏɟŮŰŬɘ ůŰɞɜ Űɟɧˊɞ ŭɧɛɖůɖɠ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ ɐ ɕɤɜŰŬɜɞɨ ɞɟɔŬɜɘůɛɞɨ əŬɘ ůŰɞɜ Űɟɧˊɞ ˊɞɡ ŰŬ 

ɡˊɞůɡůŰɐɛŬŰŬ ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ.

7) ůŰŬɗŮɟɧŰɖŰŬ əŬɘ ŬɚɚŬɔɐ :ȷűɞɟɎ ŰŬ űɡůɘəɎ əŬɘ ŰŮɢɜɖŰɎ ůɡůŰɐɛŬŰŬ, Űɘɠ ůɡɜɗɐəŮɠ 

ůŰŬɗŮɟɧŰɖŰŬɠ əŬɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɟɡɗɛɩɜ ŬɚɚŬɔɐɠ ɐ Ůɝɏɚɘɝɖɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National 

Academies Press, Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and 

engineering. National Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ ïɇŬ ůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬ  
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Űɖɜ ɀɖɢŬɜɘəɐ:

Patterns
ñPatterns exist everywhereðin regularly occurring shapes or structures and in repeating events and 

relationships. For example, patterns are discernible in the symmetry of flowers and snowflakes, the 

cycling of the seasons, and the repeated base pairs of DNAò (NGSS,2013)

ñNoticing patterns is often a first step to organizing phenomena and asking scientific questions about 

why and how the patterns occur.ò 

The crosscutting concept of patterns is also strongly associated with the practice of ñUsing 

Mathematics and Computational Thinking.ò (NGSS,2013)

ñAnalyze and interpret data for patterns in the fossil record that document the existence, diversity, 

extinction, and change of life forms throughout the history of life on Earth under the assumption that 

natural laws operate today as in the pastò. (NGSS,2013)
NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-

309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies 

Press, Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and 

engineering. National Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖ    



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ 

Űɖɜ ɀɖɢŬɜɘəɐ:

Patterns -ɄŬɟɎŭŮɘɔɛŬ 

ŪŬ ɛˊɞɟɞɨůŮ ɜŬ ŭɞɗŮɑ ɤɠ ˊŬɟɎŭŮɘɔɛŬ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ fractals ɛŮ ɛɘŬ ůɨɜŰɞɛɖ 

ŮɘůŬɔɤɔɐ ůŰɞ Chaos

ɆɨɜŰɞɛɖ ŮɘůŬɔɤɔɐ ůŰɞ ɉɎɞɠ.

Ʉɟɘɜ ˊɟɞɢɤɟɐůɞɡɛŮ ůŮ ŬɡŰɧ Űɞ ŮəˊŬɘŭŮɡŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ, ɗŬ ɛɘɚɐůɞɡɛŮ ɔɘŬ Űɖɜ ɏɜɜɞɘŬ Űɞɡ ɢɎɞɡɠ ɛŮ Ŭˊɚɧ Űɟɧˊɞ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ Michel Baranger(Chaos, Complexity, and Entropy A physics talk for non-physicists), ɖ ɗŮɤɟɖŰɘəɐ 

űɡůɘəɐ Űɞɡ ŮɘəɞůŰɞɨ ŬɘɩɜŬ ˊɟɞɐɚɗŮ Ŭˊɧ Űɖɜ çŮˊŬɜɎůŰŬůɖè Űɖɠ ůɢŮŰɘəɧŰɖŰŬɠ əŬɘ Űɖɠ əɓŬɜŰɞɛɖɢŬɜɘəɐɠ ɛŮ 

ŮɟɔŬɚŮɑŬ Űɞɜ ŬˊŮɘɟɞůŰɘəɧ ɚɞɔɘůɛɧ ɩůŰŮ ɖ ŰŮɚɘəɐ əŬŰɎɚɖɝɖ ɜŬ ŮɑɜŬɘ ɖ əɓŬɜŰɘəɐ ɗŮɤɟɑŬ ˊŮŭɑɤɜ. 

ȼ ɗŮɤɟɖŰɘəɐ űɡůɘəɐ Űɞɡ ŮɘəɞůŰɞɨ ˊɟɩŰɞɡ ŬɘɩɜŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ çŮˊŬɜɎůŰŬůɖè Űɞɡ ɢɎɞɡɠ əŬɘ Űɖɜ ɗŮɤɟɑŬ Űɖɠ 

ˊɞɚɡˊɚɞəɧŰɖŰŬɠ ɢɤɟɑɠ ɧɛɤɠ ŬəɧɛŬ ɜŬ ɝɏɟɞɡɛŮ Űɖɜ ŰŮɚɘəɐ əŬŰɎɚɖɝɖ. 

ȾŬɚɞɓɟɏəŰɖɠ,Ⱦ., ɂŮɜɎəɖɠ,ȷ., ɊɡɢɎɟɖɠ,Ɇ.,&  ɆŰŬɛɞɨɚɖɠ,ũ.(2020).  ũŮɩɟɔɘɞɠ. ȺəˊŬɘŭŮɡŰɘəɐ ɇŮɢɜɞɚɞɔɑŬ, 

ȷɜŬˊŰɡɝɘŬəɏɠ ɄɚŬŰűɧɟɛŮɠ ɅɞɛˊɞŰɘəɐɠ əŬɘ IoT SBN: 978-960-418-828-4. ȺəŭɧůŮɘɠ ɇɕɘɧɚŬ

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ pattern-ɄŬɟɎŭŮɘɔɛŬ  
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Patterns-ɄŬɟɎŭŮɘɔɛŬ 

ŪŬ ɛˊɞɟɞɨůŮ ɜŬ ŭɞɗŮɑ ɤɠ ˊŬɟɎŭŮɘɔɛŬ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ fractals ɛŮ ɛɘŬ ůɨɜŰɞɛɖ ŮɘůŬɔɤɔɐ ůŰɞ 

Chaos

ȷɠ ɝŮəɘɜɐůɞɡɛŮ ɛŮ Űɞ çɢɤɟɘəɧ ɢɎɞɠè. ȰɜŬ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ŮɑɜŬɘ ɢŬɞŰɘəɧ ůŰɞɜ ɢɩɟɞ əŬɚŮɑŰŬɘ ñfractalò. ȰɜŬɠ çɢŬɚŬɟɧɠè ɞɟɘůɛɧɠ Űɞɡ 

ñfractalò ŮɑɜŬɘ ɧŰɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ɔŮɤɛŮŰɟɘəɐ ŭɞɛɐ ˊɞɡ ŭŮɜ ɔɑɜŮŰŬɘ ŬˊɚɞɨůŰŮɟɖ ɧŰŬɜ Űɖɜ ŬɜŬɚɨůɞɡɛŮ ůŮ ɞɚɞɏɜŬ əŬɘ ɛɘəɟɧŰŮɟŬ ɛɏɟɖ.

Ƀɘ ɛŬɗɖɛŬŰɘəɞɑ ɏɢɞɡɜ ŬůɢɞɚɖɗŮɑ Ůŭɩ əŬɘ ɢɟɧɜɘŬ ɛŮ ŰɏŰɞɘŮɠ ɔŮɤɛŮŰɟɘəɏɠ ŭɞɛɏɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ ůɨɜɞɚɞ CantorˊɟɞəɨˊŰŮɘ ɤɠ Ůɝɐɠ: 

ˊŬɑɟɜɞɡɛŮ ɏɜŬ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ əŬɘ Űɞ əɧɓɞɡɛŮ ůŰŬ ŰɟɑŬ ŬˊɞɛŬəɟɨɜɞɜŰŬɠ Űɞ ɛŮůŬɑɞ ɏɜŬ ŰɟɑŰɞ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŬˊɞɛŬəɟɨɜɞɡɛŮ ŰŬ 

ɛŮůŬɑŬ çɏɜŬ ŰɟɑŰɞè Ŭˊɧ ŰŬ ɡˊɧɚɞɘˊŬ ŭɡɞ əɚˊ. ɀŮŰɎ Ŭˊɧ çɎˊŮɘɟŮɠè ŮˊŬɜŬɚɐɣŮɘɠè ˊɟɞəɨˊŰŮɘ Űɞ ůɨɜɞɚɞ Cantor.

ȰɜŬ Ɏɚɚɞ ŭɘůŭɘɎůŰŬŰɞ ˊŬɟɎŭŮɘɔɛŬ ɢɤɟɘəɞɨ ɢɎɞɡɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɏɜŬ ɘůɧˊɚŮɡɟɞ Űɟɑɔɤɜɞ ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ Űɟɧˊɞ:

ȺɜɩɜɞɡɛŮ ŰŬ ɛɏůŬ Űɤɜ Űɟɘɩɜ ˊɚŮɡɟɩɜ əŬɘ ŬˊɞɛŬəɟɨɜɞɡɛŮ Ŭˊɧ Űɞ Ŭɟɢɘəɧ Űɟɑɔɤɜɞ ŬɡŰɧ Űɞ Űɟɑɔɤɜɞ. ɇŬ ŬˊɞɛɏɜɞɜŰŬ ŰɟɑɔɤɜŬ ɏɢɞɡɜ 

ŮɛɓŬŭɧ Űɞ ı Űɞɡ Ŭɟɢɘəɞɨ. ɆɡɜŮɢɑɕɞɜŰŬɠ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɏɢɞɡɛŮ Űɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ ˊɞɡ əŬɚŮɑŰŬɘ Űɟɑɔɤɜɞ Űɞɡ Sierpinski.

ȾŬɚɞɓɟɏəŰɖɠ,Ⱦ., ɂŮɜɎəɖɠ,ȷ., ɊɡɢɎɟɖɠ,Ɇ.,&  ɆŰŬɛɞɨɚɖɠ,ũ.(2020).  ũŮɩɟɔɘɞɠ. ȺəˊŬɘŭŮɡŰɘəɐ ɇŮɢɜɞɚɞɔɑŬ, ȷɜŬˊŰɡɝɘŬəɏɠ ɄɚŬŰűɧɟɛŮɠ 

ɅɞɛˊɞŰɘəɐɠ əŬɘ IoT SBN: 978-960-418-828-4. ȺəŭɧůŮɘɠ ɇɕɘɧɚŬ

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ pattern-ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ ɀɖɢŬɜɘəɐ:

Patterns-ɄŬɟɎŭŮɘɔɛŬ 

ŪŬ ɛˊɞɟɞɨůŮ ɜŬ ŭɞɗŮɑ ɤɠ ˊŬɟɎŭŮɘɔɛŬ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ fractals ɛŮ ɛɘŬ ůɨɜŰɞɛɖ ŮɘůŬɔɤɔɐ ůŰɞ Chaos

ȺɘəɧɜŬ : ɇɞ Űɟɑɔɤɜɞ Űɞɡ Sierpinski

ȾŬɚɞɓɟɏəŰɖɠ,Ⱦ., ɂŮɜɎəɖɠ,ȷ., ɊɡɢɎɟɖɠ,Ɇ.,&  ɆŰŬɛɞɨɚɖɠ,ũ.(2020).  ũŮɩɟɔɘɞɠ. ȺəˊŬɘŭŮɡŰɘəɐ ɇŮɢɜɞɚɞɔɑŬ, ȷɜŬˊŰɡɝɘŬəɏɠ ɄɚŬŰűɧɟɛŮɠ ɅɞɛˊɞŰɘəɐɠ 

əŬɘ IoT SBN: 978-960-418-828-4. ȺəŭɧůŮɘɠ ɇɕɘɧɚŬ

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ pattern-ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ 

Űɖɜ ɀɖɢŬɜɘəɐ:

Patterns-ɄŬɟɎŭŮɘɔɛŬ ïȺɟɩŰɖůɖ Ɋɡɢɞɚɞɔɘəɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ-Ʉɞɡ ɓɟɑůəɞɡɛŮ ŰŬ 

fractals;

Åȼ űɨůɖ ŮɑɜŬɘ ɔŮɛɎŰɖ Ŭˊɧ fractals. ɀɘŬ ɓɞɡɜɞɔɟŬɛɛɐŮɑɜŬɘ ɔŮɛɎŰɖ Ŭˊɧ fractals. ȰɜŬ ɡɔɘɏɠ ɔɏɟɘəɞ 

ŭɏɜŰɟɞ ŮɑɜŬɘ ɏɜŬ fractal. ɇɞ Ŭɜɗɟɩˊɘɜɞ ůɩɛŬ ŮɑɜŬɘ ɏɜŬ fractalɧˊɤɠ əŬɘ ɞ ɞɡɟŬɜɧɠ ůŮ ɛɘŬ ůɢŮŰɘəɎ ɧɢɘ 

ůɡɜɜŮűɘŬůɛɏɜɖ ɖɛɏɟŬ əɚˊ. 

ÅɇŬ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ŬɡŰɎ ŰŬ ůɡůŰɐɛŬŰŬ ɏɢɞɡɜ ɏɜŬ ˊɞɚɨ ɛŮɔɎɚɞ ɓŬɗɛɧ çŬɡŰɞɞɛɞɘɧŰɖŰŬɠè ɧŰŬɜ ŰŬ 

ŮɝŮŰɎɕɞɡɛŮ ůŮ ŭɘŬŭɞɢɘəɏɠ ɛɘəɟɧŰŮɟŮɠ əɚɑɛŬəŮɠ (ˊ.ɢ. ɖ űŰɏɟɖ).

ȾŬɚɞɓɟɏəŰɖɠ,Ⱦ., ɂŮɜɎəɖɠ,ȷ., ɊɡɢɎɟɖɠ,Ɇ.,&  ɆŰŬɛɞɨɚɖɠ,ũ.(2020).  ũŮɩɟɔɘɞɠ. ȺəˊŬɘŭŮɡŰɘəɐ ɇŮɢɜɞɚɞɔɑŬ, 

ȷɜŬˊŰɡɝɘŬəɏɠ ɄɚŬŰűɧɟɛŮɠ ɅɞɛˊɞŰɘəɐɠ əŬɘ IoT SBN: 978-960-418-828-4. ȺəŭɧůŮɘɠ ɇɕɘɧɚŬ

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ pattern-ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ 

Űɖɜ ɀɖɢŬɜɘəɐ:

Patterns-ɄŬɟɎŭŮɘɔɛŬ ïȺɟɩŰɖůɖ Ɋɡɢɞɚɞɔɘəɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ-Ʉɞɡ ɓɟɑůəɞɡɛŮ ŰŬ 

fractals;

ɇɞ Űɟɑɔɤɜɞ Űɞɡ SierpinskiɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůɗŮɑ ŬəɧɛŬ əŬɘ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ ŬůŰɘəɐɠ ŮɝɎˊɚɤůɖɠ  ůŰɞ ɢɤɟɘɧ 

ɄɞɔɞɜɑŬŰɖɠ ȷɘŰɤɚɞŬəŬɟɜŬɜɑŬɠ ( Triantakonstantis2012;ũŮɤɟɔŬɚɐ əŬɘ ȾɟɞɛɛɨŭŬ,2015)

Triantakonstantis,D. Urban Growth Prediction Modelling Using Fractals and Theory of Chaos(2012). Open Journal 

of Civil Engineering, 2012, 2, 81-86 http://dx.doi.org/10.4236/ojce.2012.22013 Published Online June 2012 

(http://www.SciRP.org/journal/ojce) 

ũŮɤɟɔŬɚɐ,Ⱥ əŬɘ ȾɟɞɛɛɨŭŬ,ȸ(2015). Ƀɘ ɗŮɤɟɑŮɠ Űɞɡ ɢɎɞɡɠ əŬɘ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ ůŰɞ ůɢŮŭɘŬůɛɧ Űɞɡ 

ɢɩɟɞɡ,September2015. Conference: 4ɞ ɄŬɜŮɚɚɐɜɘɞ Ɇɡɜɏŭɟɘɞ ɄɞɚŮɞŭɞɛɑŬɠ, ɉɤɟɞŰŬɝɑŬɠ əŬɘ ɄŮɟɘűŮɟŮɘŬəɐɠ 

ȷɜɎˊŰɡɝɖɠ: ɇɛɐɛŬ ɀɖɢŬɜɘəɩɜ ɉɤɟɞŰŬɝɑŬɠ, ɄɞɚŮɞŭɞɛɑŬɠ əŬɘ ɄŮɟɘűŮɟŮɘŬəɐɠ ȷɜɎˊŰɡɝɖɠ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɑŬɠ, ȸɧɚɞɠ

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ pattern-ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ 

Űɖɜ ɀɖɢŬɜɘəɐ:

Patterns-ɄŬɟɎŭŮɘɔɛŬ ïȺɟɩŰɖůɖ Ɋɡɢɞɚɞɔɘəɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ-Ʉɞɡ ɓɟɑůəɞɡɛŮ ŰŬ 

fractals;

ȾŬɚɞɓɟɏəŰɖɠ,Ⱦ., ɂŮɜɎəɖɠ,ȷ., ɊɡɢɎɟɖɠ,Ɇ.,&  ɆŰŬɛɞɨɚɖɠ,ũ.(2020).  ũŮɩɟɔɘɞɠ. ȺəˊŬɘŭŮɡŰɘəɐ ɇŮɢɜɞɚɞɔɑŬ, 

ȷɜŬˊŰɡɝɘŬəɏɠ ɄɚŬŰűɧɟɛŮɠ ɅɞɛˊɞŰɘəɐɠ əŬɘ IoT SBN: 978-960-418-828-4. ȺəŭɧůŮɘɠ ɇɕɘɧɚŬ

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ pattern-ɄŬɟɎŭŮɘɔɛŬ  

ȺɟɩŰɖůɖ: ȰɢŮŰŮ ůəŮűɗŮɑ ɧŰɘ Űɞ InternetŮɑɜŬɘ ŭɑəŰɡɞ Ŭˊɧ ŭɑəŰɡŬ əŬɘ ɧŰɘ əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɎɚɚŬ ŭɑəŰɡŬ; 

Ⱥˊɑůɖɠ ɛˊɞɟŮɑŰŮ ɜŬ Űɞɡɠ ŭŮɑɝŮŰŮ ɛɘŬ űɤŰɞɔɟŬűɑŬ Ŭˊɧ ɛˊɟɧəɞɚɞ (ɐ űŰɏɟŮɠ) əŬɘ ɜŬ Űɞɡɠ ɕɖŰɐůŮŰŮ 

ɜŬ ůŬɠ ˊɞɡɜ Ŭɜ ɡˊɎɟɢŮɘ əɎŰɘ ˊɞɡ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛŮ çŬɡŰɞ-ɧɛɞɘɞ Űɟɧˊɞè.



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ 

Űɖɜ ɀɖɢŬɜɘəɐ:

Patterns-ɄŬɟɎŭŮɘɔɛŬ ɇɞ Űɟɑɔɤɜɞ Űɞɡ Sierpinski ůŮ Python

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ pattern-ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ ɀɖɢŬɜɘəɐ:

ñCause and effect is often the next step in science, after a discovery of patterns or events that occur together with 

regularity. A search for the underlying cause of a phenomenon has sparked some of the most compelling and productive 

scientific investigations. ñAny tentative answer, or óhypothesis,ô that A causes B requires a model or mechanism for the 

chain of interactions that connect A and B. For example, the notion that diseases can be transmitted by a personôs touch 

was initially treated with skepticism by the medical profession for lack of a plausible mechanism. 

Today infectious diseases are well understood as being transmitted by the passing of microscopic organisms (bacteria or 

viruses) between an infected person and another. A major activity of science is to uncover such causal connections, often 

with the hope that understanding the mechanisms will enable predictions and, in the case of infectious diseases, the 

design of preventive measures, treatments, and cures.ò . (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National Academies 

Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ Cause and Effect-

ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ ɀɖɢŬɜɘəɐ:

ñCause and effect Examples .ò

ñ1.Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion by 

water, ice, wind, or vegetation 

2.Develop a model that predicts and describes changes in particle motion, temperature, and state of a pure substance 

when thermal energy is added or removed. 

3.Make and defend a claim based on evidence that inheritable genetic variations may result from: (1) new genetic 

combinations through meiosis, (2) viable errors occurring during replication, and/or (3) mutations caused by 

environmental factorsò. (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National Academies 

Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ Cause and Effect-

ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ 

ɀɖɢŬɜɘəɐ:

Scale, Proportion and Quantity Examples

ñ1.Support an argument that the apparent brightness of the sun and stars is due to their relative 

distances from Earth. 

2.Conduct an investigation to provide evidence that living things are made of cells; either one 

cell or many different numbers and types of cellsô. (NGSS,2013) 
NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-

8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, 

Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. 

National Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ Scale, Proportion and Quantity 

-ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ ɀɖɢŬɜɘəɐ:

Systems and System Models  -Examples

ñ1. Use a model to represent the relationship between the needs of different plants or animals (including humans) 

and the places they live 

2. Make a claim about the merit of a solution to a problem caused when the environment changes and the types 

of plants and animals that live there may changeò. (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National Academies Press, 

Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ Systems and System Models  

-ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ 

ɀɖɢŬɜɘəɐ:

ñSystems and System Models are useful in science and engineering because the world is complex, so it is helpful 

to isolate a single system and construct a simplified model of it. ñTo do this, scientists and engineers imagine an 

artificial boundary between the system in question and everything elseò.(NGSS,2013) 

ñIn more complex systems, it is not always possible or to consider interactions at this detailed 

mechanical level, yet it is equally important to ask what interactions are occurring (e.g., predator-

prey relationships in an ecosystem) and to recognize that they all involve transfers of energy, matter, 

and (in some cases) information among parts of the systemò(NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, 

Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National 

Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ Systems and System Models  -

ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ 

ɀɖɢŬɜɘəɐ:

Energy and ïExamples

ñ1. Support an argument that plants get the materials they need for growth chiefly from air and water. 

2. Develop a model to describe the cycling of water through Earthôs systems driven by energy from the sun 

and the force of gravity. 

3. Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy 

released during the processes of fission, fusion, and radioactive decayò. (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, 

Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. 

National Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ ñEnergyò -ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ ɀɖɢŬɜɘəɐ:

ñStructure and Function are complementary properties. ñThe shape and stability of structures of natural and 

designed objects are related to their function(s). The functioning of natural and built systems alike depends on the 

shapes and relationships of certain key parts as well as on the properties of the materials from which they are made. 

For example, the substructures of molecules are not particularly important in understanding the phenomenon of 

pressure, but they are relevant to understanding why the ratio between temperature and pressure at constant volume 

is different for different substancesò.(NGSS,2013) 

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National 

Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ ñStructure and 

Functionò -ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ 

ɀɖɢŬɜɘəɐ:

Structure and Function -Examples. 

ñ1.Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various 

materials. 

2.Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface 

processesò. 

(NGSS,2013) 

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, 

DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National 

Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ ñStructure and Functionò -

ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ ɀɖɢŬɜɘəɐ:

ñStability and Change are the primary concerns of many, if not most scientific and engineering 

endeavors. ñStability denotes a condition in which some aspects of a system are unchanging, at least at 

the scale of observation. Stability means that a small disturbance will fade awayðthat is, the system will 

stay in, or return to, the stable condition. Such stability can take different forms, with the simplest being a 

static equilibrium, such as a ladder leaning on a wall. By contrast, a system with steady inflows and 

outflows (i.e., constant conditions) is said to be in dynamic equilibrium. For example, a dam may be at a 

constant level with steady quantities of water coming in and out. . . . A repeating pattern of cyclic 

changeðsuch as the moon orbiting Earthðcan also be seen as a stable situation, even though it is clearly 

not staticò. (NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National 

Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ ñStability and Changeò -

ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ 

ɀɖɢŬɜɘəɐ:

ñAn understanding of dynamic equilibrium is crucial to understanding the major issues in any 

complex systemðfor example, population dynamics in an ecosystem or the relationship between 

the level of atmospheric carbon dioxide and Earthôs average temperatureò. (NGSS,2013)

ñA system can be stable on a small time scale, but on a larger time scale it may be seen to be 

changing. For example, when looking at a living organism over the course of an hour or a day, it 

may maintain stability; over longer periods, the organism grows, ages, and eventually dies.ò 

(NGSS,2013)

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, 

Washington, DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. 

National Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ ñStability and Changeò -

ɄŬɟɎŭŮɘɔɛŬ  



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ 

ɀɖɢŬɜɘəɐ: 

ɄŬɟɎŭŮɘɔɛŬ ɖ ɚɞɔɘůŰɘəɐ Ůɝɑůɤůɖ
ȺɘůŬɔɤɔɐ.

ɀɘŬůɖɛŬɜŰɘəɐɛɖɔɟŬɛɛɘəɐŭɘŬűɞɟɘəɐŮɝɑůɤůɖŮɑɜŬɘɖɚŮɔɧɛŮɜɖɚɞɔɘůŰɘəɐŮɝɑůɤůɖ: df(t) /dt= k f(t) (1-f(t)).ɀɘŬŰɡˊɘəɐŮűŬɟɛɞɔɐŬɡŰɐɠŰɖɠŮɝɑůɤůɖɠŮɑɜŬɘŰɞ

ɛɞɜŰɏɚɞŬɜɎˊŰɡɝɖɠŮɜɧɠɓɘɞɚɞɔɘəɞɨˊɚɖɗɡůɛɞɨˊɞɡ́ŬɟɞɡůɘɎůɗɖəŮɔɘŬ́ɟɩŰɖűɞɟɎŬˊɧŰɞɜPierre-Fran­ois VerhulstŰɞ1838, ɧˊɞɡɞɟɡɗɛɧɠŬɜŬˊŬɟŬɔɤɔɐɠk ŮɑɜŬɘ

ŬɜɎɚɞɔɞɠŰɞɡɡˊɎɟɢɞɜŰɞɠˊɚɖɗɡůɛɞɨəŬɘŰɤɜŭɘŬɗɏůɘɛɤɜˊɧɟɤɜ(ɓɚ. .́ɢ. https://en.wikipedia.org/wiki /Logistic_function#Logistic_differential_equation).

ɇɞ kŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ɟɡɗɛɧ ŬɜŬˊŬɟŬɔɤɔɐɠ əŬɘ ȷ ŮɑɜŬɘ Űɞ ɛɏɔɘůŰɞ Űɞɡ ˊɚɖɗɡůɛɞɨ.

ȼ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ůŮ ɛɞɟűɐ ŬəɞɚɞɡɗɑŬɠ ɏɢŮɘ Űɖɜ ɛɞɟűɐ(ɔɘŬ ȷ=1): 

Xn+1=kXn(1-Xn).

To Xn+1 ŬɜŰɘůŰɞɘɢŮɑůŰɞɜ́ɚɖɗɡůɛɧŰɖɠŮˊɧɛŮɜɖɠɔŮɜɘɎɠɞɞˊɞɑɞɠŮɑɜŬɘŬɜɎɚɞɔɞɠŰɞɡůɡɜŰŮɚŮůŰɐk, Űɞɡ́ɚɖɗɡůɛɞɨŰɖɠ́ɟɞɖɔɞɨɛŮɜɖɠɔŮɜɘɎɠXn, Ůɜɩɞɘ

ŬˊɩɚŮɘŮɠ(ɗɎɜŬŰɞɘ)ˊŮɟɘɔɟɎűɞɜŰŬɘŬˊɧŰɞɜɧɟɞ(1-Xn), əŬɗɩɠ-ɔɘŬůŰŬɗŮɟɐˊɞůɧŰɖŰŬŰɟɞűɐɠ- ɖůɡɜŮɢɐɠŬɨɝɖůɖŰɞɡ́ɚɖɗɡůɛɞɨɞŭɖɔŮɑůŮɛŮɑɤůɖŰɤɜŭɘŬɗɏůɘɛɤɜ

ˊɧɟɤɜ(Űɟɞűɐɠ),əŬɘɎɟŬůŮɗŬɜɎŰɞɡɠ. ɆɖɛŮɘɩůŰŮɧŰɘŬɜXn=1, ŰɧŰŮŭŮɜɗŬɡˊŬȭɟɢŮɘˊɚɖɗɡůɛɧɠ,əŬɘɎɟŬŬɡŰɐɖŰɘɛɐɗŬŮɑɜŬɘŰɞɛɏɔɘůŰɞŰɞɡ́ɚɖɗɡůɛɞɨ. ȹŮɢɗŮɑŰŮɧŰɘ

0<kÒ4əŬɘ:

1.ɁŬ ɔɟɎɣŮŰŮ Űɞɜ əɩŭɘəŬ ůŮ PythonɔɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɞɡ k.ɁŬ ůɢɞɚɘɎůŮŰŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰɎ ůŬɠ ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɞɡ k.   

2. ɁŬ ɛŮɚŮŰɐůŮŰŮ ɓɘɓɚɘɞɔɟŬűɘəɎ Űɖɜ ɚɞɔɘůŰɘəɐ ůɡɜɎɟŰɖůɖ əŬɘ ɜŬ Űɖɜ ŬɜŬˊŬɟŬůŰɐůŮŰŮ ɛɏůɤ Űɖɠ PythonɔɘŬ ŭɘɎűɞɟŬ űŬɘɜɧɛŮɜŬ ɧˊɤɠ Űɞɜ ɘɧ COVID19 ɐ ɎɚɚŬ 

űŬɘɜɧɛŮɜŬ 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ ñStability and Changeò -

ɄŬɟɎŭŮɘɔɛŬ  

https://en.wikipedia.org/wiki/Logistic_function#Logistic_differential_equation


Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ 

ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ ɀɖɢŬɜɘəɐ: 

ɄŬɟɎŭŮɘɔɛŬ ɖ ɚɞɔɘůŰɘəɐ Ůɝɑůɤůɖ

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ 

ñStability and Changeò - ɄŬɟɎŭŮɘɔɛŬ  

import matplotlib.pyplot as plt

import numpy as np

def f(n,k): #ŬɜŬŭɟɞɛɘəɐ ɚɞɔɘůŰɘəɐ Ůɝɑůɤůɖ

if n==0:

return initial_pop;

else:

temp=f(n-1,k);

return k*temp*(1-temp);

#Ůɑůɞŭɞɠ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ

initial_pop=float(input('ŭɩůŮ Ŭɟɢɘəɧ ˊɚɖɗɡůɛɧ'));

k=float(input('ȹɩůŮ ɟɡɗɛɧ ŬɜŬˊŬɟŬɔɤɔɐɠ'));

#ŮəŰɨˊɤůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ

print('n', 'f(n)');

for in np.arange(0,50,1):

print(n,'f(n,k)={0:18.15f}'.format(f(n,k)));

#ɔɟŬűɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ

x_val=np.arange(0,50,1);

y_val=[f(x,k) for x in x_val];

plt.plot(x_val,y_val,color='green',marker='o',linestyle='solid');

plt.title('logistic function');

plt.ylabel('f(n)');

plt.show();



Ƀɘ ŮˊŰɎ  ŮɔəɎɟůɘŮɠ/ŭɘŮˊɘůŰɖɛɞɜɘəɏɠ/ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɏɜɜɞɘŮɠ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬɘ Űɖɜ 

ɀɖɢŬɜɘəɐ:

Stability and Change-Examples

ñ1. Compare multiple solutions designed to slow or prevent wind or water from changing the shape of 

the land. 

2. Construct an argument supported by empirical evidence that changes to physical or biological 

components of an ecosystem affect populationsò(NGSS,2013). 

NGSS Lead States. (2013). Next generation science standards: for states, by states. The National Academies Press, Washington,DC, ISBN 978-0-309-27227-8

National Research Council. (2012a) A framework for K-12 science education: practices, crosscutting concepts, and core ideas. National Academies Press, Washington, 

DC 

National Research Council. (2012b) Discipline-based education research: understanding and improving learning in undergraduate science and engineering. National 

Academies Press, Washington, DC 

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ  ˊɟɞůɏɔɔɘůɖ 

Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ-ȷɜɎɚɡůɖŰɞɡ ñStability and Changeò -

ɄŬɟɎŭŮɘɔɛŬ  



ɇŬ ůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬ

ɆŰɖɜçɞɚɞəɚɐɟɤůɖ STEMè, ŮɛűŬɜɑɕɞɜŰŬɘ ůɡɢɜɎ ˊɞɚɨ ůɖɛŬɜŰɘəɞɑ ɧɟɞɘ ůɢŮŰɘəɎ ɛŮ Űɖɜ çɞɚɞəɚɐɟɤůɖè, 

ɧˊɤɠ ɖ çŭɘɎůɢɘůɖè Űɤɜ ůɡɜɧɟɤɜ ŬɜɎɛŮůŬ ůŰɘɠ ɔɜɤůŰɘəɏɠ ˊŮɟɘɞɢɏɠ, əŬɘ ŰŬ çůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬè. 

ɆŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɡˊɎɟɢŮɘ ŮəŰŮɜɐɠ ůɡɕɐŰɖůɖ, ůɢŮŰɘəɎ ɛŮ Űɖɜ çɞɚɞəɚɐɟɤůɖ STEMè, ɖ ɞˊɞɑŬ ŮůŰɘɎɕŮŰŬɘ 

ůŰɞ Ŭɜ ɡˊɎɟɢŮɘ ɛɘŬ çűɨůɖè(nature) Űɞɡ STEM ɤɠ ŭɘŬəɟɘŰɐ əŬɘ ɝŮɢɤɟɘůŰɐ Ŭˊɧ Űɖɜ çűɨůɖè Űɤɜ 

Ůˊɘɛɏɟɞɡɠ ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜ Űɞɡ Ŭəɟɤɜɡɛɑɞɡ( e.g., Bryan& Guzey,2020; Akersonetal., 2018).

ȼ ŭɡůəɞɚɑŬ ůŰɖɜ çɞɚɞəɚɐɟɤůɖ STEMè :ɞűŮɑɚŮŰŬɘ ůŮ ŮˊɘůŰɖɛɞɚɞɔɘəɎ ŮɛˊɧŭɘŬ ŰŬ ɞˊɞɑŬ ůɡɜŭɏɞɜŰŬɘ 

ɛŮ Űɖɜ ˊŬɘŭŬɔɤɔɘəɐ ɔɜɩůɖ ˊŮɟɘŮɢɞɛɏɜɞɡ-əɎɗŮ ɔɜɤůŰɘəɐ ˊŮɟɘɞɢɐ ɏɢŮɘ Űɖɜ ŭɘəɐ Űɖɠ ˊŬɘŭŬɔɤɔɘəɐ 

ɔɜɩůɖ ˊŮɟɘŮɢɞɛɏɜɞɡ;

Ʉɟɧəɚɖůɖ: ȺɨɟŮůɖ Űɤɜ ůɡɜɞɟɘŬəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɡ ŭɘŬůɢɑɕɞɡɜ Űɘɠ ɔɜɤůŰɘəɏɠ ˊŮɟɘɞɢɏɠ əŬɘ Ŭɜ ŬɡŰɎ: 

ŬɚɚɎɕɞɡɜ ɢɟɞɜɘəɎ; ɀˊɞɟɞɨɜ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ɜɏŮɠ ɔɜɤůŰɘəɏɠ ˊŮɟɘɞɢɏɠ(ˊ.ɢ. ɈˊɞɚɞɔɘůŰɘəɐ ȸɘɞɚɞɔɑŬ, 

ȸɘɞ-ˊɚɖɟɞűɞɟɘəɐ)

Ƀ ŭɟɧɛɞɠ ɔɘŬ Űɖɜ ɞɚɘůŰɘəɐ 

ˊɟɞůɏɔɔɘůɖ. Ƀɘ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ ï

ɇŬ ůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬ  



ɄŬɟɎɗŮůɖ ŬˊɧɣŮɤɜ ɔɘŬ Űɞ Űɘ ŮɑɜŬɘ ɖ çɞɚɞəɚɐɟɤůɖ STEMè

ȷˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ˊɟɞəɨˊŰŮɘ ɧŰɘ ˊɞɚɚɞɑ ŮɟŮɡɜɖŰɏɠ ŭɑɜɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ŮɟɛɖɜŮɑŮɠ əŬɘ ˊɟɞůŮɔɔɑůŮɘɠ 

ɔɘŬ Űɞɡɠ ɧɟɞɡɠ çŮəˊŬɑŭŮɡůɖ STEMè əŬɘ çɞɚɞəɚɐɟɤůɖ STEMè. Ƀɘ ŮɟɛɖɜŮɑŮɠ ŭɘŬűɏɟɞɡɜ  ɤɠ ˊɟɞɠ Űɘɠ 

ɏɜɜɞɘŮɠ Űɖɠ ˊɞɚɡŮˊɘůŰɖɛɞɜɘəɧŰɖŰŬɠ, Űɖɠ ŭɘŮˊɘůŰɖɛɞɜɘəɧŰɖŰŬɠ əŬɘ Űɖɠ ŭɘŬ-ŮˊɘůŰɖɛɞɜɘəɧŰɖŰŬɠ, Űɖɜ 

ɏɜɜɞɘŬ Űɖɠ çŭɘɎůɢɘůɖɠ ůɡɜɧɟɤɜ ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜè əŬɘ ůŰɞ Űɘ ŮɜɜɞɞɨɛŮ ɛŮ Űɞɜ ɏɜɜɞɘŬ 

çɞɚɞəɚɐɟɤůɖè.
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ɄŬɟɎɗŮůɖ ŬˊɧɣŮɤɜ ɔɘŬ Űɞ Űɘ ŮɑɜŬɘ ɖ çɞɚɞəɚɐɟɤůɖ STEMè

(English,2016):

ɈˊɎɟɢŮɘ ˊɞɚɨ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ Ɏɟɗɟɤɜ ɧˊɞɡ ɖ çŮəˊŬɑŭŮɡůɖè əŬɘ ɖ çɞɚɞəɚɐɟɤůɖè STEM

ɞɟɑɕŮŰŬɘ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ ɧˊɞɡ Űɞ űɎůɛŬ Űɤɜ ɞɟɘůɛɩɜ  ˊŮɟɘɚŬɛɓɎɜŮɘ ŬɟɢɑɕŮɘ Ŭˊɧ Űɖɜ 

ɛɞɜɞŮˊɘůŰɖɛɞɜɘəɧŰɖŰŬəŬɘ ˊɟɞɢɤɟɎ ɛŮ ůɡɜŮɢɐ Űɟɧˊɞ ɏɤɠ Űɖɜ ŭɘŬ-ŮˊɘůŰɖɛɞɜɘəɧŰɖŰŬ(ˊ.ɢ. Moore 

and Smith, 2014; Vasquez, 2014/2015; Vasquez et al., 2013) ,

ɧˊɞɡ ɖ ŭɘɎəɟɘůɖ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɡɠ ɧɟɞɡɠ çɞɚɞəɚɐɟɤůɖè əŬɘ çŭɘɎůɢɘůɖ ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜè 

Ůɜɩ ɞɟɘůɛɏɜŮɠ űɞɟɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ çŭŮɑəŰŮɠ ɞɚɞəɚɐɟɤůɖɠè.
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ɄŬɟɎɗŮůɖ ŬˊɧɣŮɤɜ ɔɘŬ Űɞ Űɘ ŮɑɜŬɘ ɖ çɞɚɞəɚɐɟɤůɖ STEMè

ɄɑɜŬəŬɠ: ŰŬ ŬɡɝŬɜɧɛŮɜŬ ŮˊɑˊŮŭŬ ɞɚɞəɚɐɟɤůɖɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ(Vasquez et al.,,2013)
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ɄŬɟɎɗŮůɖ ŬˊɧɣŮɤɜ ɔɘŬ Űɞ Űɘ ŮɑɜŬɘ ɖ çɞɚɞəɚɐɟɤůɖ STEMè
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ɄŬɟɎɗŮůɖ ŬˊɧɣŮɤɜ ɔɘŬ Űɞ Űɘ ŮɑɜŬɘ ɖ çɞɚɞəɚɐɟɤůɖ STEMè

Ƀɘ  (Roehrigetal. ,2012) ˊɟɞŰŮɑɜɞɡɜ ɛɘŬ ŭɘŬűɞɟɞˊɞɑɖůɖ ɤɠ ˊɟɞɠ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ əŬɘ ɤɠ 

ˊɟɞɠ Űɞ ˊɚŬɑůɘɞ. 

ȼ ɞɚɞəɚɐɟɤůɖ ˊŮɟɘŮɢɞɛɏɜɞɡ ŮůŰɘɎɕŮɘ ůŰɖɜ ɏɜɤůɖ Űɤɜ ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜ ůŮ ɛɘŬ 

ɛɞɜŬŭɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɞɡ ŬɜŬɚɡŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ ɖ ɞˊɞɑŬ ɗŬ ŭɑɜŮɘ ɏɛűŬůɖ ůŰɘɠ 

ŮɔəɎɟůɘŮɠ ɘŭɏŮɠ ˊɞɡ ɗŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɘɎűɞɟŮɠ ɔɜɤůŰɘəɏɠ ˊŮɟɘɞɢɏɠ, Ůɜɩ ɖ ɞɚɞəɚɐɟɤůɖ 

ˊɚŬɘůɑɞɡ ɗŬ ŮůŰɘɎɕŮɘ ůŰɞ ˊŮɟɘŮɢɧɛŮɜɞ ɛɘŬɠ ɔɜɤůŰɘəɐɠ ˊŮɟɘɞɢɐɠ əŬɘ ɗŬ ŬɝɘɞˊɞɘŮɑ ˊɚŬɑůɘŬ 

Ŭˊɧ ɎɚɚŮɠ ɔɜɤůŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɔɘŬ ɜŬ əɎɜŮɘ ůɡɜŭɏůŮɘɠ  Űɤɜ ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜ  .
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ɄŬɟɎɗŮůɖ ŬˊɧɣŮɤɜ ɔɘŬ Űɞ Űɘ ŮɑɜŬɘ ɖ çɞɚɞəɚɐɟɤůɖ STEMè

ȼ Ɏˊɞɣɐ ɛŬɠ ŮɑɜŬɘ ɧŰɘ ɖ ŭɘŮˊɘůŰɖɛɞɜɘəɐ ˊɟɞůɏɔɔɘůɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɟɞɢɤɟɎ ˊɏɟŬ Ŭˊɧ 

Űɖɜ ůɨɜŭŮůɖ Ůɜɜɞɘɩɜ əŬɘ ɜŬ ŬɜŬűɏɟŮŰŬɘ ůŰɘɠ ɚŮɔɧɛŮɜŮɠ ŮɔəɎɟůɘŮɠ  ɏɜɜɞɘŮɠ/ɘŭɏŮɠ ˊɞɡ 

ˊŬɟɞɡůɘɎůŬɛŮ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ. 

Ⱥˊɑůɖɠ ɗŮɤɟɞɨɛŮ ɧŰɘ  ůŰɖɜ ŭɘŮˊɘůŰɖɛɞɜɘəɐ ˊɟɞůɏɔɔɘůɖ ŮˊɘɢŮɘɟŮɑŰŬɘ ɖ ɚɨůɖ Ůɜɧɠ ɛɖ 

ůŬűɩɠ ɞɟɘůɛɏɜɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŮ Ŭɝɘɞˊɞɑɖůɖ ɛŮɗɞŭɞɚɞɔɘɩɜ Űɤɜ Ůˊɘɛɏɟɞɡɠ 

ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜ ɧɢɘ ɛŮ ŬɗɟɞɘůŰɘəɧ Űɟɧˊɞ ŬɚɚɎ ɛŮ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮɗɞŭɞɚɞɔɘɩɜ, 

əŬɘ ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ  ɞŭɖɔɐůŮɘ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ůŮ ɜɏŬ ɔɜɤůŰɘəɐ ˊŮɟɘɞɢɐ, 

ŮɝŬɘŰɑŬɠ Ŭəɟɘɓɩɠ ŬɡŰɐɠ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ-Ŭɜ əŬɘ ɗŮɤɟɞɨɛŮ ɧŰɘ ɖ ɜɏŬ ɔɜɤůŰɘəɐ 

ˊŮɟɘɞɢɐ ɏɢŮɘ ˊŮɟɘůůɧŰŮɟŮɠ ˊɘɗŬɜɧŰɖŰŮɠ ɜŬ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖɜ ŭɘŬ-ŮˊɘůŰɖɛɞɜɘəɐ 

ˊɟɞůɏɔɔɘůɖ(ɛɞɟűɐ ɞɚɞəɚɐɟɤůɖɠ).
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ȰɜŬɠ ˊɟɩŰɞɠ ɞɟɘůɛɧɠ Űɖɠ çɞɚɞəɚɐɟɤůɖɠ STEMè(ɆŬɟɎɜŰɞɠ ɊɡɢɎɟɖɠ )

ŪŮɤɟɞɨɛŮ ɧŰɘ ɖ çɞɚɞəɚɐɟɤůɖ STEMè ˊɟɞɢɤɟɎ ɛɏůɤ Űɖɠ ŭɘɎůɢɘůɖɠ Űɤɜ ɔɜɤůŰɘəɩɜ 

ˊŮɟɘɞɢɩɜ , ɛŮ ŭɘŮˊɘůŰɖɛɞɜɘəɐ ɐ  ŭɘŬŮˊɘůŰɖɛɞɜɘəɐ(ŮˊɘůŰɖɛɞɚɞɔɘəɎ) ˊɟɞůɏɔɔɘůɖ-ɛŮ 

çůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬè Űɘɠ ŮɔəɎɟůɘŮɠ ɏɜɜɞɘŮɠ ŬɚɚɎ əŬɘ ŰŬ  ůɨɜɞɟŬ Űɤɜ ˊɟŬəŰɘəɩɜ Űɤɜ 

ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜ Ůɜɩ ɞɘ ˊɟŬəŰɘəɏɠ Űɖɠ ɈˊɞɚɞɔɘůŰɐɠ Ɇəɏɣɖɠ ŮɑɜŬɘ ɞ Ŭɔɤɔɧɠ ɔɘŬ Űɖɜ 

ɛŮŰɎɓŬůɖ ŬɜɎɛŮůŬ  ůŰɘɠ ˊɟŬəŰɘəɏɠ Űɤɜ ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜ əŬɘ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

ŭɘŭŬəŰɘəɏɠ ůŰɟŬŰɖɔɘəɏɠ(ŬɜŬəŬɚɡˊŰɘəɐɛɎɗɖůɖ ɔɘŬ Űɘɠ ȺˊɘůŰɐɛŮɠ əŬ ůɢŮŭɘŬůɛɧ Űɖɠ 

ɀɖɢŬɜɘəɐɠ-ˊɎɜŰŬ ɤɠ ůɡɜɞɟɘŬəɎ ŬɜŰɘəŮɑɛŮɜŬ ). ȼ ŭɘŭŬəŰɘəɐ ůŰɟŬŰɖɔɘəɐ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŮɑɜŬɘ ŰɏŰɞɘŬ ɩůŰŮ ɜŬ ˊɟɞəŬɚŮɑ Űɖɜ ɢɟɞɜɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ŭɘŮˊɘůŰɖɛɞɜɘəɧŰɖŰŬɠ ůŮ ŭɘŬ-

ŮˊɘůŰɖɛɞɜɘəɧŰɖŰŬ, ɩůŰŮ ɜŬ ˊŬɟɎɔŮŰŬɘ əŬɘ ɜɏŬ ɔɜɩůɖ ˊɏɟŬɜ ŬɡŰɩɜ Űɤɜ Ůɜɜɞɘɩɜ Űɤɜ 

ɔɜɤůŰɘəɩɜ ˊŮɟɘɞɢɩɜ.  
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ȰɜŬɠ ɞɟɘůɛɧɠ Űɖɠ çɞɚɞəɚɐɟɤůɖɠ STEMè

_
ɀɘŬɎɚɚɖɎˊɞɣɖɔɘŬŰɖɜŭɘŮˊɘůŰɖɛɞɜɘəɐˊɟɞůɏɔɔɘůɖŮɑɜŬɘɖŮɝɐɠ: (ɗŮɤɟɞɨɛŮɧŰɘɖ

ɎˊɞɣɖŬɡŰɐŮɑɜŬɘˊɘɞəɞɜŰɎůŰɖɜɞɚɞəɚɐɟɤůɖSTEMè).ɆŰɖɜŭɘŮˊɘůŰɖɛɞɜɘəɐ

ˊɟɞůɏɔɔɘůɖɡˊɎɟɢŮɘɡɣɖɚɧŮˊɑˊŮŭɞɞɚɞəɚɐɟɤůɖɠŰɤɜɔɜɤůŰɘəɩɜˊŮɟɘɞɢɩɜɛɏůɤŰɖɠ

ŮůŰɑŬůɖɠůŮɛɘŬçəɞɘɜɐɏɜɜɞɘŬèůŬɠŬɡŰɏɠˊɞɡŬɜŬűɏɟŬɛŮɤɠçŮɔəɎɟůɘŮɠèɏɜɜɞɘŮɠ

(Boon Ng, Soo ,UNESCO, Exploring STEM competencesfor the 21st century,

https://learningportal.iiep.unesco.org/en/library/exploring-stem-competences-for-the-

21st-century,2019)
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ɈˊɞɚɞɔɘůŰɘəɧ STEAM

Professor Sarantos Psycharis 



ȼ Ⱥɘ́ůŰɖɛɞɚɞɔɑŬ Űɞɡ STEAM -ɈˊɞɚɞɔɘůŰɘəɐ ɄŬɘŭŬɔɤɔɘəɐ  
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ȼ Ɉ.Ɇ. ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ɗŮɤɟɑŬ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ  

Mayes, R.(2019). Quantitative Reasoning and Its R¹lein 

Interdisciplinarity .In Doig, B., Williams, J., Swanson, D., 

Borromeo Ferri, R., & Drake, P. (2019). Interdisciplinary 

Mathematics Education. Cham: Springer International 

Publishing. https://doi.org/10.1007/978-3-030-11066-6
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https://doi.org/10.1007/978-3-030-11066-6


Åȼ Ɉ.Ɇ. ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ɗŮɤɟɑŬ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ  

ÅBirds flocking is an exemplar of a complex system. Starlings flocking in Rome(Fig. 8.2) organisethemselves based on simple 

interactions between birds (theagents), the result of which, are beautiful emerging patterns from random bird interactions.

Flocking is an adaptation that, among other things, confuses predators suchas the Peregrine Falcon.Complex systems reasoning 

is the ability to analyseproblems, like flockingbehaviour, by recognisingcomplexity, patterns, and interrelationships within a 

systemfeaturing a large number of interacting components (agents, processes, etc.)

Mayes, R.(2019). Quantitative Reasoning and Its R¹lein Interdisciplinarity .In Doig, B., Williams, J., Swanson, D., 

Borromeo Ferri, R., & Drake, P. (2019). Interdisciplinary Mathematics Education. Cham: Springer International 

Publishing. https://doi.org/10.1007/978-3-030-11066-6

FromWikipedia, the freeencyclopediaFlocking is the behaviorexhibitedwhena groupof birds, calleda flock, areforagingor in flight.

Computer simulationsand mathematicalmodelsthathavebeendeveloped

to emulatethe flocking behaviorsof birdscanalsogenerallybeappliedto the "flocking" behaviorof otherspecies. 

As a result, the term"flocking" is sometimesapplied, in computerscience, to speciesotherthanbirds.
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https://doi.org/10.1007/978-3-030-11066-6
https://en.wikipedia.org/wiki/Flock_(birds)
https://en.wikipedia.org/wiki/Foraging


ɁɏŬ çˊŬɟŬŭŮɑɔɛŬŰŬè ůŮ ɄɆ 

ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ əŬɘ ɖ 

çɞɚɘůŰɘəɐ/ɞɚɞəɚɖɟɤɛɏɜɖ ŮəˊŬɑŭŮɡůɖ  STEMè-ɏɜŬ əŬɗɘŮɟɤɛɏɜɞ(;) 

ɛɞɜŰɏɚɞ 

ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ůŮ ˊɟɤŰɧɚŮɘŬ ɛɞɟűɐ Ŭˊɧ Űɖɜ ȾɞɘɜɤɜɘɞɚɞɔɑŬ ˊɞɡ ŬɟɔɧŰŮɟŬ ɏɔɘɜŮ 

ɗɏɛŬ ůŰɖɜ Ʉɚɖɟɞűɞɟɘəɐ  əŬɘ ɗŮŬŰɟɘəɐ ˊŬɟɎůŰŬůɖ

ɇɞ űŬɘɜɧɛŮɜɞ Űɞɡ ɛɘəɟɞɨ əɧůɛɞɡ

https://www.theguardian.com/technology/2008/aug/03/internet.email

Giorgio Parisi Nobel Prize 2021-άfor groundbreaking contributions to our 

understanding of complex physical systems.òIsingModel etc
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ɁɏŬ çˊŬɟŬŭŮɑɔɛŬŰŬè ůŮ ɄɆ 

ȼ ɈˊɞɚɞɔɘůŰɘəɐ ȺˊɘůŰɐɛɖ əŬɘ ɖ 

çɞɚɘůŰɘəɐ/ɞɚɞəɚɖɟɤɛɏɜɖ ŮəˊŬɑŭŮɡůɖ  STEMè-
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ȼ Ŭɝɘɞɚɧɔɖůɖ ůŰɞ çɈˊɞɚɞɔɘůŰɘəɧ STEMè

ȼ çŭɘŮˊɘůŰɖɛɞɜɘəɐ Ŭɝɘɞɚɧɔɖůɖè

ȸŬůɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ  



ȽəŬɜɧŰɖŰŬ 

ȷɘŰɘɞɚɧɔɖůɖ 

ˊɞɡ ɓŬůɑɕŮŰŬɘ 

ůŰɖɜ ŬɜɎɚɡůɖ 

ˊɞɚɨˊɚɞəɤɜ 

ůɡůŰɖɛɎŰɤɜ

ȽəŬɜɧŰɖŰŬ 

ŭɖɛɘɞɡɟɔɑŬɠ 

ŮˊɘůŰɖɛɞɜɘəɩɜ 

ɛɞɜŰɏɚɤɜ ɔɘŬ 

Űɖɜ Ůɝɐɔɖůɖ 

űŬɘɜɞɛɏɜɤɜ

ȼ ŬɘŰɘɞɚɧɔɖůɖ 

ɓŬůɘůɛɏɜɖ ůŰɘɠ 

ŭɘŬůŰɎůŮɘɠ Űɖɠ 

ɈˊɞɚɞɔɘůŰɘəɐɠ 

Ɇəɏɣɖɠ

ȼ ŬɘŰɘɞɚɧɔɖůɖ ɛŮ  

ɓɎůŮɘ Űɞɜ 

ůɢŮŭɘŬůɛɧ Űɖɠ 

ɀɖɢŬɜɘəɐɠ

ȷɘŰɘɞɚɧɔɖůɖ ɛŮ ɓɎůŮɘ 

Űɖɜ 

çɛŬɗɖɛŬŰɘəɞˊɞɑɖůɖè 

Űɤɜ ůɢɏůŮɤɜ ɛŮŰŬɝɨ 

Ůɜɜɞɘɩɜ
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ɮ˄ˍʽˁʶʾ˃ʶ˄ʰ

GateWay
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Physical Computingˁ ʰʽ IoT
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LAN
WAN
Χ
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Arduino- Raspberry, ˁ Φʰ
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