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Visual perception plays a major role in how humans process information. This research 

examined the effect of typoglycemia on reading comprehension and eye tracking during reading.  

Typoglycemia involves scrambling the interior letters of words while keeping the first and last 

letters intact. Participants read two texts containing typoglycemic words. Out of 32 total lines, 

typoglycemia occurred in 6 lines in "Swimmy" and 8 lines in "Kokoro", for a total of 14 words 

with typoglycemia. Heatmaps illustrated that gazes skipped over the typoglycemic words, 

similar to normal reading. Regression analysis found a weak negative correlation, with ñKokoro

Γ more impacted than ñSwimmyò. The study concludes that typoglycemia is possible under 

certain conditions - 4-7 letter words, rearrange the letters in words adjacent to the words at the 

beginning and end of a sentence, and an understandable context. Overall, typoglycemia 

demonstrates that people rely heavily on the first and last letters over interior letters for reading 

comprehension and eye tracking. 
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 ⱥ♩│ ─80╩ ⅛╠ ≡™╢⁹ⱥ♩┼─ ⅜ ⌐ ╕∫≡™╢ ⁸ ₁
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╢⁹∕⇔≡ ₁ ⌂ ─ ⅜ ┌ ⌐ ╣ ╪≢ↄ╢ ⌐ ⇔≡⁸ ⌂

╩ ∆╢↓≤⅜ ⌐ ─ⱷ◌♬☼ⱶ─ ⌐ ⅜╢≤ ⅎ╢⁹ 
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⌐ ╩ ∆╢ ⅜≢⅝╢⁹╕√⁸ ≢typo╩ ↓⇔√ ╩ ─⌂™

≢ ╩ ═╢ ╙ ∫√⁹↓╣╠─ ╩ ∆╢↓≤≢⁸↕╠⌐ ─ⱷ◌♬☼

ⱶ┼─ ╩ ╘╢⁹ 

─ │⁸♃▬ⱳ◓ꜞ☿Ⱶ▪ ⅛╠ ─ ─ⱷ◌♬☼ⱶ╩ ⌐ ∆╢

↓≤⁸↕╠⌐ ⌂♃▬ⱳ◓ꜞ☿Ⱶ▪─ ≤ ╩ ∆╢↓≤≢№╢⁹ 

ה  
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1   

1.1  

 ⁸ AI─ ╛ ─ ⌐╟╡ⱥ♩⌐≈™≡─ ⅜ ⌐ ╕∫≡™

╢⁹⇔⅛⇔ ⁸ ⁸ ⁸ ⁸ ≤™∫√ⱥ♩─ ⌐≈™≡│ ⌂↓≤⅜

™⁹∕╣╠ ─ ⁸ ⅛╠─ │ⱥ♩⅜ ╩ ∆╢ ─ 80╩ ╘≡™╢[1]⁹

↕╠⌐ ≢│ ─ ╛⁸▬fiⱤ◒♩─№╢ ⅎ⅜ ↕╣≡™╢ ⅜№╡ⱥ

♩─ ─ⱷ◌♬☼ⱶ╩ ∆╢ │ ⌐ ≢№╢≤ ⅎ√⁹╕√ │ ╩

↑≡™╢ ╡ ┌ ⌐ ⅛╠ ╣ ╪≢ↄ╢╙─≢№╡⁸ ⌐≢│⌂ↄ⁸

⌐ ╩⇔≡ ⇔≡™╢≤ ⅎ╢⁹ ⌂ ⌐ ∆╢ ↓∕ ⌐ⱥ♩╩

∆╢√╘⌐ ∞≤ ⅎ⁸ ≢│ ╩ ─ ≤⇔√⁹ 

√∟│ ⌐ ╣ ╗ ╩ ⌐ ─ ╛ ≤ ┘≈↑⁸ ╩

⇔⁸ ≢│⌂™ ╩ ⇔⌂⅜╠ ⇔≡™╢⁹↓╣╩ ∆╢ ≤⇔≡ⱪꜝ▬Ⱶ

fi◓⅜ →╠╣╢⁹ⱪꜝ▬Ⱶfi◓≤™℮─│⁸ ⌐ ⇔√ ⅜ ⌐ ↕╣╢↓

≤≢⁸∕─ ─ ⅜ ↕╣╢≤™℮ ≢№╢[2]⁹╕√↓─ⱪꜝ▬Ⱶfi◓╩ ⌐

ⅎ╢≤⁸ ⌐ ∫≡™╢ ⌐ ∫√ ⌂ ╙↓─ ⌐ ╕╣╢≤ ⅎ╢

∞╤℮[3]⁹↓─╟℮⌂ ≢ ⌐ ↓╢ ─ ─ ╩ ⌐ⱥ♩─ ≤

─ⱷ◌♬☼ⱶ╩ ≢⅝⌂™⅛≤ ⅎ√⁹ 

⌐ ╩ ↑⁸ ⌐ ─ ⁸ ╩∆╢ ≤™ⅎ┌ ⅜ →

╠╣╢⁹ ╩ ╗ │ ⌐◦fiⱪꜟ≢№╡ ≢ ⌂ↄ ∫≡™╢⅜⁸

╩ ≢ ∆╢ │ ⌐ ≢№╢⁹ ╡ ⇔√™ ⌐ ╩ ↑⁸ ⅛╠ ⅜

⅛╡≤⌂╢ ╩ ⇔ ⇔ ┘≈↑╢⁹ ─ ─ⱷ◌♬☼ⱶ╩ ∆╢↓≤│ⱥ♩─

⌐≈™≡ ╢ ≈─ ≤⌂╢≤ ↕╣╢⁹↕╠⌐⁸ │7000™ ⅜№╢

≢╙ ╘≡ ≢№╡⁸ ╙ ≢№╢⁹ ─ ─ⱷ◌♬☼ⱶ╩ ─╟

℮⌂ ≢ ╩∆╢↓≤│⁸ ╛ ⁸ ⌂≥─ ₁⌂ ⌐⅔™≡

≤ ⅎ╢⁹↕╠⌐ ─ ─ ╕←╢⇔™ ⌐ ⇔≡⁸ ≢─ⱥ♩─ ╖─

│ ⇔≡⅔╠∏⁸ ⌐ ∆═⅝ ∞≤ ⅎ╢⁹ 

≢│⁸ ≢─ ╖─ ⅛╠ⱥ♩─ ─ⱷ◌♬☼ⱶ╩ ∆╢↓≤╩

⌂ ≤⇔≡™╢⁹∕↓≢♃▬ⱳ◓ꜞ☿Ⱶ▪ ╩ ⇔√⁹♃▬ⱳ◓ꜞ☿Ⱶ▪≤│

⌐ ╕╣╢ ─ ≤ ─ ⅜ ⇔↑╣┌⁸ ─ ╩ ╣ ⅎ≡╙ ╩

╘≡⇔╕℮ ─↓≤≢№╢⁹ ≢│ Typo( )╩ ╪∞ ╩כ◌♇ꜝ♩▬▪⁸╩

⇔√ ≢ ⇔≡╙╠™ ⌐ ≢─ ╖─ⱷ◌♬☼ⱶ╩ ∆╢⁹ 
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1.2  

 ≢│⁸ ─ ╩ ℮↓≤≢⁸♃▬ⱳ◓ꜞ☿Ⱶ▪ ⅛╠ ─ ─ⱷ

◌♬☼ⱶ╩ ⌐ ∆╢↓≤⁸↕╠⌐ ⌂♃▬ⱳ◓ꜞ☿Ⱶ▪─ ≤

╩ ⌐ ∆╢↓≤╩ ≤∆╢⁹∕─ ⌐typo╩ ╗ ╩ כ◌♇ꜝ♩▬▪⌐

╩ ⇔√ ≢ ⇔≡╙╠™⁸ ─ ⌂ ≤⁸∕─ ╩ ℮⁹╕√⁸typo

╩ ⇔√ ≤⁸1 №√╡⌐ ∆╢ ⁸ ╖ ⅎ╢╕≢─ ⅛╠ typo╩ ╗

─ ┼─ ╩ ═╢⁹ 

≢ ℮♃▬ⱳ◓ꜞ☿Ⱶ▪ │⁸ ╛ ⌂≥⅜ ∞⌐ ╘╠╣≡™⌂ↄ⁸

≢─ ╙№╕╡↕╣≡™⌂™⁹∕─√╘ ⅛╠│ ⅛╠⌂™⁸ ⇔™ ╩

╢↓≤⅜ ≢⅝╢⁹ 

╕√⁸ ─ ─ⱷ◌♬☼ⱶ╩ ∆╢↓≤│⁸ ⌂≥ ≤─ ╛⁸

─ ⌂≥⌐ ⅜╢⁹╕√⁸ ─◒כ꞉♩כ⸗ꜞ│≢ ≢₈ ╗ ₉╩ ⅛

╠ ⇔√™≤™℮ ⅜№╢↓≤[4]╛⁸ ─ ╩ ≢ ∆╢₈ꜝ▬ⱨ꜡◓₉─

⅜ ≢№╢↓≤[5]╙№╡⁸ ┼─ ⅜ ™⌐ ≢⅝╢⁹ 
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2   

2.1 ♃▬ⱳ◓ꜞ☿Ⱶ▪ ⌐≈™≡ 

 ♃▬ⱳ◓ꜞ☿Ⱶ▪ │⁸₈ Typo₉≤₈ Hypoglycemia₉≤™℮ ╩ →

≡ ╠╣√ ≢№╡ ≢№╢⁹ 

 ≢⁸♃▬ⱳ◓ꜞ☿Ⱶ▪─ │ ╕∫√╙─│ ™╙──⁸4~6 ─ ⌐

⇔≡ ─ ≤ ─ │ ⅎ⌂™↓≤⁸ ┘ ⅎ√ ⅜ ─ ╩ ≈ ⌐│⌂

╠⌂™╟℮⌐∆╢↓≤⅜ ∞≤™╦╣≡™╢⁹[6] 

 ♃▬ⱳ◓ꜞ☿Ⱶ▪ ⌐ ∆╢ ─ │⁸1976⌐⁸ⱡ♇♥▫fi●ⱶ ≢ ↕

╣≡™╢⁹Graham Rawlinson│ₐThe significance of letter position in word recognitionₑ(

⌐⅔↑╢ ─ ─ )≤™℮ ⌐⅔™≡⁸ 

 

─ ─ ╩ⱣꜝⱣꜝ⌐⇔√╙─│⁸ ╩ ≢⅝╢ ─ ⌐╒≤╪

≥⁸№╢™│ ↄ ╩ ╓↕⌂™⁹ ⌐ ⅜ ⌂ │⁸ ─ ╩

ⱣꜝⱣꜝ⌐⇔√ ╩A4◘▬☼1Ɑכ☺ ↕╣√≤⇔≡╙⁸4,5─ ™⌐⇔⅛

≠ↄ↓≤│⌂™ [7] 

 

≤ ═≡™╢⁹╕√⁸36─ ╩ ∫√ ≤⇔≡⁸ 

 

─ │⁸ ─ ה ≤™℮ ≢ ↕╣╢⁹ ─ ─ │⁸

≤│╒≤╪≥ ⌂ↄ ╦╣╢⁹ ─ │⁸ ─ ╕╡≤ ╦╡⌐ ⇔≡─

╖ ≢№╢╟℮∞⁹ ─ ⅛╠─ │⁸ ⌂ ↕≢│⌂ↄ ◘fiⱪꜞfi

◓ ◦☻♥ⱶ╩ ⇔≡ ∆╢ ⅜№╢⁹≈╕╡⁸ ∫√ ⌐№╢ ≢

╙⁸ ⅜∕─ ╩ ∆╢─⌐ ⌂ ⅜№╣┌╟™⁹[7] 

 

≤ ═≡™╢⁹ 

∕─ ⁸1999⌐⁸◌ꜞⱨ◊ꜟ♬▪ ─Kourosh Saberi≤David R. Perrott⌐╟∫≡⁸

ₐCognitive restoration of reversed speechₑ( ⌐⌂∫√ ⇔ ─ ─ )≤™℮ ⅜

↕╣≡™╢[8]⁹↓─ ≢│ ─ ╣ ⅎ╠╣√ ⇔ ╩≥℮╛∫≡ ⇔ ∆╢

─⅛⌐≈™≡ ↕╣≡™╢⁹ 

⇔⅛⇔↓─≥∟╠─ ⌐╙ typoglycemia≤™℮ │ ∑∏⁸ ─ ⅝≤ ─

⌐≈™≡─ ≢ ╕∫≡™╢⁹∕╣⅛╠4 ─2003typoglycemia│ ─ ⌐

╣ ╢ ⅝⌂ ╩ ⅎ√─≢№╢⁹ 

20039 12 ⁸David Harris' Science & Literarute≤™℮◘▬♩≢⁸₈Aoccdrnig₉≢ ╕╢

─ ⅜ ═ ⅎ╠╣√ ⅜ ↕╣√⁹◘▬♩≢│⁸ 
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 Aoccdrnig to rsereach at an Elingsh uinervtisy, it deosn't mttaer in waht oredr the ltteers in a wrod 

are, the olny iprmoetnt tihng is taht frist and lsat ltteres are in the rghit pclae. The rset can be a toatl 

mses and you can sitll raed it wouthit a porbelm. Tihs is bcuseae we do not raed ervey lteter by 

istlef, but the wrod as a wlohe. 

 

≤⁸ ↕╣√⁹∕⇔≡∕─3 ─9 15⌐ ◘▬♩⌐≡⁸☻Ɑꜟ◄ꜝכ╩ ↓⇔√

≢ ╩ ⅝⁸∕─ ╛ ⅜▬fi♃כⱠ♇♩ ≢≥─╟℮⌐ ╕∫≡™ↄ⅛╩ ∆

╢↓≤⅜ ─ ∞∫√≤ ⇔√⁹≈╕╡⁸▬fi♃כⱠ♇♩ ≢─ ─ ╕╡ ╩

∆╢√╘⌐ typoglycemia╩ ™√≤℮↓≤∞⁹↓╣╩ ⌐⁸♃▬ⱳ◓ꜞ☿Ⱶ▪ │

─ ₁⌐ ↄ ╠╣╢╟℮⌐⌂∫√⁹[9] 

 ≢│⁸ ה ─ ⅜⁸20039 20⌐₈ ⅜♦♃ꜝⱷ≢

╙ │ ╘╢₉≤™℮ ─ ≢ ─₈Aoccdrnig₉≢ ╕╢ ╩ ⇔√╙─╩

⇔≡™╢⁹[10] 

 ♃▬ⱳ◓ꜞ☿Ⱶ▪─ ⌐ ∆╢ │⁸ ↕╣≡⅔╠∏⁸∕─ⱷ◌♬☼ⱶ╛

│ ∞⌐ ↕╣≡™⌂™⁹ ≢♃▬ⱳ◓ꜞ☿Ⱶ▪⌐ ∆╢ │⁸♃▬ⱳ◓ꜞ

☿Ⱶ▪╩ ─ⱶכ◕√∫ ╛[11]⁸ ≤ ╩ ╢№≢♩☻♥◓fiꜞכꜙ♅╢∆

CAPTCHA┼─ [12]─ ⌂≥⁸♃▬ⱳ◓ꜞ☿Ⱶ▪╩ ™≡ ⇔™╙─╩ ╡ →╢↓≤

╩ ≤⇔√ ⅜ ↄ ↕╣≡™√⁹ 

 ↕╠⌐⁸KAKEN- I⌐╟╢≤⁸☻כⱬ♃כ♦ ⁸

│₈♃▬ⱳ◓ꜞ☿Ⱶ▪ ⌐ ∆╢ ≤ ⌐ ≠ↄ▪ⱪ꜡₉♅כ

≤™℮ ≢⁸2023-04-01⅛╠2026-03-31─ ⌐ ╩ ∫≡™╢⁹  

 
I KAKEN, https://kaken.nii.ac.jp/ja/grant/KAKENHI-PROJECT-23K00568/, (  2024/01/24) 

https://kaken.nii.ac.jp/ja/grant/KAKENHI-PROJECT-23K00568/
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2.2 ♃▬ⱳ◓ꜞ☿Ⱶ▪ ≤ ─  

 ♃▬ⱳ◓ꜞ☿Ⱶ▪ ─ ⌐≈™≡─ ─ ─ ╩ ╡

→╢⁹[13] 

 4~10 ─ ─ ╩└╠⅜⌂≢ ⇔⁸ ≤ ─ ╩ ╣ ⅎ╢⁹↓─

─ ⌐ ⇔⁸Google Form╩ ™≡18─ ⌐▪fi◔כ♩╩ ∆╢⁹ ┘

ⅎ√ ⅛╠ ─ ⅜ ⌐╦⅛╢⅛ ⅛╩ ⇔≡╙╠℮⁹[13]  

│⁸7~10 │4~6 ⌐ ═ ⅜ ↄ⁸10 ─ ─ │0%≢№∫√⁹

( 2.2) 

7 ─ │ ─ ⌐ ═ ⌐ ⌐∆╢ ⅜⌂™ ≢№╢ ⅜№╢↓≤

╛⁸ ─ ╣ ⅎ ⅜ ⅞╢⌂≥⁸ ⅜ ⅜∫√↓≤│ ─ ⅜№╢

≤ ⅎ╠╣╢⁹ 

 ╕√↓─ ≢│⁸ ─ ╩ ⇔≡™╢⁹ ≢│ ─№╢ ─♃▬ⱳ

◓ꜞ☿Ⱶ▪ ╩ ╡ ╩כ◌♇ꜝ♩▬▪√╕℮⁹ ™≡ ╩ ™⁸ ╩ ⌐

∆╢⁹ 

 

 

2.2 ⌐ ∆╢ ─ [13] 
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3   

3.1 ▪▬♩ꜝ♇◐fi◓⌐≈™≡ 

▪▬♩ꜝ♇◐fi◓≤│⁸ ─ ╩ ⇔ ≡™╢ ╩ꜞ▪ꜟ♃▬ⱶ⌐ ∆╢☿fi◘

כ ─↓≤≢№╢⁹╙≤╙≤│ ⌐ ≡╢√╘⌐ ↕╣√ ≢№∫√⅜⁸

╩ ╢↓≤│ ─ ⅜ ⌐ ™≡™╢─⅛╩ ∆╢ ⌂ ≢№╡⁸ ≢│ ה

≤⌂◓fi▫♥◔כⱴה♠כⱳ☻ה ₁⌂ ≢ ≢⅝╢ ≤⇔≡ ⅜ ╪≢™╢⁹ 

▪▬♩ꜝ♇◐fi◓⌐│ ╛ ⅜™ↄ≈⅛ ∆╢⅜⁸ ≢│

(Pupil Centre Corneal Reflection, PCCR)╩ ™√  Pupil)כ◌♇ꜝ♩▬▪─

Labs ─Pupil Invisible glasses)╩ ⇔√⁹( 3.1-1) 

PCCR≤│ ─ ≤ⱪꜟ◐♬◄ ─ ╩ ∆╢↓≤⌐╟╡ ╩ ∆

╢ ≢№╢⁹ⱪꜟ◐♬◄ ≤│⁸ ⌐ ╩ ≡╢↓≤≢ ∆╢ ─↓≤

≢№╡⁸ ⌐ ─ ─ ∂ ⌐ ∆╢ ╩ ≈↓≤⅛╠ ⌐ ™╠╣╢( 3.3-2)⁹

↓─ ⌐╙◖▬ꜟ╩ ╖ ╪∞◖fi♃◒♩꜠fi☼╩ ꜟ▬◖♅כ◘╢∆ ╛ ─

╩ ∆╢ ⌂≥⅜ ∆╢⁹ 

 

3.1-1  Pupil Invisible glasses─ II 

 
II Pupil labs, https://pupil-labs.com/products/invisible, (  2024-01-23) 

https://pupil-labs.com/products/invisible
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3.1-2 PCCR─ III  

  

 
III  ,Γ │ ╒≥⌐ ╩ ℮⁹₈▪▬♩ꜝ♇◐fi◓─ ≤▪►♩ⱪ♇♩ ₉Δ, 

https://techblog.nhn-techorus.com/archives/3435, (  2024-01-23) 

 

https://techblog.nhn-techorus.com/archives/3435
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3.2 iMotions⌐≈™≡ 

 ≢│⁸Pupil Invisible glasses™≡ ⇔√ כ◔ꜞiMotions≤™℮▪ⱪ╩♃כ♦

◦ꜛfi╩ ™≡ ⇔√⁹ 

iMotions≤│⁸ ─ ₁⌂ ╩ ₁⌂ ╩ ™≡ ⇔⁸∕╣╠╩▬fiⱪ♇♩

⇔ ⌐ ∆╢↓≤─≢⅝╢♁ⱨ♩►▼▪≢№╢⁹ ⅎ┌⁸▪▬♩ꜝ♇◌כ⅛╠ ⁸

⅛╠ ─ ⁸ ☿fi◘כ⅛╠☻♩꜠☻ ⁸ ⅛╠ꜞꜝ♇◒☻ ⁸

⌐╟╢ ⅞⌂≈╩╠╣⧵iMotions⌐▬fiⱪ♇♩∆╢⁹╩♃כ♦─≤⌂ ╦∑⁸

⇔⁸ ⌐ ╩ ∆╢↓≤≢⁸ ⌐ ─ ה ╩ ∆╢ ⅜≢⅝╢⁹ 

≢│▪▬♩ꜝ♇◐fi◓─♦כ♃⌐ ⇔≡⇔⅛ ⇔≡™⌂™⅜⁸ ₁⌂ ⅜

≢⅝⁸▬fiⱪ♇♩∆╢♦כ♃╩ ╛∆↓≤≢↕╠⌂╢ ─ ╩ ╖ ∆↓≤⅜≢

⅝╢⁹ 

 

 

 

3.2 iMotions─Replay─  
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3.3 ≤  

│⁸ 10 ≢ ⁸◖fi♃◒♩꜠fi☼ ─ ╙ ╗ ≢№╢⁹

∕─ ⁸9 │ ⅜ ≢№╡⁸1 │▬♃ꜞ▪ ⅜ ≢№╢⁹ ⌐│

⌐PC─ ╛⁸ ⌐≈™≡ ⇔⁸∕╣∙╣─ ⅜ ⌐ ╩ ⅎ╢

╟℮⌐⇔√⁹╕√ ∆╢ ─ ─ ⅜ ⌐⅔™≡ ≢№∫√√╘⁸ ─

╛⁸ │ ⌐ ⅎ≡⅛╠ ╩ ∫√⁹ │⁸2023 12 14⅛╠12 23╕≢─

9 ≢⁸ ≡ ⌐№╢ ─1 ≢ ∫√⁹ 

≢ ⱪ꜠▬◘▬☼│⁸32▬fi♅≢⁸☻▫♦─כ♃♬⸗√™ 70.71 cm⁸ ↕ 39.83 

cm≢№╢⁹ ≢│⁸PC─♦▫☻ⱪ꜠▬ ⌐ⱱ꞉▬♩Ⱳכ♪╩ ⇔⁸∕↓⌐ (

ⅎ⁸11~22 ╛ ( ⅎ⁸4~10 )╩ ─≥כ♃♬⸗⁹√⇔ │40cm≢ ─

↕≤ ─ ↕⅜ ∂⌐⌂╢╟℮⌐⇔√⁹( 3.3-1) 

≢ ⇔√Pupil Labs ─Pupil Invisible glasses│⁸PCCR╩ ™√ⱷ●Ⱡ ─▪▬♩

⁹╢№≢כ◌♇ꜝ ─ ⅝╩ ∆╢√╘─  LED ≤ ╩ ∆╢√

╘─▪►♩◌ⱷꜝ≢ ↕╣≡™╢⁹☻ⱴכ♩ⱨ◊fi≤ ⇔ ─▪ⱪꜞ≢ ⁸ ╩

℮⁹∕⇔≡ ─ ⅝⅛╠ ⇔√ ─ ╩ ה ⌐♃כ♦ ∑╢↓≤≢ ╩

∆╢↓≤⅜ ⌐⌂╢⁹╕√ ─ ⅝↕⌐│ ⅜№╢√╘⁸ ↔≤⌐◐ꜗ

ꜞⱩ꜠כ◦ꜛfi╩ ℮↓≤≢ ─ ╩ ⇔≡⅔ↄ⁹◘fiⱪꜞfi◓꜠כ♩│ 200Hz⁸

Minimum Fixation Duration│60ms≢№╢⁹ 

 

3.3-1 ─  
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3.3-2  Pupil Invisible glasses╩ ⅛╠ √ ( )≤ ╘ ( )IV 

  

 
IV Marc Tonsen, A High-Level Description and Performance Evaluation of Pupil Invisible, arXiv.org, 

2020 
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3.4  

 ≢│⁸Pupil Invisible glasses╩ ⇔√ ≢ A≤ B─ 2≈─ ╩ ∫

√⁹ A│⁸ ⌐ꜝfi♄ⱶ⌐ ∆╢ ─ ┘ ╦∫√ ─ ╩ ⅎ╢ ≢№

╢⁹ B│ ↕╣≡™╢ ⅛╠ ≤⌂╢ ╩ ™ ⅛═╢↓≤⅜≢⅝╢⅛─ ≢

№╢⁹ 

≥∟╠─ ≢╙⁸╕∏ │Pupil Invisible glasses╩ ⁸◐ꜗꜞⱩ꜠כ◦ꜛfi╩

∫√⁹∕─ כ♃♬⸗⁸ ⌐ ─ ≤⌂╢╟℮⌐ ⌐ ╠∑⁸ ≤♩ꜝ♇◐fi

◓⌐∏╣⅜⌂™⅛╩ ⌐כ♃♬⸗≡⇔⧵⁹√⇔ ╛ ╩ ⇔⁸∕╣╩ ⌐ ⇔⌂⅜

╠ ╪≢╙╠℮ ╩ │⌐כ♃♬⸗⁹√∫ 1 ─ ╛ 1 ⅜ ↕╣⁸ ⌐ ╗⌐│◐

≢♪כⱲכ ─ ╩ ╦⌂↑╣┌⌂╠⌂™(  3.4)⁹ 

A≢│⁸ 2≈─ ⌐כ♃♬⸗╩ ⇔√⁹1≈ │⁸a ☻▬ⱵכₑV⅛╠15 ╩

⇔√╙─≢№╡⁸∕─ 12⌐ ═ ⅎ─♃כ◕♇♩≤⌂╢ ╩1 ∏≈ ⇔

√( 3.4-1)⁹2≈ │ₐ↓↓╤ₑVI⅛╠17 ╩ ⇔√╙─≢№╡⁸∕─ 13 ♇◕כ♃⌐

♩≤⌂╢ ╩1 ∏≈ ⇔√( 3.4-2)⁹ │ ↕╣╢1 ⌐™ↄ≈─ ┘ ⅎ

╠╣√ ⌐♪כⱲכ◐╩⅛╢№⅜ ∆╢⁹∕⇔≡ ─ ⅜ ↕╣⁸ ∆╢╕≢∕─

╩ ╡ ∆⁹ ⌐ ┘ ⅎ⅜ ↓╢─⅛⁸ ─ ┘ ⅎ─ │python≢random

╩ ⇔⁸ ╩ ™√⁹ 

B≢│⁸ ─ A≢ ─♩♇◕כ♃─25√⇔ ⌐ ─₈◌♃◌♫ ─

ה ה ₉VII─ ≢№∫√ 17─◌♃◌♫ ╩ ⅎ√ 42─ ╩

⇔√╙─╩ ⇔√( 3.4-3)⁹ │⁸ ⅜ ┘ ⅎ╠╣√ ─ ─ ⅜

≢♪כⱲכ◐╩⅛╢⅝≢ ∆╢(1:≢⅝╢ 2:≢⅝⌂™)⁹ B≢│ ∏ ╕∫√ ─

┘ ⅎ⅜ ↓╢╟℮⌐ⱪ꜡◓ꜝⱶ⇔⁸ ↕∑╢ │ python≢ random╩ ⇔⁸

╩ ™√⁹ 

Pupil Invisible glasses≢│⁸ ─ ─ ╛ ≡™╢ ─ ⁸♃כ♦ ♃כ♦

⌂≥ ⌐ ╩♃כ♦╢ ⇔√⁹ 

─╟℮⌐ ╩ ╗⌂≥─ ⌂ ╩ ╢≤⅝⁸ │ ≥♪כ◌♇◘⌐

╩ ℮[14]⁹Saccadic movement (◘♇◌כ♪)≤│ ≢ 0.5° 50°⁸ ≢ 100

500 °/sec─≤≡╙ ™ ─↓≤≢№╢⁹ⱥכ♩ⱴ♇ⱪ╛◕▬☼ⱴ♇ⱪ─ ⌐№√

╡⁸Pupil Invisible glasses─ ⌐Minimum Fixation Duration╩60ms╩♃כ♦ ⇔≡

╩ ∫√⁹(60ms ─ ⅜ ↕╣√ ╩Fixation≤⇔≡ⱪ꜡♇♩⇔√⁹) 

─┼כ♃♬⸗√╕ ─≢♪כⱲכ◐⁸╛ ≢│PC ─pycharm community╩ ⇔⁸

 
V ꜠ ) ,♬○꜠ה○ ), a☻▬Ⱶכₑ, , 1986 
VI , a↓↓╤ₑ, , 1914 
VII , ñ◌♃◌♫ ─ ה ה ( 14)ò, 

https://www.bunka.go.jp/tokei_hakusho_shuppan/tokeichosa/kokugo_yoronchosa/h14/katakana_shiyo

.html, (  2024-01-23) 

https://www.bunka.go.jp/tokei_hakusho_shuppan/tokeichosa/kokugo_yoronchosa/h14/katakana_shiyo.html
https://www.bunka.go.jp/tokei_hakusho_shuppan/tokeichosa/kokugo_yoronchosa/h14/katakana_shiyo.html
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python─ⱪ꜡◓ꜝⱶ≢ ⇔√ ╛ ⇔√ ⁸⅛⅛∫√ ╩ ⁸ ↕╣╢╟

℮⌐⇔√⁹ 

 

 

 

“ Ⱬ  ꜘΰθ  

1 26 ІϱЬ˔ ψ ΣϢΜι ΨϣΜ Ξϙχ ζάϬ ʻ 

2 17 άϩΤμθʻ ήόΰΤμθ ʻ 

3 21 ροϜ ΤσΰΤμθ ʻΪϦς Ξϙ τψ 

4 21 βωϣΰΜ ϜχΥ ΜμϊΜ Κμθ ʻ 

5 18 ΣϜΰϧΜ ϜχϬ ϙϥθότ ʺ 

6 28 ІϱЬ˔ ψ ιϭιϭ ΫϭΦ Ϭ ρϤϜςΰθ ʻ 

7 22 ταΜϧ χ Љз˔ χ ϢΞσ ΨϣΫ ʻ 

8 27 βΜκϟΞ УиЖ˔Ѓ˔ ϙθΜσ ΜδΠό ʻ 

9 17 ϙθάρϜσΜ ήΤσθκ ʻ 

10 21 ϙΠσΜ Μρπ ϋμϊϣϦο Μϥ ʻ 

11 24 ЖкАФ ϙθΜ σ ΜϩΤϣ ψΠοΜϥʺ      

12 17 άϭϐ Ϟ ϩΤϛ χ ψϞΰ ʻ 

13 17 ΞσΧʻ ΤΣϬ ϙϥ άϧ τψ 

14 21 ΰμϗ Ϭ ϩβϦοΜϥ ϕς σΥΜ ʻ 

15 20 ϞΰχΦ ϙθΜσ ϱЊϻрЎаϼ ʻ 

3.4-1 ☻▬Ⱶכ ─ ⅜ ┘ ⅎ─  

 

 

“ Ⱬ  ꜘΰθ  

1 19 ϩθΰ χ αϠΞ τ σμθ χψʺ 

2 15 ϞΠίΨϣ χ κμθΠιτ 

3 20 Μν ΰΤ ΚΣΜψ Υ ΤβϚ ϢΞτ 

4 24 χόψαϛϥ ΰϡΤ χ Φδν π Κμθ ʻ 
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5 25 ϩθΰ ψ ρϤΤέ Ϭ υΪιΰθ άρϤ χ 

6 27 άάϧ Ϭ Ϝμο ʺ ϋϧΜ οϭκ Ϭ ϋρϛ τ 

7 29 ϙϩθΰ σΥϣ ʺ αϠΞ τ ψωθΦ Ϭ ΰθ ʻ 

8 25 ϩθΰ ψ βΩ δϭδΜ χ ΜΠϒ Μμθ ʻ 

9 28 Τϣθκ χ ΤΦ Υ Ψϧγϭι Πιχ ΞΠτ ʺ 

10 19 ϜΠϥϢΞσ ϛϬ ώΜο ΜθϤ ʺ 

11 16 ίΨϧ χ ΤϦθ ϙΦ Τϣʺ 

12 22 νϞνϞΰΜ κϝΤμΰϡΨ χψ Υʺ 

13 15 ϞϩϣΤζΞτ τμάΞ Ϭ 

14 16 Ξνΰο ΜθϤ βϥχ Υʺ 

15 21 ϙκϙκ ϩθΰ χϛϬ ϋΦνΪθ ʻ 

16 16 ϩθΰ ψ ΞϘϦο ψαϛο 

17 28 ζϭσϜχϬ ϙϥϢΞσ ϛγϣΰή Ϭ ΣϖΠθʻ 

3.4-2 ↓↓╤ ─ ⅜ ┘ ⅎ─  

 

 

‹ Ⱬ  ꜘΰθ ῎ ‹ Ⱬ  ꜘΰθ ῎ 

1 4 ΣϢΜι 22 6 νϞνϞΰΜ 

2 6 ήόΰΤμθ 23 7 ϞϩϣΤζΞτ 

3 6 ΤσΰΤμθ 24 5 ϋΦνΪθ 

4 5 βωϣΰΜ 25 4 ψαϛο 

5 5 ΣϜΰϧΜ 26 5 ϛγϣΰή 

6 6 ρϤϜςΰθ 27 8 йϼзϵ˔Єдр 

7 4 ταΜϧ 28 7 з˔Ѝ˔ЄАФ 

8 6 УиЖ˔Ѓ˔ 29 6 ЖϺвЮрЕ 

9 5 ήΤσθκ 30 5 ЬІЫАЎ 

10 4 ϙΠσΜ 31 6 зϯиЌϱЭ 

11 4 ЖкАФ 32 7 Ы˔ϾГϰрϽ 

12 6 ϩβϦοΜϥ 33 10 ϯϱЖзрϽІЕАФ 

13 7 ϱЊϻрЎаϼ 34 6 ТкрГϰϯ 

14 6 ϞΠίΨϣ  35 6 ϱИЄϯЎУ 

15 4 ΚΣΜψ 36 6 ЪГрЄаи 

16 6 χόψαϛϥ 37 6 ϯЈІЮрЕ 
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17 4 ρϤΤέ 38 5 ϷСИϷр 

18 4 ψωθΦ 39 8 ІϾ˔иЮзАЕ 

19 4 δϭδΜ 40 5 ϹНЗрІ 

20 5 Ψϧγϭι 41 9 ϱрϺвЦ˔Єдр 

21 6 ϜΠϥϢΞσ 42 4 ІЕйІ 

3.4-3  

 

 

3.4 ≢ ⌐ ↕╣╢  
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3.5 ⱥכ♩ⱴ♇ⱪ≤◕▬☼ⱴ♇ⱪ⌐≈™≡ 

 iMotions╩ ™≡ⱥכ♩ⱴ♇ⱪ≤◕▬☼ⱴ♇ⱪ╩ ⇔√⁹ⱥכ♩ⱴ♇ⱪ│ ⌂

╩♃כ♦ ∆╢√╘⌐⁸ ─ ─♃כ♦ ╩ ≢ ↕∑√╙─≢№╢⁹

◕▬☼ⱴ♇ⱪ│ ≢ ⇔√ ⌐ ─ⱴכ◒⅜ⱪ꜡♇♩↕╣⁸∕─ ─ ⌐ ╩

↑√ ╙ ↕╣≡™╢╙─≢№╢⁹2≈─ⱴ♇ⱪ╩ ™╢↓≤≢⁸ ─ ╛⁸

≥─╟℮⌐ ╩ ↑√─⅛╩ ∆╢↓≤⅜≢⅝╢⁹ 

 ≢│∕╣╠╩ ∆╢↓≤≢⁸ ⌐⅔↑╢ ─ ↑ ╛⁸ ─ ⅎ ⁸♃▬

ⱳ◓ꜞ☿Ⱶ▪⅜ ⅝╢≤⅝─ ⁸ ≤ ─╖─ ─ ™⌂≥╩ ∆╢↓≤⅜≢

⅝╢⁹ 

ⱴ♇ⱪ╩ ∆╢⌐ √╡⁸annotation╩ ™≡ ─ ≥♃כ♦ ↔☺כⱭ╩♃כ♦

≤⌐ ╢ ⅜№╢( 3.5-1)⁹∕⇔≡ ╩gaze map≤⇔≡ ╡ ╖⁸gaze map⅜

≥↓≤─♃כ♦ ⇔≡™╢─⅛╩ ∆╢↓≤≢ ↕╣≡™╢ ─ ─≥─ ─

ⱥכ♩ⱴ♇ⱪ╩ ∆╢─⅛╩ ╖ ╕∑╢ ( 3.5-2)⁹∕⇔≡ gaze map─ ⅛♃כ♦

╠⁸ⱥכ♩ⱴ♇ⱪ≤◕▬☼ⱴ♇ⱪ╩ ∆╢⁹ 

 

 

 

 

3.5-1 iMotions≢ ≢annotation╩♃כ♦ ∫≡™ↄ  
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3.5-2 iMotions≢gaze map ≤ ─♃כ♦ ∆╢ ╩ ∆╢  
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4  ≤  

 ▬♃ꜞ▪ ⅜ ≢№╢ │⁸ 10≢№╢⁹ 

╕√⁸ ⇔≡™╢ ─ 1 ⌐Γ ─ ┘ ⅎΔ(=typo)╩ ⇔√ ⌐⅔™≡⁸

⅜typo╩ ↓⇔√ ─ ╩0∞≤ ⇔√ ⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⇔√≤ ⅎ╢⁹

⅜typo╩ ↓⇔√ ╩1≤ ⇔√ │⁸ ─ ┘ ⅎ⌐ ≠™≡™╢√╘♃

▬ⱳ◓ꜞ☿Ⱶ▪ ≢│⌂™⁹ 

╗ ↕╩ ∆ ≤⇔≡⁸1 №√╡─ ╪∞ ch/s(character/second)≢ ∆⁹ 

A≢│⁸ 14─ ⌐ ⇔≡♃▬ⱳ◓ꜞ☿Ⱶ▪ ╩ ∆╢↓≤⅜≢⅝√⁹( 4) 

 B≢│⁸ 31─ ⌐ ⇔≡ ⅛╠⌂™≤ ⅎ√ ⅜ ⇔√⁹( 5) 

 

  “ ЌϱЪϽзЈЬϯχṞΦθ  ЌϱЪϽзЈЬϯΥṞΦθ ῎ 

ІϱЬ˔ 1 
 

1  ΣϢΜι 

4 2  βωϣΰΜ 

5 2  ΣϜΰϧΜ 

7 1  ταΜϧ 

10 1  ϙΠσΜ 

14 1  ϩβϦοΜϥ 

άάϧ 2 1  ϞΠίΨϣ 

5 1  ρϤΤέ 

8 1  δϭδΜ 

9 2  Ψϧγϭι 

10 1  ϜΠϥϢΞσ 

15 4  ϋΦνΪθ 

16 2  ψαϛο 

17 2  ϛγϣΰή 

4 ♃▬ⱳ◓ꜞ☿Ⱶ▪ ⅜ ⇔√  
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 ⅛╠⌂™≤ ⅎ√ ─  

   

1 ↕┘⇔⅛∫√ 3 
   

2 ⅛⌂⇔⅛∫√ 3 
   

3 ≤╡╙≥⇔√ 3 
   

4 ⌐∂™╤ 1 
   

5 ↕⅛⌂√∟ 1 
   

6 ╖ⅎ⌂™ 3 
   

7 ♪꜡♇ⱪ 1 
   

8 ╦∆╣≡™╢ 2 
   

9 ▬♁◑fi♅ꜗ◒ 1 
   

10 ╛ⅎ↨ↄ╠ 2 
   

11 №⅔™│ 2 
   

12 ─┘│∂╘╢ 2 
   

13 ≤╡⅛↔ 1 
   

14 │┌√⅝ 2 
   

15 ∑╪∑™ 2 
   

16 ↄ╤∏╪∞ 1 
   

17 ╙ⅎ╢╟℮⌂ 2 
   

18 ≈╛≈╛⇔™ 4 
   

19 ╛╦╠⅛∕℮⌐ 2 
   

20 └⅝≈↑√ 4 
   

 fi 2 94.90% 87.70% 80.80%ꜛ◦כ◄ꜞ◒꜠ 21

 ⱪ 1 94.20% 85.10% 68.80%♇◦כ♄כꜞ 22

23 ꜞ▪ꜟ♃▬ⱶ 1 80.70% 58.00% 39.50% 

24 ⱴכ◔♥▫fi◓ 2 77.20% 58.10% 38.90% 

25 ▪▬♪ꜞfi◓☻♩♇ⱪ 6 67.20% 50.50% 26.30% 

26 ▬♬◦▪♅Ⱪ 2 57.20% 27.40% 18.70% 

27 ▪☿☻ⱷfi♩ 2 62.70% 17.00% 10.30% 

28 ○Ⱨ♬○fi 1 36.70% 18.10% 9.30% 

 ⱷꜞ♇♩ 5 25.70% 13.40% 8.30%ꜟכ◔☻ 29

30 ●Ᵽ♫fi☻ 1 17.30% 6.80% 2.90% 

31 ▬fi◐ꜙⱬכ◦ꜛfi 3 10.00% 3.30% 2.00% 

5 ⅛╠⌂™≤ ⅎ√ ⅜™√ ≤ ⅎ√◌♃◌♫─╖ VIII  

  

 
VIII , ñ◌♃◌♫ ─ ה ה ( 14)ò 

,https://www.bunka.go.jp/tokei_hakusho_shuppan/tokeichosa/kokugo_yoronchosa/h14/katakana_shiyo.html, ( 2024-01-23) 

https://www.bunka.go.jp/tokei_hakusho_shuppan/tokeichosa/kokugo_yoronchosa/h14/katakana_shiyo.html
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4.1 A 

 A│⁸a ☻▬Ⱶכₑ≤ₐ↓↓╤ₑ⅛╠ ⇔√ 32─ ╩כ◌♇ꜝ♩▬▪⁸╩

⇔√ ≢ ⇔≡╙╠∫√⁹ ⇔√ ╩11~22 ↔≤⌐ ⇔⁸☻▬Ⱶ12│≢כ

⁸↓↓╤≢│13 ⌐typo╩ ─ ≢ ↓∆⁹ 

 ≢ ═√╟℮⌐⁸ 32─ ⁸☻▬Ⱶ6│≢כ ⌐⁸↓↓╤≢│8 ⌐♃▬ⱳ◓ꜞ☿

Ⱶ▪ ─ ╩ ≢⅝√⁹ 

 

 

4.1.1 ≤  

 1 №√╡⌐ ╗ ≤ ╩ ⇔√⁹ 

 

 

4.1.1-1 ☻▬Ⱶכ≢ ⇔√15⌐ ⇔⁸1 ∏≈1 №√╡─ ⇔⁸∕─

╩ ∫√╙─╩10 ⱪ꜡♇♩⇔√⁹ 

─ │⁸10─ ≢№╡⁸2.594565549 ch/s(character/second)≢№∫√⁹ 

-8

-6

-4

-2

0

2

4

6

8

10

12

0 1 2 3 4 5 6 7 8 9 10 11

№
√
╡
─

☻▬Ⱶכ
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4.1.1-2 ↓↓╤≢ ⇔√17⌐ ⇔⁸1 ∏≈1 №√╡─ ⇔⁸∕─

╩ ∫√╙─╩10 ⱪ꜡♇♩⇔√⁹ 

─ │⁸10─ ≢№╡⁸2.955360858 ch/s≢№∫√⁹ 

 

 

 ☻▬Ⱶכ─ │2.595 ch/s⁸↓↓╤─ ⅜2.955 ch/s≢№∫√↓≤⅛╠⁸↓↓╤─ ⅜

1 №√╡─ ⅜ ™↓≤⅜ ⅛╢⁹╕√⁸≥∟╠─◓ꜝⱨ─ ╣ ◓ꜝⱨ─ ⅜

⇔≡™╢↓≤⅛╠⁸ ₁─ ⌐│ ─ch/s⅜№╢↓≤⅜ ⅛╢⁹∕↓≢⁸ ↔≤

─ch/s⅛╠ ─ ╩ ⅝⁸ ⌡≡ⱪ꜡♇♩⇔√⁹( 4.1.1-3) 

 

4.1.1-3 
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 ↓─◓ꜝⱨ⅛╠│⁸ 4.1.1-1≤ 4.1.1-2⅛╠ ⅛╢↓↓╤─╒℮⅜ ─ ch/s

⅜ ⅝™≤™℮↓≤│⁸ ─ ⌂≥≢│ ↄ⁸ ─ ≢№╢≤™℮↓≤⅜ ⅛

╢⁹╕√ ≢ ═√╟℮⌐⁸╛│╡ ⌐ ─ch/s⅜№╡⁸∕╣╠⅜ ╗ ⌐│

╗ ⌐╟∫≡ ╩ ↑╢⅜⁸∕─ ─ ™│ ⌐╟╠∏⁸╖⌂ ⇔ↄ ╩

↑╢≤™℮↓≤⅜ ⅛╢⁹ 
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4.1.2 ♃▬ⱳ◓ꜞ☿Ⱶ▪─ch/s┼─  

 4.1.1≢│♃▬ⱳ◓ꜞ☿Ⱶ▪─↓≤│ ⌐ ╣∏⌐ ╩ ∫√⅜⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜

⅝√ ≤∕╣ ╩ ∆╢⁹♃▬ⱳ◓ꜞ☿Ⱶ▪─ ╩♃כ♦≢ ↑⁸∕╣∙╣─ ch/s

≢ ╩ ⇔√⁹ 

 

 

4.1.2-1 ♃▬ⱳ◓ꜞ☿Ⱶ▪⌐╟╢ch/s─ (☻▬Ⱶכ) 

 

 

4.1.2-2 ♃▬ⱳ◓ꜞ☿Ⱶ▪⌐╟╢ch/s─ (↓↓╤) 
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≈─◓ꜝⱨ⅛╠⁸ ⌐⅔↑╢ch/s─ │⁸♃▬ⱳ◓ꜞ☿Ⱶ▪ ≤∕╣ ≢

⅜ ⇔≡™╢⁹ ₁⌂ ⅜ ⅎ╠╣╢⅜⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ↓╢≤⅝│ ╩

╖ ┌⇔≡™╢√╘∕─ ─typo⅜ ™ ≢typo╩ ∆─⌐ ⅜⅛⅛∫≡⇔╕∫√↓

≤⌂≥⅜™ⅎ╢⁹ ⌐♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ∂√↓≤≢ ╩ ╖ ┌⇔ ↄ ─Ɑכ☺⌐

╪∞≤╙™ⅎ╢⁹ 

 ⌐♃▬ⱳ◓ꜞ☿Ⱶ▪ ≢Γ ╗ ↕Δ╩ ∆╢⁹ⱪ꜡♇♩ ─ │ ≢

№╢⁹ ─ │ ─ ≢№╢⁹( 4.1.2-3⌐⅔™≡♃▬ⱳ◓ꜞ☿Ⱶ▪ ─⅛⅛

∫√ ⅜ 7│23.51781249 ⁸ 14│33.52946329 ≤ ⅜ ⅝∆⅞╢√╘ ╣ ≤

⇔≡◓ꜝⱨ≢│ ⇔≡™⌂™⁹) 

 

4.1.2-3 ♃▬ⱳ◓ꜞ☿Ⱶ▪ ─ch/s─ (☻▬Ⱶכ) 

 

4.1.2-4 ♃▬ⱳ◓ꜞ☿Ⱶ▪ ─ch/s─ (↓↓╤) 
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 ≈─◓ꜝⱨ│ ╩♃▬ⱳ◓ꜞ☿Ⱶ▪ ─ch/s─ ─ ⁸ ╩♃▬ⱳ◓ꜞ

☿Ⱶ▪ ─ch/s─ ─ ≢ⱪ꜡♇♩⇔√╙─≢№╢⁹ⱪ꜡♇♩─ ─ │

≢№╢⁹♃▬ⱳ◓ꜞ☿Ⱶ▪ ≤ ↕∑≡™╢√╘ⱪ꜡♇♩≢⅝╢♦כ♃─ │

⌂™⅜⁸↓↓⅛╠ ╩ ℮⁹ 

 

4.1.2-5 EXCEL⌐≡ ╩ ∫√ (☻▬Ⱶכ) 

 

4.1.2-6 EXCEL⌐≡ ╩ ∫√ (↓↓╤) 
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 ╕∏⁸2≈─◓ꜝⱨ( 4.1.2-3,4.1.2-4)⅛╠│⁸☻▬Ⱶכ⌐⅔↑╢♃▬ⱳ◓ꜞ☿Ⱶ▪ ⇔

─ch/s│ 2-3ch/s─ ≢№╢ ⅜╦⅛╢⁹♃▬ⱳ◓ꜞ☿Ⱶ▪ ⌐⅔™≡│⁸ch/s

─ │1.5-4ch/s⌐ ⇔≡⅔╡⁸ ─ ╩ ™≢ⱪ꜡♇♩↕╣≡™╢↓≤⅛╠⁸♃▬

ⱳ◓ꜞ☿Ⱶ▪─ ≢ ∂ ≢╙ ╗ ↕⅜ ↄ╙ ↄ╙⌂╢↓≤╩ ⇔≡™╢⁹╕√⁸

│ ⅝ 0.38─ ⅜╡─ ⅜№╢↓≤⅜ ⅛╢⁹∕⇔≡↓↓╤⌐⅔™≡│⁸☻▬Ⱶ

≥כ ═ ─ ch/s─ ─ │ ⅝™⁹∕⇔≡ │☻▬Ⱶכ≤ ⅜╡─ 0.3

─ ≢ ↕╣⁸↓╣│♃▬ⱳ◓ꜞ☿Ⱶ▪─ ⌐╟╠∏⁸ ─ ╗ ↕│№╢ ─

─ ⅜ ╠╣╢≤™℮↓≤≢№╢⁹ ≤─ │☻▬Ⱶ2.5│≢כch/s⁸↓↓╤≢

│ 3.0ch/s⌐№╡↓─ ╩ ⌐ │ ∆╢⁹ ⌐ ═ ⌐ⱪ꜡♇♩↕╣≡

™╢ ⌐│⁸♃▬ⱳ◓ꜞ☿Ⱶ▪─ ≢ ╗ ↕│ ↄ⌂╡⁸ ⌐ⱪ꜡♇♩↕╣≡™╢

│♃▬ⱳ◓ꜞ☿Ⱶ▪⌐╟∫≡ ╗ ↕│ ↄ⌂╢⁹ 

 ⌐⁸2≈─ ( 4.1.2-5,4.1.2-6)─ ─ ⌐ ∆╢IX⁹ 

╕∏ (◓ꜝⱨ─ ─ ⅝)│☻▬Ⱶכ⅜ 0.383⁸↓↓╤≢│ 0.300≢№╡⁸↓╣

│♃▬ⱳ◓ꜞ☿Ⱶ▪⅜Γ ╗ ↕Δ⌐ ⅎ╢ ≤ ⅎ╢∞╤℮⁹⇔⅛⇔☻▬Ⱶכ⌐⅔↑

╢R ( )=0.272≢№╡⁸↓─ ─ │ ⅜ ™≤ ⅎ╢⁹↓↓╤≢│⁸R

=0.633≢№╡⁸ │╛╛ ↄ☻▬Ⱶכ⌐ ═╢≤ │ ╩ ∫≡™╢≤ ⅎ╢⁹╕

√↓╣│ F─ ⅛╠╙ ⅎ╢⁹☻▬Ⱶכ≢│F=0.367⁸↓↓╤≢│F=0.018≢№╡⁸↓↓

╤│ F⅜0.05╩ ∫≡™╢↓≤⅛╠⁸ ⌂ ≢№╢≤ ⅎ╢⁹ 

⌐⁸t ⅛╠♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⅎ╢ ╩ ∆╢⁹☻▬Ⱶכ≢│t=1.0593⁸↓↓

╤≢│t=3.217≢№╡⁸↓↓╤≢│t ─ ⅜2╩ ⅎ≡™╢√╘ ⌐↓↓╤│♃▬

ⱳ◓ꜞ☿Ⱶ▪─ │ ™ ⅜╦⅛╢⁹ 

⅛╠│⁸↓↓╤⅜╛╛ ─ ╩ ≈≤ ⅛╢⁹(R=0.780) 

 

 

 

  

 
IX DATA VIZ LAB, ₈ ≤│ ╛Excel≢─╛╡ ╕≢╦⅛╡╛∆ↄ ₉, 

https://data-viz-lab.com/regression-analysis, (  2024-01-24) 

https://data-viz-lab.com/regression-analysis
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4.1.3 ⱥכ♩ⱴ♇ⱪ⌐╟╢  

 A≢│⁸10×32Ɑכ☺(☻▬Ⱶ15כ +↓↓╤17)=320─ⱥכ♩ⱴ♇ⱪ╩

⇔√⁹[ A] 

 ↓↓≢│⁸∕─ ⅛╠♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⇔√ ⌐ ∫≡ⱥכ♩ⱴ♇ⱪ╩ ╡ →

╢⁹ 4⌐ ∫√ ≢ ∆╢⁹ 

 

  “ ЌϱЪϽзЈЬϯχṞΦθ  ЌϱЪϽзЈЬϯΥṞΦθ ῎ 

ІϱЬ˔ 1 
 

1  ΣϢΜι 

4 2  βωϣΰΜ 

5 2  ΣϜΰϧΜ 

7 1  ταΜϧ 

10 1  ϙΠσΜ 

14 1  ϩβϦοΜϥ 

άάϧ 2 1  ϞΠίΨϣ 

5 1  ρϤΤέ 

8 1  δϭδΜ 

9 2  Ψϧγϭι 

10 1  ϜΠϥϢΞσ 

15 4  ϋΦνΪθ 

16 2  ψαϛο 

17 2  ϛγϣΰή 

4 ♃▬ⱳ◓ꜞ☿Ⱶ▪ ⅜ ⇔√  
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ₐ☻▬Ⱶכₑ 

 ╕∏⁸ 1,4,5,7,10,14─ⱥכ♩ⱴ♇ⱪ╩ ∆╢⁹ 

4.1.3-1 1 
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4.1.3-2 4 
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4.1.3-3 5 

  



34 

 

 

4.1.3-4 7 
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4.1.3-5 

10 
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4.1.3-6 14 
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( ╢⌂≥♩♇◕כ♃│≢(4.1.3-1,4.1.3-2,4.1.3-3,4.1.3-4,4.1.3-5,4.1.3-6 ─

╩ ─Ⱳ♇◒☻≢ ╖⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⇔√ ─ⱥכ♩ⱴ♇ⱪ╩ ≢

╪∞⁹╕√typo( ─ ┘ ⅎ)⅜ ⅝⌂⅛∫√╙─│ ≢ ╪∞⁹ 

 

⅛╠ ⅛╢↓≤≤⇔≡│⁸ 1≤ 14 ─♃▬ⱳ◓ꜞ☿Ⱶ▪ │№╕╡

╩ ↑≡™⌂™↓≤⅜ⱥכ♩ⱴ♇ⱪ⅛╠ ⅛╢⁹╕√ ─ ⅜ ↄ │ ≢

√≤⅝⌐ ╡⅜№╢╙─⅜ ™⁹↓╣│ ≢└╠⅜⌂≤◌♃◌♫─╖─ ╩ ⇔

√√╘⁸ ╡ ⅜ ⅛╠∏ ╖⌐ↄ↕╩ ⇔≡™╢≤ ⅎ╠╣╢⁹╕√ │4

─ ≢♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⅝╛∆™↓≤≤⁸ ─ ╕╡─ ⅜ ↄ♃▬ⱳ◓ꜞ☿Ⱶ▪

╩ ↓⇔≡™╢≤ ⅛╢⁹ ≤ ─ ═╢≤ ≡™╢ⱥכ♩ⱴ♇ⱪ⅜ ↄ⁸♃▬ⱳ◓ꜞ

☿Ⱶ▪⅜ ⇔≡™╢ │⁸typo⅜ ⅝≡™⌂™ ≤ ™≤ ⅎ╢∞╤℮⁹∕⇔≡⁸

─⌂™♃▬ⱳ◓ꜞ☿Ⱶ▪╩ ≈↑√ⱥכ♩ⱴ♇ⱪ⌐ ∆╢≤╛│╡typo─№╢ ⌐

⅜ ╕∫≡™╢⁹↓╣│ ─ ┘ ⅎ╩ ∆╢√╘ ╩ ↑√⅛╠∞≤

ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

ₐ↓↓╤ₑ 

 ♃▬ⱳ◓ꜞ☿Ⱶ▪─ ⇔√ 2,5,8,9,10,16,17─ⱥכ♩ⱴ♇ⱪ╩⁸☻▬Ⱶכ≤ ∂

≢ ∆╢⁹ 

 ( ╢⌂≥♩♇◕כ♃│≢ ─ ╩ ─Ⱳ♇◒☻≢ ╖⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⇔

√ ─ⱥכ♩ⱴ♇ⱪ╩ ≢ ╪∞⁹╕√ typo(─ ┘ ⅎ)⅜ ⅝⌂⅛∫√╙─│

≢ ╪∞⁹) 
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4.1.3-7  

2 
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4.1.3-8 

5 
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4.1.3-9  8  



41 

 

4.1.3-10  9  



42 

 

 

4.1.3-11 

10 
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4.1.3-12 

15 

  



44 

 

4.1.3-13  16 
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4.1.3-14 

17 
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 ─ ( 4.1.3-7,4.1.3-8,4.1.3-9,4.1.3-10,4.1.3-11 4.1.3-12, 4.1.3-13,

4.1.3-14)⅛╠ ⅛╢↓≤│⁸☻▬Ⱶכ≤ ⌐♃▬ⱳ◓ꜞ☿Ⱶ▪ │№╕╡ ╩

↑≡™⌂™↓≤⅜ⱥכ♩ⱴ♇ⱪ⅛╠ ⅛╢⁹╕√ ─ ⅜ ↄ │ ≢ √

≤⅝⌐ ╡⅜№╢╙─⅜ ™⁹↓╣│ ─↓↓╤≢│└╠⅜⌂─╖─ ╩ ⇔√√

╘⁸◌♃◌♫⅜ ╕╣≡™√☻▬Ⱶכ≤ ═≡╙⁸ ╡ ⅜ ⅛╠∏ ╖⌐ↄ↕╩ ⇔

≡™╢≤ ⅎ╠╣╢⁹☻▬Ⱶכ≤ ═╢≤⁸ ─ ≢♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⇔≡™╢

╙─⅜ ™⁹↓╣│☻▬Ⱶ⁸⅜℮╒─╤↓↓╙╡╟כ ⅜ ╡╛∆™⅛╠∞≤ ⅎ╠╣

╢⁹╕√☻▬Ⱶכ╟╡╙♃▬ⱳ◓ꜞ☿Ⱶ▪─ ⅜ ⅛∫√⁹ ≢│1 ⌐4 ─

⅜♃▬ⱳ◓ꜞ☿Ⱶ▪ ╩ ⇔≡™╢⁹(15 ₈└⅝≈↑√₉)⁹∕⇔≡ 17─ ⁸8

⌐╕≤╕∫≡♃▬ⱳ◓ꜞ☿Ⱶ▪╩ ⇔≡™╢ │⁸⌂⌐⅛⇔╠─ ⅜№╢≤ ⅎ╠

╣╢⁹☻▬Ⱶכ≢│ ─ ⅜♃▬ⱳ◓ꜞ☿Ⱶ▪╩ ⅝ ↓∆ ⅜ ⅛∫√⅜⁸↓↓╤

≢│ ─ ⅜♃▬ⱳ◓ꜞ☿Ⱶ▪╩ ↄ ⇔≡™╢⁹ 
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4.2 B 
 

 ⅛╠⌂™≤ ⅎ√ ─  

   

1 ↕┘⇔⅛∫√ 3 
   

2 ⅛⌂⇔⅛∫√ 3 
   

3 ≤╡╙≥⇔√ 3 
   

4 ⌐∂™╤ 1 
   

5 ↕⅛⌂√∟ 1 
   

6 ╖ⅎ⌂™ 3 
   

7 ♪꜡♇ⱪ 1 
   

8 ╦∆╣≡™╢ 2 
   

9 ▬♁◑fi♅ꜗ◒ 1 
   

10 ╛ⅎ↨ↄ╠ 2 
   

11 №⅔™│ 2 
   

12 ─┘│∂╘╢ 2 
   

13 ≤╡⅛↔ 1 
   

14 │┌√⅝ 2 
   

15 ∑╪∑™ 2 
   

16 ↄ╤∏╪∞ 1 
   

17 ╙ⅎ╢╟℮⌂ 2 
   

18 ≈╛≈╛⇔™ 4 
   

19 ╛╦╠⅛∕℮⌐ 2 
   

20 └⅝≈↑√ 4 
   

 fi 2 94.90% 87.70% 80.80%ꜛ◦כ◄ꜞ◒꜠ 21

 ⱪ 1 94.20% 85.10% 68.80%♇◦כ♄כꜞ 22

23 ꜞ▪ꜟ♃▬ⱶ 1 80.70% 58.00% 39.50% 

24 ⱴכ◔♥▫fi◓ 2 77.20% 58.10% 38.90% 

25 ▪▬♪ꜞfi◓☻♩♇ⱪ 6 67.20% 50.50% 26.30% 

26 ▬♬◦▪♅Ⱪ 2 57.20% 27.40% 18.70% 

27 ▪☿☻ⱷfi♩ 2 62.70% 17.00% 10.30% 

28 ○Ⱨ♬○fi 1 36.70% 18.10% 9.30% 

 ⱷꜞ♇♩ 5 25.70% 13.40% 8.30%ꜟכ◔☻ 29

30 ●Ᵽ♫fi☻ 1 17.30% 6.80% 2.90% 

31 ▬fi◐ꜙⱬכ◦ꜛfi 3 10.00% 3.30% 2.00% 

4 ⅛╠⌂™≤ ⅎ√ ⅜™√ ≤ ⅎ√◌♃◌♫─╖  
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B≢│⁸42─ ─℮∟⁸31 ⅜ ⅛╠⌂™≤ ⅎ√ ⅜ ⇔√⁹ 

╕√ B╩ ∆╢⌐№√╡ ⅎ√ │⁸ ─ ≢ ⁸ ⁸

⅜ ↕╣≡™╢X⁹ 14─ ≢№╡⁸IT ⌂≥╙ ™√╘⁸ ≤│ ⌐

™⅜ ╠╣╢≤ ⅎ╠╣╢⅜⁸╛│╡ ⅜ ™ │⁸ ╩ ╠⌂™↓≤╛⁸

⌐ ╢ ⅜ ⌂™√╘ ─ ⅜ ⇔™≤ ⅎ╠╣╢⁹ 4─ ⅛╠╙⁸ ─

™ ⅜ ─ ╩ ≢⅝⌂™ ⅜ ™↓≤⅜ ⅛╢⁹ 

⌐ ⇔√ ─ ≤ ╩ ⇔√⁹ 

 

 

Ⱬ  ῎  

4 10 

5 10 

6 14 

7 4 

8 2 

9 1 

10 1 

4.2.1 ─  

 

 
X , ñ◌♃◌♫ ─ ה ה ( 14)ò, 

https://www.bunka.go.jp/tokei_hakusho_shuppan/tokeichosa/kokugo_yoronchosa/h14/katakana_shiyo

.html, ( 2024-01-23) 

 

https://www.bunka.go.jp/tokei_hakusho_shuppan/tokeichosa/kokugo_yoronchosa/h14/katakana_shiyo.html
https://www.bunka.go.jp/tokei_hakusho_shuppan/tokeichosa/kokugo_yoronchosa/h14/katakana_shiyo.html
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 4.2.1╟╡⁸ 10─ ╩ ╘√⁹ 

4.2.1 ≤  

 

 

 ↓─ ⅛╠⁸8 ─ ≢│⁸ │70 ≤⌂╡⁸10 ≢│40≤⌂

╢⁹╕√ ⅜ ⅎ╣┌ │ ⅜╢ ⅜№╢≤™ⅎ╢⁹↕╠⌐ ⅜ ─ ⁸

⇔∞↑ ⅜ ⅜╢ ⅜№╢⁹ 

  

0.88 0.9
0.83 0.85

0.65
0.7

0.4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

3 4 5 6 7 8 9 10 11

≤
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4.3 ◕▬☼ⱴ♇ⱪ⌐╟╢ ─  

 B≢│ │⁸1 ╩1Ɑכ☺↔≤ ⇔√√╘⁸ ─ ⅜ ↄⱥכ♩ⱴ

♇ⱪ─ ⌐│ ⅛⌂™√╘⁸◕▬☼ⱴ♇ⱪ╩ ⇔√⁹[ B] 

 ⇔⅛⇔◕▬☼ⱴ♇ⱪ│Minimum Fixation Duration╩60ms⌐ ⇔≡ ╩⅔↓⌂™⁸Ɑ

⌐☺כ ╕∫√ ⅜ ™≤ ⅜ ⌂╡ ⅜ ⇔ↄ( 4.3-1)⁸ ⅜ ↑╠╣≡™

⌂™Ɑכ☺≢╙ ⅜ ⇔™( 4.3-2)⁹∕─√╘⁸∆═≡─◕▬☼ⱴ♇ⱪ╩ ⇔√ ≢⁸

⅜ ╛∆™╙─∞↑╩ ⇔≡ ℮⁹ 

 ↕╠⌐♃▬ⱳ◓ꜞ☿Ⱶ▪ ⌐⅔™≡─ ≤ ╩ ℮√╘♃▬ⱳ◓ꜞ☿Ⱶ▪⅜

⇔√ ⅜2 ─ ⌐ ⇔≡ ╩ ℮⁹ 

 ₐ☻▬Ⱶכₑ≢│⁸ 4─₈∆┌╠⇔™₉⁸ 5─₈⅔╙⇔╤™₉⁹a ↓↓╤ₑ≢│⁸ 9

─₈ↄ╤∏╪∞₉⁸ 15─₈└⅝≈↑√₉⁸ 17─₈╘∏╠⇔↕₉⁹ 

 

  

4.3-1 ◕▬☼ⱴ♇ⱪ─ ⌂╡─  

 

4.3-2 ─ ⅜ ⌂∆⅞╢  
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4.3-3 ₈∆┌╠⇔™₉ 
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4.3-4 ₈⅔╙⇔╤™₉ 
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4.3-5 ₈ↄ╤∏╪∞₉ 



54 

 

3.4-6 ₈└⅝≈↑√₉ 
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3.4-7 ₈╘∏╠⇔↕₉ 
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 ↓╣╠─◕▬☼ⱴ♇ⱪ⅛╠ ⅛╢↓≤│⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⇔≡™╢ ≢│⁸♃

─♩♇◕כ ┼─ ⅜ ™≡™⌂™↓≤⅜ ↄ ≤─ │ ≢№∫√⁹╕√

─◕▬☼ⱴ♇ⱪ⌐ ⇔≡ ⅎ╢↓≤∞⅜⁸ ╙ ╖ ⇔≡™╢ ⅜◕▬☼ⱴ♇ⱪ

⅛╠ ⅛╢⁹╕√⁸ ⌐ ⌐⅔™≡∕─ ─ │ ⌐⌂∫≡™╢↓≤⅜ ™⁹∕⇔

≡ ╛ │ ⅜ ⅝⌐ↄↄ⁸∕╣⅜♃▬ⱳ◓ꜞ☿Ⱶ▪─ ╩ ↕∑≡™╢≤

╙ ⅎ╠╣╢⁹ ─╖─ ─ ⅜ ™√╘⅛ ╙ ╩ ∆⁹ ⅜№╢≤

∞↑╩ ⇔≡™╢↓≤│№╕╡ ↄ⌂ↄ⁸ ╛ ╩ ⇔≡™╢⁹ 

  



57 

 

5   

 ≢│♃▬ⱳ◓ꜞ☿Ⱶ▪─ ╩ ≢⅝⌂™↓≤⅜ ⅝⌂ ≢№∫√⁹╕√

│ ꜠ⱬꜟ╩ ⅎ╢↓≤≢♃▬ⱳ◓ꜞ☿Ⱶ▪─ ⌐ ╩ ⅎ╠╣╢─≢│⁸≤

ⅎ≡™√⅜ ╩ ⇔≡ ─꜠ⱬꜟ╩ ⌐ ∆╢↓≤│ ⇔™≤ ⅛∫√⁹

≢│⁸ ⌐⅔™≡ ꜠ⱬꜟ╩ ⌐ ⇔≡™√╙─╙№∫√⅜⁸ ≢│└╠

⅜⌂≤◌♃◌♫⁸↕╠⌐ ╙№╡∕℮ ↄ│™⅛⌂⅛∫√⁹ 

 ≤⇔≡⁸ ♩♇◕כ♃─32 ♩♇◕כ♃─⁸14∟℮─ ≢♃▬ⱳ◓ꜞ☿Ⱶ

▪⅜ ⇔√⁹↓╣│ ⇔≡™√ ╟╡ ↄ⁸ ™ ≢№∫√⁹⇔⅛⇔ 1 №√

╡ 1 ─ ⇔⅛♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⇔≡™⌂™↓≤╙ ↄ⁸ ⌐⅔™≡⁸

─√╘⌐ ┘ ⅎ─ ╛ ╩ꜝfi♄ⱶ⌐ ⇔≡™√↓≤≢⁸ ∂ ╩ ╪∞

⅜ ⌂ↄ⌂╡ │ ⇔⅛∫√⁹ 

 4.1.1≢│ₐ☻▬Ⱶכₑ≤ₐ↓↓╤ₑ─ ≤ ⅛╠ ⌂≥╩ ⇔√⅜⁸2≈

─ ─ ╖╛∆↕≤™℮ ≢│⁸ ch/s(10─ ch/s ☻▬Ⱶ2.595:כ ch/s ↓↓

╤:2.955 ch/s)╩ ∆╢↓≤≢⁸a ↓↓╤ₑ─╒℮⅜ ╖╛∆™≤ ⅎ╢∞╤℮⁹↓╣│

⅜ ⇔≡™╢≤ ⅎ╠╣╢⁹ ─ ⁸1.1 ≢ ═√ⱪꜝ▬Ⱶfi◓ [2]⅜

⇔≡™╢≤╙ ⅎ╢∞╤℮⁹ ↄ ─ ╩ ⇔⌂⅜╠ ╖⁸ ╗ ↕│ ╕∫≡™∫

√─≢│ ™∞╤℮⅛⁹ ⌐☻▬Ⱶכ│ ─ ™ ⌂ ─ ⅜ ↄ⁸ ⌂

≤⇔≡ ⇔√☻▬Ⱶכ⅜╟╡ ─ ™ ∞≤ ⅛∫√⁹∕╙∕╙☻▬Ⱶכ│

⅜ ≢№╡∕╣╩ ⇔√╙─≢№╢√╘⁸ ≤⇔≡│ ⌂≥⌐ ⅜№╢≤

─♩♇◕כ♃⁹╢№╙╤↓ ╩ √≤⅝│☻▬Ⱶכ─╒℮⅜ ≢ ⌂ ⅜ ™√╘⁸

╗ ↕╙ ↄ⌂╢≤ ⅎ≡™√─≢⁸ ⌂ ≢№∫√⁹ 

╕√ 4.1.1-3─ │ ⌐ ™≤ ⅎ╢⁹a ☻▬Ⱶכ ≤ea ↓↓╤ ─e ─

ch/s╙ ─ch/s╙ ∂ ⌂≥ ↄ⁸ ₁⌂ ⌐╟∫≡ ⅜ ↄ ℮⁹⇔⅛⇔⁸

─ ─ ch/s⅛╠ ─ ch/s╩ ™√ ⅜⁸╒╓ ∂ ≤⌂╢⁹↓

╣│ ⌐ ╢⅜⌂™ ─Γ ╗ ↕Δ(ch/s)⅜ ⇔≡™╢↓≤≤⁸a ☻▬Ⱶכₑa ↓

↓╤ₑ⅜ ⌐ ⅎ╢Γ ╗ ↕Δ┼─ │ ╡⌂ↄ ≢№╢≤™℮ 2≈─↓≤⅜

ⅎ╢⁹ ─ ch/s│ ─ ╛ ⁸ ─ ⌐ ∆╢≤ ⅎ╠╣╢⁹

⅜ ch/s⌐ ⅎ╢ ─ ™( ─ ⇔↕)╩ ∆╢↓≤│ ╩ ₁ ⅎ√⅜ ╒

≥╙ ═√╟℮⌐ │⁸└╠⅜⌂⁸ ⁸◌♃◌♫⅜ ╦╣≡™╢⌂≥─ ≢ ™

│ ≈⅛╠⌂⅛∫√⁹ 

 4.1.2≢│⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⌐╟╢ch/s─ ╩ ═√⅜⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⅝≡™

╢ ≢│ │ ╖ ┌⇔╩ ∫≡⅔╡⁸ ™ ╪≢⇔╕℮≤⌂⅛⌂⅛ ℮─│

⇔™⁹↓╣│ ≢™℮≤↓╤─Ɫ꜡כ (Edward Thorndike,1920)╛ⱪꜝ◦כⱲ

(Henry K. Beecher,1955)⌂≥─ ™ ╖⌐ ™⁹╕√₈⅝∫≤↓─ │↓─╟℮⌂ ≢↓─

╟℮⌂ ⅜ ╢₉≤ ™ ╪≢™╢≤⅝─╒℮⅜♃▬ⱳ◓ꜞ☿Ⱶ▪│ ⇔╛∆™≤ ⅎ

╠╣╢⁹ ⌐⁸ ∫≡™√╙─≢│ ⅛∫√ ( A≢─typo⌐ ≠™√ )│⁸
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≢№╡⁸ ≠ↄ≤⅝│ ∞≤ ⅎ╠╣╢⁹∕─√╘ 4.1.2-1≤ 4.1.2-2─ ─╟℮⌂

⅜ ╕╣╢─≢│ ™∞╤℮⅛⁹ 

4.1.2-3≤ 4.1.2-4╕√∕↓⅛╠─ ─ ⅛╠│⁸a ☻▬Ⱶכₑ│╛│╡ ─

⅛╠ ⌐┤↕╦⇔ↄ⌂⅛∫√≤ ⅛∫√(R ( )=0.272)⁹ ⅜╕∏a ☻

▬Ⱶכₑ⅛╠│∂╘√↓≤╙ ⇔≡™╢⅛╙⇔╣⌂™⅜⁸♃▬ⱳ◓ꜞ☿Ⱶ▪│ ╩ ╓

∑⌂⅛∫√⁹a ☻▬Ⱶכₑ≤ₐ↓↓╤ₑ─ ╒≥─ ⅜ ≤ ∆╢↓≤≢⁸♃▬ⱳ

◓ꜞ☿Ⱶ▪─╒℮⅜ ╗ ↕⅜ ↄ⌂∫≡™╢⁹↓╣│ ╗ ↕⅜ ™ ╒≥ ≢№╡⁸

typo⌐ ≠⅝⌂⅜╠☻ꜝ☻ꜝ ╪≢™╢ ≤⁸typo⌐ ≠⅛∏⌐☻ꜝ☻ꜝ ╪≢™╢

╩ ═╢≤ ─╒℮⅜ ≢№╢≤™℮↓≤≢№╢⁹⇔⅛⇔ ╗ ↕⅜ ™ ≢│∕─

⅜ ⌐⌂∫≡™╢√╘⁸typo⌐ ≠⅝⌂⅜╠ ∫≡ ╩ ╪≢™╢ ╟╡⁸typo⌐

≠ↄ↓≤⅜≢⅝∏⌐ ╖ ┌⇔≡™╢ ─╒℮⅜ ™≤ ⅎ╢⁹ ⅛╠│⁸a↓↓╤ₑ

⌐⅔™≡♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ╗ ↕⌐ ╩ ⅎ≡™╢≢№╤℮≤™℮↓≤⅜╦⅛∫√⁹ 

4.1.3─ⱥכ♩ⱴ♇ⱪ⅛╠─ ≢│ ₁⌂↓≤⅜ ⅛∫√⁹⇔⅛⇔∕─≥╣╙⅜ ⇔≡

™√↓≤─ ↑≤⌂╢╙─⅜ ⅛∫√⁹♃▬ⱳ◓ꜞ☿Ⱶ▪ ─ │typo─⌂™

⇔™ ╩ ╪≢™╢≤⅝─ ⌐ ⇔≡™╢≤ ⅎ╢⁹╕√ ─╟℮⌐20

─ ⅜ ↕╣╢≤ ╩ ╪∞ ≢∕─ ⁸ ─ │ ⌐ ╕╢↓≤⅜ ↄ⁸

∕╣⅜ typo≢№∫√╡⁸ ─ ╖⌐ↄↄ ─ ╡⅜ ⅛╡⌐ↄ™≤↓╤∞∫√╡⇔√⁹

╕√ ⁸ │ ⅜ ⅝⌐ↄↄ⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⇔╛∆™⁹↕╠⌐⁸♃▬ⱳ◓

ꜞ☿Ⱶ▪⅜ ⇔√ ─ ┘ ⅎ╩ ≡╖╢≤⁸ ─ ⅜ ⌂™ ╛⁸ │

ↄ≤╙ ⇔√ ∞↑⅜ ┘ ╦∫≡™╢Ɽ♃כfi⅜ ™≤ ⅛╢⁹ ≢ ↄ─

≤ ╣ ⅎ√ ≢│♃▬ⱳ◓ꜞ☿Ⱶ▪│ ⇔⌐ↄↄ⌂╢─∞╤℮⁹↓╣⌐≈™≡│₈

╩ ╣ ⅎ╢ ⌐│⁸ ↄ─ ⅜ ╣ ╦∫≡™╢ ⅜ ↄ─ ≤ ╣ ╦∫≡™╢

╟╡╙ ╖╛∆™ ⌐№╢₉≤™℮ ─ [16]╛₈ ╩ ╗≤⅝⌐ ─

⌐№╢ ≤ ⇔╛∆™₉≤™∫√↓≤⅜ ⅛╣≡™╢ [17]⅛╠╙⁸╛│╡ ╩ ╣

ⅎ╢⌐│ ⇔√ ≢ ╣ ⅎ╢═⅝∞≤ ⅛╢⁹ 

B≢│⁸2.2─ ≢ ⇔√╙─≤ √ ╩ ╢↓≤⅜≢⅝√⁹ ≢│

─ ∂™ↄ≈⅛─ ╩ ™≡ ╩ ∫≡™╢↓≤╛⁸↕╠⌐ ╛ ╣ ⅎ ╩

⇔≡ ╩ ≢⅝╢ ≢ ╟╡╙ ╣≡™╢≤ ⅎ╢∞╤℮⁹ ≤⇔≡│⁸4

≢∆╠⁸ │100⌐ ⅛∏⁸ ╩ ╣ ⅎ╢ ─ ─ ╩ ∆╢↓≤│

≢│ ™≤ ⅎ╢⁹╕√ ─ ⌐ ↄ⁸8 ─ ≢│⁸ │ 70

≤⌂╡⁸10 ≢│40≤⌂╢≤ ⅛∫√⁹↕╠⌐⁸5,7,9≤ ─ ⁸

⅜ ⇔∞↑ ∆╢≤™℮ ™ ╙ ⅛∫√⁹↓╣⌐≈™≡│⁸ ┘ ⅎ╠╣╢

╙ ⌐⌂╢↓≤≢ ⇔╛∆ↄ⌂╢ ⅜ ⌂√╘⁸╟╡ ─ ╩ ╛⇔≡

╩ ⅛╘√™⁹ 

◕▬☼ⱴ♇ⱪ─ ≢│⁸◕▬☼ⱴ♇ⱪ─ ™⅜ ⇔ↄ ⌐ ╩⇔√⁹∕⇔≡ ∞

↑─≤⅝≤⁸ ─ ┼─ │ ↄ ℮≤™℮↓≤⅜ ⅛∫√⁹ ∞↑─

( B)│⁸ ⅎ╠╣√ ⅜ ⇔⅛ ™√╘⁸ ╙ ╩ ⇔≡™╢⁹╙⇔ↄ│
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⌐ ╩ ⇔╒╓ ╢↓≤⌂ↄ ∆╢⁹⇔⅛⇔ ≢│⁸ ╖ ┌⇔⁸∕─

∫≡⅝≡ ─ ╩ ╙ ∆╟℮∞⁹ ╩ √ ⁸ ⅛╠ ┼─ ─ ⅝

─ ↕⌐ ™√⁹ ╩ ╖ ╢↓≤⌂ↄ ⇔∞↑ ─ ╩ ⇔≡™√╡⁸ ╙ ∆

╢╟℮⌐ ⇔√╡≤ ₁∞⁹╕√⁸ ∞↑─◕▬☼ⱴ♇ⱪ≢╒≤╪≥ ⅜⌂™◕

▬☼ⱴ♇ⱪ⅜ ≢⅝√╟℮⌐⁸ ⌐⅔™≡╙⁸ ⌐╟∫≡│ ╩ ↑╢↓≤⌂

ↄ⁸ ╖ ┌⇔≡™╢ ╙ ⇔√⁹ 

⁸ ▬♃ꜞ▪ ⅜ ≢№╢ (10)⅜™√⅜⁸╛│╡ ╗ ↕│ ↄ⁸ ─

⅝╙ ╩ ⌐ ╢≤ ∫√ ╩ ≤∆╢ ≤│ ↄ ℮ ⅜ ╠

╣√⁹ ⌐♃▬ⱳ◓ꜞ☿Ⱶ▪│ ⌐ ╣ ⇔╖⁸ ™ ╖≢ ╖ ┌∆≤™℮╙─≢№

╢√╘⁸ ─ ™│ ≢│ ⌂ ⅜№╢≤™ⅎ╢∞╤℮⁹ 
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6  ≤ ─  

╩כ◌♇ꜝ♩▬▪⁸│≢  ™≡⁸typo╩ ╪∞ ╩ ╖⁸ ─ ╛ ╗ ↕

─ ╩ ═√⁹╕√ ⌐ ™√ │ ꜠ⱬꜟ≢™℮≤⁸ ꜠ⱬꜟ─╙

─(☻▬Ⱶכ)≤⁸ ꜠ⱬꜟ─╙─(↓↓╤)╩ ™╢↓≤≢ ♩♇◕כ♃⌐╠↕⁹√⇔

≤⇔√ │⁸ ─⌂™ ─╖─ ≢typo╩ ↓⇔ ╩ ∫√⁹ 

 2≈─ ─ ╛ ⅛╠│⁸ │ ─Γ ╗ ↕Δ(ch/s)╩ ∫≡™╢

≤™℮↓≤≤⁸a ☻▬Ⱶכₑa ↓↓╤ ≤e™∫√ │⁸∕─ ↔≤≢ ⌐ ⅎ╢Γ ╗

↕Δ┼─ ⅜ ≢№╢≤™℮ 2≈─↓≤⅜ ↑╠╣√⁹╕√⁸ ⌐⅔™≡│

ₐ↓↓╤ₑ─ ⅜ₐ☻▬Ⱶכₑ╟╡╙ ╖╛∆ↄ⁸ ╛ ꜠ⱬꜟ≤ ─ ╖╛∆↕│

⇔⌂™↓≤⅜ ⅛∫√⁹ │⁸╟╡ ⌂ ─ ╖╛∆↕─ ╩ ⇔√

™⁹ 

 ♃▬ⱳ◓ꜞ☿Ⱶ▪ ≤⇔≡│⁸ 32─ ⁸a ☻▬Ⱶכₑ≢│6 ⁸a ↓↓╤ₑ≢│8

≤ 14 ≢♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ∂√⁹╕√⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⌐╟╡⁸ ╗ ↕│ ↄ

⌂╢⁹⇔⅛⇔ₐ↓↓╤ₑ⌐⅔™≡│⁸ ∂ ╩ ╗≤⅝♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ∂⌂™ ⌐

⅔™≡ ╗ ↕⅜ ™ ⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ∂≡™╢ ≢│ ╗ ↕⅜ ™↓≤⅜

⅛∫√⁹( 4.1.2-4) 

 ╕√⁸ ╩ ∫√ ⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ╩ ╗ ↕⌐ ╩ ⅎ╢↓≤│

≤│ ⅎ∏⁸ ⌂ ≤⌂∫√⁹⇔⅛⇔ ™ ⅜ ╠╣ ⌐│ ≤│ ⅎ⌂

™⅛╙⇔╣⌂™⅜⁸a ☻▬Ⱶכₑ╟╡╙ₐ↓↓╤ₑ─╒℮⅜ ⅎ╢ ─ ™│ ⅝™↓≤

⅜╦⅛∫√⁹♃▬ⱳ◓ꜞ☿Ⱶ▪─ │ ≢№╡⁸∕─ ╩ ╢↓≤│ ⇔™√

╘⁸ ─Ɽ♃כfi╛ ═√™ ⅜ ⅎ╣┌ ⅎ╢╒≥⁸ ⌂ ≤ ─ ⅜

≢№╢↓≤╙╦⅛∫√⁹ │⁸ ┘ ⅎ╛typo─ ╩ꜝfi♄ⱶ≢│ ↄ ⌐

∆╢↓≤≢⁸ ╩♃כ♦⌂ ╣╢╟℮⌐⇔√™⁹ 

╩כ◌♇ꜝ♩▬▪  ™⁸ ⇔√ⱥכ♩ⱴ♇ⱪ⅛╠│⁸♃▬ⱳ◓ꜞ☿Ⱶ▪ ─

│╕↕⌐ ╖ ┌⇔≡™╢ ⅜ ↄ⁸∕╣│typo─⌂™ ⌂ ─ⱥכ♩ⱴ♇ⱪ≤

⇔≡™╢↓≤⅜ ⅛∫√⁹╕√ ⁸ │ ⅜ ⅝⌐ↄↄ⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⇔

╛∆™⁹↕╠⌐⁸♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ⇔√ ─ ⅛╠│⁸ ─ ⅜ ⌂™

╛⁸ ⅜ ™ │ ⇔√ ∞↑⅜ ┘ ╦∫≡™╢Ɽ♃כfi≢♃▬ⱳ◓ꜞ☿Ⱶ

▪⅜ ⅝╛∆™≤ │כ◌♇ꜝ♩▬▪⁹√∫⅛ ╠╣╢ │ ⇔⅝╣⌂™╒≥ ≢№

╢⅜∕─ ⅜ ∞≤ ⅛∫√⁹ ≢─ ─ ⅝│ ⌂ ╩ ∫√╙─

│ ⌂ↄ⁸∕─ ≡╩ ∆╢↓≤│ ∞⇔™ ─♃כ♦⁹╢⅛⅛⅜ ─ ╩╙∫

≤ ┘⁸ ⌐ ⅛⇔√™⁹ 

 ─╖─ ⅛╠│⁸ ─ ⌐ ⅎ⁸4 ─ ╙ ↄ─ ╩ ⇔√≤

↓╤⁸ │100⌐ ⅛∏⁸ ╩ ╣ ⅎ╢ ─ ─ ╩ ∆╢↓≤│ ≢│

™≤ ⅎ╢⁹8 ─ ≢│⁸ │70 ⁸10 ≢│40≤⌂╢≤ ⅛∫√⁹

↕╠⌐⁸5,7,9≤ ─ ⁸ ⅜ ⇔∞↑ ∆╢≤™℮ ™ ╙
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⅛∫√⁹∕⇔≡ ─ ≤─ ⌐╟╡⁸ ⌐╟╠∏♃▬ⱳ◓ꜞ☿Ⱶ▪⅜ ↓

╢↓≤≤⁸╛│╡ ⅜ ™╒℮⅜♃▬ⱳ◓ꜞ☿Ⱶ▪─ │ ⅜╢≤™℮↓≤⅜

∫√⁹ ─♩♇◕כ♃╡╟⁸│ ╩ ╛⇔ ╩ ™√™⁹ 

 ◕▬☼ⱴ♇ⱪ⌐╟╢ ─ ≤ ─╖≢─ ⅛╠│⁸ ─╖─ ─ ─

│ ╩ ╗≤⅝≤│ ─╙─≢№╢↓≤⅜╦⅛∫√⁹ ⅜№╢↓≤≢ ⌐ ↑

╠╣╢ ─ │ ↕╣╢ ⌐⁸ ─ ⌐ ⇔≡│⁸ ╡ ⇔ ╩ ∆↓≤

≢ ╩ ∆╢─≢№╢⁹╕√ ⇔≢ ⌐ ╩ ∆╢ ╙ ↄ⁸↓─№

╕╡⌐╙ ™ ≢─ ─ ⁸ ╩ ═╢∞↑≢│ ─ⱷ◌♬☼ⱶ│

∆╢↓≤⅜ ⌂⅛∫√⁹╟╡◕▬☼ⱴ♇ⱪ─ⱪ꜡♇♩╩ ™ ≢ ╩∆╢⅛⁸

⌂≥╩ ═ ⌐ ∆╢ ⅜№╢≤ ⅎ√⁹ 

 ╩ ⇔≡⁸♃▬ⱳ◓ꜞ☿Ⱶ▪─ (╟╡ ⇔╛∆ↄ∆╢√╘─ )│⁸

─ ≤ ─ │ ⅎ⌂™↓≤⁸ ┘ ⅎ√ ⅜ ─ ╩ ≈ ⌐│⌂╠⌂™╟

℮⌐∆╢↓≤⌐ ⅎ⁸ │ 4⅛╠ 7 ≢⁸ ╛ ─ ⌐ ⇔≡ ⇔√ ≢

┘ ⅎ╩ ™⁸ ⅜ ⅛╡╛∆™ ≢№╢↓≤⅜ ∞≤ ⅛∫√⁹ 

 ≢│⁸ ─╟℮⌐ ╩ ╗↓≤⌐ ╩ ↑√ ≢─ ╩ ═√⅜⁸

≢ ∫√ⱷ●Ⱡ ┌╣№⅜כ◌♇ꜝ♩▬▪─ ≢─Γ ╗Δ≤™℮ ╩

∆╢↓≤⅜≢⅝╢⁹ ≢│ ↄ⁸ ─ ╩ ╡ ╗ ╩ ∆╢↓≤≢╟╡

⌐ ™ ⅜♃כ♦⌂ꜟ▪ꜞ─≢ ╠╣╢≤ ⅎ╠╣╢⁹┤≤⇔√ ─Γ ╖Δ╩ ─

≤⇔√™⁹ 
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7   

╩ ╘≡™ↄ ≢⁸Ⱶ◔꜠♇♩ ─ ⌂ ╩ ╡╕⇔√⁹ ⅛╠ ™√⇔

╕∆⁹ ─ ╛ ⌂ ⅜№∫√⅛╠↓∕⁸↓─ ╡≤√⌐ⱴכ♥ ⅝ ╩ ∆

╢↓≤⅜≢⅝╕⇔√⁹ ⌐№╡⅜≤℮↔↨™╕∆⁹ 

─ ⌐│ ≢ ⇔√ iMotions≤ pupil 

individual glasses╩ ⇔≡™√∞⅝╕⇔√⁹∕╣∞↑≢│⌂ↄ⁸ ⌐⌂∫≡ ⌂▪♪Ᵽ▬

☻╛ ╕⇔─ ╩™√∞⅝╕⇔√⁹ ⌐№╡⅜≤℮↔↨™╕∆⁹ 

 ∕⇔≡ⱪ꜡◓ꜝⱵfi◓╩│∂╘⁸ ↄ─ ╩ ⅝⁸ ╙ ⌐ ∫≡ↄ∞↕∫√

─ ↕╪⌐╙ ⌡≡ ⇔ →╕∆⁹ ⅛╠ ╕≢ ─ ╩ ⅎ≡ↄ

∞↕╡ ⌐№╡⅜≤℮↔↨™╕∆⁹ 

 ╕√⁸ ─ ↕╪⁸ ↕╪╩│∂╘≤∆╢ ─ ↕╪≤╙⁸ ─♀Ⱶ

╩ ⇔≡ ↄ─ ╩ ╦⇔╕⇔√⁹№╡⅜≤℮↔↨™╕∆⁹ 

 ⌐│⌂╡╕∆⅜⁸ ─ ╩ ∆╢⌐№√╡ ⇔≡ↄ∞↕∫√ ─ ⁸

╟╡ ⇔ →╕∆⁹ ⌡≡⁸ ─ ↕╪⁸ ↄ╠ ↕╪⌐│ ⌂

◘ⱳכ♩╛ ⅜ ⅝ ╕∫√ ─ ⌐ ∫≡™√∞⅝╕⇔√⁹ ⌐№╡⅜≤℮↔↨™

╕∆⁹ 

╘≡⁸↓─ ⌐ ╦∫≡ↄ∞↕∫√ ⌐⁸ ─ ╩ ⇔╕∆⁹ 
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A ⱥכ♩ⱴ♇ⱪ  

A≢ ⇔√⁸10×32Ɑכ☺(☻▬Ⱶ15כ +↓↓╤17)=320─ⱥכ♩ⱴ♇

ⱪ╩ ∆╢ 

 ┘ │⁸ ─≤⅔╡≢№╢⁹ 

 

 

ᾓּי ‹ ІϱЬ˔ άάϧ 

1 15 17 

2 15 17 

3 15 17 

4 15 17 

5 15 17 

6 15 17 

7 15 17 

8 15 17 

9 15 17 

10 15 17 
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