
Inquiry based learning  
for cross-curricular integration  

Evgenia (Jenny) Sendova 
Institute of Mathematics and Informatics 

Bulgarian Academy of Sciences 
 

KUMP, 16-17 November 2016 



From the IMI-BAS logo – 
 to Escher and Bach 

Johann Sebastian Bach Crab Canon on a Möbius Strip 
https://vimeo.com/69715960 
 

J.S. Bach - Crab Canon on a Möbius Strip.mp4
https://vimeo.com/69715960
https://vimeo.com/69715960


A mathematical notion in various 
contexts 



Meaning 

Symmetry  

 syn [common] + metros 
[measure]  

Somernost 

 

agreement in dimensions, 
the same measure 

 

  



Various interpretations 
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Make a square  
with your body 

   

  



   

  

Some solutions 
from yesterday 



What more? 

Dr. Schaffer and Mr. Stern Dance Ensemble 
https://www.youtube.com/watch?v=aVsZdx7cTjc 
  

Dr. Schaffer and Mr. Stern Dance Ensemble Math Dance Excerpts.mp4
https://www.youtube.com/watch?v=aVsZdx7cTjc
https://www.youtube.com/watch?v=aVsZdx7cTjc


 
 

In the literature 

ОКО 
СОС 

 МАДАМ  

PERICA REŽE RACI REP 
 

 mene tu ni minute nema. 
 

On žuri, onda govori sirovo, gadno i 
ružno. 

 
ESOPE RESTE ICI ET SE REPOSE 

   
-- MADAM I’M ADAM 

                 -- EVE 

YOU CAN CAGE  A SWALOW, CAN’T YOU BUT  
YOU CAN’T SWALOW  A CAGE, CAN YOU  



TWO BEAUTIFUL EYES  
     Две хубави очи. Душата на дете 

     в две хубави очи; - музика - лъчи 

     Не искат и не обещават те... 

     Душата ми се моли, 

     дете, 

     душата ми се моли! 

     Страсти и неволи 

     ще хвърлят утре върху тях 

     булото на срам и грях. 

     Булото на срам и грях - 

     не ще го хвърлят върху тях 

     страсти и неволи. 

     Душата ми се моли, 

     дете, 

     душата ми се моли... 

     Не искат и не обещават те! - 

     Две хубави очи. Музика, лъчи 

     в две хубави очи. Душата на дете... 

  

Пейо Яворов 

  



In music 

  

All congruence transformations in musical space 
 



Symmetry at the stage 

 

Noam_sym.MPG
dance.wmv


In art 





bach_s_crab_canon.avi


Congruences and design  

    





Designs in Troyan drop style 



Symmetry around us 



Symmetry is one of the ideas by which man 
through the ages has tried to comprehend and 
create order, beauty, and perfection. 

 

Hermann Weyl 



Beauty vs symmetry 



How to make the cross-curricular 
integration and IBL work? 



Vem, da ne 
vem niyuo 

Vem, da ne 
vem niyuo 

Vem, da ne 
vem niyuo 



What do we call 
innovations? 



Pre-computer era 

• Draw a triangle... 



Draw a triangle with a computer! 



šola 



The small difference between the scientist 
and the student – how they react to questions 

whose answer they don’t know 



Environments where the students 
could discover their own America! 

 



The Research Group on Education 
Experiment – 1978-1999 
 
 

• Learning by doing 
• Integrating school subjects 
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In the primary school 
• playing educational 

games 

•  coding and decoding 
'secret' texts 

• solving math puzzles 

•  writing compositions 
by using word and 
picture editors 
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 In the junior-high 

school  



 



What are these transformations? 



What did the project leader think? 



Ideas that outlasted the RGE experiment 
and were reborn in EU projects 

• IT are a tool, a means of expressing oneself, not an 
object of education  

• Learning by doing – the students construct 
something, which is meaningful to them and could be 
shared 



Virtual mechanisms 

../../Desktop/Slovenia/Slovenia_talk/ReflectiveSymmetrograph.avi
../../Desktop/Slovenia/Slovenia_talk/Combined Grammigraph 2.avi


Elica-Logo 
 



DALEST - enhancing the 3D imagination 



Cubix Editor  

 

Calculating the volume 
and the surface of 
cubical  constructions 
 

 



Modeling rotational solids 



Origami Nets 

 
Constructing nets of 

solids 



If a cubical meteorite passes through Flatland 
how the poor Flatlanders might observe this 

astronomical catastrophe? 



Finding meaningful interpretations 

45 

 
1+3=4, 4+5=9… or 
Every number squared is equal to the 
next square minus 2k+1, the bigger the 
number, the bigger  k. 
 Or 
n+ a2 =  (a+1)2 

where n = 2a-1, or 
2a +1 + a2 =  (a+1)2 



Discovering 4D and top-down construction 



Exploring relationships between 
numbers and geometrical figures 

 

• Find the volume of the cubes below. Predict the number in 20th 
place of the sequence.  

  



Free style constructions  



http://www.elica.net  

 

http://www.elica.net/
http://www.elica.net/
http://www.elica.net/






5.05.2007, Lisbon Annual DALEST meeting 



5.05.2007, Lisbon Annual DALEST meeting 



According to  
your own image and likeness… 



Design of wood-carved ceilings  

D5.ggb

  

  

    
D10.ggb

Rotational.ggb
D2.ggb
D5.ggb
D10.ggb
D9.ggb
D6.ggb


Developing educational scenarios 

• Goal 

• Problem formulated as a challenge 

• System of problems 

• Reflection 







Implementing the ideas in IT textbooks 



Rotational artefacts 



Leonardo’s code 



Tessellations with a clown face 



Modelling, maths and art 

Най-малко от колко кубчета 
може да се направи 
конструкцията?  

Направи кубични конструкции в стила на 
художника Вазарели с помощта на 
виртуалния конструктор.  







PD courses for in-service  
and pre-service teachers 









Modeling light sources 
 



Jewelry design  



Tailoring 



Modeling of hats  
 



In the style of Sonia Delaunay 



Computer variations of Sonia 
Delaunay’s models 



Students projects 
 in the style of Sonya Delaune 



Visual modelling a la Balkanski 



In the style of Escher  
 

            





The new role of the teachers 



Some current projects 



82 





http://www.math.bas.bg/omi/mascil/resources.html 
 

http://www.math.bas.bg/omi/mascil/resources.html
task-PlateRestoration-BG.pdf


Helping the archeologists 

  

ARH.html


Dynamic Escherization 

Birds_Escher2.ggb


http://www.math.bas.bg/omi/cabinet/ 

http://www.math.bas.bg/omi/cabinet/
http://www.math.bas.bg/omi/cabinet/


Mathematics and art 

88 

http://www.math.bas.bg/omi/cabinet/content/bg/html/d25206.html 

http://www.math.bas.bg/omi/cabinet/content/bg/html/d25203.html 

http://www.math.
bas.bg/omi/cabin
et/content/bg/ht
ml/d25006.html 

http://www.math.bas.bg/omi/cabinet/
content/bg/html/d25302.html 

http://www.math.bas.bg/omi/cabinet/content/bg/html/d25206.html
http://www.math.bas.bg/omi/cabinet/content/bg/html/d25203.html
http://www.math.bas.bg/omi/cabinet/content/bg/html/d25006.html
http://www.math.bas.bg/omi/cabinet/content/bg/html/d25006.html
http://www.math.bas.bg/omi/cabinet/content/bg/html/d25006.html
http://www.math.bas.bg/omi/cabinet/content/bg/html/d25006.html
http://www.math.bas.bg/omi/cabinet/content/bg/html/d25006.html
http://www.math.bas.bg/omi/cabinet/content/bg/html/d25302.html
http://www.math.bas.bg/omi/cabinet/content/bg/html/d25302.html
http://www.math.bas.bg/omi/cabinet/content/bg/html/d25302.html


Love and maths 



Learning math in 5th grade 
with an artistic eye 



Children in Escher’s style 

kulesi.ggb
ku4lebed.ggb


E=mc2= m(a2+b2) 

Connecting Einstein and Pythagoras  



 
So, you think they have brought math to Earth, already... 

 
 
 
 
 
 



7 клас, 73.СОУ”Владислав Граматик” - София 

  ВИЖТЕ    НАШИТЕ   ЕМОЦИИ   С 
   ПИТАГОР... 

https://www.google.bg/url?q=http://e-jednevnik.com/articles.php?style_id=1&sa=U&ei=0IVbU4i2PI_Nsgau5YGgBQ&ved=0CDAQ9QEwAg&usg=AFQjCNHS_6mp_W5gyBltOft8_DThMzRFNg


ПЕТОЛЪЧКИ  НА   ПИТАГОР... 

Яна 7в, 73.СОУ - София 



ДЕЛВИ  НА  ПИТАГОР... 

Вики 7б, 73.СОУ - София 

https://www.google.bg/url?q=http://e-jednevnik.com/articles.php?style_id=1&sa=U&ei=0IVbU4i2PI_Nsgau5YGgBQ&ved=0CDAQ9QEwAg&usg=AFQjCNHS_6mp_W5gyBltOft8_DThMzRFNg


ЛЕБЕДИ  НА  ПИТАГОР... 

Гери 7в, 73.СОУ - София 

https://www.google.bg/url?q=http://e-jednevnik.com/articles.php?style_id=1&sa=U&ei=0IVbU4i2PI_Nsgau5YGgBQ&ved=0CDAQ9QEwAg&usg=AFQjCNHS_6mp_W5gyBltOft8_DThMzRFNg


КАМИЛИ  НА  ПИТАГОР... 

Николет 7в, 73.СОУ - 

София 

https://www.google.bg/url?q=http://e-jednevnik.com/articles.php?style_id=1&sa=U&ei=0IVbU4i2PI_Nsgau5YGgBQ&ved=0CDAQ9QEwAg&usg=AFQjCNHS_6mp_W5gyBltOft8_DThMzRFNg


КВАДРАТНО  ДЪРВО НА 
  ПИТАГОР... 



ЗАВЪРТЯНО  ДЪРВО   
НА  ПИТАГОР... 

https://www.google.bg/url?q=http://e-jednevnik.com/articles.php?style_id=1&sa=U&ei=0IVbU4i2PI_Nsgau5YGgBQ&ved=0CDAQ9QEwAg&usg=AFQjCNHS_6mp_W5gyBltOft8_DThMzRFNg


МОДНО  ДЪРВО 
 НА  ПИТАГОР... 



  СЪРДЕЧНО ДЪРВО НА  
ПИТАГОР... 



Mathematics and art in real life 



v 



Geometry in parks and gardens 





 
Reconstructing an iconostacis 

 
 

The iconostasis prior to the fire in 1958  

Dormition of the Holy Mother of God - Bansko  



 



After the fire 

 

     



The digital reconstruction 





Seduction -  an art exhibition of an 
informatician 

 

A Journey in The Mandelbrot se 
http://www.youtube.com/watch?v=JGxbhdr3w2I&feature=relmfut 
 

http://www.youtube.com/watch?v=JGxbhdr3w2I&feature=relmfut

