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ܴ� ܴଵ: ሺ�ଵ⃗⃗  ⃗, �ଶ⃗⃗  ⃗, �ଷ⃗⃗  ⃗ሻ ܴଶ: ሺݑଵ⃗⃗⃗⃗ , , ଶ⃗⃗⃗⃗ݑ ଷ⃗⃗⃗⃗ ሻݑ
��/భ�ܯ = [ܺ�భ ܺ�మ ܺ�య�ܻభ �ܻమ �ܻయܼ�భ ܼ�మ ܼ�య] ��/మ�ܯ = [ܺ௨భ ܺ௨మ ܺ௨య௨ܻభ ௨ܻమ ௨ܻయܼ௨భ ܼ௨మ ܼ௨య]ܺ� , �ܻ , ܼ� � ܴଵ ܴଶ

భ/�మ�ܯ = ��/భ�ܯ . ቀܯ�మ/��ቁ−ଵ = [݉଴଴ ݉଴ଵ ݉଴ଶ݉ଵ଴ ݉ଵଵ ݉ଵଶ݉ଶ଴ ݉ଶଵ ݉ଶଶ]
߰ ߮ �



భ/�మ�ܯ = ܴ௭ሺ߰ሻܴ௫ሺ߮ሻܴ௬ሺ�ሻ= [cos߰ −sin߰ Ͳsin߰ cos߰ ͲͲ Ͳ ͳ] [ͳ Ͳ ͲͲ cos߮ −sin߮Ͳ sin߮ cos߮ ] [ cos � Ͳ sin �Ͳ ͳ Ͳ− sin � Ͳ cos �]
= [cos߰ − sin߰ cos߮ sin߰ sin߮sin߰ cos߰ cos߮ −cos߰ sin߮Ͳ sin߮ cos߮ ] [ cos � Ͳ sin �Ͳ ͳ Ͳ− sin � Ͳ cos �]
= [cos߰ cos � − sin߰ sin ߮ sin � − sin߰ cos߮ cos߰ sin � + sin߰ sin߮ cos �sin ߰ cos � + cos߰ sin ߮ sin � cos߰ cos߮ sin߰ sin � − cos߰ sin߮ cos �−cos߮ sin � sin߮ cos߮ cos � ]

- ݉ଶଵ =  sin߮ ≠ −ͳ  ݉ଶଵ ≠ +ͳ߮ =  sin−ଵሺ݉ଶଵሻ� =  tan−ଵ(−݉ଶ଴ ݉ଶଶ⁄ )߰ = tan−ଵ(−݉଴ଵ ݉ଵଵ⁄ )
- ݉ଶଵ =  −ͳ ߮ = −9Ͳ°߰ + � =  tan−ଵ(݉ଵ଴ ݉଴଴⁄ )
- ݉ଶଵ =  ͳ ߮ =  9Ͳ°߰ − � = tan−ଵ(݉ଵ଴ ݉଴଴⁄ )

߰ �� = Ͳ ߰ = tan−ଵ(݉ଵ଴ ݉଴଴⁄ )
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- 
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- 
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= ݒ (ܼܻܺ)
௑௒⃗⃗ݒ ⃗⃗ ⃗⃗  = (ܻܺͲ)

௒௓⃗⃗ݒ ⃗⃗ ⃗⃗ = (Ͳܼܻ) ௑௓⃗⃗ݒ ⃗⃗ ⃗⃗  = (Ͳܼܺ)
௑௒⃗⃗ݒ ⃗⃗ ⃗⃗  

, ݒ) ௑௒⃗⃗ݒ ⃗⃗ ⃗⃗  ̂ ) = cos−ଵ ቆ . ݒ ௑௒⃗⃗ݒ ⃗⃗ ⃗⃗ ௑௒⃗⃗ݒ‖‖ ݒ‖  ⃗⃗ ⃗⃗  ‖ቇ
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ܽ ≈ √߯ଶ �଴ܰ ܾ ≈ √߯ଶ �ଵܰ
�଴ �ଵ ܰ

�ሺܾ݋ݎ� < 5,99ͳሻ = Ͳ,95
� = �ܾܽ = 5,99ͳ� √�଴�ଵܰ



ܴሺ݅ሻ = √ሺݔ௜ − ௜ݕ௜−ଵሻଶ+ሺݔ − ௜−ଵሻଶݕ
ܵ = ,௞ݖ}  ݇ = ͳ…ܰ} ௜ݖ ௠ሺ݅ሻ݌  = ,௜ݖ} ,௜+ଵݖ … , ௠ሺ݅ሻ݌{௜+௠−ଵݖ ௠ሺ݆ሻ݌

௜+௞ݖ| − |௝+௞ݖ < ݇∀  ݎ ∈ [Ͳ;݉ − ͳ]�௠ ௠ሺ݅ሻ݌ܵ
�௜௠ሺݎሻ = ݊௜௠ሺݎሻܰ − ݉ + ͳ݊௜௠ሺݎሻ �௠ ሻݎ௠ሺ݅ሻ�௜௠ሺ݌ �௜௠ሺݎሻ



݅ < ܰ − ݉ + ͳ
�௠ሺݎሻ = ͳܰ − ݉ + ͳ∑�௜௠ሺݎሻ௜�௠ሺݎሻܵ
,ሺ݉݊ܧܽܵ ሻݎ = −݈݊ �௠+ଵሺݎሻ�௠ሺݎሻ
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http://www.campbellcollaboration.org/resources/effect_size_input.php


































 

 











 

  



































 





= ܨ ⃗⃗߱ ݒ݉  −ʹ݉ሺ߱⃗⃗ ^ݒ ሻ



 







,଴ݍሺݍ ,ଵݍ ,ଶݍ �ଷሻݍ ,ሺܽ ݑ⃗ ܾ, ܿሻ
||

଴ݍ = cos(� ʹ⁄ ଵݍ( =  ܽ. sin(� ʹ⁄ ଶݍ( =  ܾ. sin(� ʹ⁄ ଷݍ( =  ܿ. sin(� ʹ⁄ )
�′ = ݍ ∗ � ∗ ,ሺͲ�ݍ̅ ,ݔ ,ݕ ሻݖ ,ݔ ݕ ݖ � �′ሺͲ, ,′ݔ ,′ݕ ሻ′ݖ ݍ̅ݍ ,଴ݍሺݍ̅  ,ଵݍ− ,ଶݍ− ଷሻݍ−

ݍ ′ݍ′ݍ ∗ ݍ



∗ ,଴݌ሺ݌ ,ଵ݌ ,ଶ݌ ,଴ݍሺݍଷሻ݌ ,ଵݍ ,ଶݍ ,଴ݎሺݎଷሻݍ ,ଵݎ ,ଶݎ ଷሻݎ
଴݌| = ଴ݎ଴ݍ − ଵݎଵݍ − ଶݎଶݍ − ଵ݌ଷݎଷݍ = ଵݎ଴ݍ + ଴ݎଵݍ + ଷݎଶݍ − ଶ݌ଶݎଷݍ = ଶݎ଴ݍ − ଷݎଵݍ + ଴ݎଶݍ + ଷ݌ଵݎଷݍ = ଷݎ଴ݍ + ଶݎଵݍ − ଵݎଶݍ + ଴ݎଷݍ



 

 













ಲ೙�೟/��೚೙೏೐�ܯ = [− ଶܻ − ଵܻ Ͳଵܻ − ଶܻ ͲͲ Ͳ ͳ]
ଵܻ = ݉଴ଵ,௕௔௦௦௜௡√݉଴ଵ,௕௔௦௦௜௡ଶ + ݉ଵଵ,௕௔௦௦௜௡ଶ



ଶܻ = ݉ଵଵ,௕௔௦௦௜௡√݉଴ଵ,௕௔௦௦௜௡ଶ + ݉ଵଵ,௕௔௦௦௜௡ଶ݉௜௝,௕௔௦௦௜௡ ,଴௕ݍ௕௔௦௦௜௡ሺݍ ଵ௕ݍ , ଶ௕ݍ , ଷ௕ሻݍ

ಳ�ೞೞ೔೙/��೚೙೏೐�ܯ = [ͳ − ଶ௕ଶݍʹ − ଷ௕ଶݍʹ ଶ௕ݍଵ௕ݍʹ − ଴௕ݍଷ௕ݍʹ ଷ௕ݍଵ௕ݍʹ + ଶ௕ݍଵ௕ݍʹ଴௕ݍଶ௕ݍʹ + ଴௕ݍଷ௕ݍʹ ͳ − ଵ௕ଶݍʹ − ଷ௕ଶݍʹ ଷ௕ݍଶ௕ݍʹ − ଷ௕ݍଵ௕ݍʹ଴௕ݍଵ௕ݍʹ − ଴௕ݍଶ௕ݍʹ ଷ௕ݍଶ௕ݍʹ + ଴௕ݍଵ௕ݍʹ ͳ − ଵ௕ଶݍʹ − ଶ௕ଶݍʹ ]
݉଴ଵ,௕௔௦௦௜௡ = ଶ௕ݍଵ௕ݍʹ − ଴௕݉ଵଵ,௕௔௦௦௜௡ݍଷ௕ݍʹ = ͳ − ଵ௕ଶݍʹ − ଷ௕ଶݍʹ

,଴௔ݍ௔௡௔௧ሺݍ ,ଵ௔ݍ ,ଶ௔ݍ ଷ௔ሻݍ

[ͳ − ଶ௔ଶݍʹ − ଷ௔ଶݍʹ ଶ௔ݍଵ௔ݍʹ − ଴௔ݍଷ௔ݍʹ ଷ௔ݍଵ௔ݍʹ + ଶ௔ݍଵ௔ݍʹ଴௔ݍଶ௔ݍʹ + ଴௔ݍଷ௔ݍʹ ͳ − ଵ௔ଶݍʹ − ଷ௔ଶݍʹ ଷ௔ݍଶ௔ݍʹ − ଷ௔ݍଵ௔ݍʹ଴௔ݍଵ௔ݍʹ − ଴௔ݍଶ௔ݍʹ ଷ௔ݍଶ௔ݍʹ + ଴௔ݍଵ௔ݍʹ ͳ − ଵ௔ଶݍʹ − ଶ௔ଶݍʹ ] =  [− ଶܻ − ଵܻ Ͳଵܻ − ଶܻ ͲͲ Ͳ ͳ]

||
଴௔ݍ = ଵܻʹݍଷ௔ݍଵ௔ = Ͳݍଶ௔ = Ͳݍଷ௔ = √ʹ + ʹ ଶܻʹ



಴೐೙೟ೝ�೗೐ ೔/�಴೐೙೟ೝ�೗೐ ೕ�ݍ = ቀݍ�಴೐೙೟ೝ�೗೐ ೕ/�ಲ೙�೟೚೘೔೜ೠ೐ቁ−ଵ ಴೐೙೟ೝ�೗೐ ೔/�ಲ೙�೟೚೘೔೜ೠ೐�ݍ



଴ݐ
଴ݐ

಴೐೙೟ೝ�೗೐ ೔,೎೚ೝೝ೔�é/�಴೐೙೟ೝ�೗೐ ೔�ݍ = ቀݍ�಴೐೙೟ೝ�೗೐ ೔/�ಲ೙�೟೚೘೔೜ೠ೐ቁ−ଵ|௧బ
಴೐೙೟ೝ�೗೐ ೔,೎೚ೝೝ೔�é/�ಲ೙�೟೚೘೔೜ೠ೐�ݍ = ಴೐೙೟ೝ�೗೐ ೔/�ಲ೙�೟೚೘೔೜ೠ೐�ݍ ∗ ಴೐೙೟ೝ�೗೐ ೔,೎೚ೝೝ೔�é/�಴೐೙೟ೝ�೗೐ ೔�ݍ













 



























 

  

























 

  





 







 



 

 





 





 

 





 

  





















 

 



 

 

 


