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1   

1.1. │∂╘⌐ 

 │ ◖Ⱶꜙ♬◔כ◦ꜛfi─ ≤⌂╢ ⌂ ╩ ╗▬fi♃כⱨ▼▬☻

≢№╢⁹ │ ─ ⅛╠ ╛ ≤™∫√ ╩ ╖ ╢∞↑≢⌂ↄ ∕─

⅜ ⌐≤∫≡ ⅛ ה ⅛ ⌐ ⌐┤╢╕℮ ⅜№╢⅛

⌐ ∆╢⅛⌂≥─ ╩ ╖ ╡ ∕─ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹↓─╟℮

⌂ │ ─℮∟⌐ ⌐ ╩ ╓∆⁹ ⅎ┌ ⌂ ╩ ≈ │

⌐⅔™≡ ≢№╡ ╛ ⌐≈™≡╙ⱳ☺♥▫Ⱪ⌐ ╙╠╣╢ Dion et 

al., 1972; Rhodes et al., 2005; Ritts et al., 1992⁹↕╠⌐ ≢│ Liang et al., 2015

╛ ה ┼─ ⅜ ╕╡ Saeed & Abdulazeez, 2021─

│ 2028⌐│1603,487♪ꜟ⌐ ∆╢≤ ↕╣╢⌂≥ Medical Aesthetics Market 

Forecast to 2028 - COVID-19 Impact and Global Analysis By Product ; Application ; End User, 2021

ה ─ ⅛╠│ ╩ ↕∑╢ ┼─ ⅜ ╕∫≡™╢⁹∕─ ≢

⌐ ∆╢ ה ╩ ∆╢₈ꜟ♇◐☼ⱶ₉⌐ ∆╢ ⅜ ╠↕╣╢⌂≥ Adomaitis 

et al., 2017⌐ ∆╢ ≤⇔≡─ ╙ ⇔≡™╢⁹∕─√╘ ─

⌐ ∆╢ ╩ ∆╢↓≤│ ↓╣╠─ ⌂ ≤ ⌐ ∆╢√╘⌐╙

⌂ ─ ≈≢№╢≤ ⅎ╢⁹↓─╟℮⌂ ⌐ ⇔ ⌐⅔↑╢

│ ╩ ⌐ ⌂≥─ ≤ ⌐↓╣╕≢

↕╣≡⅝√⁹↕╠⌐ ≢│ ⌂◖fiⱧꜙכ♃ ─ ⌐ ™ ⌂⅔ ╩ ↑

≡™╢ ≢№╢⁹ 

╩ ∆╢ ⌐≈™≡│ ∕─ ╩ ∆╢ │ ─ ╛ ─ ─

⌐ ∆╢↓≤╩ ≤⇔√₈ ╠╣╢ ₉ ─ ≤ ∕─ ─ ╩ ℮ ─ ─

╛ ⌐╟∫≡ ∂╢ ≤∕╣╩ ∆╢ ↕╠⌐│ ─

ⱷ◌♬☼ⱶ╩ ∆╢₈ ╩ ╢ ₉ ─ ─ ≈─ ⅛╠ ⅜ ╘╠╣≡⅝√⁹≥

∟╠─ ╙ ⌂▪ⱪ꜡כ♅╩ ≤⇔≡ ⅜⌂↕╣≡⅝√⅜ ₈ ╠╣╢ ₉

─ ≢│ ╩ ™√ ⌐≈™≡╙ ╪⌐ ╦╣≡⅔╡ ₈ ╩ ╢ ₉

─ ≢│ ה ╛ ⌐╟╡ ⅜ ╪≢™╢⁹

≢│ ↓╣╠ ≈─ ⅜ ⇔≡⅝√ ╩ ∆╢⁹ 
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1.2. ╠╣╢ ─  

╠╣╢ ─ │ ╛ ⌐╟╡ ╩ ∆╢ ⌐

≈™≡ ↄ─ ⅜ ↕╣≡⅝√⁹ ≢│ ⌐ ⅜⌂↕╣≡⅝√

─ ⌐≈™≡ ∆╢⁹ 

 

1.2.1. ╩ ∆╢  

 ╩ ∆╢ │ ⌐ ─ ≤ ⌂≥─ ─ ─ ⌐ ⅛╣╢⁹

│ ╛ ≤™∫√ ─ Ɽכ♠─◘▬☼╛ ⌐ ⅎ ─ꜝfi♪ⱴכ◒

─ Ɽכ♠─ ╩ ⌐ ↕╣╢ ╛ ⁸ ⅛╠ ╠╣╢ ⌐

≈™≡ ⅜ ╘╠╣≡⅝√⁹╕√ ⌂≥─ ─ ─ ⌐⅔™≡│ ╩ ™√

≢│ ≤⇔≡ ↕╣≡ ╦╣╢↓≤⅜ ™⁹↓↓≢│ ↓─ ≤ ⌐

∆╢ ⌐≈™≡ ∆╢⁹ 

 

1.2.1.1. ╩ ∆╢  

≤│ ⌐ ⌂ ╩╙∟ ⅜ ↕╣ ⅜ ≠↑╠╣≡™

╢ ─↓≤╩ ∆⁹ ⌐ ⅛╠ ∂╠╣╢ ─↓≤╩ ≤ ┬⁹ ─

≢№╢ ≤™∫√Ɽכ♠⌐╟╢ ⌐ ⅎ≡ Terry & Davis, 1976─

│ ─ ⌂ ≢№╢↓≤⅜ ╡ ⇔ ↕╣≡™╢ Little et al., 

2011; Little, 2014; Rhodes, 2006; Thornhill, 1999⁹╕√ ─ ⅜╡╛ ─ ⅜╡≤™∫√

─ ≤─ ╛ Nakamura et al., 2020ↄ≡ ™ ↄ≡ ⅛⌂ ™

™ ⌂≥─ ≤─ ╙ ↕╣≡™╢ Windhager et al., 2011⁹ ⅝™ ↕™

─ ╢↕╙ ⌂ ≢№╢ Nakamura & Watanabe, 2020⁹↕╠⌐ ⌐ ∆╢

≤⇔≡ ─◖fi♩ꜝ☻♩ Batres et al., 2023; Russell, 2009Kordsmeyer et al., 2019; 

Russell, 2003─ Ikeda et al., 2021; Jones et al., 2004╠⅛↕╛◦Ⱶ Jaeger et al., 

2018╙ ╩ ∆╢ ≢№╢⁹ 

 

1.2.1.2. ╩ ∆╢  

│ ─ ╠⇔↕╛ ─ ╠⇔↕⅜↓╣⌐ ∆╢⁹

⅜ ↕╣√ │╟╡ ≢№╢≤↕╣≡⅔╡ Perrett et al., 1998│ ⱱꜟ

⸗fi⌐╟∫≡ ↕╣╢ ≤ ⇔≡™╢ Little et al., 2011; Rhodes, 2006; Thornhill, 
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1999⁹ ─ ≢│ ◄☻♩꜡◕fi⅜ ─ ╩ ⇔ ╖╩ ┘√ ╛ ⅜ ↕╣

╢⁹ ─ ≢│ ♥☻♩☻♥꜡fi⅜ ╛ ─ꜝ▬fi╩ ↕∑ ─ ╩ → ─

╩ ⌐ ↕∑ ⅛╠ ╕≢⅜ ↄ⌂╢⁹ ⌂ │ ™ ™

™ ⅝ↄ≡ ⌂ ⌐╟∫≡ ↑╠╣╢↓≤⅜ ↕╣≡™╢ Mitteroecker 

et al., 2015⁹╕√ ─ ≢│ ╛ ≤ ─ ─ ◖fi♩ꜝ☻♩⅜ ─ ╟╡╙

⅝ↄ ↓─◖fi♩ꜝ☻♩⅜ ─ ⌐ ╩ ⅎ╢↓≤⅜ ╠╣ Russell, 2003

│↓─◖fi♩ꜝ☻♩╩ ∆╢↓≤≢ ╠⇔↕╩ ∆╢ ╩ √∆≤↕╣≡

™╢ Russell, 2009⁹ 

 

1.2.1.3. ╩ ∆╢  

│ ╛ ≤╙ ⅜ ™ ─ ≈≢№╡ Perrett et al., 1998↓╣

│ ↕╛ ↕╩ ∆ ─ ≤ ∆╢⁹ │ ⌂≥─ ⌐⅔™≡

⌂ ≢№╡ Oosterhof & Todorov, 2008─ ╩ ∆╢ │ ╡─

─ ─ ─ ⌐ √ ╛ ⅜ ⅜∫≡™╢⌂≥─ ⌂ ╩ ∟ Montepare 

& Dobish, 2003─ ≤ ↕─ ≤™∫√ ⅜ ⇔≡™╢ Merlhiot et al., 2021⁹

╕√ │ ™ ™ ⌂ ≤ ∆╢↓≤╙ ↕╣≡™╢ Windhager 

et al., 2018⁹ 

 

1.2.1.4. ╩ ∆╢  

│ ∕─ ⅜ ≢⅝∕℮⅛⌐≈™≡─ ≢№╢⁹ ⅜ ™ ╟╡╙ ™

─ ⅜ ↕╣╛∆ↄ Stirrat & Perrett, 2010≤─ ╦╡╙ ⅝™↓≤⅜ ╠╣≡

™╢ Wilson & Eckel, 2006⁹╕√ ─ ⅜ ⌐ ╩ ╓∆↓≤╙ ╠╣ ╡

╟╡╙ ─ ─╒℮⅜ ↕╣╛∆™↓≤⅜ ↕╣≡™╢ Montepare & Dobish, 

2003; Oosterhof & Todorov, 2008⁹ 

 

1.2.2. ─  

 │ ∏⇔╙ ⇔√╙─≢│⌂ↄ ⌐ ⇔ ∫≡™╢↓≤⅜ ╠╣≡™╢⁹

ⅎ┌ ⅜ ─ ─ ⌂ ≢№╢↓≤│╟ↄ ╠╣≡™╢ Perrett et al., 

1998⁹╕√ ╠⇔™ │ ≢№╢⅜ ╠⇔™ ⅜ ∏⇔╙ ≢№╢╦↑

≢│⌂ↄ Jones et al., 2004; Little, 2014─ ⌐⅔™≡│ ⌂ ─ ≤ ⌂
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─ ⅜╟╡ ≢№╢⌂≥ ─ ─ ⌂ ⅜ ↕╣≡™╢ Carrito et al., 

2016⁹↕╠⌐ ─ ╠⇔↕│ ≤ ⇔ Perrett et al., 1998; Sherlock et al., 2017

≤ │ ─ ⌐╙ ╩ ⅎ╢⌂≥ Hu et al., 2018⌐│

⌂ ⅜№╢↓≤⅜ ↕╣≡™╢⁹ 

1.3. ╩ ╢ ─  

─ ≢╙ ⌐ ⌐⅔™≡ ∕─ ─ ⅜ ™↓≤⅛╠

⅛╠ ↕╣╢ ⌐│ ╛ ╩ ⅎ√ ⅜№╢↓≤⅜ ↕╣≡⅝

√ Cunningham et al., 1995; Langlois et al., 2000⁹⇔⅛⇔ ─ ⌐╟╢

╩ ⇔√ ≢╙ ─ ⌐ ∆╢ │ ─ ≢ ⅜ ∆╢↓

≤╙ ↕╣ Leder et al., 2016─ ╛ ⌐╟∫≡ ⅜ ⌐ ∆╢

│ ↕╣╢↓≤⅜ ╠⅛⌐⌂∫≡™╢ Chatterjee, 2003⁹↓↓≢│ ⌐ ⌐

∆╢ ╩ ⌐ ─ ╛ ⌐╟∫≡ ↕╣╢ ─ ≤⇔≡

⌐≈™≡─ ╩ ╡ →╢≤ ⌐ ה

⌐ ≠ↄ ─ ⌐≈™≡ ∆╢⁹ 

 

1.3.1. ─ ≤∕─  

1.3.1.1. ╩ ╖ ∆ ─  

⅛╠ ∂╢ ⌐≈™≡│ ≤ ⌐⅔™≡ ™⅜№╢≤

↕╣≡™╢ Little et al., 2001, 2002⁹ ⌐ ⌐⅔↑╢ ╠⇔↕─ ⌐≈™≡│

╟╡ ⌂ ╩ ≈ ⅜ ≤ ↕╣╢≤ ↕╣√ ⅜№╢

DeBruine et al., 2006╟╡ ⌂ ╩ ≈ ⅜ ≤ ↕╣√≤™℮

╙№╢ Little et al., 2001; Perrett et al., 1998⁹↓─ ─ │ ╠⇔™ ⌐

⇔ ─ ─ ─ ⅜ ≤↕╣≡™╢ Johnston, 2006⁹ ⌂

│ ─ ⌂ ─ ↕ ∆ ⅜⅛╡≤⌂╢ ⌂ │ ┼─

⌐≈™≡─ ⅜⅛╡⌐⌂╢↓≤⅜ ↕╣≡™╢ Perrett et al., 1998⁹↓─╟℮⌂♩

⅜ⱨ○♪כ꜠ ∆╢↓≤⅛╠ ⌐ ─ ™ ╩ ╗ ⌐│ ╠⇔™

╩ ≈ ⅜ ≢№╡ ┼─ ╩ ╗ ⌐│ ╠⇔↕⅜ ↕╣√

⅜ ≤ ↕╣╢ ⅜№╢↓≤⅜ ⅛∫≡™╢ Little et al., 2001⁹ 
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1.3.1.2. ╩ ╖ ∆ ─  

 ⌐⅔™≡ ≥─╟℮⌂ ╩ ≤ ∆╢⅛⌐≈™≡─ │

≢│⌂ↄ ─ ≢ ─ │ ⌂╒≥ ↄ ⇔≡™╢↓≤⅜ ↕

╣≡™╢ ≢ Cunningham et al., 1995; Langlois et al., 2000↓╣╠─ ─ │

╩ ╡ ↄ ╛ ⌐╟∫≡ ∆╢ ⌐≈™≡╙ ⅜⌂↕╣≡™╢

Chatterjee, 2003; Leder et al., 2016⁹ ╩ ™√ ≢│ ╩ ∆╢

▪☺▪ ≢│ ≤ ═≡ ─ ╩ ↑ ─ ╩ ∆╢ ⅜ ↕

╣≡™╢ Blais et al., 2008; Miellet et al., 2013⁹ ─ ≢│ ▪☺▪

│ ╟╡╙ ⌐ ∆╢↓≤⅜ ↕╣╢⌂≥ Jack et al., 2009╩ ↑╢

⅜ ⌐╟╡ ⌂╢↓≤⅜ ╠╣≡™╢⁹ ⅎ≡ ▪☺▪ ≢│ ≢№╢↓≤⅜

─ ⇔↕─ ⌂ ≢№╢↓≤⅛╠ E. Li et al., 2008╛ ≢─ ─

⌐ ™⅜№╢↓≤╙ ╠╣≡™╢⁹ 

╕√ ∂ ≤ ⌂╢ ─ ⌐╟∫≡ ⅜ ⌂╢↓≤╙ ↕╣≡™╢⁹ ⅎ┌

Coetzee╠│ ╣⌂™ ⌐ ∆╢ ─ │ ≢ ↄ ─ ⅜

⌐╟╡ ⌂╢↓≤╩ ⇔√ Coetzee et al., 2014⁹ │ ─ ─

╩ ⌂╢ ─ ╟╡╙ ╩ ↄ ⇔√↓≤╙ ↕╣≡™╢ Rhodes et al., 

2005⁹╕√ ─ ╛ ─ ⅜ ─ ⌐ ╩ ⅎ╢ ⌂

≢№╢↓≤╙ ↕╣≡™╢ Voegeli et al., 2021⁹╕√ ⱬ♩♫ⱶ ─ ─ ╩

∆╢ ♅▼◖ Ɽ♇꜡כꜜ ─ │ⱬ♩♫ⱶ ─ ╟╡╙ ─ ─ ╩

⌐ ↑╢↓≤⅜ ↕╣≡™╢ Pavloviļ et al., 2023⁹ 

 

1.3.1.3. ╩ ╖ ∆ ─  

─ ─ ∂ │ ⌐╟∫≡ ↕╣╢↓≤⅜ ╠╣≡™╢⁹ ⅎ┌ ∫√

╩ ≈ ⌐ ╡ ⇔ ↕∑╢≤∕─ ⌐ ⇔≡ ╛ ╩ ∂

╢╟℮⌐⌂╢ Dotsch et al., 2016⁹╕√ ╕√│ ⌐ ╡ ⇔ ↕∑╢≤

─ ⅜ ↕╣√ ─ ⌐◦ⱨ♩∆╢ Rhodes et al., 2004⁹

╕√│ ⌐ ↕∑√ ╩ ╡ ⇔ ↕∑╢≤ ⇔√ ─ ╩ ≈

╩ ╛ ╕⇔↕╩ ∂╢╟℮⌐⌂╢ Buckingham et al., 2006; Little et al., 2005⁹ ─

│ ה ≥∟╠─ ≢╙ ╠⇔™ ╩ ╗ ⅜№╡ ─ │

─ ⌐ ╠⇔™ ╩╦∏⅛⌐ ╗ ⅜№╢ Saxton et al., 2009⁹╕√ ─
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─ ⌐╟╡ ⅜ ⌐⌂╢≤ │ ─ ™ ╩ ╗╟℮⌐⌂╢↓≤

╙ ╠╣≡™╢ Batres & Perrett, 2017⁹╕√ ⇔√ ╛ ⌐╟╢ ─ ⅛╣

√ ⌐ ≠⅝ ⌂╢ ⅜ ∆╢↓≤⅜ ↕╣╢↓≤⅛╠ │ ─

≤╙ ⌐ ∆╢ ⌂ ≤⇔≡ ⅎ╢↓≤⅜≢⅝╢⁹ 

 

1.3.2. ─ⱷ◌♬☼ⱶ 

─ ⱷ◌♬☼ⱶ⌐≈™≡─ ≢│ ה ╛ ─ ╩

™≡ ⅜ ↕╣╢√╘─ ╛ ⅜ ↕╣╢ ─ ⱷ◌♬☼ⱶ╩ ╠

⅛⌐∆╢↓≤⅜ ≤↕╣≡⅝√⁹ 

ↄ─ ≢ ⅜ ⌐ ↕╣╢↓≤⅜ ↕╣≡™╢⁹ ⅎ┌ ─

⌐ ∆╢ ≢│ 150ms─ ≢ ↕╣√ ⌐ ⇔≡╙ ⇔√ ⅜ ≢

№╢↓≤╩ ↕╣√ Goldstein & Papageorge, 1980⁹ ⅜ ─ ⌐ ⅜ ≡

⌂™ ≢╙ ⅜ 100ms↕╣√ ╩ ╗↕╕↨╕⌂ ─ ╩

⌂ ≢ ≢⅝╢↓≤⅜ ╠⅛⌐⌂∫≡™╢ Willis & Todorov, 2006⁹↕╠⌐ ⅜

13ms ↕╣╢≤ ⌐≤∫≡ ⌐│╒≤╪≥ ⅎ⌂™ ≢╙ ─ ╩

≢⅝╢↓≤╙ ↕╣≡™╢ Olson & Marshuetz, 2005⁹↓╣╠─ │ ─

≢╙ ─ ─ ⅜ ≢№╢↓≤╩ ⇔≡™╢⁹ 

↕╠⌐ ╩ ⇔√ ─ ≢│ ⌂ ╩ ⇔≡™╢ ─ ╩

∆╢≤ ─ ⅛╠  400ms ⅛╠ ╩ ⇔√ ⅜ ╣

│ ⌂ↄ≤╙ ─ ⅛╠ 400ms≢ ⌐ ↕╣ ╘≡™╢↓≤⅜ ↕╣√

Johnston & Oliver Rodriguez, 1997⁹ ─ ⌐⅔™≡╙ ⌐ ∆╢

Event-related Potential: ERP╩ ⇔√ ⅛╠ ─  200-400ms 

⌐ ≢ ↕╣╢ Early Posterior NegativityEPN - ⌐⅔™≡ 300ms 

≢ ↕╣╢P300 400-800ms≢ ↕╣╢ Late Positive PotentialLPP

⌐ ∆╢ ─ ─ ⅜ ╠⅛⌐⌂∫√ Muñoz & Martín-Loeches, 

2015; Oliver-Rodríguez et al., 1999; Van Hooff et al., 2011; Werheid et al., 2007⁹↓╣╠─

│ ─ ⌐⅔™≡ ⌐ ∞⅜ ─ ╛ ⌐ ∆╢ ╙ ╦╣≡™

╢⁹ ⅎ┌ √⇔◓ⱨ▫fiכ⸗╩ ╩ ™√ ≢│ ─ ⅜P2 

EPNLPP─ ≤─ ⅜ ↕╣ Carrito et al., 2018⁹ ╩ ╘√ ⅜

P1╛N170─ ⌐ ∆╢↓≤╙ ↕╣≡™╢ Freeman et al., 2010⁹╕√ ─
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╠⇔↕⅜N170─ ⌐ ∆╢↓≤╙ ╠╣≡™╢ Cellerino et al., 2007⁹↓╣╠─

⅛╠ ─ ╛ │ ⅛≈ ⌐ ⅜⌂↕╣ 1 ─ ™

♃▬Ⱶfi◓≢ ⌐ ∆╢ ⅜ ∂≡™╢↓≤⅜ ╠⅛≤⌂∫≡™╢⁹ 

 

1.3.3. ⌐⅔↑╢  

⌐⅔↑╢ ─ │ Asch─ ╩ ≤⇔≡ ⇔≡⅝√ Asch, 1946⁹

Asch│ ⌐ ∆╢ ⅜ ⌂╢ ─ ⇔ ≢│⌂ↄ ─ ⅜ ─ ≤

↕╣ ⌂ ⌐ ™ ╩ ⅎ╢ ─ ╩ ⇔√⁹↓─ ≢│₈

⅛™₉╛₈ √™₉≤™∫√ ⅜ ⌐ ∆╢ ⌂ ╩ ⌐ ╢↓≤⅜

↕╣ ⅜ ⌂╢ ⌂ ≢│⌂ↄ ⌂ⱪ꜡☿☻≢№╢↓≤╩ ⇔

√⁹Asch─ ╩ ⌐ ∕─ ─ ≢│ ™ↄ≈⅛─ ⌂ ⅜ ↕╣√⁹

Baumeister╠│ Ⱡ●♥▫Ⱪ⌂ ⅜ⱳ☺♥▫Ⱪ⌂ ╟╡╙ ↄ ╩ ∆╢Ⱡ●♥▫

ⱦ♥▫Ᵽ▬▪☻ Negativity Bias╩ ⇔√ Baumeister et al., 2001⁹↓╣│ ⌐

⅔™≡Ⱡ●♥▫Ⱪ⌂ ⅜ ⌐ ╩ ≈ ╩ ⇔≡⅔╡ Asch─ ≤

⇔≡™╢⁹↕╠⌐ Uleman╠│ ⅜ ⌂ⱪ꜡☿☻∞↑≢⌂ↄ ⅛

≈ ⌐ ╦╣╢↓≤╩ ⇔√ Uleman et al., 1996⁹↓╣│ ⅜ ─ ╩

∆╢ ∕─ ⅛╠ ⌐ ╩ ™ ∕╣⅜ ⌐ ↕╣╢↓≤╩ ∆╢⁹ 

╕√ ─ ≤⇔≡ ⱪ꜡♩♃▬ⱪ │ ⌐⅔↑╢◌♥◗ꜞ ─ⱪ꜡

☿☻╩ ∆╢ ≢ ≢№╢⁹↓─ ⌐╟╣┌ │ ╩ ∂≡◌♥◗ꜞ─ ⌂

╩ ⇔ ↓╣╩ⱪ꜡♩♃▬ⱪ≤⇔≡ ∆╢ Rosch, 1975⁹ ⌐⅔™≡│ ⱪ

꜡♩♃▬ⱪ ┼─ ╛ ⅜ ─ ≤⌂╢≤™℮ ╙⌂↕╣≡™╢

Chang & Chou, 2009; Langlois et al., 1994; Langlois & Roggman, 1990; Potter & Corneille, 2008⁹

↕╠⌐ ╙ ─ ⌂ ≢№╢⁹↓─ │ ┼─ ╡ ⇔

⅜ ⇔╖╩ ╖ ⇔ ⱳ☺♥▫Ⱪ⌂ ╩ ∆╢ ╩ ∆ Zajonc, 1968⁹

⌐╟╡ ⌐ ∆╢ ╖╛ ⅜ ∆╢↓≤╙ ↕╣≡™╢ Harmon-Jones & Allen, 

2001; Rhodes et al., 2001; Zebrowitz et al., 2008⁹↓─ │ ⌂ ╛

⌐⅔™≡ ╡ ⇔ ⅜ⱳ☺♥▫Ⱪ⌂ ╩ ∆╢ⱷ◌♬☼ⱶ╩ ∆╢ ≢ ≢

№╢⁹⇔⅛⇔ Dotsch╠ 2016│ ─╟℮⌐ ⌐ ⅜ ™ ⅜ ╕╣

╢╦↑≢│⌂ↄ ─ ╩ ─ⱷ◌♬☼ⱶ≤⇔≡ ⇔√⁹Dotsch╠ 2016

─ ≢│ ─ ─ ╩ ⌐ ⌂ ≤⇔≡─ ─ ╩
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∆╢ⱪ꜡☿☻╩ ⇔√⁹↓╣╠─ ⌐╟╢ ─ │ ∕─⸗♦ꜟ ─ ╕

≢⌐│ ∫≡│™⌂™╙── ─ ∂ ─ │ ─ ⅜ ─ ≤ ─

─ ↑ ╦∑⌐ ≠ↄ≤™℮ⱬ▬☼ ⌐╟╢ ╙⌂↕╣≡™╢ Zeki & Chén, 

2020 ⁹ 

ה .1.4 ▪ⱪ꜡כ♅─ ≤  

₈ ╠╣╢ ₉₈ ╩ ╢ ₉ ─ ─ ↄ│ ╩ ≤⇔√ ⌂▪ⱪ

╡╟⌐♅כ꜡ ⇔≡⅝√⁹ ▪ⱪ꜡כ♅│ ⌐ ≠™≡ ─ ─ ╩ ╙

⇔ↄ│ ─ ─ ╩ ⇔ ─ ╩ ∆╢↓≤≢ ⌐ ≠ↄ ≤ ─

≤─ ╩ ∆╢⁹↓─ │ ⌂ ≢ ≤⇔≡ ⇔√ ╩ ≢⅝╢

≢ ╣≡™╢⁹ ≢ ⇔√ ╩ ≤⇔√ ⌂™⇔│∕╣╠⌐

╛ ╩ ╖ ╦∑√ ─ ≢ ⌐ ∆╢ ⅔╟┘ ─

─ⱷ◌♬☼ⱶ⌐≈™≡│ ↓─ ▪ⱪ꜡כ♅⌐╟╡ ↄ─ ⅜ ↕╣≡

⅝√ Little, 2014; Little et al., 2011; Rhodes, 2006; Thornhill, 1999⁹ 

⇔⅛⇔ ↓─ ≢│ ≢⅝╢─│ ≤⇔≡ ⇔√ ⌐ ↕╣ ∕╣ ─

╩ ⌐ ∆╢↓≤⅜ ≢№╢ ⌐ ⅜№∫√⁹↓─ ⌂▪ⱪ꜡כ♅─

○ꜟ♃♫♥▫Ⱪ≤⇔≡ ⌐ ⌂ ─ ╩ ∆╢₈ ╠╣╢ ₉ ─ ╩ ⌐

▪ⱪ꜡כ♅⅜ ≢│ ╩ ╘≡™╢ Sutherland et al., 2017⁹↓─▪ⱪ꜡כ♅│

♃כ♦ ⌐ ⌂ ╩ ∆╢√╘ ─ ─ ≤─ │ ⌐

∆╢ ⅜№╢⅜ ─ ─Ᵽ▬▪☻╩ ⌐ ⅎ ─ ─ ╩ ↄ ⇔

≡ ⌐ ∆╢↓≤≢⅝╢ ╣√ ≢№╢⁹ 

 ⅎ┌ Computer GraphicCG ⸗♦ꜞfi◓╩ ™√ │ ─ ≤ ╩

≠↑√⸗♦ꜟ⅜ ↕╣ │ ≤ ─ ≢ ⅜⌂↕╣╢↓≤⅜ ↕

╣√ Oosterhof & Todorov, 2008⁹∕─ ╙ ⌂≥─ ₁⌂ ⸗♦

ꜟ─ ⅜⌂↕╣ Todorov & Oosterhof, 2011ↄ─ ≤ ≤ ⅜ ↕╣≡⅝√

Todorov & Oh, 2021⁹ ⅎ┌ ⅜ ⅝ↄ ⅜ ↕ↄ ⅜ ╢™ ⅜ ≢№╡

─ ≤ ─ ⅜ ≢№╢↓≤╛ Nakamura & Watanabe, 2020

≤ ─ ╩ ≢⅝╢↓≤╙ ↕╣√ Oh et al., 2023⁹ 

╩ ™√ ≢│ ─ꜝfi♪ⱴכ◒ ╩ ⌐ ≤ ─

╩ ⇔╟℮≤∆╢╙─≢№╢⁹ ≢│ ⌂≥─ ™ ⌐ ⅎ
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Nakamura et al., 2020Abend et al., 2015; Boothroyd et al., 2013; Farrera et al., 2015; 

Windhager et al., 2011, 2018Kleisner et al., 2013; Linke et al., 2016Windhager 

et al., 2011, 2018Komori et al., 2011; Mitteroecker et al., 2015⌂≥ ₁⌂

⌐ ∆╢ ⅜⅛╡⅜ ↕╣≡⅝√⁹ ⅎ┌ ─ ⅜╡╛ ─ ⅜╡≤™

∫√ ─ ⅜ ⌐ ∆╢↓≤╛ Nakamura et al., 2020⌐ ⌂ ─ ™

│ ↄ≡ ™ ↄ≡ ⅛⌂ ™ ™ ╩ ≈↓≤⅜ ↕╣≡™╢

Windhager et al., 2011⁹╕√ ╛ ╠⇔↕│ ™ ™ ⌂ ≤

⇔ ≤ ─ ⌐ U ─ ⅜№╢↓≤╙ ↕╣≡™╢ Windhager 

et al., 2018⁹ ⌂ ─ │ ™ ™ ™ ⅝ↄ≡ ⌂ ⌐

╟∫≡ ↑╠╣ Mitteroecker et al., 2015─ ⌐⅔™≡ ⌂ ─ ≤

│ ─ ≢ ⇔≡™╢⅜ ≢│ ⇔ↄ ⌂╢↓≤⅜ ↕╣≡™╢

Valenzano et al., 2006⁹ 

╩ ™√ ≢│ ™ ⱨ▫ꜟ♃כ≢ ↕╣√ │

╕╣ ╛╛ ™ ⱨ▫ꜟ♃כ≢ ↕╣√ │ ╕╣╢↓≤⅜ ╠╣≡™

╢ Øvervoll et al., 2020 ⁹↕╠⌐ ─ │ ⅛╠ ↕╣╢ ≤⇔≡

↕╣╢↓≤⅜ ↄ ─ │ pleasantness≤ glossiness─ 2≈─ ≢ ≢⅝╢↓≤╛

Otaka et al., 2019─ ≤ ─ ⅜ ≤ ∆╢↓≤⌂≥⅜ ╠╣≡™╢

Arce Lopera et al., 2013⁹ 

 ↕╠⌐ ≢│ ╛ ╩ ™√ ₁⌂ ─ ⅜ ↄ ╦╣≡

™╢ Saeed & Abdulazeez, 2021⁹ ╩ ™√ ─ ⌐ ⅎ Kagian et al., 

2008; Mao et al., 2009─ ↕⅛╠ ≢№╢ ╖ ♇Ⱡꜟꜝכꜙ♬╖

♩꞉כ◒ CNN╩ ™√ ─ ╛ ⇔↕╩ ∆╢ ─ ⅜ ╪⌐⌂∫≡™╢⁹

ⅎ┌  Lin╠│CNN▪כ◐♥◒♅ꜗ╩ ™√R3CNN⌐╟╡ ⅜ ∆╢↓≤╩

⇔√ Lin et al., 2022⁹Xu ╠│ ─ ─ ╩ ╕ⅎ√PI-CNN≤ ┌╣╢⸗♦

ꜟ╩ ⇔ ™ ≢─ ─ ╩ ⇔√ J. Xu et al., 2017⁹ ⌐ ⇔√

─⸗♦ꜟ─Ɽꜝⱷכ♃╩ CNNⱬכ☻─ ⸗♦ꜟ⌐ ↕∑╢ ╩

™╢↓≤≢ ♃כ♦ ─ ⌂↕⌐╟╢ ⌐ ⇔ ╩ ↕∑╢⌂≥(Zhai 

et al., 2020)─√╘─ ₁⌂ ⅜⌂↕╣≡⅝≡™╢⁹↕╠⌐ CNN⸗♦ꜟ─ ╣

─ ≢№╢class activation mappingCAM Zhou et al., 2016gradient-CAMGrad-

CAM Selvaraju et al., 2017╩ ™≡ ─ ⅜ ↕╣╢↓≤⌐ ⅎ Park & 
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Wallraven, 2021Grad-CAM─ ╩ ™≡ ─ ⅜ ─ ⌐ ∆╢↓≤

╙ ⅜⌂↕╣√ Sano, 2022⁹ 

1.5. ─  

↓╣╕≢─ ≢ ₈ ╠╣╢ ₉₈ ╩ ╢ ₉ ─ ⅛╠ ⌐ ╦╢ ⌐

≈™≡ ↄ─ ⅜ ↕╣≡⅝√⁹⇔⅛⇔ ⌐⅔↑╢₈ ╠╣╢ ₉ ─

─ ≤ ─ │ ⅜ ≢№╡ ⌂ ≢─ ⅜⌂↕╣≡™

⌂™⁹╕√ ₈ ╠╣╢ ₉ ─ │№╢ ≢─ ⌂ ⌐╟╢ ⌐ ≠ↄ╙─⅜

╒≤╪≥≢№∫√⅜ ₈ ╩ ╢ ₉ ─ ⌐╟╡ ∆╢ ─ ≤ ∆╢

₈ ╠╣╢ ₉─ ─ ╙ ⌐ ╠⅛≢│⌂™⁹ 

≤ ─ ⌐⅔↑╢ ⌂ │ ─ ≢№╢⁹

⌐ ╦╢ ≤ ─ │ ⇔≡ ⅜↕╣≡⅔╡ ⌂ ⅜

⌂™⁹ ⌐ ↕╣√ ⌐ ⇔ ₈ ╩ ╢ ₉⅜≥─╟℮⌐ ∆╢⅛

⌐≈™≡─ ⅜ ≢⌂™⁹ ≤ ─ ─ ⅜ ╠⅛≢⌂™⁹∕

⇔≡ ─ ≤ ∆╢ ⌐⅔↑╢ ⌂ │ ─ ≢№

╢⁹ ─ ⌐╟╢ ─ ⅜ ╠╣≡™╢⅜ ₈ ╩ ╢ ₉─

⅜™⅛⌐⇔≡ ⇔ ⌐≥─╟℮⌂₈ ╠╣╢ ₉─ ⅜ ∆╢⅛⅜ ╠

⅛≢⌂™⁹ ─ ─ ≤⇔≡ ╛ ⅜ ∂╢ ⅜№╢⅜ ₈

╩ ╢ ₉─ ה ≤™℮ ⅜ ⌐≥─╟℮⌂₈ ╠╣╢ ₉─ ⅜ ∆

╢⅛ ╠⅛≢⌂™⁹ 

∕─√╘ ≢│ ₈ ╠╣╢ ₉─ ≤⇔≡ ≤ ⌐ ⌐

⇔ ⌐ ╛ ╩ ∆╢↓≤≢ ≤ ─

╩ ⌐ ⅎ╢⁹ ⌐│ ⌐ ⇔ 1≢│ ≤ ─

╩ ⇔≡ ⅎ╢√╘⌐ ⌐ ≢№╢ Grad-CAM╩ ⇔√▪ⱪ꜡כ

♅╩ ∆╢⁹ ⌐ ⇔ 2≢│ 1≢ ⇔√▪ⱪ꜡כ♅ ⌐╟╡

⇔√ ⌂ ≤ ⌐╟╡ ╠╣√ ⌂ ─ ╩ ∆╢⁹

⌐ ⇔ 3≢│ ≢№╢ Linear Non-Gaussian Acyclic ModelLiNGAM

Shimizu et al., 2006, 2011╩ ™╢↓≤≢ ≤ ─ ≤ ─

─ ─ ♃כ♦╩ ⌐ ╠⅛⌐∆╢⁹₈ ╩ ╢ ₉─ ≤⇔≡│

╛ⱷ♦▫▪ ─ ⌂≥ ↄ─ ⅜ ⅎ╠╣╢⅜ ⌐⅔™≡│ ↓╣╕≢
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⌂ ≤⇔≡ ⅜⌂↕╣≡⅝√ ⅔╟┘ ─ ⌐ ⇔ ⌐╟╢

─ ≤ ∆╢ ≤ ⌐╟╡ ∆╢ ╩ ⅎ╢⁹

⌐│ ⌐ ⇔ ∫√ ┼─ ♃☻◒⌐╟╡ ─ ─

╩ ∆╢≤ ⌐ ⌐╟╡ ⇔√ ╩ ∆╢⁹ ⌐ ⇔

≢─ ╩ ™ ⌐╟╡ ⌐ ⌂ ╩ ∆╢↓≤≢ ╩

│∂╘≤⇔≡ ╛ ⌐╟╢ ╙ ╘ ₈ ╩ ╢ ₉─ ⌐╟╡ ∆╢

╩ ∆╢⁹⌂⅔ 1≢│ 2≢│ 3≢│

4≢│ 5≢│ ⌐≈™

≡ ∆╢⁹ 

ה ▪ⱪ꜡כ♅╩ ⌐ ╖ ╦∑√↓╣╠─ ⌐╟╡ ₈ ╠╣╢

₉─ ⌂ ⌐ ≤ ╩ ∆╢≤≤╙⌐ ∕╣╠─ ⌐ ⇔₈

╩ ╢ ₉ ─ ⅜≥─╟℮⌐ ╦╡ ⅜⌂↕╣╢⅛⌐≈™≡ ╩ ⇔≡

⇔ ⌐ ╓∆ ≤ ╩ ⌐ ∆╢↓≤╩ ─ ≤

∆╢  1⁹ 

 

 

 1. ─ⱨ◊כ◌☻≤ ─  
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2  1 ה ה ⌐╟╢

─  

 

1≢│ ▪ⱪ꜡כ♅╩ ™≡ ⌐⅔™≡ ⌂ ─ ≤

╩ ⇔ ∕╣╠─ ≤ ─ ≤─ ╩ ╠⅛⌐∆╢↓≤╩ ≤⇔√⁹

╕∏ ─ ⌐ ╣√ ≢№╢ ⌐╟╡ ⌐ ∆╢

╩ ⇔ ╠╣√ ╩ ⌐╟╡ ⇔√⁹ ⌐ ↓╣╠⌐╟╡ ⇔

╩♃כ♦√ ⌐╟╡ ⇔ ⌐ ∆╢ ה ╩ ⌐ ⇔√⁹ 

2.1. 1-1 ⌐╟╢ ─  

│♩♇☿♃כ♦ SCUT-FBP5500Liang et al., 2018╩ │⌐♩♇☿♃כ♦─↓⁹√™

2,000─▪☺▪ 2,000─▪☺▪ 750─ 750

─ ⅜ ╕╣≡™╢⁹ ⌐│ ∕─ ⅜ ⅛≥℮⅛╩ ∆ ⇔↕─

⅜ ↕╣≡™╢⁹↓─ │ 60─Ⱳꜝfi♥▫▪ 1827 21.6⅜○fi

ꜝ▬fi≢ 5 ⇔√ ─ ≢№╢⁹ ≢│↓╣╩ ─ ≤⇔≡ ∫√⁹╕

√ ⌐│ ─ ╩ ∆86─ꜝfi♪ⱴכ◒ ⅜№╢⁹↓─ꜝfi♪ⱴכ

◒ ─ │ ⌐╟∫≡ ↕╣ Ⱳꜝfi♥▫▪⌐╟∫≡ ≢ ↕╣√╙─

≢№╢⁹ ≢│ ─ ה ⌐ ╩ ∫√⁹ │ ╩

™≡ ⌐ ∆╢ ╩ ⇔√⁹↕╠⌐ ↓─ ╩ ™≡ ⌐ ∆╢

╩ ⇔√ ╩ ⇔√⁹ 

 

2.1.1.  

ⱪ꜡◒ꜝ☻♥☻ Kendall, 1984⌐╟╡ ⅛╠─ ╩ ⇔ ─ꜝfi

♪ⱴכ◒ ─ ╩ ↕∑√⁹ ⌐ ☻ⱪꜝ▬fi Rohlf & Bookstein, 1990╩

™≡ꜝfi♪ⱴכ◒ ⅛╠ ╖╩ ⇔ ꜝfi♪ⱴכ◒ ─ ╩ ⇔≡ ⇔√⁹⌂⅔

↓─ ╖│ ─ ─ ⌐ ∆╢⁹ ─ ה ⌐ ╖╩ ─

╩ ≤⇔≡ ╩ ∫√⁹≈╕╡ ⌐ ∆╢ ─

╩ ∆ ⸗♦ꜟ╩ ⇔√⁹ ╩ ™≡ ꜝfi♪ⱴכ◒ ─ ≤ ╩

∫√⁹ │ ⌐ ∆╢ ─ ⌂╢ ╩ ⌡ ╦∑√⁹ ⌐│

tpsRegrversion 1.50╩ ⌐│tpsSuperversion 2.06╩ ™√ F. Rohlf, 2015⁹ 
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2.1.2.  

╩ ™ 1000─Permutation test╩ ⇔√ ─ ≤

─ ≤─ ⌐ ⌂ ⅜№╢↓≤⅜ ╠⅛⌐⌂∫√ ▪☺▪ ⸗♦ꜟ

─3.99%╩ p < .001▪☺▪ ⸗♦ꜟ ─4.42%╩ p < .001

⸗♦ꜟ ─3.65%╩ p < .001 ⸗♦ꜟ ─5.19%╩ p < .001⁹

ꜝfi♪ⱴכ◒ ⅜ ⇔≡™╢ 1≈─ │ ⅛╠ ⇔√⁹ ╩ ™√ꜝfi

♪ⱴכ◒─  2≤  3⌐╟╡ ⌂ │ ╛ ⌐ ⌂ↄ

⅝⌂ ™ ⌂ ⅜ ™ ⅜№╢↓≤⅜ ↕╣√⁹╕√

⌐≈™≡│ ⌐ ≢ ™ ⅜ ╠╣√⁹ ─ ⅜ ⅜∫≡™╢╟℮

⌐ ⅎ╢⅜ ↓╣│ ⌐ ⅜ ™↓≤⅜ ⇔√ ⅜№╢⁹ 

 

 

 2. ⌐╟╢ ™ │ ─ꜝfi♪ⱴכ◒ ╩ ⇔

─ │ ─ꜝfi♪ⱴכ◒ ╩ ⇔≡™╢⁹ ™ │ ─ ⅛╠ ─ ╩

∆⁹Low-2 SD│ ⅜-2 SD⌐ ↕╣√ ─ ╩ ⇔ High+2 SD│

⅜+2 SD⌐ ↕╣√ ─ ╩ ∆⁹◓ꜞ♇♪ ─ ╖─ │ ─

╩ ╖─ ⅝↕│ ─ ╩ ∆⁹ 
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 3. ╩ ™√ ⌡ ╦∑ ─  Low-2 SD│

⅜-2 SD⌐ ↕╣√ ─ ╩ ⇔ High+2 SD│ ⅜+2 SD⌐

↕╣√ ─ ╩ ∆⁹ 

 

2.1.3.  

─ ⅝⌂ ™ ⌂ ⅜ ≤⇔≡ ╣√↓≤│ ⸗

♦ꜟ╩ ∫√ ≤ ⇔≡™√ Nakamura & Watanabe, 2019⁹╕√ ─

⅜ ≢№╢─│ ─ ╠⇔↕⌐ ∆╢♥☻♩☻♥꜡fi─ ⌐╟╢╙─⅛╙⇔╣

⌂™ Johnston, 2006⁹ 

2.2. 1-2 ⌐╟╢ ─  

1-1≢│ ⌂≥─ ─ ⅜ ↕╣√⁹⇔⅛⇔ ↓╣╠─

≤ ─ ≤─ │ ╠⅛≢│⌂™⁹∕↓≢ 1-1≢ ⇔√

─⸗♦ꜟ⌐╟╡ ↕╣√ ╩ ™√ ╩ ∫√⁹ 

 

2.2.1.  

2.2.1.1.  

│ ▪☺▪ ≤ ╩ ™√ ⅜∕╣∙╣ ⌐ ╦╣√⁹▪☺

▪ ╩ ™√ ≢│ │ 31 14 16 1
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23.4SD = 5.51≢№∫√⁹ ─ ♥☻♩≢│ │ 33

12 21 24.4SD = 4.37≢№∫√⁹ Ŭ   

0.05RⱤ♇◔כ☺SIMR╩ Green & MacLeod, 2016⌐╟╡ ↓╣╠─◘fiⱪꜟ◘

▬☼│∕╣∙╣ ⌂ↄ≤╙80%─ ╩╙√╠∆↓≤⅜ ╠⅛⌐⌂∫√⁹ │

─ ⌐≈™≡ ╠↕╣≡™⌂⅛∫√⁹ │Ⱬꜟ◦fi◐ ⌐ ™

─ ⌐╟∫≡ ↕╣√⁹∆═≡─ ⅛╠│▬fiⱨ◊כⱶ♪ה◖fi☿fi♩╩

√⁹ 

 

2.2.1.2.  

╠⅛⌐ ≢№╢ ╛ ╩ ™≡™⌂™ ╠⅛♩♇☿♃כ♦│ ⇔√⁹

⌐ ╠⅛♩♇☿♃כ♦ ▪☺▪ ≤ ─ ⅜∕╣∙╣-0.5 SD -0.5 

SD 0.5 SD 0.5 SD ─ ╩∕╣∙╣25 ⇔√⁹ ─

⌐│ ⌐╟╢ ╩ ⅝ↄ∆╢√╘ 1-1─ ≢ ⇔√

⅛╠─ ⅜ ™ ⌐ ╩ ⇔√⁹ ↕╣√ 75─ ⌐≈™≡

1-1≢ ⇔√⸗♦ꜟ╩ ™≡ ╩-2 SD0 SD+2 SD⌐ ⇔√≤⅝─

╩ ⇔ 225 225─ 450─ ╩ ⇔√⁹ │ ─

╩ ⇔≡∆═≡─ ╩ ⌐ ╡ ⅝ ◘▬☼╩200Ĭ280 pixel⌐ ⇔√⁹ 

 

2.2.1.3. ⅝ 

ⱪ꜡◓ꜝⱶ│ PsychoPy≢ ⇔ Pavlovia⌐╟∫≡Ⱪꜝ►◙ ≢ ⌐⇔√⁹

⌐ ⇔√ ⌐ URL╩ ╡ ₁─ PC≢ ⇔≡╙╠∫√⁹ ≢│ ♦

⌐♩♇☿♃כ ╕╣╢ ─ ─ ⌐ ╦∑≡ 450─ ─ ─ ╩5

≢ ╠⅛♩♇Ⱡכ♃fi▬│⌐♩♇☿♃כ♦⁹√∑↕ ⇔√ ╙ ╕╣≡™╢√╘

⌐♩♇☿♃כ♦⅜ ╕╣≡™╢⅛≥℮⅛╩ ∆╢√╘⌐ ⌐│ ⇔╖╛∆↕

⌐≈™≡╙5 ≢ ╩⇔≡╙╠∫√⁹ ─ ╩ ⇔ │ ╩ ∆

╢Ⱪ꜡♇◒≤ ╩ ∆╢Ⱪ꜡♇◒─ 2≈≢ ↕╣√⁹Ⱪ꜡♇◒─ │◌►fi

⇔≥☻Ᵽꜝfiכ♃ ─ │ꜝfi♄ⱶ≤⇔√⁹ ╩ ⇔ ⌐ ⅎ╢

│ ≤⇔√⁹ │ ╡ ⇔─ ⌐╟╢ ╩ ⇔ ™≈≢╙ ╩≤╢↓≤

⅜≢⅝√⁹ 

╠╣√ ─ ╩ ≤⇔≡ ≤ ╩ ⇔√
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⸗♦ꜟ LMM╩ ™≡ ╩ ∫√⁹LMM ⌐│R─lme4Ɽ♇◔כ☺─lmer

╩ ™√⁹ 

 

2.2.2.  

▪☺▪ ─ ─ ⇔╖╛∆↕─ ⅜3 ─╙─⅜⌂⅛∫√√╘ M

1.77SD0.21 1.17 2.39 │ ╕╣⌂™≤ ⇔ ╠╣√♦

╩♃כ ≡ ⇔√⁹ ─ ─ ╩ ≤

╩ꜝfi♄ⱶ ↔≤ ↔≤─ ╩ꜝfi♄ⱶ ⅝≤⇔√⸗♦ꜟ⅜╟

ↄ ⇔√√╘ ↓─⸗♦ꜟ ⱨꜟ⸗♦ꜟ ╩ ⇔√⁹ 

─ [Est] = 0.12 [SE] = 0.02t = 8.08p < .001

≤ ─ ─ Est = 0.05SE = 0.02t = 2.96p < .005⅜ ≢№∫

√⁹ ─ Est = 0.16, SE = 0.11, t = 1.56, p = .12│ ≢│⌂⅛∫√⁹↓╣╠─

╩╟╡ ∆╢√╘⌐ ⱨꜟ⸗♦ꜟ≤ ⸗♦ꜟ╩ ⇔√⁹ ─ ⱨꜟ

⸗♦ꜟ≤ ─ ╩ ™√ ⸗♦ꜟ─ ⌐ ⅜ ╘╠╣√ ɢ2 = 47.40, p 

< .001⁹╕√ ⱨꜟ⸗♦ꜟ≤ ≤ ─ ≤─ ╩ ™√ ⸗♦ꜟ≤─

⌐╙ ⅜ ╠╣√ ɢ2 = 8.60, p < .005⁹ ─ │ ─ ─ ≢╟

╡ ™ ╩ ⇔√⁹ ≤ ─ ≤─ ─ ≢│ ⅜

⌐ ╓∆ │ ╟╡╙ ─╒℮⅜ ⅝™↓≤⅜ ↕╣√  4⁹ 

─ ─ ⇔╖╛∆↕─ ⅜3 ─╙─⅜⌂⅛∫√√╘ M  1.83

SD  0.26   1.15   2.61 │ ╕╣⌂™≤ ⇔ ╠╣√♦

╩♃כ ≡ ⇔√⁹▪☺▪ ─⸗♦ꜟ≤ ∂⸗♦ꜟ⌐∆╢√╘ ─

─ ─ ≤ ─ꜝfi♄ⱶ ↔≤≤ ↔≤

─ ─ꜝfi♄ⱶ ⅝╩ ≈⸗♦ꜟ ⱨꜟ⸗♦ꜟ ╩ ⇔√⁹ 

─ │ ≢№∫√ Est = 0.12, SE = 0.03, t = 4.57, p < .001⁹

≤ ─ ≤─ ≤ Est = 0.05, SE = 0.03, t = 1.58, p = .116─

Est = 0.07, SE = 0.07, t = 1.14, p = .256│ ≢│⌂⅛∫√⁹↓╣╠─ ╩↕╠⌐ ∆

╢√╘⌐ ⱨꜟ⸗♦ꜟ≤ ⸗♦ꜟ╩ ⇔√⁹ ─ ⱨꜟ⸗♦ꜟ≤

─ ╩ ™√ ⸗♦ꜟ─ ⌐ ⅜ ╘╠╣√ ɢ2 = 19.88, p < .001⁹╕√ ⱨꜟ

⸗♦ꜟ≤ ≤ ─ ─ ╩ ™√ ⸗♦ꜟ─ ⌐│ │ ╠╣

⌂⅛∫√ ɢ2 = 2.50, p = .114⁹ ─ │ SD ─ ≢╟╡ ™
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╩ ⇔√⁹ ─ ⅝│ ─ ⅜ ╟╡╙╦∏⅛⌐ ⅝⅛∫√⅜

≤ ─ ─ ─ │ ≢│ │⌂⅛∫√  4⁹ 

 

 

 4. ▪☺▪ ⅔╟┘ ─ ─ ─ │▪☺▪ ╩♃כ♦─ ⇔

─ │ ╩♃כ♦─ ∆⁹ ─ ─ │-2 SD0 +2 SD─ ╩ ∆⁹ ™

™ │ ⸗♦ꜟ⌐╟╢ ─ ─ ╩ ∆⁹ ™ ™ │ ⸗

♦ꜟ⌐╟╢ ─ ─ ╩ ∆⁹ ™ ─ │∕╣∙╣─95% ╩

∆⁹ ─ │ ─ ─ ╩ ∆⁹ 

 

2.2.3.  

LMM ⌐╟╡ ⌐ ∆╢ ─ ⌂ ⅜ ╠⅛⌐⌂∫√⁹↓╣│

─ ⅜ ⅝™╒≥ ─ ⅜ ↄ⌂╢↓≤╩ ⇔≡™╢⁹↓─ │

⌐╟∫≡ ↕╣√ ─ ⅎ┌ ⅝⌂ ™ ⌂

⇔√ ⌂≥╙ ─ ⌐⅔™≡ ≢№╢↓≤╩ ⇔≡™╢⁹╕√

⅜ ⌐ ⅎ╢ │ ▪☺▪ ╟╡╙▪☺▪ ─ ⅜ ≢№

∫√⁹ ⌐≈™≡│ ⌐ ⌂ ≢│⌂⅛∫√⅜ ⅝│ ─ ⅜

╟╡╙╦∏⅛⌐ ⅝⅛∫√⁹ ─ │ ╠⇔↕╩ ∆╢ ⌐ ╩

↕∑╢≤ ⌐⌂╢⅜ ─ │ ╠⇔↕╩ ∆╢ ⌐ ╩

↕∑≡╙ ∏⇔╙ ≤│ ↕╣⌂™ Perrett et al., 1998⁹⇔√⅜∫≡ ─ ─

⅜ ⌐ ∆╢ ⌐ ⅜№╡ ╟╡╙ ⅜ ⅝⅛∫√ ⅜

№╢⁹LMM ⅛╠ ⌐╟∫≡ ╠⅛⌐⌂∫√ ─ ≤ ─ ─



 

  

 

22 

 

│ ─ ≤ ⇔≡⅔╡ ∕─ │ ⌐⅔™≡╟╡ ≢№╢↓≤

⅜ ↕╣√⁹ 

2.3. 1-3 ⌐╟╢ ─  

─ ─ ≡⇔≥♃כ♦ ♃כ♦ ─ ╩ 1-1≢ ↕╣√

─ ⅔╟┘ ⅝↕⅜ ╖─ ╩ ⇔√⁹SCUT-FBP5500─ │ ─ ⅝

⅜℮╕ↄ ↕╣≡™⌂™ ⅜ №∫√√╘ 1-1─ ⌐╟╢

≢ ≤ ─Ɽכ♠⅜ ⇔ↄ ╦∑↕╣≡™⌂™ │ ╠⅛♃כ♦ ⇔

▪☺▪ 1952 ▪☺▪ 1786 584 590╩ ⇔

√⁹ ─ ⌐│ 5╩♃כ♦ ⇔ 4 ╩ ♃כ♦ 1 ≥♃כ♦♩☻♥╩

∆╢ 5 ◒꜡☻Ᵽꜞ♦כ◦ꜛfi ╩ ™ ∆═≡─ ─ ╖ ╦∑⌐≈™≡ ╩

∫√⁹▪☺▪ ⌐≈™≡│ ∫№≢390⅜♃כ♦♩☻♥1562⅜♃כ♦

√⁹▪☺▪ ⌐≈™≡│ ⁹√∫№≢357⅜♃כ♦♩☻♥1429⅜♃כ♦

⌐≈™≡│ 468⅜♃כ♦ ⁹√∫№≢116⅜♃כ♦♩☻♥

─ │ 472⅜♃כ♦ ≡⇔⧵⁹√∫№≢118⅜♃כ♦♩☻♥ 1-1≢─

╩ ™≡ ⌐╟╢ ⅜ ™ +2 SD 0 SD ™ -2 SD∕╣∙╣─

─ ╩ ⇔ ↓╣╠╩Grad-CAM─ ─ √╕⁹√⇔≥♃כ♦ ─

╩ ∆╢√╘⌐ ╩ ⌐ ╡ ∫√⁹ 1-3─ ╩  5⌐ ∆⁹ 

╩♃כ♦ ™≡ CNN⸗♦ꜟ╩ ⇔√⁹∕─ ⇔√ ╩ ™≡ Grad-

CAM⌐╟╡ ─ ⌐⅔™≡ ⌂ ╩ ⇔√⁹ ⌐│ tensorflow/keras

version.2.6.0╩ ™√⁹ 
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 5. ─ ╖ │ꜟ♦⸗◒כⱠ♇♩꞉ꜟꜝכꜙ♬╖ 1-1≢ ↕╣√ ─

╛ ⅝↕⅜ ╖─ ╩ ⇔≡ ↕╣√⁹ ↕╣√⸗♦ꜟ│ Grad-CAM⌐

╟╢ ─ ⌐ ↕╣√⁹ │ ─ ⅜-2 SD0 SD+2 SD─

─ 1-1≢ ↕╣√ ╩ ⇔≡ ↕╣√⁹ 

 

2.3.1.  

⸗♦ꜟ─ ╩ ∆╢√╘ ⸗♦ꜟ─ ─ ╩ ⇔√⁹ ≢│

─ ⌐╟╢ ─ ™╩ ═╢√╘ ≤ ╩ ≥♩♇☿♃כ♦─₁

⇔≡ ∫√⁹ ≡─♥☻♩│ 5 ─◒꜡☻Ᵽꜞ♦כ◦ꜛfi ╩ ™≡ ∫√⁹

Sano, 2022⌐ ≠⅝ ─ ─ꜝⱬꜟ ≤ ─Ⱨ▪♁fi ╩ ≤

⇔≡ ™√⁹⸗♦ꜟ ─ ≢│ ResNetK. He et al., 2016DenseNetHuang et al., 2017

VGGSimonyan & Zisserman, 2015⌂≥─⸗♦ꜟ⅜ ™ ╩ ∆╢↓≤⅜ ↕

╣╢⁹⇔⅛⇔ ⌂⸗♦ꜟ ⅜ ⌐ ╩ ⅎ╢ ╩ ⇔ ≢│

⌂ CNN⸗♦ꜟ╩ ⇔√⁹CNN⸗♦ꜟ⌐│ CNN ─ ⌐Ᵽ♇♅ Ioffe 
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& Szegedy, 2015⅜№╡ 2 ↔≤⌐ ⱪכꜞfi◓ ⅜№╢⁹ ≢│ 2 4 6

─CNN ≢⸗♦ꜟ─ ╩ ⇔√⁹ │AdamⱣ♇♅◘▬☼│16

─ │ ─ ─ │ ReLU◄ⱳ♇◒ │ 500 │

0.01⌐ ⇔√⁹ 

╙ ─ ™ ╩ ⇔ ∕╣∙╣─ ⌐ ⇔≡CNN⸗♦ꜟ╩ ⇔√⁹↓

╣╠─⸗♦ꜟ≤ ≢ ⇔√ ╩ ™≡ ╣ ─ ⌐ ╣√Grad-

CAM⌐╟╡ ⌐ ⌂ ─ ╩ ⇔√⁹ 

 

2.3.2.  

⸗♦ꜟ ─ ╩ ⇔√≤↓╤ CNN╩ 6 ⌐⇔√ ⌐ ™ ⅜ ╠╣╢↓≤

⅜╦⅛∫√  1⁹∕─√╘ 6 ─CNN⸗♦ꜟ╩ ™╢↓≤⌐⇔√⁹Ᵽ♇♅ ╩

CNN ─ ⌐ Maxⱪכꜞfi◓ ╩ ≤ ⌐ CNN─ 2 ⅔⅝⌐ ⇔

╩AdamⱣ♇♅◘▬☼╩16≤⇔≡ ╩0.01⌐ ⇔√⁹⸗♦ꜟ ╩  6⌐ ∆⁹ 

↓─⸗♦ꜟ╩ ™≡ ⅜♃כ♦♩☻♥≥♃כ♦ ≢№╢ ─ ╙

⇔√⁹ ◄ⱳ♇◒│∕╣∙╣100⌐ ⇔√⁹∕─ ⌂╢ ╩ ⇔√ ─

⅜ ∂ ╩ ⇔√ ╟╡╙ ⅜ ™↓≤⅜╦⅛∫√  2⁹↓─ ⅛╠

─ ⌐╟∫≡⸗♦ꜟ⅜ ∆╢ ⌐ ™⅜№╢ ⅜ ⅎ╠╣╢⁹ 
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 1. Ⱨ▪♁fi ╩ ≤⇔√5 ─◒꜡☻Ᵽꜞ♦כ◦ꜛfi─  

Model Race Sex Test 1 Test 2 Test 3 Test 4 Test 5 Average 

CNN2 Asian Male 0.79 0.82 0.80 0.81 0.80 0.80 

CNN4 Asian Male 0.84 0.83 0.84 0.82 0.82 0.83 

CNN6 Asian Male 0.85 0.87 0.84 0.84 0.84 0.85 

CNN2 Asian Female 0.83 0.82 0.80 0.83 0.83 0.82 

CNN4 Asian Female 0.82 0.83 0.85 0.84 0.83 0.83 

CNN6 Asian Female 0.84 0.87 0.86 0.82 0.83 0.85 

CNN2 White Male 0.64 0.61 0.62 0.62 0.64 0.62 

CNN4 White Male 0.70 0.61 0.57 0.58 0.67 0.63 

CNN6 White Male 0.65 0.72 0.75 0.71 0.69 0.70 

CNN2 White Female 0.78 0.77 0.79 0.78 0.74 0.77 

CNN4 White Female 0.79 0.80 0.79 0.81 0.73 0.79 

CNN6 White Female 0.84 0.81 0.71 0.80 0.81 0.80 

Note ─ │ ⅔╟┘ ⌐ ↕╣√ ☿♇♩─ ╩ ∆⁹⸗♦ꜟ│

↕╣√ CNN ─ ╩ ∆⁹♥☻♩ 1ï5│ ◒꜡☻Ᵽꜞ♦כ◦ꜛfi♥☻♩─ ╩ ⇔

│Ⱨ▪♁fi ╩ ∆⁹ │∕╣╠─ ╩ ∆⁹ 

 

 

 6. ⸗♦ꜟ ─ │ ─ ≤◘▬☼╩ ∆⁹ ─ │ ╖ ╖ ≤

ⱪכꜞfi◓ ─ ⅔╟┘☻♩ꜝ▬♪ ╩ ∆⁹ 
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 2. Ⱨ▪♁fi ╩ ≤⇔√ ⌂╢ ⌐ ♃כ♦♩☻♥╢∆ ─  

Model Sex Train Data Test Data Accuracy 

CNN6 Male Asian White 0.269 

CNN6 Male White Asian 0.276 

CNN6 Female Asian White 0.582 

CNN6 Female White Asian 0.302 

Note ─♃כ♦♩☻♥≥♃כ♦ ╩ ╣ ⅎ√ ─ ╩ ⇔≡™╢⁹ │

Ⱨ▪♁fi ╩ ∆⁹ 

 

∕⇔≡ ↔≤⌐ ╩♃כ♦ ⇔≥♃כ♦ 500◄ⱳ♇◒≢ ⇔√⸗♦ꜟ╩ ™

≡ ⌐ ╙ ™ ╣ ╩ Grad-CAM⌐╟╡ ⇔√⁹ ⸗♦ꜟ│ ⸗♦ꜟ≢

№╢√╘ ╩ ∆╢1◒ꜝ☻─╖─⸗♦ꜟ≤⇔≡ ™ ╣ ─ ╩

⌐ ⇔√⁹ ⌐│ ≢ ⇔√ ╩ ™√⁹ ⅜ +2 

SD 0 SD -2 SD─ ⌐⅔™≡ ∕╣∙╣─ ↔≤⌐ ⌐♩♇☿♃כ♦

↕╣≡™╢ ⅜ 100 ╩ 100 ╩ 100 ╩

≤⇔√⁹↓╣╠─ ╩ ≢ ⌡ ╦∑ ⇔√⁹↓↓≢│ ⌐ ∆╢

╩ ⌐♩♇☿♃כ♦ ↕╣≡™╢ ╩ ≤ ┬↓≤≤∆

╢⁹Grad-CAM⌐╟╡ ─ ⌐ ⌂ ⅜ⱥכ♩ⱴ♇ⱪ≤⇔≡ ↕╣ ⱥ

─ⱴ♇ⱪ♩כ ⅜ ™╒≥ ┼─ ─ ⅜ ⅝™ ≢№╢≤ ⅎ╢↓≤⅜

≢⅝╢  7⁹ ─ ▪☺▪ ≢│ ⌐⅔™≡ ≤ ─ ≢ⱥ

⅜ⱴ♇ⱪ♩כ ⅝ↄ⌂∫√⁹╕√ ─ ™ ╒≥∕─ ⅜ ⅛∫√⁹

─ ─ │ ⅝ↄ⌂™⅜ ⅜ ™ ≢│ ⅜ ⇔ ╕╢ ⅜ ╠╣√⁹

╕√ ─ ⅜ ≢№∫√⁹ ≢│ ≥─ ≢╙ ─ ≤ ⌐ ⅝⌂ⱥכ♩ⱴ

♇ⱪ⅜ ╠╣ ⌐ ≢│ ─ ─ⱥכ♩ⱴ♇ⱪ⅜ ⅛∫√⁹⇔⅛⇔

─ ⌐│╒≤╪≥ ™│ ╠╣⌂⅛∫√⁹ 

≢│ ≢ ⅜ ™ ⌐ⱥכ♩ⱴ♇ⱪ⅜ ≢№∫√⁹

ⱥכ♩ⱴ♇ⱪ│ ⅜ ה ─ ≤ ⌐ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹

≢│ ⌐ ⅜ ™ ⌐ ─ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹ ⅜

ה ─ ⌐│ ⱥכ♩ⱴ♇ⱪ│▪☺▪ ─ ╟╡│ ™ ⌐ ╣⌂⅛∫√⁹ 
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 7. Grad-CAM⌐╟╢ ⌐♩♇☿♃כ♦│ ₁ ╕╣≡™√ ≢№

╢ ⌐ ≠ↄ ╩ⱪכꜟ◓ ⇔ │ ⌐ ∆╢ ≢№╢

─ ╩ ∆⁹ 
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2.3.3.  

─ │ ⌐ ⌐ⱥכ♩ⱴ♇ⱪ ╠╣ ∕─

│ ⅜ ™╒≥ ⅝⅛∫√⁹ ─ ⅜ ⌂ ≢№╢≤™℮ │

≤ ⇔≡⅔╡ Sano, 2022≤ │ ─ ╠⇔↕⌐ ∆╢♥☻♩☻♥꜡fi─

⌐╟╢ ≤ ⇔≡™╢ ⅜№╢ Johnston, 2006⁹ ─ⱥכ♩ⱴ♇ⱪ⌐≈

™≡│ ─ ⅝↕⌐ ∆╢ ╙ ⅜ ─ ─ ⌂ ⅜⅛╡≢№╢≤™℮ ≤

⇔≡™╢ Kampe et al., 2001⁹ ─ ⌐╟╢↓╣╠─ │ ⅝ↄ⌂⅛⅛∫√

⅜ ─ ⅜ ™╒≥ⱥכ♩ⱴ♇ⱪ ⅜ ↄ⌂╢ ⅜№╡ ╙

⌐ ⇔≡™╢↓≤⅜ ↕╣√⁹⇔⅛⇔ ⌐╟╢ⱥכ♩ⱴ♇ⱪ─ ⌂

⅜ ⅝⅛∫√↓≤⅛╠ ╩ ™√ ≢│ ╛ ─ ─ ◖fi♩ꜝ

☻♩⌂≥─ ⅜ ⌂ ≢№╢ ⅜ ⅎ╠╣╢⁹ ה ≤ ─ ◖fi♩ꜝ

☻♩│ ╠⇔↕ ╠⇔↕⌐ ⇔ Russell, 2003│ ⌐ ∆╢

↓≤⅛╠ Perrett et al., 1998↓╣╠─ ⅜ ⸗♦ꜟ⌐⅔™≡╙ ⌐

⇔≡™╢↓≤⅜ ↕╣√⁹ 

⌐⅔™≡│ ⌐ ─ ™ ⌐⅔™≡ ─ⱥכ♩ⱴ♇ⱪ⅜ ⅝ↄ

⌂∫√⁹ ⌐⅔↑╢ ─ⱥכ♩ⱴ♇ⱪ│ ≤ ∆╢ Sano, 2022⁹╕√

↓─ │ ◖fi♩ꜝ☻♩─ Russell, 2009╛ │ ה ≤ ─ ◖fi♩

ꜝ☻♩╩ ╘╢≤╟╡ ⌐⌂╢≤™℮ ≤╙ ⇔≡™╢≤ ⅎ╠╣╢

Russell, 2003⁹ 

─ ≤ ◖fi♩ꜝ☻♩│▪☺▪ ≤ ─ ⌐ ∆╢ ≢№∫√⅜

≢│ ⅜ ™ ≢│ ⅜ ⅛ ™ ⌐ ⅜ ╠

╣√⁹╕√ ⌂╢ ⌐≈™≡ ⸗♦ꜟ─ ≢│ ∂ ─ ╟╡╙

⅜ ⅛∫√⁹↓─↓≤⅛╠ ⸗♦ꜟ│ ⌐╟∫≡ ⌂╢ ╩ ⇔≡™

╢ ⅜ ↕╣√⁹ 

2.4. 1  

 1-1│ ⅝⌂ ™ ⌂ ⅜ ⌐ ⌂ↄ ⌐

⌂ ≢№╢↓≤╩ ⇔√⁹ │ ⌐ ≢ ≢№∫√⁹ 1-2│

⌐╟∫≡ ╠⅛⌐⌂∫√ ─ ≤ ─ ⅜ ─ ⌐ ⇔≡

™╢↓≤╩ ⇔√⁹↓─ │ ▪☺▪ ╟╡╙▪☺▪ ─ ⅜ ≢№
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∫√⁹Grad-CAM╩ ™√ 1-3≢│ │ ─ ⅜ ≢№╡

⅜ ™╒≥ⱥכ♩ⱴ♇ⱪ⅜ ⅝ↄ⌂╢↓≤⅜ ↕╣√⁹╕√ ─ ⅜ ™╒≥

ⱥכ♩ⱴ♇ⱪ │╛╛ ⅛∫√⁹ ≢│ ∆═≡─ ≢ ─ ⌐ⱥכ♩ⱴ♇

ⱪ⅜ ╠╣ ⅜ ™╒≥ⱥכ♩ⱴ♇ⱪ⅜ ⅝ↄ⌂∫√⁹ 1-1 1-3│

⌐ ≢│ ≤ ⅜ ⌂ ≤⇔≡ ↕╣√⁹ 1-1≢│ ⅜ ≤

⇔≡™√⁹ 1-3≢│ ⅜ ™╒≥ ─ⱥכ♩ⱴ♇ⱪ⅜ ≢№╡

─ ⅜ ™╒≥ ∕─ ⅜ ↄ⌂∫≡™√⁹ 

─ ⌐ ∆╢ ─ ⌐⅔™≡ ╩ ™√

≢│ ─ ↕⅜ ╠⇔↕─ ⌐ ∆╢↓≤⅜ ↕╣≡™╢ Mogilski & Welling, 

2018⁹ ╩ ™√ ≢│ ⌐⅔™≡ │ ─ ⌂

≢№╢↓≤╩ ⇔√ Sano, 2022⁹↕╠⌐ ─ │ ─ ╠⇔↕≤ ⇔≡⅔╡

Johnston, 2006; Little et al., 2011; Rhodes, 2006; Thornhill & Gangestad, 1999⅜

↕╣√ │╟╡ ≢№╢↓≤⅛╠ Perrett et al., 1998─ │

─ ≤ ≤ ⅎ╢↓≤⅜≢⅝╢⁹CG⸗♦ꜞfi◓ Nakamura & Watanabe, 2019

╛ ₁⌂ Kampe et al., 2001; Mogilski & Welling, 2018│ │ ⌐

⌂ ≢№╢↓≤╩ ⇔≡™╢⁹ 1-2≢│ ─ ⅝↕ ─ ≤ ↕ ⌂

─ ─ ╩ ╗ ─ ╙ ≢№∫√⁹⇔√⅜∫≡ ─ ╛ ≤ ≤

─ │ ⌂ ≤⇔≡╙ ⅜ ∆╢╙─≤⇔≡╙ ⌂ ≤⌂╡

℮╢⁹ 

1-1≢│ ⌐⅔↑╢ ─ ⅝↕≤ ≤─ ⅜ ↕╣√⁹ ─ ⅝↕─

│ ⅜ ─ ⌂ ⌐ ⅝ↄ ∆╢≤™℮ ⅛╠ ≢⅝╢ Terry & 

Davis, 1976⁹ 1-3≢│ ⌐⅔↑╢ ─ ─ⱥכ♩ⱴ♇ⱪ⅜ ↕╣√⁹

↓─ⱥכ♩ⱴ♇ⱪ│ ≤ ─ ─ ◖fi♩ꜝ☻♩⅜ ⌐ ⅎ╢ ⌐ ⇔≡™╢

⅜№╢ Russell, 2009⁹ 1-2≢│ ⅜ ⌐ ╓∆ │ ▪☺▪

╟╡╙▪☺▪ ≢ ≢№∫√⁹ ≢│ ⌐ ⌂ ≢

│⌂⅛∫√⅜ ⅝│ ╟╡╙ ─ ⅜╦∏⅛⌐ ⅝⅛∫√⁹↓╣╠─ │

⌐ ∆╢ ⅜ ─ ─ ⌐ ≢№╢↓≤╩ ⇔≡™╢⁹⇔⅛⇔ 1-3│

1-1≤│ ⌂╡ ∕─╙─≢│⌂ↄ ─ ⅜ ╩ ∆╢ ≢ ⌂ ≢№∫√⁹

↕╠⌐ ▪☺▪ ⌐⅔↑╢ ┼─ │ 1-2≢│▪☺▪ ╟

╡╙ ⅝⅛∫√⅜ 1-3≢│ ⱥכ♩ⱴ♇ⱪ│ ≢│⌂ↄ ⌐ ≢№∫
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√⁹↓╣╠─ │ ∆╢ ⌐╟∫≡ ⌂ ≤⌂╢ ⅜ ⌂╢↓≤╩ ⇔≡⅔

╡ ─ ─ ↕╩ ⇔≡™╢⁹ ⌐╟╢ ⌂ ─ ⅝↕ ⅜

⌐ ╓∆⌂≥ ⌂ ⅜ ∆╢⅜ Matsushita et al., 2015; Xiao et al., 2014∕

─ ⌐≈™≡│↕╠⌂╢ ⅜ ≢№╢⁹ 

1-3≢│ ⅜ ™ ⱥכ♩ⱴ♇ⱪ│▪☺▪ ─ ≢ ╛ ⌂≥─

⅜ ≢№∫√⁹ ≢│ ⱥכ♩ⱴ♇ⱪ│ ⌐ ⅜∫≡™√⁹

╕√ ⅜ ה ─ ▪☺▪ ≢│ ─ ─ⱥכ♩ⱴ♇ⱪ⅜╟╡

⌐ ⅜∫≡™√─⌐ ⇔ ≢│∕─ │ ⅛∫√⁹ ⸗♦ꜟ⅜ ∆

╢ ─ │ ⌐╟∫≡ ⌂╢↓≤⅜ ↕╣√⁹╕√ ▪☺▪ ─

─ ╟╡╙ ─Ɽכ♠ ─ ⅜ ≢№∫√⁹ ─ ⌐≈™≡│ ╟╡

╙ ─ ⅜ ≢№╢↓≤⅜ ↕╣≡™╢ OôToole et al., 1999⅜ ─ ≢│

─ ⅜ ≢№╢↓≤⅜ ↕╣≡™╢ M. Carrito et al., 2016⁹ ▪☺▪─ ─

⌐ ∆╢ ≤ ─ ⌐ ∆╢ ≢│ ─ ⅜╟╡ ≢

№╢↓≤⅜ ↕╣√ Nakamura & Watanabe, 2019⁹↓╣╠─ │ ▪☺▪ ─ ≢

│ ⌐ ∆╢ ⅜╟╡ ≢№╢≤™℮ ─ ≤ ∆╢⁹ 

⌐≈™≡│ ⱥכ♩ⱴ♇ⱪ⌐⅔↑╢ ─ ⅝↕⌐ ™⅜ ↕╣√⁹

≢ │⌐♩♇☿♃כ♦√⇔ ╩⇔√ ─ ⅜ ↄ ╕╣≡⅔╡ ↓╣⅜ ⇔≡™

╢ ⅜№╢⁹▪☺▪ ≢│ ≢№╢↓≤⅜ ─ ⇔↕─ ⌂ ≢№╡ E. 

P. H. Li et al., 2008↓─ ╛ ─ ─ ™⅜ ⱥכ♩ⱴ♇ⱪ─ ⌐ ╩ ⅎ

√ ⅜№╢⁹ ⌐≈™≡│↕╠⌂╢ ⅜ ≢№╢⅜ │ ∞↑≢

│ ≢⅝⌂⅛∫√ ─ ™⅜ ─ ╩ ™≡ ≢⅝╢ ╩ ⇔≡

™╢⁹ 

1-1≢ ↕╣√ │ ⌐♩♇☿♃כ♦ ∆╢ ─ ≢№╢-2 SD⅛

╠+2 SD╕≢ ╩ ↕∑ ∕─ │LMM⌐╟ↄ ⇔√⁹↓─ │ ─ ⅝↕

─ ≤ ↕ ↕ⱪכꜗ◦─ ─ ≤™∫√ ─ ─ ≤ ─

─ ⌐ ⅜ ∆╢↓≤╩ ⇔≡™╢⁹⇔⅛⇔ Windhager et al.2018│

-5 SD⅛╠+5 SD─ ≢─ ≤ ⌐⅔™≡ U ─ ⅜№╢↓≤╩ ⇔

√⁹ ─ ⌐⅔™≡ ⅜ ⌂ ≢№╢↓≤│ ╡ ⇔ ↕╣≡™╢↓≤⅛╠

Little et al., 2011; Rhodes, 2006; Thornhill & Gangestad, 1999⅛╠─ ⇔™ │ ─

╩ ╓∆ ⅜ ↕╣╢⁹⇔√⅜∫≡ ≤ ─ ⌂ ⌐≈
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™≡│ ╟╡ ™ ≢─ ⅜ ↕╣╢⁹ 

≢│ ≤ ─ │ ⇔≡ ╦╣≡⅝√√╘

│ ⌐ ⇔≡™√⁹ ╛ ⅜ ⌐⅔™≡ ≢№╢↓≤⅜ ↕╣╢

≢ ╛ ─ ≤™∫√ ⅛⌂ │ ⌐╟∫≡ ╠╣╢ ⅜

⌂╢⁹ ≢ ⇔√▪ⱪ꜡כ♅╩≤╢↓≤≢ ╟╡ ╩ ⌐ ⅎ╢↓≤⅜≢⅝√

≤ ⅎ╢⁹╕√ ≢│ ⌐╟╢ ─ ─ⱪ꜡☿☻╩ ⇔

⌐ ↕╣√ ≤ ─ ≤─ ╩ ⇔√⁹↓─╟℮⌂▪ⱪ꜡כ♅│

⌐ ↕╣√ ╩ ⌐ ≢⅝╢√╘ ╟╡ ⌂ ─ ⌐

∆╢≤ ⅎ╠╣╢⁹ 

⌐│™ↄ≈⅛─ ⅜№╢⁹ ⌐ ResNetDenseNetVGG─╟℮⌂

─ ™⸗♦ꜟ≢─ │≢⅝≡™⌂™⁹ ⌐ ↄ─ ─◘▬☼≤ ╩ ∆╢√

╘⌐ ⱪ꜡◒ꜝ☻♥☻ ╩ ∫√⁹√∞⇔ │ ─ ╩ ™≡ ⇔

√⁹ ─ ⅜∆═≡ │⌐♩♇☿♃כ♦√∫ ⅜№╢⅜

↓╣╠─ ╩ ⇔√ ⅜ ↕╣╢⁹ ⌐ ≢ ─♩♇☿♃כ♦√™

─ │ ≢№╢⅜ 1-3─ ─ │ ≢№∫√⁹╕√ ♃כ♦

☿♇♩─ ─ │18⅛╠27≢№∫√√╘ 1-2≢│ ™ ╩

╘√⁹ ─ │ ≢╙ ≢╙ ⌐ ⇔≡™╢⅜ Langlois et al., 2000─

─ ╖⌐╙ ─ ™⅜№╢ Hu et al., 2018⁹ ⌐ ─ │ ─ ⌐

╟∫≡ ╦╢ ⅜№╢ D. He et al., 2021⁹⇔√⅜∫≡ ─ ⌐ ∆╢

─ ⅜ ↕╣╢⁹ 4⌐ ≢ ⇔√ ─ ╛ ⌐│┌╠≈⅝⅜№╢

⅜ ╛ ≢⸗♦ꜟ╩ ↑╢↓≤⌂ↄ⸗♦ꜟ╩ ⇔√⁹↓╣│ ╩♃כ♦ ≢⅝

╢√╘ ♃כ♦ ⅜ ⌂ↄ≡ ╗≤™℮ ⅜№╢ ↓─╟℮⌂ ₁⌂ ⌂

⅜ ⌐ ╩ ⅎ√ ⅜№╢⁹ ⅎ┌ ─ │∕℮≢⌂™ ⌐ ═≡

≢ⱳ☺♥▫Ⱪ⌂ ╩ ⅎ╢ Otta et al., 1996; Reis et al., 1990─≢ ⅜ ⌐ ⇔

√ │ ╡ ∑⌂™⁹↕╠⌐ │ ≤≤╙⌐ ∆╢↓≤⅜ ↕╣≡™╢ D. 

He et al., 2021⁹↓─╟℮⌂ ╩ ⌐∆╢√╘⌐│ ╛ ꜝfi♪ⱴכ◒⌐ ⅎ

╛ ─ꜝⱬꜟ╩ ≈ ⅜♩♇☿♃כ♦⌂ ⌐⌂╢↓≤⅜ ↕╣╢⁹

⌐ ≢│ ⅛╠─ ─ ⅜ ↕╣√⅜ ╟╡ ⌂ ╩

⇔ ╛ ─ ⌐ ∆╢ ╩ ∆╢√╘─↕╠⌂╢ ⅜ ↕

╣╢⁹ 
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≢│ ≤ ─ ╩ ™≡ ─ ⌐⅔™≡ ⌂

─ ╩ ⇔√⁹∕─ ⅝⌂ ™ ⌂ ⅜ ⌐

∆╢↓≤⅜ ⌐╟╡ ↕╣√⁹ ≢│ ≢│ ≤

≢│ ─ ─ ≤ ⇔√⁹↕╠⌐ ⌐╟╡ ↓╣╠─ ⅜ ─

⌐ ∆╢ ─ ⌐ ∆╢↓≤⅜ ↕╣√⁹ ⌐ ╛ ─ ⌐ ∆╢ ⅜

↕╣ ↓╣╠─ ⅜ ─ ⌐ ≢№╢↓≤⅜ ↕╣√⁹╕√ ▪ⱪ꜡כ♅╩

™╢↓≤≢ ▪☺▪ ≤ ≤─ ≢ ╛ ─ ┼─ ─ ™⅜ ≢⅝╢

⅜ ↕╣√⁹ 

▪ⱪ꜡כ♅│ ─ ⌐⅔↑╢ ─ ™ ╩ ∆╢↓≤⌐ ⇔

╩ →╢╙─≢№╢⁹╕√ ⱷ◌♬☼ⱶ⌐ ≠ↄ ⸗♦ꜞfi◓─ ╩ ╖ ╦

∑╢↓≤≢ ─↕╠⌂╢ ╛ ─ Liang et al., 2015╛ ─ Liang 

et al., 2014⌂≥─ ₁⌂ Saeed & Abdulazeez, 2021⌐ ∆╢↓≤╙ ≢

⅝╢⁹ 
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3  2 ה ה ⌐╟╢

─  

 

1≢│ ⌐ ⇔ ≤ ╩ ⇔ ╩ ╖ ╦∑√▪

ⱪ꜡כ♅⌐╟╡ ⌂ ─ ⅜ ≢№╢↓≤⅜ ↕╣√⁹⇔⅛⇔ │

⌐≥─ ╩ ⇔ ∕─ ⌐╟╢ ─ ™╛ ─ ⌐≈™≡│ ≢⅝

≡™⌂⅛∫√⁹∕─√╘ 2≢│ 1≢ ⇔√ ⌐ ⅎ ⌐⅔™≡╟

ↄ ↕╣╢ ⅔╟┘ ─ ─ ╩ ⇔√⁹ 2-1≢│

╩ ™≡ ╩ ⇔√ ╩ ⇔√⁹↓╣╠─ ╩ ™≡

2-2≢ ╩ ™ ─ ≤ ─ ─ ⅔

╟┘ ≤ ≤─ ╩ ⇔√⁹ 2-3≢│ ╩ ™≡

≤ ─ ↔≤⌐ ─ ⌐ ⌂ ╩ ⇔√⁹ 2│ ≢ ↕╣√

≤ ─ ─ ≤─ ╩ ⇔ ≤ ╩ ⇔ ₈ ╠╣

╢ ₉─ ⌐₈ ╩ ╢ ₉─ ⅜≥─╟℮⌐ ∆╢⅛╩ ╠⅛⌐∆╢↓≤╩ ≤

⇔√⁹ 

3.1. 2-1 ⌐╟╢ ─  

2-1≢│ ╩ ™≡ ╩ ⇔ ⌐ ∆╢ ─ ╩

⇔≡ ─ ⌐ ∆╢ ╩ │♩♇☿♃כ♦⁹√⇔ Chicago Face DatabaseMa 

et al., 2015╩ ⇔ ₁⌂ ─ ⌐╟∫≡ꜝⱬꜟ ↑↕╣√ ─ ⅜ ╕

╠⅛☻כⱬ♃כ♦─↓⁹╢™≡╣ ▪☺▪ ꜝ♥fi ─ 290⅔╟┘

307─ ╩ ⇔ ↓╣╠─ ⌐│ ⅔╟┘ ─ ⅜

≡ ╕╣≡™╢⁹ ⌐≈™≡│ ⌐│ ╠⇔↕─ ╩ ⌐

│ ╠⇔↕─ ╩ ⇔√⁹ 

 

3.1.1.  

─ ╩ ⇔≡ ⌐ ─ꜝfi♪ⱴכ◒ ╩ ╡ ≡√ Singh et al., 2022⁹

☻ⱶכ☼⌂ ─√╘⌐ 52─ ⌂ꜝfi♪ⱴכ◒ ≤ ─√╘⌐87─

☿Ⱶꜝfi♪ⱴכ◒╩ ⇔√⁹ ⌐ ⱪ꜡◒ꜝ☻♥☻ ╩ ∂≡ ⅛╠─ ╩

⇔ ꜝfi♪ⱴכ◒ ─ ≤⇔≡ ╩ ↕∑√⁹∕─ ☻ⱪꜝ▬fi╩ ™≡
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ꜝfi♪ⱴכ◒ ⅛╠ ╖╩ ⇔ ꜝfi♪ⱴכ◒ ─ ╩ ⅔╟┘ ⇔√⁹ ╖│

─ ─ ⌐ ∆╢⁹ ╖╩ ─ ╩ ≤⇔≡ ⅔╟┘

↔≤⌐ ╩ ∫√⁹≈╕╡ ⌐ ∆╢ ─ ╩ ∆

⸗♦ꜟ╩ ⇔√⁹∕─ ꜝfi♪ⱴכ◒ ⅔╟┘ ╩ ⇔√⁹ꜝfi♪ⱴכ◒

─ ⌐│ tpsRelwVersion 1.75 ≤ꜝfi♪ⱴכ◒ ─ ⌐│ tpsRegr

Version 1.50 ⌐│tpsSuperVersion 2.06╩ ⇔√ F. Rohlf, 2015⁹ 

 

3.1.2.  

╩ ™ 10000─Permutation test╩ ⇔√ ─ ≤ ─

⅜ ⸗♦ꜟ⅔╟┘ ⸗♦ꜟ: ∕╣∙╣1.36%⅔╟┘1.93%─ ╩ , p 

< 0.001 ⸗♦ꜟ⅔╟┘ ⸗♦ꜟ: ∕╣∙╣2.19%⅔╟┘1.58%─ ╩ , 

p < 0.001⅔╟┘ ⸗♦ꜟ⅔╟┘ ⸗♦ꜟ: ∕╣∙╣3.07%⅔╟┘2.10%

─ ╩ , p < 0.001≤ ⌐ ⇔≡™╢↓≤⅜ ↕╣√⁹ 
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 8. ⌐╟╢ ─ │ ─ꜝfi♪ⱴכ◒ ╩ ⇔

─ │ ─ꜝfi♪ⱴכ◒ ╩ ⇔≡™╢⁹ ™ │ ─ ╩ ⇔≡⅔╡

Lowī3 SD│ ⅜ī3 SD⌐ ↕╣√ ─ ╩ ⇔ High3 SD│ ⅜ 3 

SD⌐ ↕╣√ ─ ╩ ⇔≡™╢⁹ 
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◓ⱨ▫fiכ⸗ .9  ≢ ↕╣√ ─ │∕╣∙╣

─ ⌐ ∆╢ ⌡ ╦∑ ╩ ⇔≡™╢⁹ 

 

3.1.3.  

⅔╟┘ ─  8⅔╟┘  9 │ ⌐ ⌂ↄ ⌂ │ ⅝⌂

⌂ ╩ ≈ ⅜№╢↓≤╩ ⇔≡™╢⁹ ⌐ ≢│

⅜ ↕╣≡™╢⁹ ≢│ ─ ≢│ ≤ ─ ⅜ ↕╣

─ ≢│ ─Ɽכ♠⅜ ╖╩ ┘╢ ⅜№∫√⁹↓╣╠─ │ ╠⇔↕≤

╠⇔↕⌐ ∆╢↓≤╩ ∆╢ ≤ ⌡ ∆╢ Little et al., 2011; Nakamura et al., 

2020; Nakamura & Watanabe, 2020; Rhodes, 2006; Thornhill & Gangestad, 1999⁹ 

3.2. 2-2 ⌐╟╢ ─  

⌐ 2-1≢ ↕╣√ ─ ⅜ ─ ≤ ─ ⌐≥─╟℮⌐ ∆╢⅛

╩ ∆╢√╘⌐ ╩ ⇔√⁹ 

 

3.2.1.  

3.2.1.1.  

40 ─ ⅜ ⌐ ⇔ 20 ─ ≤ 20 ─ ≢№∫√⁹ ─

│21.35Ñ1.75 SD≢№∫√⁹◖fi♃◒♩꜠fi☼╛ ─ ─

⌐╟╢◐ꜗꜞⱩ꜠כ◦ꜛfi─ ⌂≥─ ⅜ ⇔√ 5 │♃כ♦─ ⅛╠ ↕╣

√⁹ ≤⇔√ │35 16 19 21.31 Ñ 1.86 SD≢
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↕╣√⁹∕─℮∟ 33⅜ 2 ⅜ ≢№∫√⁹ Ŭ = 0.05; RⱤ

╡╟⌐SIMRGreen & MacLeod, 2016☺כ◔♇ ↓─◘fiⱪꜟ◘▬☼⅜ ≤

─ ╩ ∆╢√╘⌐ ⌂ↄ≤╙ 80%─ ╩ ⇔≡™╢↓≤⅜ ↕╣√⁹

│Ⱬꜟ◦fi◐ ⌐ ™ ─ ⌐╟∫≡ ↕╣≡⅔╡ ∆═≡

─ ⅛╠│▬fiⱨ◊כⱶ♪ה◖fi☿fi♩╩ √⁹ 

 

3.2.1.2.  

≤⇔≡ ∆╢ ⌐│ Chicago Face Database⅛╠ ┌╣√ 80─ ╩

⇔√⁹ ⅔╟┘ ↔≤⌐10─ ╩ ┘ ⌐ ╙ ™ ⌐ ⇔√⁹↓

╣╠─80─ ╩ ⇔≡ 1,200─ ╩ ⇔ 2-1≢ ⇔√⸗♦ꜟ╩

™≡ ⌐≈™≡80─ ꜠◓ⱨ▫fiכ⸗─≈5╩

ⱬꜟ -3 -1.50 1.5⅔╟┘3 SD≢ ⇔√⁹ 

 

3.2.1.3. ⅝ 

│ ⅝─ ─ ⌐ ↕╣ ≥כ♃♬⸗─ כ◐─

Ⱳכ♪⅜ ↕╣√⁹ כ♃♬⸗≥ ASUS VG278QR-R ─ │ 76.0 cm⌐ ↕╣√

 10⁹ ⌐│EyeLink 1000 PLUS◌ⱷꜝ╩ ⇔√⁹ 

≢│ │ ─ ⅔╟┘ ╩ ⇔√⁹ ♃☻◒─

│ ─ ⅛╠ ╕∫√⁹ ⅜ ↕╣╢≤ ─ ⅜ ↕╣

⅜5000ms ↕╣√⁹ ─ ⅜ ↕╣√⁹ │ ↕╣√

╩ 1 = ↄ ≢⌂™  7 = ⌐ ≢№╢ 1 = ↄ ≢

⌂™  7 = ⌐ ≢№╢ ⅔╟┘ 1 = ↄ / ≢⌂™ ⅛╠ 

7 = ⌐ / ≢№╢ ⌐≈™≡ 7 ≢ ⇔√⁹ │ ≢№

∫√⁹ ╩ ∆╢≤ │ ─ ⌐ ╪∞  11⁹ ♃☻◒│80

≢ ↕╣√⁹ 240 80 Ĭ 3Ⱪ꜡♇◒ ⅜ ↕╣√⁹ │Ⱪ꜡♇◒ ≢

╩ ╢↓≤⅜≢⅝√⁹ ♃☻◒≤ ─ │◌►fi♃כⱣꜝfi☻⅜≤╠

╣√⁹ ⌐│1,200─ ⅜ ↕╣≡™√⅜ ⌐│240 ⅜ ╡ ≡╠

╣ │5 ─ ≢1,200Ɽ♃כfi∆═≡╩◌Ᵽכ∆╢╟℮⌐ ↕╣√⁹ ⌐⅔

™≡ ↄ─ ╩ ∆╢↓≤≢ ─ ─ ⌐ ⇔⌂™ ─ ╩

⇔√⁹ 
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 10.  

 

 11. ─ ─  

 

3.2.2. 1 ⸗♦ꜟ⌐╟╢ ≤  

↕╣√ ─ ≤ ╠╣√ ─ ╩ ∆╢√╘⌐ ⸗♦ꜟ LMM

╩ ™≡ ╩ ∫√⁹ │ R─ lme4Ɽ♇◔כ☺─ lmer╩ ⇔≡ ⇔√⁹
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⅔╟┘ ─ ⌐≈™≡∕╣∙╣─⸗♦ꜟ╩ ⇔√⁹↓╣╠─⸗♦

ꜟ│ ─ ─ ─ ⅔╟┘↓╣╠─ ─ ╩

⅔╟┘ ⌐ ∆╢ꜝfi♄ⱶ ≤⇔√⁹ ─ ⅔╟┘ ─

│♄Ⱶכ ≤⇔≡ ⇔ │-0.5 │0.5≤⇔√⁹ 

LMM ≢│ ∆═≡─ ⸗♦ꜟ⌐⅔™≡ ⌐ ⇔≡ ⌂ ⅜ ↕╣√

∕╣∙╣⌐≈™≡ [Est] = 0.101, 0.171, 0.115; 

[SE] = 0.011, 0.013, 0.012; t = 9.213, 13.617, 9.327, p < 0.001⁹ ⌐≈™≡│ ─

≤ ─ ─ ⌐ ⇔≡╙ ⌂ ⅜ ╠╣√ Est = 0.227, SE = 0.093, t = 2.439, 

p < 0.005⁹ ⌐≈™≡│ ─ Est = 0.137, SE = 0.053, t = 2.580, p < 0.01

≤ ─ ─ Est = 0.061, SE = 0.025, t = 2.450, p < .05⅔╟┘ ─

≤ ─ ─ Est = 0.415, SE = 0.106, t = 3.895, p < 0.001⌐ ⇔≡╙ ⌂

⅜ ↕╣√⁹ ⌐≈™≡│ ─ Est = -0.195, SE = 0.052, t = -3.719, p 

< 0.001 ─ ≤ ─ ─ Est = 0.303, SE = 0.105, t = 2.890, p < 0.005

⅔╟┘ ─ ─ ─ Est = -0.100, SE = 0.049, t = -2.027, 

p < .05⌐ ⇔≡ ⌂ ⅜ ╠╣√⁹ ─ ⅔╟┘ │ ≢│⌂⅛∫√⁹ 

↓╣╠─ │ ↕╣√ ─ ⅜ ─ ⌐ ⇔≡™╢↓≤╩ ⇔≡™

╢  12⁹ ─ ⌐≈™≡│ ─ ≤─ ⅜ ─ ⅜

─ ≢╟╡ ≢№╢↓≤╩ ⇔≡™╢⁹ ─ ⌐≈™≡│ ─

≤ ─ ≤─ ⅜ ─ ⅜ ─ ╩ ∆╢ ⌐ ─

⅜ ⌐ ≢№╢↓≤╩ ⇔≡™╢⁹⇔√⅜∫≡ ─ │ ≤ ⇔

⌐ ∆╢ │ ≤ ─ ⌐╟∫≡ ⌂╢↓≤⅜ ↕╣√⁹ 
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 12. ⅔╟┘ ⌐ ∆╢ ⸗♦ꜟ─ ─

™ │95% ╩ ∆⁹ │ ─ ╩ ∆⁹ 

 

3.2.3. 2 ─  

⌐ ⅜≥─ ⌐ ⇔√⅛╩ ═╢√╘⌐ EyeLink─ ⱴ♇ⱪ

╩ ⇔≡ ─ⱥכ♩ⱴ♇ⱪ╩ ⇔√⁹ │ ⅜ ↕╣≡™╢

5000ms─ ⌐ ╩ ≡√⁹ⱥכ♩ⱴ♇ⱪ│ 3≈─

2≈─ 2≈─ ⅔╟┘5≈─ ꜠
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ⱬꜟ -3 -1.50 1.53 SD─ ╖ ╦∑⌐≈™≡ ↕╣ 60Ɽ♃כfi─

⅜ ╦╣√⁹ │ ⇔≡ ─ ⌐ ⇔≡™√  13⁹

↓─ │ ⌐ ⇔≡ ╩ ∫√ ≤ ∆╢ Barton et al., 2006; Kwart 

et al., 2012; Walker-Smith et al., 1977⁹⇔⅛⇔ ◓ⱨ▫fiכ⸗─ ─ ⅔╟

┘ ─ ⌐⅔™≡ ─ ⌂ ™│↓─ ∞↑≢│ ≢⅝⌂⅛∫√⁹

≢ ─≥─ ⅜ ⌐ ⌂╢⅛╩ ∆╢√╘⌐ Ⱨ◒☿ꜟ ─LMM ╩

⇔√⁹ 

 

 13. ─ ─ⱥכ♩ⱴ♇ⱪ │ ⅜ ™↓≤╩

⇔≡™╢⁹ 

 

3.2.4. 3 pixel-wise LMM⌐╟╢ ─  

 ⌐ ≠ↄ ─ ⌂ ™╩ ∆╢√╘⌐ iMap4 Lao et al., 2017╩

⇔≡Ⱨ◒☿ꜟ ─LMM ╩ ⇔√⁹↓─ │∆═≡─ ╩ ⇔ ⌐

≠ↄⱧ◒☿ꜟ ─ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹EyeLink⌐ ↕
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╣≡™╢ⱨ▫ꜟ♃כⱤꜝⱷכ♃ ♪כ◔♇◘ =30Á/◘♇◔כ♪ =8000Á/

Į╩ ⇔ ▪ꜟ◗ꜞ☼ⱶ╩ ⇔≡ ╩ ⌐♪כ◔♇◘≥ ⌐ ⇔√⁹

╕┌√⅝│ ─2≈─ ≤ ⅜ ↑≡™╢ ≤⇔≡

⇔√⁹ ╡─ ╩ ≤ ⇔√⁹ ⌐│ ⅜ ↕╣≡™╢5000ms─ ─

─╖╩ ⇔√⁹⸗♦ꜟ─ ⌐│ ─ ╩ ≤⇔≡ ╘

╩ꜝfi♄ⱶ ≤⇔≡ ⇔√⁹ ◓ⱨ▫fiכ⸗│≢ ─ ™╩ ═╢√╘⌐

3≈─◌♥◗ꜞ ─ +1.5+3 SD─ -1.5-3 SD⅔╟┘0 SD

╩ ⇔√⁹ │ ↕╣√⁹ ─ ⌐╟╢ ─ ™╩ ⇔ ─

↔≤⌐ ₁─⸗♦ꜟ╩ ⇔√⁹╕√ ─ ⌐≈™≡ ₁⌐ ╩ ∫√⁹∕─

◓ⱨ▫fiכ⸗ ⌐≈™≡│ ─ ─ ⅛╠ ─ ─ ╩ ↄ↓≤≢ ╩

⇔√⁹ ─ ⌐≈™≡│ ─ ⅛╠ ─ ╩ ↄ↓≤≢

╩ ⇔√⁹ p < .05╩ ⱴ♇ⱪ⌐ ⇔√⁹Ⱨ◒☿ꜟ ─LMM─

╩  14⌐ ⇔√⁹ 

 ♃☻◒⌐⅔™≡ ≢│ ◓ⱨ▫fiכ⸗─ ≢│ │ ─ ⌐

◓ⱨ▫fiכ⸗─ ≢│ ─ ⌐╟╡ ⇔≡™╢ ⅜№∫√⁹ ≢│

◓ⱨ▫fiכ⸗─ ≢│ ─ ⌐ ◓ⱨ▫fiכ⸗─ ≢│ ⅔╟┘ ─ ⌐

⅜ ╕∫≡™√⁹ ─ ⌐ ⇔≡│ │ ≤ ⌐ ∆╢ ⅜

№╡ │ ─ ⌐ ∑∏ ≤ ─ ╩ ⇔≡™√⁹ ─ⱥכ♩ⱴ♇

ⱪ│ ≤ ⌐ ⅜╡ ⌐ ─ ⅜ ≢№∫√⁹ 

♃☻◒⌐⅔™≡ ≢│ ◓ⱨ▫fiכ⸗─ ≢│ ⅔╟┘ ─

⌐ ⅜ ╕╡ ◓ⱨ▫fiכ⸗─ ≢│ ─ ⌐ ⅜ ╕∫≡™√⁹

≢│ ◓ⱨ▫fiכ⸗─ ≢│ ─ ⅜ ↕╣ ◓ⱨ▫fiכ⸗─ ≢│

⅔╟┘ ─ ⅜ ↕╣≡™√⁹ ─ ⌐ ⇔≡│ │ ⅔╟

┘ ─ ⌐ ⅜ ╕╡ │ ─ ⌐ ∑∏ ⅔╟┘ ─ ⌐

⅜⌂↕╣≡™√⁹ 

♃☻◒⌐⅔™≡ ≢│ ◓ⱨ▫fiכ⸗─ ≢│ ⅔╟┘

─ ⌐ ⅜ ◓ⱨ▫fiכ⸗─ ≢│ ⅔╟┘ ─ ⌐ ⅜⌂↕╣≡™√⁹

≢│ ◓ⱨ▫fiכ⸗─ ≢│ ⅔╟┘ ─ ┼─ ⅜ ◓ⱨ▫fiכ⸗─

≢│ ⅔╟┘ ─ ⌐ ⅜⌂↕╣≡™√⁹ ─ ⌐ ⇔≡│

│ ⅔╟┘ ─ ⌐ ⅜ │ ⅔╟┘ ─ ⌐ ⅜⌂↕╣≡™√⁹ 
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 14. ─Ⱨ◒☿ꜟ↔≤─LMM ◓ⱨ▫fiכ⸗│ ─+SD⅛╠

-SD ┼─ ─ ╩ ⇔≡™╢⁹ⱥכ♩ⱴ♇ⱪ⅜ ↄ⌂╢╒≥+SD─ɓ ⅜ ↄ ↄ

⌂╢╒≥-SD ─ɓ ⅜ ™↓≤╩ ⇔≡™╢⁹ ⌐ │ ─ ⌐⅔↑╢

⅛╠ ┼─ ─ ╩ ⇔≡™╢⁹ⱥכ♩ⱴ♇ⱪ⅜ ↄ⌂╢╒≥ ─ɓ ⅜ ↄ

ↄ⌂╢╒≥ ─ ɓ ⅜ ™↓≤╩ ⇔≡™╢⁹ ™ ≢ ╕╣√ │ ⌂ ╩

⇔≡™╢⁹ 

 

3.2.5.  

 1≢│ LMM╩ ™≡ ⌐╟∫≡ ↕╣√ ─ ─

≤ ↕╣√ ─ ≤─ ⌐ ⅜ ↕╣√⁹ 2⌐⅔™≡ │

─ ⌐ ╦╠∏ ⇔≡ ≤ ─ ╩ ⇔≡™√⁹ 3≢│ ⌐

⅔™≡ │ ─ ╩ ⅜⅛╡≤⇔≡™╢╟℮≢№∫√⁹ ⌐

≢│ ╛ ⅜ ≢│ ╛ ⅜ ⌂ ⅜⅛╡≤⌂∫≡™╢╟℮≢№╢⁹

≢│ │ ≤ ⌐ │ ≤ ⌐ ⇔ ─ ╩

⅜⅛╡⌐⇔√≤ ⅎ╠╣╢⁹ ≢│ │ ≤ │ ≤

╩ ∆╢ ⌂≥ ₁⌂ ╩ ⅜⅛╡⌐⇔≡™╢≤ ⅎ╠╣╢⁹ 2≢

│ Barton et al., 2006; Kwart et al., 2012; Walker-Smith et al., 1977≤ ⌐ ≥─

≢╙ ─ ⌐ ⅜╖╠╣ ⌐╟╢ ™─ │ ≢⅝⌂⅛∫√⁹

⇔⅛⇔ 3⅛╠│ ⌐╟∫≡ ⅜⅛╡≤⌂╢ ─ ⅜ ⌂╢ ⅜ ↕

╣√⁹↓╣│ ⌐╟∫≡ ⌂╢ ╩ ∆╢ ≤ ⇔≡™╢ Calvo et 

al., 2019⁹ 3⌐≈™≡│ ─ ⌐ ⅎ≡ ≤ ⅜ ⌐ ─ ⌐⅔
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™≡ ⌂ ╩ √⇔≡™╢ ⅜ ↕╣√⁹ ⅜ ⌐⅔™≡ ≢

№╢↓≤⅜ ↕╣≡™╢↓≤⅛╠ Terry & Davis, 1976│ ≤ ─ ⌐ ⇔

√ ⅜№╢⁹↕╠⌐ │ ≤ ⌐ ∆╢─⌐ ⇔ │ ≤ ⌐

∆╢ ⅜№∫√⁹↓╣│ ⌐⅔™≡ │ ⌐ ∆╢ ⅜№╢─⌐

⇔ │ ≤ ⌐ ∆╢ ⅜№╢≤™℮ ≤ ∆╢ Vassallo et al., 2009⁹↕╠

⌐ ⅜ ─ ⅜⅛╡≤⌂∫√⁹↓╣╕≢─ ≢ ─

⅜ ↕╣╢≤ ⅜ ⅜╡ ╡─ ⌐ √ ─ ⌐⌂╢↓≤⅜ ↕╣≡™╢

Montepare & Dobish, 2003⁹↕╠⌐ ─ │ ─ ≤ ⇔≡⅔╡ Kleider-Offutt 

et al., 2021─ ≤╙ ⇔≡™╢⁹ ─ ≢│ ⅜ ⅜

⅛╡≤⌂∫√⁹ ─ │ ≢│♥☻♩☻♥꜡fi⌐ ∆╢ ─ ≤ ⇔

≢│◄☻♩꜡◕fi⌐ ∆╢ ⅝⌂ ≤ ∆╢ Little et al., 2011; Rhodes, 2006; 

Thornhill & Gangestad, 1999⁹↓─╟℮⌂ ─ ┼─ │ ─ ⌐⅔™≡

↓╣╠─ ⅜ ≢№╢↓≤╩ ⇔≡™╢⁹↕╠⌐ ─ ⌐╟╢ ─

Ɽ♃כfi─ ™⅜ ╠╣√⅜ ↓╣│ │ ⌐ │ ≤ ⌐ ∆╢ ⅜№╢≤

↕╣≡™╢↓≤≤ ∆╢ Vassallo et al., 2009⁹ 

3.3. 2-3 ⌐╟╢ ─  

 ⌐ 2-1≢ ↕╣√ ╩ ™≡ ⌐ ≤↕╣╢ ─ ⌐≈™≡

╩ ™≡ ⇔√⁹↓╣╠─ ╩ 2-2─ ⅛╠ ╠╣√

─ ≤ ⇔ ╩ ∆╢ ⌐ ⅜ ⇔√ ≤ ╩ ∆╢√╘

⌐ ⸗♦ꜟ⅜ ⇔√ ─ ≤ ╩ ⇔√⁹ 1≢ ⇔√⸗

♦ꜟ⌐ ≠⅝ 290─ ≤307─ ╩ ≤⇔≡ ⇔

⌐ ∆╢ ─ ╩5≈─꜠ⱬꜟ≢ ⇔ ∕╣∙╣1,450

─ ≤1,535─ ╩ ∆╢↓≤≢ ╩♃כ♦ ⇔√⁹○ꜞ☺♫ꜟ─

─ ⌐ ≠™≡ꜝⱬꜟ╩ ╡ ≡√⁹ 2-2≤ ⌐ ╩ ⌐◒

ꜞ♇ⱪ⇔≡ ─ ╩ ⇔√⁹↓╣╠─ ╩ ⸗♦ꜟ─ ≡⇔≥♃כ♦

⇔√⁹ ⌐│tensorflow/kerasversion 2.6.0╩ ⇔√⁹ 
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3.3.1. 1 ⸗♦ꜟ─  

3.3.1.1.  

⌐╘√─♃כ♦  ↕╣√ ≤ꜝⱬꜟ╩ ⇔≡ ╩ ™≡○ꜞ

☺♫ꜟ─ ╠⅛♃כ♦ CNN⸗♦ꜟ╩ ⇔√⁹ ─ ⌐╟╢ ─ ™╩ ⇔

╩ ∆╢⸗♦ꜟ≤ ╩ ∆╢⸗♦ꜟ─2≈─⸗♦ꜟ╩ ⇔√⁹6 ─

CNN⸗♦ꜟ Sano & Kawabata, 2023╩ ⇔ CNN ─ ⌐Ᵽ♇♅ ╩ ⇔

2 ↔≤⌐ ⱪכꜞfi◓ ╩ ⇔√⁹ │Adam╩ ⇔ Ᵽ♇♅◘▬☼│16

│0.001⌐ ⇔√⁹ │300◄ⱳ♇◒≢ ⇔√⁹ 

⌐ ─ ─ ™╩ ⇔≡ 2-2≢ ╠╣√200─ ≤200

─ ─ ╩ ≤ ⌐ⱪכꜟ◓─≈2─ ↑ ∕╣∙╣─

─ⱪכꜟ◓ ╩ꜝⱬꜟ♦כ♃≤⇔≡ ⱬכ☻⸗♦ꜟ─ⱨ□▬fi♅ꜙכ♬fi◓╩

⅜♃כ♦│╣↓⁹√∫ ⌂™ ─ ─ ≈≢№╡ 200─ ≤™℮ ⌂™♦

╩ꜟ♦⸗≢♃כ ↕∑╢↓≤╩ ⇔√⁹ Ɽꜝⱷכ♃│ⱨ□▬fi♅ꜙכ♬fi◓─ ╙

─ ⌐ ⇔√⁹ │300◄ⱳ♇◒≢ ⇔√⁹ 

⸗♦ꜟ─ ╩ ∆╢√╘⌐ 5 ─◒꜡☻Ᵽꜞ♦כ◦ꜛfi ╩ ⇔≡⸗♦ꜟ─

╩ ⇔√⁹ Sano, 2022, 2023; Sano & Kawabata, 2023; J. Xu et al., 2017⌐

≠⅝ ≤ ꜝⱬꜟ≤─Ⱨ▪♁fi ╩ ─ ≤⇔≡ ⇔√⁹╕√ ⌂

╩ ∆╢√╘⌐ ≢♃כ♦ ⇔√⸗♦ꜟ╩ ⇔ ╩♃כ♦ ⇔√ ─ ╩

⇔√⁹ ─ ─ ↔≤⌐⸗♦ꜟ╩ ⇔√⁹ 2-2≢

─♃כ♦ ⌐╟╡ ⅜ ╡ ≡╠╣⌂⅛∫√ 1 ─ ⌐≈™≡

│ ─ ─ ╩ ™≡ ╩ ⇔√⁹ ↕╣√⸗♦ꜟ

╩  15⌐ CNN⸗♦ꜟ─ ≤ⱨ□▬fi♅ꜙכ♬fi◓ ─ ╩  16⌐ ⇔√⁹ 
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 15. CNN⸗♦ꜟ─  

 

 

 

 

 16. CNN⸗♦ꜟ─ ⅔╟┘ⱨ□▬fi♅ꜙכ♬fi◓ ─  

 

3.3.1.2.  

  3│ ⅔╟┘ ⸗♦ꜟ─ ╩ ⇔≡™╢⁹ ⅛╠

⌐╟∫≡ ⅜ ⌂╢↓≤⅜ ↕╣√⁹⇔√⅜∫≡ ⸗♦ꜟ≢

≤⇔≡ ↕╣╢ ╙ ⌐╟∫≡ ⌂╢ ⅜№╢⁹╕√ ♥☻♩⅔╟┘ ─♦

♃כ ⅜ ⌂™√╘ ◒꜡☻Ᵽꜞ♦כ◦ꜛfi─ ≢│⸗♦ꜟ⌐╟∫≡ ⌐┌╠≈⅝⅜

╠╣√⁹⇔⅛⇔ ─ │ ™ ╩ ≈⸗♦ꜟ╩ ∆╢↓≤≢│⌂ↄ

╠╣√ ꜝⱬꜟ╩ ™≡ ⌂ ─ ╩ ∆╢↓≤≢№╢⁹⇔√⅜∫≡ ╩♃כ♦

⇔ ꜝⱬꜟ╩ ⇔√ ─⸗♦ꜟ─ ╩ ⇔√⁹ 

  4│ ╩♃כ♦ ⇔√ ─⸗♦ꜟ─ ╩ ⇔≡™╢⁹ ⸗♦ꜟ│ ♦
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─♃כ ≢│ ™ ╩ ⇔√⁹ ≢│ ↓╣╠─⸗♦ꜟ╩ ⇔≡ ⌂

─ ╩ ∆╢ ╩ ∫√⁹ 

 

 3. Ⱨ▪♁fi ╩ ≤⇔√ 5 ◒꜡☻Ᵽꜞ♦כ◦ꜛfi─  

Model Rater Image sex Test 1 Test 2 Test 3 Test 4 Test 5 Average 

Attractiveness Male Male 0.253  0.417  0.61    0.602  0.491  0.474 

Attractiveness Male Female 0.586  0.527  0.333  0.404  0.319  0.434 

Attractiveness Female Male 0.681  0.703  0.534  0.709  0.762  0.678 

Attractiveness Female Female 0.402  0.585  0.557  0.365  0.52    0.486 

Dominance Male Male 0.528  0.352  0.476  0.409  0.510  0.455 

Dominance Male Female 0.590  0.686  0.541  0.348  0.492  0.532 

Dominance Female Male 0.405  0.591  0.635  0.482  0.577  0.538 

Dominance Female Female 0.517  0.506  0.601  0.605  0.692  0.584 

Sexual dimorphism Male Male 0.421  0.452  0.522  0.578  0.306 . 0.456 

Sexual dimorphism Male Female 0.471  0.492  0.686  0.473  0.702  0.565 

Sexual dimorphism Female Male 0.192 . 0.354  0.437  0.665  0.582  0.446 

Sexual dimorphism Female Female 0.616  0.677  0.546  0.607  0.642  0.618 

Note │ ⅔╟┘ ⌐ ↕╣√ ─ ─ ╩ ∆⁹ ─ │

⅔╟┘ ⌐ ↕╣√ ☿♇♩─ ╩ ∆⁹♥☻♩ 1ï5 │ ◒꜡☻Ᵽꜞ♦כ◦

ꜛfi♥☻♩─ ╩ ⇔ │Ⱨ▪♁fi ╩ ∆⁹ │∕╣╠─ ╩ ∆⁹ 
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 4. Ⱨ▪♁fi ╩ ≤⇔√ ╩♃כ♦ ™√   

Model Rater Image Sex Correlation 

Attractiveness Male Male 0.992 

Attractiveness Male Female 0.988 

Attractiveness Female Male 0.995 

Attractiveness Female Female 0.994 

Dominance Male Male 0.985 

Dominance Male Female 0.980 

Dominance Female Male 0.989 

Dominance Female Female 0.983 

Sexual dimorphism Male Male 0.972 

Sexual dimorphism Male Female 0.994 

Sexual dimorphism Female Male 0.986 

Sexual dimorphism Female Female 0.991 

Note │ ⅔╟┘ ⌐ ↕╣√ ─ ─ ╩ ∆⁹ ─ │

⅔╟┘ ⌐ ↕╣√ ☿♇♩─ ╩ ∆⁹Ⱨ▪♁fi │ ∆═≡─ 200 ─

╕√│∆═≡─ 200 ─ ⅜ ↕╣ ≡⇔≥♃כ♦♩☻♥⅜╠╣↓

↕╣√ ─ ╩ ∆⁹ 

 

3.3.2. 2 Grad-CAM ╩ ™√ ─  

3.3.2.1.  

 ⌐ ⸗♦ꜟ⌐⅔↑╢ ⌐ ⌂ ─ ╩ ∆╢√╘⌐ ⇔√⸗♦

ꜟ╩ ⇔≡ Grad-CAMSelvaraju et al., 2017⌐╟╡ ╣ ╩ ⇔√⁹ ─ ╩

∆╢√╘⌐ ⌂ ╩ⱥכ♩ⱴ♇ⱪ≤⇔≡ ⇔ 5 ≢ ⅜ ⇔√200─

≤200─ ╩ ↔≤⌐ ⌡ ╦∑ ∆╢↓≤≢ ⇔√⁹

↓╣╠─⸗♦ꜟ│ ↔≤⌐ ↕╣ 3≈─ Ĭ2≈─

Ĭ2≈─ Ĭ5≈─ -3 -1.50 1.5

3 SD≢ 60─ ⅜ ↕╣√⁹ 
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3.3.2.2.  

 Grad-CAM ─ ╩  17⌐ ∆⁹ ─ ≢│ ─ ─

⌐ ≠ↄ ⸗♦ꜟ≢│ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜

↕╣√⁹ ─ ─ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣

√⁹ ─ ≢│ ≤ ─ ─ ─ ⌐ ™ⱥכ♩ⱴ♇ⱪ

⅜ ╠╣√⁹ ≢│ ≤ ─ ≤ ─ ⅜ ╙ ⌂ ⱨכ⸗⁹√∫№≢

▫fi◓ ≢ ⅝⌂ ™│⌂⅛∫√⅜ ↓╣╠─ ◓ⱨ▫fiכ⸗─≡═∆│ ≢

⌐ ≢№∫√⁹ 

─ ≢│ ─ ─ ⌐ ≠ↄ ⸗♦ꜟ≢│

⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹ ⌐ ─ ╙

⅜ ⌐ ╙ ⌂ ≢№╡ ⌐ ─ⱥכ♩ⱴ♇ⱪ⅜ ⅛∫√⁹

─ ≢│ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹ ≢

│ ─ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ◓ⱨ▫fiכ⸗⁹√╣╠ ≢ ⅝⌂

™│⌂⅛∫√⅜ ↓╣╠─ ◓ⱨ▫fiכ⸗─≡═∆│ ≢ ⌐ ≢№∫√⁹ 

─ ≢│ ─ ─ ⌐ ≠ↄ ⸗♦ꜟ≢│

⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹ ─ ⌐

™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹ ─ ≢│

∕⇔≡ ─ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹ ≢│

─ ⌐ⱥכ♩ⱴ♇ⱪ⅜ ◓ⱨ▫fiכ⸗⁹√╣↕ ⌐╟╢ ™│ ≢⅝⌂⅛∫

√⅜ ↓╣╠─ ◓ⱨ▫fiכ⸗─≡═∆│ ≢ ≢№∫√⁹ 
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 17. Grad-CAM─ ⱥכ♩ⱴ♇ⱪ─ ╢™ │ ⅜ ─ ⌐⅔

™≡╟╡ ≢№╢↓≤╩ ⇔≡™╢⁹ⱥכ♩ⱴ♇ⱪ─ │ 0⅛╠ 255╕≢─ ≢

⌐ ⌡ ╦∑≡ ↕╣≡™╢⁹ 

↕╠⌐ ─◓ⱨ▫fiכ⸗─ ™─ ⌐╟╢ ≤ ─ ⌐╟╢ ╩ ⌐

∆╢√╘ ◓ⱨ▫fiכ⸗─ +1.5+3 SD≤ ◓ⱨ▫fiכ⸗─ -1.5-3 SD

─ ─ ≤ ≤ ─ ⌐⅔↑╢ ╩ ⱥכ♩ⱴ♇ⱪ─ ⌐ ≠™≡ ⇔

√⁹ │ ≢ ╡ ╠╣√ ─ ⌐ ╩ ≡≡ ⇔ ↕╣√⁹∕─

◓ⱨ▫fiכ⸗ ≢│ ╛ ─ ⌂≥ ™ↄ≈⅛─ ⌐ ™⅜ ╠╣√⁹ ─

≢│ ⌐≈™≡│ ⅔╟┘ ─ ⌐ ⌐≈™≡│ ─ ⌂≥─

⌂ ⌐ ⌐ ─ ⌐⅔™≡ ⌐≈™≡│ ⌂ ⅔╟┘ ─ ⌐

™⅜ ╠╣√  18⁹ 
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 18. Grad-CAM─ ─ ◓ⱨ▫fiכ⸗│ ─+SD⅛╠-SD ┼─

─ ╩ ⇔≡™╢⁹ⱥכ♩ⱴ♇ⱪ⅜ ↄ⌂╢╒≥+SD─ ─ ⅜ ↄ ↄ⌂╢

╒≥-SD ─ ─ ⅜ ™↓≤╩ ⇔≡™╢⁹ ⌐ │ ─ ⌐⅔↑

╢ ⅛╠ ┼─ ─ ╩ ⇔≡™╢⁹ 

 

↕╠⌐ ≤ Grad-CAM⅜ ─ ╩ ⇔≡™╢⅛╩ ∆╢√╘⌐

2-2≢ ↕╣√ ─ⱥכ♩ⱴ♇ⱪ ≤ Grad-CAM≢ ↕╣√ⱥכ♩ⱴ♇

ⱪ ─ ─Kullback-Leibler DistanceKLD╩ ⇔√⁹KLD─ ⅜0⌐ ™╒≥ 2≈─

⅜ ⇔≡™╢↓≤╩ ∆⁹ ─ ─ⱥכ♩ⱴ♇ⱪ≤ Grad-CAMⱥכ♩

ⱴ♇ⱪ│ ⅜1≤⌂╢ ≤⇔≡ ↕╣ ─ ↔≤

⌐ ⅜ ↕╣√  5⁹ 

∕─ ╒≤╪≥─⸗♦ꜟ ≢ KLD⅜ 9 №╢↓≤⅜ ⅛∫√⁹ ╕≢⌐

ⱴ♇ⱪ╩ ≤⇔≡ ⱥכ♩ⱴ♇ⱪ ╩ ∆╢⸗♦ꜟ⌐⅔↑╢ ─Ɽⱨ◊כ

ⱴfi☻│KLD⅜1 ≢№╢≤™℮ ╩ ╕ⅎ╢≤ e.g. Kummerer et al., 2017

≤Grad-CAM│ ⌐ ⅜ ╣≡⅔╡ ⇔≡™⌂™≤ ≢⅝╢⁹ 
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 5. ⱥכ♩ⱴ♇ⱪ─ ⌐⅔↑╢ ≤ Grad-CAM ─ KLD ─  

Model Rater Image Sex KLD 

Attractiveness Male Male 14.31 

Attractiveness Male Female 20.85 

Attractiveness Female Male 16.20 

Attractiveness Female Female 15.57 

Dominance Male Male 10.62 

Dominance Male Female 20.93 

Dominance Female Male 17.09 

Dominance Female Female 22.54 

Sexual dimorphism Male Male 18.35 

Sexual dimorphism Male Female 12.05 

Sexual dimorphism Female Male 13.95 

Sexual dimorphism Female Female 9.85 

 

3.3.3.  

─ Grad-CAM ─ ─ ─ ⌐ ≠ↄ⸗♦ꜟ

≢│ ≤ ─ ─ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹ ─ ╙

⌡ ≢№∫√⁹ ≤ ─ ⅜ ─ ⌂ ≢№╢↓≤│ Sano, 2022, 

2023; Sano & Kawabata, 2023≤ ⇔≡™╢⁹ ─ ⌐≤∫≡ ╙

⌂ │ ─ ≢№∫√⁹ ⌐≤∫≡ ╙ ⌂ │

─ ─ ≢№∫√⁹Grad-CAM╩ ™√ ≢│ │ ╟╡

╙ ⅜ ↕╣╢ ⅜№∫√ Sano, 2022, 2023; Sano & Kawabata, 2023⁹

≢│ ╩ ↕∑√ ↄ─ ╩ ⌐ ⇔√√╘ ─ ⅜ ─ ™

≤⌂∫√≤ ↕╣╢⁹ 

─ Grad-CAM ─ ─ ─ ⌐ ≠ↄ⸗♦

ꜟ≢│ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹ ⌐ ╙

⌐ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹↓╣╠─ │ ≤ ⅜

⌐ ∆╢ ⌂ ≢№╢≤™℮ ─ ≤ ⇔≡™╢ Montepare & 
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Dobish, 2003⁹╕√ ─ ⌐ ⇔≡│ ⇔√ ╩ ≈ ─ ⅜ ╠⇔ↄ

⌂ ╩ ⅎ╢≤™℮ TŚebickĨ et al., 2013≤╙ ⇔≡™╢⁹ ─

≢│ ⌐ ≢│ ≤ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹

≤ ⌐ ≤ ─ ⅜ ⌐ ⇔≡™╢ Montepare & Dobish, 2003⁹ 

─ Grad-CAM ─ ─ ─ ⌐ ≠ↄ

⸗♦ꜟ≢│ ≤ ─ ─ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣ ≢│

⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣√⁹↓╣╠─ │ ─ Grad-CAM ≤

⇔≡™╢⁹ │ ─ ⌂ ≢№╢↓≤⅜ ╡ ⇔ ↕╣≡™╢

Little et al., 2011; Rhodes, 2006; Thornhill & Gangestad, 1999⁹ ─

≢│ ⌐ ™ⱥכ♩ⱴ♇ⱪ⅜ ╠╣ ─ ╙ ⌡ ≢№∫

√⁹╕√ ─ ╙ ≢ⱪכꜟ◓ ↕╣√⁹ ─ ≤ ⇔≡™╢ ╙№╢

⅜ ─ ─ │ ─ ≤│ ⌂╢⁹ ─ ≢│ ─ ─

◖fi♩ꜝ☻♩⅜ ─ ╟╡╙ ⅝ↄ ↓─◖fi♩ꜝ☻♩⅜ ─ ⌐ ╩ ⅎ╢

Russell, 2003⁹⇔√⅜∫≡ ⌐ ⅎ≡ ─ ╙ ↕╣√ ⅜№╢⁹↕

╠⌐ ─ ≤ ─ │ ≢№╡ Nakamura & Watanabe, 2020

⌐ ⇔≡│ ≤ ⌐ ∆╢ │ ⌂╢↓≤⌐ ∆╢↓≤⅜ ╠╣≡

™╢ Valenzano et al., 2006⁹↓╣╠⌐ ⇔ ⸗♦ꜟ│ ≤│ ⌂╢ ⌂

╩ ≢⅝╢ ⅜№╢⁹ 

⇔⅛⇔ Grad-CAM≤ ─ ⌐ⱥכ♩ⱴ♇ⱪ─ │ ╘╠╣⌂⅛∫√⁹

⌐ ∆╢ ≤ ⌐ ↕╣╢ ⸗♦ꜟ─ ⌐ ∆╢ ─

⌐│ ⌐ ⅜№╢↓≤╩ ⇔≡™╢⁹ ≤ ⌐ ∆╢ │

∏⇔╙ ⌐ ⅜ ╕╢ ≤ ∆╢╦↑≢│⌂™↓≤⅜ ╠⅛≤⌂∫√⁹ 

3.4. 2  

2-1 2-2 2-3─ │ ⌂ ⅜ ⅝⌂ ⌂ ⅔╟┘ ╩ ≈

⅜№╢↓≤╩ ⌐╟∫≡ ╠⅛⌐⇔ ≤ ─ ⅜ ─ ╩

∆╢ ─ ⅜⅛╡≤⇔≡ ↕╣╢↓≤╩ ⌐╟∫≡ ⇔√⁹╕√

⸗♦ꜟ─ ≢╙ ≤ ─ ⅜ ≢№╢↓≤⅜ ╠⅛≤⌂∫√⁹⇔√⅜∫≡ ≤

─ │ ⌐╙ ⌐╙ ⌐ ⌂ ≢№╢↓≤⅜ ↕╣√⁹ ≤

─ │ ⌂ ⌐⅔™≡ ≢№╡ Terry & Davis, 1976↓╣│ ─ ╩ ⇔√
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Nakamura et al., 2020; Windhager et al., 2011, 2018Kwart 

et al., 2012⅔╟┘ ⸗♦ꜟ Sano, 2022, 2023; Sano & Kawabata, 2023⌐╟╢

≤ ⇔≡™╢⁹ ─ ╙ Windhager et al., 2011, 2018≤

Zhang et al., 2017⌐╟╢ ≢ ≢№╢≤ ↕╣≡™╢⁹ ⸗♦

ꜟ╩ ⇔√ ≢│ ─ │ ↕╣⌂⅛∫√ Sano & Kawabata, 2023⁹

─ │ ≢ ↕╣√ ╩⸗♦ꜟ⅜ ⇔√√╘≤ ⅎ╠╣╢⁹ 

⌐≈™≡│ ⌐╟∫≡ ⌂ ⅜ ⌐ ™ ╩ ≈ ⅜

№╢↓≤⅜ ╠⅛⌐⌂╡ ≢│ ─ ╩ ∆╢ ─ ⅜⅛╡≤⇔≡

≤ ─ ⅜ ↕╣≡™╢↓≤⅜ ↕╣√⁹↕╠⌐ ⸗♦ꜟ─ ≢╙

─ ⅜ ≢№╢↓≤⅜ ╠⅛≤⌂∫√⁹⇔√⅜∫≡ ─ │ ⌐

⌐ ⌂ ≢№╢↓≤⅜ ↕╣√⁹ ─ ⅜ ↕╣╢╒≥ ≤ ⅜ ⅜

╡ ╡─ ⌐ ™ ─ ⌐⌂╢↓≤╛ Montepare & Dobish, 2003⅜ ™

─ │ ╠⇔ↄ ⌂ ╩ ⅎ╢↓≤⅜ ╠╣≡™╢ TŚebickĨ et al., 2013⁹

─ ╙↓╣╠─ ─ ╩ ↑╢╙─≢№∫√⁹ 

⌐≈™≡│ ⌐╟∫≡ ─ ⅜ ≤ ─ ╩ ⇔

─ ⅜╟╡ ╖╩ ┘√ ╩ ≈ ⅜№╢↓≤⅜ ╠⅛⌐⌂∫√⁹ ─

─ ⅜ ─ ⅜⅛╡≢№╢↓≤⅜ ↕╣√⁹╕√ ⸗♦ꜟ─

≢╙ ─ ⅜ ↕╣ ≢│ ─ ╙ ≢№╢↓≤⅜ ↕╣√⁹⇔√⅜∫≡

─ ─ │ ⅔╟┘ ⌐ ─ ⌐⅔™≡ ≢№╢↓≤⅜

↕╣√⁹↕╠⌐ ⌂≥─ ─ │ ─ ╠⇔↕⌐ ≢№╢↓≤⅜ ↕╣√⁹

↓╣╠─ │ ≢│♥☻♩☻♥꜡fi ≢│◄☻♩꜡◕fi⌐╟∫≡ ∆╢↓≤⅜

↕╣≡™╢ Little et al., 2011; Rhodes, 2006; Thornhill & Gangestad, 1999⁹╕√ ─

≢│ ╛ ≤ ─ ─ ◖fi♩ꜝ☻♩⅜ ─ ╟╡╙ ⅝ↄ ↓─◖fi♩ꜝ☻♩

⅜ ⌐ ╩ ⅎ╢ Russell, 2003⁹ ─ ╙ ⌐ ⅎ≡ ─ ╙

⸗♦ꜟ⌐╟∫≡ ↕╣≡™╢↓≤╩ ⇔√⁹⇔√⅜∫≡ ─ ╙ ⌐

⅔™≡ ⌂ ≢№╢⁹╕√ ⸗♦ꜟ│ ⸗♦ꜟ≤ ⇔≡ ⌂≥─

╩╟╡ ↄ ⇔≡⅔╡ ─ ⌂ ⅜ ⸗♦ꜟ╩ ™≡ ↕╣

╢ ⅜ ↕╣√⁹ 

⌐⅔™≡ ─ ⌐ ∆╢ ─ ™⅜ ↕╣√⁹ ⌐╟∫≡

↕╣√ ╙ ─ ─ ╩ ⇔√⁹ ⌐≈™≡ │ ⌐
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⅔™≡ ⅛╠ ─ ┼─ ⅜ ⌐≤∫≡╟╡ ≢№╢↓≤╩ ⇔√⁹↓╣

│ 2-2─ ─ ≤ ⇔≡⅔╡ ⅜ ⅔╟┘ ─ ⌐

⅔™≡ ⅔╟┘ ─ ⌐╟╡ ∆╢ ⅜№╢↓≤⅜ ↕╣√⁹ ─ ⌐ ∆

╢ ≢╙ ⅜ ╟╡╙ ≤ ─ ⌐ ∆╢ ⅜№╢↓≤⅜ ↕╣≡

™╢ Vassallo et al., 2009⁹⇔√⅜∫≡ ─ │ ⅜ ╩ ∆╢ ⌐ ≢№╢

⅜№╢⁹╕√ ≢│ │ ≤ ⌐ ∆╢ ⅜№╢↓≤⅜

↕╣√⁹ ╙ ⌐⅔™≡ ⅜ ≤ ⇔≡ ─

╩╟╡ ∆╢↓≤⅜ ↕╣√⁹∕─√╘ │ ─ ╠⇔↕╩ ∆╢ ⌐

─ ⌐ ∆╢ ⅜№╢⁹ ─ │ ─ ⌐⅔™≡ ⌂ ≢№

╢√╘ Johnston, 2006⅜ ⌐ ╩ ⅎ√ ⅜№╢⁹ 

₁⌂ ─ │ ─ ╩ ↑╢╙─≢№∫√⅜ ≤Grad-CAM

─KLD⌐ ≠ↄ ─ │ ↄ ─ ⌐ ⌐ ∆╢ │

⌐ ╩ ╘╢ ≤│ ⇔⌂™ ⅜ ↕╣√⁹ │ ⌐

╩ ⅎ╢ ⌂ ≤ ∏⇔╙ ∆╢╦↑≢│⌂™ ⅜№╢⁹ ⌐ ╦╠

∏ ─ │ ╩ ⅝≈↑╢ ≢№╢≤ ⅎ╠╣≡™╢ Itti & Koch, 

2000⁹ CNN⸗♦ꜟ│ ╠⅛♃כ♦─ ─Ɽ♃כfi╩ ⇔ ─

⌐ ≠ↄ╙─≢№╡ Grad-CAM│∕─ ╩ ∆╢ ≢№╢⁹⇔√⅜∫≡

≤ Grad-CAM─ⱥכ♩ⱴ♇ⱪ─ │ ─ ⌂ ⅜ ⌂ ⌐

≠™≡™╢─⌐ ⇔ ♃כ♦ ⌐⸗♦ꜟ⅜ ⇔√ Ɽ♃כfi⅜ ⌂╢√╘≤

ⅎ╠╣╢⁹ 

ⅎ┌ ─ ─ ╩ ∆╢ ⌐ Grad-CAM│ ⌐ ≤ ─ ╩ ⇔√⁹

↓╣╠│ ⌂ ⅜∕╣╒≥ ↑╠╣⌂™ ⅛╙⇔╣⌂™⅜ │ ╡ ─

≤ ⇔≡⅔╡ ⌂ ╩ ∆╢ ≢ ╙ ⌂ ─ 1≈≤ ⅎ╠╣≡™╢

Montepare & Dobish, 2003⁹↕╠⌐ ─ ⌐│ ⌂ ⌐ ∆╢ ⅜╟╡

⌐ ╣╢⁹ ⅎ┌ ⇔√ ™ ─ ⅜ ≢№╢ Little et al., 2011; 

Rhodes, 2006; Thornhill & Gangestad, 1999⁹ ⸗♦ꜟ│ ⌐ ⌂ ─

─ ╟╡╙↓╣╠─ ╩╟╡ ↄ ⇔ ⇔√ ⅜№╢⁹⇔√⅜∫≡ Grad-

CAM⌐╟╢ CNN⸗♦ꜟ─ ╣ ╩ ∆╢▪ⱪ꜡כ♅│ ≤│ ⇔≡

─ ─ ╩ ∆╢↓≤⌐ ∆╢ ╩ ⇔√≤ ⅎ╢⁹ 

⌐│™ↄ≈⅛─ ⅜№╢⁹╕∏ ⇔√○ꜞ☺♫ꜟ─ ─ │290─
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≤ 307─ ≢№╡ ⅜ ⇔√ ☿♇♩─ ─ ⌐ ∆╢

⅜№╢⁹ ↕╣√ ─√╘⌐ ─ ⅜ ╡ ≡╠╣≡™╢

│♩♇☿♃כ♦ ⌂ↄ │╟╡ ╩♃כ♦⌂ ⅜♩♇☿♃כ♦≈ ↕╣╢↓≤

⅜ ↕╣╢⁹ ⌐ ─ ─ ─√╘ ─ ╩♃כ♦ ≤∆╢

⸗♦ꜟ─ ⅜≢⅝⌂⅛∫√⁹ ⌐ 2-1≢│ Chicago Face Database⌐ ↕╣≡

™╢ ⌐ ≠™≡ ╩ ∫√⅜ ─ ⌐ ⇔≡ ─

│ ↕╣⌂⅛∫√⁹ ─ ≢│ ─ ╩ ⇔√ ╩ ℮ ⅜№╢⁹

⌐ ≤ ⌐╟∫≡ ↕╣√ ⌐ ╩ ≡√√╘ ╛ ⌐

∆╢ ─ ⌂ │ ⅎ⌂⅛∫√⁹ 2-3─ ⸗♦ꜟ╩ ™√ ≢│

⌐ ⅎ≡ ─ ⅛╠ ⌂ ⅜ ↕╣√⁹↓╣╠─ ╩ ⌐ ∆╢

√╘⌐│ ╩ ╖ ╦∑╢↓≤≢ ─ ╩ ∆╢ ⌂╢ ⅜ ≢

№╢⁹ 

2-1≢│ ╩ ™≡ ╩ ∆╢√╘─

╩ ⇔√⁹ 2-2≢│ ↓╣╠─ ╩ ⇔≡ ╩

™ ⌐ ↕╣√ ─ ≤ ─ ≤─ ⅔╟┘ ─

╩ ⇔√⁹ 2-3≢│ 2-1≢ ↕╣√ ≤ 2-2─ ╩

⇔≡ ⸗♦ꜟ╩ ⇔ ⌐ ⌂ ╩ ⇔√⁹∕─ ─ │

≤ ─ ─ │ ─ ─ │ ─ ⅜ ⌂ ≢№╢↓

≤╩ ⇔√⁹↕╠⌐ ⅜ ─ ╩ ∆╢ ⌐│ ─ ⅜╟╡ ≢№╡

⅜ ─ ╠⇔↕╩ ∆╢ ⌐│ ─ ⅜╟╡ ≢№╢↓≤⅜ ↕╣√⁹╕√

Grad-CAM╩ ™√ │ ≤│ ⇔≡ ♃כ♦ ⌐ ⌂ ─ ─

╩ ∆╢↓≤⌐ ≢№╢ ╩ ⇔√⁹ 
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4  3 ─  

 

1 2⌐╟╡ ⌐⅔™≡ ⌂ ≤ ∕─ ⅜≥─╟℮⌐∕─ ╩

⇔ ─ ⌐╟╢ ⅜ ∂╢⅛╩ ╠⅛⌐∆╢↓≤⅜≢⅝√⁹⇔⅛⇔ ↓╣╠─

│ ∏⇔╙ ⇔√ ≢│⌂ↄ ∕╣∙╣─ │ ⌐ ⇔ ∫≡™╢⁹ 

≢│ ₁⌂ ─ ╩ ∆╢√╘⌐ ⸗♦ꜞfi◓ SEM⅜

⌐ ↕╣≡⅝√ Ert & Fleischer, 2020; Luoto et al., 2021; Zheng et al., 2021⁹ ⅎ┌

Zheng╠ 2021│ ─ │ ↕╣√ ─ ╩ ⇔≡ ─ ⌐ ╩ ⅎ

╢↓≤╩ ⇔√⁹Ert & Fleischer2020│ ─ ─ ₁⌂ ⅜ ╩ ⇔≡

⌐ ╩ ⅎ╢↓≤╩ ⇔√⁹⇔⅛⇔ SEM│ ─ │ ⌐╟∫≡

↕╣╢ ⅝≢№╢√╘ │ ─ ⌐ ∆╢≤™℮ ⅜№∫√⁹ 

∕─╟℮⌂ ⌐ ⇔ Linear Non-Gaussian Acyclic ModelLiNGAMShimizu et al., 2006, 

2011│ ╩ ∆╢√╘─ ≢№╡ ♃כ♦ ⌐ ≠™≡ ─ ╩

∆╢↓≤⅜≢⅝╢⁹fMRI♦כ♃─ L. Xu et al., 2014╛ García-

Velázquez et al., 2020≢─ ⅜ ╕∫≡™╢⅜ ↓─ ╩ ⇔≡ ─ ≤ ─

─ ╩ ⇔√ │╒≤╪≥⌂™⁹ ─ ─ │ ≢№╢√╘ ♃כ♦ ⅛╠

╩ ∆╢↓─ │ ≢№╢≤ ⅎ╠╣╢⁹ 

⇔√⅜∫≡ 3≢│LiNGAM╩ ♃כ♦≡™ ≢ ─ ≤ ─ ╩

⇔ ─ ─ ╩ ⌐ ∆╢⁹ 3─ │ ₁⌂ ─ ≤ ─

─ ♃כ♦╩ ─ ⅛╠ ∆╢≤ ⌐ ⸗♦ꜟ─ ⌐⅔↑╢

─ ╩ ∆╢↓≤≢№╢⁹ 

4.1.  

─Chicago Face DatabaseMa et al., 2015⅛╠290│♃כ♦ ≤307─

╩ ™√⁹ ⇔√ ⌐│ ▪☺▪ ꜝ♥fi ─ ⅜ⱪכꜟ◓

╕╣≡™√⁹↓╣╠─ ⌐│ ─ ─ ⅜

╡ ≡╠╣≡⅔╡ │ ⌐│ ╠⇔↕─ ╩ ⌐│

╠⇔↕─ ╩ ≢│ ™√⁹ 
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4.1.1. 1 ─   

 ⌂ ─ ⌐ ╩ ≡ ╩ ↕∑╢√╘⌐ LiNGAM ─ ≤

♩♇☿♃כ♦≡⇔ ─27─ ─ ⌐ ⇔≡ PCA╩ ⇔√⁹ 

 

4.1.2. 2 ─   

 ─ ╩ ∆╢√╘⌐ ↕─ ™⌐ ∆╢ⱨꜝ◒♃ꜟ ☻

Ɑ◒♩ꜟ ⅝⌂ │ ─ ─ ╩ ⇔ ↕⌂ │

─ ╩ ∆ ⅔╟┘ 1/f ⅝⌂ │ ⅛╠─☻Ɑ◒♩ꜟ ─ ╩

∆ ⅜ ≤⇔≡ ↕╣√⁹ │ R─pictplotⱤ♇◔כ☺╩ ⇔≡

⅛╠ ↕╣√⁹ⱨꜝ◒♃ꜟ │ J. Li et al., 2009⌐ ≠™≡ ↕╣ ☻Ɑ◒

♩ꜟ ≤1/f │ Redies et al., 2020⌐ ≠™≡ ↕╣√⁹ ⌐ ╩

∆╢√╘⌐ ─ ─75Ĭ75 pixel─Ɽ♇♅╩ ⇔ ╩ ⇔√⁹ 

 

4.1.3. 3 LiNGAM ⌐╟╢   

 ↓╣╠─ ⅔╟┘ ⌐ ⅎ≡ ─

╩ ≤⇔≡ ⇔ LiNGAM╩ ™≡ ⇔√⁹ │ ╩0 ╩1⌐

⇔√⁹↓─ ≢│ ─ ⅛╠∕─ ╩ ⅝ ⌐ ─ ≢ ╢↓≤

⌐╟∫≡ ↔≤⌐ ⇔≡ ⅜ ↕╣√⁹ ≢│ ♃כ♦ ⌐ ≠™≡

─ ╩ ≢⅝╢DirectLiNGAM╩ ⇔√ Shimizu et al., 2006, 2011⁹ 

DirectLiNGAM▪ꜟ◗ꜞ☼ⱶ─ │ ─ ╡≢№╢⁹╕∏ ╙ ≤⌂╢

─ ⌐ ↕╣⌂™ ╩ ≈↑╢⁹ὶ ╩ὼ╩ ὼ╩ ≤∆╢

─ ≤∆╢⁹↓─ │ 1 ≢ ↕╣╢⁹ 

ὼ
ὅέὺὼȟὼ

ὠὥὶὼ
ὼ ὶ ρ 

ὼ ⅜ ≢№╢ ─Ὥ Ὦ.⌐ ⇔≡ὼ≤ὶ│ ≢№╢↓≤╩ ∆╢⁹⇔√

⅜∫≡ ὼ ⅜ ≤⇔≡ ↕╣ ὼ≤ὶ Ὥ Ὦ ─ ⅜ ╙ ↄ⌂╢⁹ ─

│ ╩ ™≡ ╦╣╢⁹ ὼ╩ ⇔√ ὼ⅜ ─ ⌐ ⅎ╢

╩ ╡ ↄ√╘⌐ ─ ⌐ ∆╢ ╩ 2 ─╟℮⌐ ⅝ ⅎ ὼ⌐ ∆╢ὼ─

╩ ╡ ↄ⁹ 
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ὼᴼὼ
ὅέὺὼȟὼ

ὠὥὶὼ
ὼ ὶ ς 

↓─ ─ ὼ│♦כ♃⅛╠ ↕╣ 1  ⌐ ╡ ∆═≡─ ⅜ ↕╣╢╕≢

∂ⱪ꜡☿☻⅜ ╡ ↕╣╢⁹∆═≡─ ⅜ ↕╣√ ≢ ⅜ ↕╣√

⅜ ≤⇔≡ ↕╣╢⁹↓↓≢ ↕╣√ ⌐ ≠™≡ ─ ╖ │

╩ ™≡ ↕╣╢⁹LiNGAM│ ⅜ ⇔≡⅔╡ ⌐ ╦∏ ⱡ

⅜♪כ ≢№╢↓≤╩ ⇔≡™╢⁹ 

4.2.  

4.2.1. 1 ─  

 PCA│Chicago Face Database⌐ ╕╣╢27─ ─ ⌐ ⇔≡ ↕╣√⁹ ↕╣√

│ ─ LiNGAM─ ⌐⅔↑╢ ≤⇔≡ ↕╣╢√╘

╩ ⇔ ⅜ 50% ≢ ⅜ 3 ─ 3≈─ ⌂ ╩ ⇔√⁹

─ │  6⌐ ↕╣≡™╢⁹ ⌐ ∆╢

╩ ≈ │ ↔≤⌐ ↕╣  19A⌐ ↕╣≡™╢⁹ 1 │

─ ↕ ─ ─ ↕─ ⅜ ™√╘₈ ─ ↕₉≤ ↕╣  19A

⅛╠╙ ⅜ ™╒≥ ⅜ ↄ⌂╢↓≤⅜ ≢⅝╢⁹ 2 │ ─ ⅛↕

─ ↕ ─ ↕ ─ ─ ↕ ⅛╠ ╕≢ ─ ↕─ ⅜

™√╘ ₈ ─ ↕₉≤ ↕╣  19A⅛╠╙ ⅜ ™╒≥ ─ ↕⌂≥

─ ─ ↕⅜ ⅝ↄ⌂╢↓≤⅜ ≢⅝╢⁹ 3 │ fWHR2─ ≤ ↕─

─ ⅝↕ ─ ─ ↕─ ─ ⅜ ™√╘ ₈ ─ ₉

≤ ↕╣  19A⅛╠╙ ⅜ ™╒≥ ─ ─ ⅜ ↄ⌂╢↓≤⅜ ≢

⅝╢⁹≈╕╡ PCA│ ─ ≢│ ₈ ─ ↕₉₈ ─ ↕₉₈ ─ ₉

─3≈─ ╩ ⇔√⁹ 
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 6. ─ ─  

features Face Roundness Face Feature Length Face Feature Density 

face roundness 0.366 -0.037 -0.034 

face shape 0.337 0.016 -0.082 

cheekbone height 0.291 0.129 -0.040 

lip fullness 0.101 -0.369 0.034 

chin length 0.068 0.351 0.199 

mid face length 0.033 0.336 -0.252 

lip thickness 0.009 -0.374 0.060 

bottom lip chin -0.057 0.303 0.221 

upper head length -0.142 -0.310 0.025 

fWHR2 0.114 -0.116 0.314 

eye size 0.052 -0.100 -0.459 

eye shape -0.023 -0.115 -0.423 

eye height avg -0.074 -0.128 -0.429 

face width mouth 0.290 -0.089 0.018 

face width cheeks 0.193 -0.046 -0.022 

nose shape 0.147 -0.240 0.276 

pupil top asymmetry 0.048 -0.022 -0.036 

pupil lip asymmetry 0.026 0.030 -0.060 

cheeks avg 0.001 0.065 0.050 

eye width avg -0.118 -0.069 -0.155 

forehead height -0.140 -0.058 0.025 

pupil lip avg -0.215 0.244 -0.148 

heart shapeness -0.254 0.091 -0.048 

midbrow hairline avg -0.256 -0.076 0.066 

forehead -0.270 -0.252 0.070 

cheekbone prominence -0.297 0.073 0.098 

face length -0.301 -0.066 0.091 

Note │Chicago Face DatabaseMa et al., 2015⌐ ╕╣≡™╢╙─≢№╢⁹

⌐≈™≡ ─ ⅜0.3 ─ ╩ ≢ ⇔ ∕─ ─ ⌐

⌐ ∆╢ ╩ ⇔≡™╢⁹ 

 

4.2.2. 2 ─  

ⱨꜝ◒♃ꜟ ☻Ɑ◒♩ꜟ ⅔╟┘1/f │ ⌐ ⇔≡ ↕╣√⁹

─ ╩ ≈ ─ ─Ɽ♇♅│ ↕╣ ↔≤⌐ ↕╣

√  19B ⁹ │ ⅜ ─ ╠⅛↕≤ ↕⌐ ⇔≡™╢↓≤╩ ⇔≡™

╢⁹ ≢│ ↓╣╠─3≈─ ╩ ─ ≤⇔≡ ™╢↓≤≤⇔√⁹ 
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 19. ⅔╟┘ ─ A  ⌐ ∆╢ ─

⅔╟┘ ─ ⌐≈™≡ ⅛╠ ┼ ╩ ⇔≡™╢⁹ B  

⌐ ∆╢ ─Ɽ♇♅─ ⅔╟┘ ─ ⌐≈™≡ ⅛╠ ┼

╩ ⇔≡™╢⁹ 

 

4.2.3. 3 LiNGAM ╩ ™√ ─  

 LiNGAM⌐╟╢ ─ ⌐ ↕╣√ ─ ╩ ⇔√⁹  20│ ─ ≤

─ ╩ ⇔≡™╢⁹  21│ ─ ≤ ╩ ⇔≡™╢⁹  

20─ │ ₈ ─ ↕₉⅜ ─ ≤ ⌐ ⇔≡™╢↓≤╩ ⇔≡™╢⁹╕
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√ ₈ ─ ₉│ ⌐ ⇔≡™╢⁹ │

≤ ⌐ ⇔≡™╢⁹  21─ │ ≤ ─ ─ ─ ╛

╠⇔↕≤ ─ ─ ─ ⌂≥ ─ ─ ╩ ⇔≡™╢⁹≈╕╡ ─

≤ ─ ⌐│ ↄ─ ⅜ ↕╣√⁹↓─ ╩ ⌐ ∆╢√╘⌐

LiNGAM╩ ⇔√⁹ 

 

 20. ─ ≤ ─ ─ │ ╩ ⇔ ↄ ™ │95%

╩ ⇔≡™╢⁹ 
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 21. ─ ≤ ─ │ ╩ ⇔ ↄ ™ │

95% ╩ ⇔≡™╢⁹ ∂ ─ ─◓ꜝⱨ│ ≤ ─ ─

╩ ⇔≡™╢⁹ 
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⌐ ∆╢LiNGAM≢│₈ ─ ↕₉⅜ ⌐ ⇔≡ ─Ɽ☻╩

≈↓≤⅜ ↕╣√⁹╕√ ₈ ─ ₉│ ⌐ ⇔≡ ─Ɽ☻╩ ∟

⌐ ⇔≡ ─Ɽ☻╩ ∫≡™√⁹ⱨꜝ◒♃ꜟ │ ⌐ ⇔≡ ─Ɽ☻╩ ∟ ☻

Ɑ◒♩ꜟ │ ⌐ ⇔≡ ─Ɽ☻╩ ≈↓≤⅜ ↕╣√⁹ ─ ≢│

│ ⌐ ⇔≡Ɽ☻╩ ∟ │ ≤ ⌐ ⇔≡Ɽ☻╩ ∟ │

⌐ ⇔≡Ɽ☻╩ ∫≡™√  22A ⁹ ⌐ ∆╢ ≢│ ₈ ─

₉│ ⌐ ⇔≡Ɽ☻╩ ∟ ₈ ─ ↕₉│

⌐ ⇔≡Ɽ☻╩ ≈↓≤⅜ ↕╣√⁹╕√ ⱨꜝ◒♃ꜟ ≤1/f │ ⌐

⇔≡ ─Ɽ☻╩ ≈↓≤⅜ ↕╣√⁹ │ ⌐ ⇔≡Ɽ☻╩ ∟ │

≤ ⌐ ⇔≡Ɽ☻╩ ∟ │ ⌐ ⇔≡Ɽ☻╩ ≈↓≤⅜ ↕╣√

 22B ⁹ ─ ⅜ ⌐ ⅎ╢ ⌐ ⅎ≡ ⅜ ─ ⌐ ↕

╣╢↓≤⅜ ↕╣√⁹↕╠⌐ ≢│ ╠⇔↕ ⅛╠ ┼─Ɽ☻

⅜№╢ ≢ ≢│∕─ ⌐ ⅛╠ ╠⇔↕ ┼─Ɽ☻⅜№╢↓

≤⅜ ↕╣ ≤ ─ ≢ ─ ⌐ ™⅜№╢↓≤⅜ ↕╣√⁹ 
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 22. LiNGAM A  ⌐ ∆╢ LiNGAM─ ⁹ B  ⌐ ∆╢

LiNGAM─ ⁹ │ ╩ ⇔≡™╢⁹Ɽ☻⅜⌂™ │ ⅜ ↕╣⌂⅛

∫√ ╩ ⇔≡™╢⁹ ─ │ ─ ⌐ ⇔≡™╢⁹ 

 

↕╠⌐ ↕╣√⸗♦ꜟ─ ─ ╩ ∆╢√╘⌐ Ⱪכ♩☻♩ꜝ♇ⱪ ⅜

↕╣√  7  8 ⁹1,000─ ─℮∟ From⅛╠to⌐ ╣√Ɽ☻─ ─

╩ ≤⇔≡ ⇔ │ From ─ ⌐ ∆╢ to ─ ─ ─ ╩

∆⁹ ─ ☻Ɑ◒♩ꜟ ⅛╠ ┼─ │0.9 ≢№╡ ↓

╣│ ⌂ ≢№╢↓≤⅜ ⅛∫√⁹ ─ ₈ ─ ₉⅛╠ ┼─

│0.9 ≢№╡ ≢№╢↓≤⅜ ⅛∫√⁹ ⌐ ⇔≡│ ™ↄ≈⅛─Ɽ
























































































































































































