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SUMMARY 

Hryts V.V. Organizational and Methodological Aspects of Teaching High School 
Students of Computer Design at Technology Lessons. – Manuscript. 

 

The master’s thesis is devoted to a comprehensive analysis and substantiation of the 
organizational and methodological principles of teaching high school students of computer 
design at technology lessons. The work theoretically substantiates and experimentally tests the 
methodology for teaching high school students of computer design, aimed at the formation of 
their design and technological competencies. As a result of the work, a methodology for teaching 
computer design for high school was developed and tested, based on a combination of design, 
activity and competency approaches. A course work program, teaching and methodological 
materials, examples of lesson summaries and project tasks were created. An increase in the level 
of formation of technological and digital competencies of students in the experimental group 
compared to the control group was experimentally confirmed. The proposed methodology 
provides an effective combination of traditional and innovative technology teaching, promotes 
the development of critical thinking, creativity and independence of high school students. The 
results obtained can be used in the work of technology teachers, in the development of curricula 
and in the training of pedagogical personnel. 

Keywords: computer design, teaching methodology, high school, project activity, 
information and communication technologies. 
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 – -  . 

 –  . 

t-  – t-  ,  . 

CAD (  . Computer-Aided Design) –   

. 

CAM (  . Computer-Aided Manufacturing) –   

. 

LMS (  . Learning Management System) –   

. 

PBL (  . Project-Based Learning) –  . 

STEM (  . Science, Technology, Engineering, and Mathematics) – , 

,   . 

STEP (  . Standard for the Exchange of Product model data) –  

    . 

STL (  . Stereolithography) –     

(   3D- ). 

 – -  . 

 –     . 

 –  . 

 –  ' . 

ANCOVA (  . Analysis of Covariance) –  . 

Cohen’s d – d ,    . 

MANOVA (  . Multivariate Analysis of Variance) –  

 . 

 –  . 

2D (  . 2-dimensional) – . 

3D (  . 3-dimensional) – . 
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DXF (  . Drawing Exchange Format) –     

. 

FabLab (  . Fabrication Laboratory) –  . 

FEA (  . Finite Element Analysis) –    

. 

GPU (  . Graphics Processing Unit) –  . 

 – -  . 

 –  '  '  (  ' ). 

AI (  . Artificial Intelligence) –  . 

OECD (  . Organisation for Economic Co-operation and Development) – 

     ( ). 

p –  ,   (p-value). 
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 1.    ’  
    

 

1.1.    ’   

’   (computer-aided design, CAD)   

     ,    

,        

-  .     -  

 ,    ,   

  ,        

   (CAM).    ’  

   ’  :  (  

  )  -  (   

  ,     

).  

   ’  

    :     ; 

     ;   ( , 

); /  (   );   

 .      

   ,    .  

’        

    « »  10-11    -

  .      

 10-11        

 ,     ,  

’    . ,    

        ,    
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  ,    

 .  

   « »    

     ( ),    

 ’        

 .         

  ,       .  

    (Project-Based Learning, PBL) 

   ,        

  , , -  . PBL 

   :  , 

, ,     . 

   PBL     , 

        .  

       : 

 (      ), 

 (    –    

)  -  (     

  ).    

 (    –   ), 

   ,      

     .   

,  PBL        

     [1, 2].  

1.2. -  ,   

     

 ’      

  :  (   
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 CAD,      ), 

 (   ,    , 

   ),  ( ,   

  ),     -

 (   ,  ).  

        

 (learning outcomes):    ,  

     ,    

    .  

        

    ( ),   ’  

      .   

 ( , , )    

 :  / ,   

,    ,    

 .  

     ,   

       .  

    : Tinkercad – -  

    3D-   ; FreeCAD – 

 CAD-     ; Fusion 

360  AutoCAD (  ) –     

    ; SketchUp –  

    /  ; 

Blender        (  

 /  ).    

   ,    

,       [3].  

   ,     

:     (  ),  
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( ,      ),   
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 ,     ,  
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       .   
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   ,      
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 ’  ( ,     

),      ’  

     [4].  

    10-11    « » 

      -

 ,    ’  , 

   .    

 ,        

,          

      .     

      ,  

      .  

        

         

,    -   (   
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  ,      ). 

      

    -    

 STEM-  [5].  

2.2.       

   ’   

 , -  ,  , 

  ,     ( , 

 ,   ).     

     , 

  (   —  ), 

 ,       

    . 

      :  

        

  CAD- ,  —     

       

 .        

 ,       

       

.       

  (   ,  ,  

),        

   . (      

       

.)  

-  ,     

 ’  ,    (  
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   )  -  

, -      [6]. 

      : 

-    –     (  

 ,  ); 

- /  –       

,     ; 

-  /   –      

      . 

  (        

 )      (  

 –  –  –  –  – ). 

       :  

 (  ),     (    

   )     

 (       

).     ,  

    ,   -  

 [7-9].  
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,   ’  ,  ( , 3D-
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     (  ’ ,  
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 )         CAD  

  [10-12].  

      . 

    ( , Autodesk) 

      ,    

   .     

      (Tinkercad, FreeCAD),  

 ’        
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/  [13, 14].  

 -  ,   

     ( /    

 ),    (LMS)    

  (  , ).    

          

  ( ,  3D-  vs.  

).  

       

 ’  .    

       , 

       

 ( . 1).       

:       , 

-    ,  -   

     .   

      PBL,  

   CAD- ,     

     [15, 16].  
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 –  – ).     

   « »    

     .   

         

        

  [18-20].  

  –     ’  

,   ,     

    CAD  ,   

        

 .      4–5 ’  , 

   ( . 1): 

-  1 –   ’  :  , 

 ,     . 

-  2 –  :    , 

 ,   . 

-  3 –      : 

, ,  CAM. 
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  ),   (    
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      [21, 22].  
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     . 
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   (monitoring)   
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 ).           

(   ),       

,     (  30    

   ;    —  

      ). 

      

( , , )     ,   

 -  [29, 30].  

 :  

(1)  –    ;  

(2)  –   ;  

(3)  –       

   ( , 18-24   ), 

    ;  

(4)     ;  

(5)    ;  

(6)    .  

         

   ,      .  

     

  .    

 /       

 (    ,  ,  

 CAD)        

(  ,  , , ).  

        

(     ,  ), 

 ’     -   ,   

         

 .      
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(   )     (  

  ,    ).  

        

( , PBLWorks)    ,  

    .    

( )         

,        [31, 32].  

4.3.      

     ( , , 

 ),   (  )   

            

  .        

 ANCOVA       

  (gain scores),    .  

  (Cohen’s d   ) ’   

   .     

   (MANOVA)   

 (mixed-effects models),      

(   ).      

 ( ,  ) ,  , 

  .    

  (content)     ( ., framework 

analysis),  ’   ,     

 , ’      

.        

        [33].  
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    –  (   

ANCOVA    )    

       . 

       

(      )   

/ ,   ,     

    -  .  

      

 (sensitivity analysis) – ,    
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      [34].  
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 IT- ),       
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 5.      
 

 

5.1.     

       ,  

   CAD- ,   

,    ,  

 ,     -

  .    :  , 

  (learning outcomes),    

,  ,   (  ), 

   ,   ( - )   

.    45-90-     

   «  –  – » [36-38]. 

 

 1. «   ’  :   
   » (45-60 .).  

- :        

( , Tinkercad  FreeCAD),    

    .  

-  :     , 

  «  –  – »,  

 2D- ,     .  

-       (5-7 .),  

   (10-12 .),   (20-30 .)  

   («  », «   

»),  (5-8 .) –     -

.  
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     .  

-    -    ( /  

)      . 

 

 2. «    :   » 
(60-75 .).  
- :          

CAD,     ( , , ),   

   .  

-  :       

  ;    ; 

   («     

  »);     .  

- :       

  .  

-    :  « » 

       . 

 

 3. «   3D:  , ,  » (60-90 
.).  

- :        2D-

.  

- :    (     

  )     ; 

  (      ); 

  (       

«  »);    STL  3D-  

(  ).  
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    » (60-90 .).  

- :     :  

,  ,      , 

  .  

-  :   ;   –  

   ,    ;  

   ;     
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-    ,    

,  ,     
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 5. «   –  1:  ,  , 
» (  2-3   90 .   180-270 .).  

- :      –   
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- :  ,      (  

, , , );   ( , 

, );      .  

-  :   , -    

,   .  

-  :   ,   
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 6. «   –  2: , , 
» (  , 2-4 ).  

- :  ,    

(      ),  

   .  

- :      ;  ; 

  ;   ( ,  

-   ).  

-     ,    

   .     

:  ,  , , , 

 . 

 

       (  

, -     fallback-   , 

  ),       (  

    ,  ,  

   ).    

  -       

  « ».      

      [39, 40].  

 

5.2.         
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  (   CAD- ,  

),   (    

,    ),  ’   ( , 



39 
 

  ).        

       [41]. 

 

 A – «  /   » (  , 
3-4 ).  
1. :      

     (   ),  

 / / ,   .  

2.  :      3D-     

      .  

3.    :   ( , 

) – 25 %,     – 25 %,  /  

– 20 %,    /  – 15 %,  

   – 15 %.  

4.        

( / / )    ( , 

«    »). 

 

 B – «  ’ :     » 
(   , 2-3 ).  

1. :     ’   

     (  , 3D-

).  

2. :    – 30 %,   – 25 %, 

  (    ) – 25 %, 

 (   ) — 10 %,  – 10 %.  

3.   -  . 
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 C – « - / » (  , 4-6 ,  

 ).  
1. :     ( , 

   ),     CAD, 

  —   3D-      

.  

2. :  (  ) – 30 %,  

 (  ) – 20 %,  /  

– 20 %,  (  , ) – 15 %,  

– 15 %. 

 

     (  )  

   .     

    PBLWorks –    Project 

Design Rubric        

  PBL- .       

’  ,   ’     

      . 

    :    

     ,   -  

          

.       (    4-6 

   3-5 ),    

,       [42, 43]. 
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     [44]. 
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 «work-in-progress»      
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( , )    . 

 ,  ,  ’    
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  (  , , - ),  

  —  « - » (  , 

 ).    :  

           

  (       ),  

     [45]. 
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     (     

),     /   

      .  

        (3D- ,  

) –        . 

         

      [46].  

        , 

   .      

       (Tinkercad): 

         

;  ,      

  .      – FreeCAD 

        , 

Autodesk Fusion 360 / AutoCAD (   )    

, SketchUp  /    Blender  

.    (Autodesk Education)  

, -         ,   

  [47, 48].  

    :     

 (Tinkercad),        

 ;       (STL, 

STEP, DXF)      (    

LMS).         

 ( ,   Tinkercad,  Autodesk), 

   PBLWorks     .  

         -

 ( , ,     ).  



43 
 

   ,     

(Google Workspace, Microsoft 365     LMS),   

    ( , Git-    

 ),   -     .  

  -     FEA-  

   (        ). 

 

       -

 :     ’  
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        . 

   :     

      (    –  

 ;  Fusion 360/Blender –  GPU    8-16 

 ),      ,  

- ’ ,      , 

 (      , ), 3D-  

  /    (  ), /   

 ,      (  

  ),   

.        

    STEM-  –  

        .  

 :     

   ( -   3-4 ),    

    ,       

   .     

(  ,  ,   3D-

).        

   ,   FabLab,  
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     .  

    « »  (3D-

,  ),      . 

     :  

   (  1 –  -      

;  2 –  3D-   ;  3 –  

    ),     

,   -  .   

    ,    

  . 

     ( -     

) 

1.   :  ,    

  (       

« »).  

2.     (Tinkercad  ; FreeCAD  Fusion 

360   )       

.  

3.  4-6        (   

 );     . 

4.     (  PBLWorks  )  

   .  

5.   :  ’  , , 

 ;    « » .  

6.    :   

       PBL;  

     .  

 

  



45 
 

 

     

     , 

,       

 ’      

,     - , 

   . 

      ,  

  -    

      ,  : 

  ,   

 ,     

       . 

      ’  

    ,   

   ’     ,  

   , ,   

 .    (   

 . ,   .   

   OECD, 2018)  ,  

       

STEM-  ,       

    . 

    ,   

       ,  

 ,     . 

       

    (p < 0.05)   
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      Cohen’s d = 
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,  73% –      

   . 

 ,     

   ’  ,   

     « »    
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 ’       : 
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 : - , , -
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2.  .     
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     CAD-  ( , 

Tinkercad, Fusion 360, FreeCAD).      
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,       
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