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ӟĿ ӟ Ȃ 

[ ץ[ 40 SD ҹ ̆ 2̂ ӟ ̔ / ̃¦2̂ ≢̔ / ̃

̆ 14 ᾝ T ԓ ҹ Ȃ 

[ ]1ȁ ӟ ҉̆ ԍ ȁ ԍ ̕2ȁ ӟ

̕3ȁ ₮ ѿ Ȃ 

[ ]ᵬҹ ӟ ꜚ ҹ ∆ ̆ ῒ Ҭ

Ȃ 

[ ] ӟ ̆ӟ ΐ ᵣ ȁ ȁ Ȃ 

῏ :  ӟ  ꜚ ҹ    

№ :  B842.3 & B843.2 

1╠  

ӟ ̆ ҩᵣ ȁ ӟ [ 1]Ȃֲ ῀

ԅḤ ᴪȁ ̂ף ҙ ȁף ף ᴪ̃̆ᴰ ӟ Ҍ

ף ӟ ̆ ױ ȁץ

ӟ №[ 2]Ȃ ᵄ ҙ ₮ ̆ ӟѿ

ȁ׆ №⌠ ᵣ ӟ ̆ ӎȁ ѿ

̆ף ӟ ῒ Ȃ ү ȁ

ף ⌠ ̆ ӟ ȂῒҬѿҩ ₮

ӟ ȁ ӟ ⱬҌ ⱴ ȁⱴ Ȃ ץ ҹ

̆p ӟ ⱴҌ⁞̆ ԍ ױ ӟ

ӎ Ȃ 

ԍ ̆ ױ ₮ ӟ ľ̔ ӟĿ ᾝ ᵬ

Ҋ ӟ ̆ ғ ῀ ̆ ᾝ

ҍ ѿ ӟ ҍ̕ ӟ̂ ̃̆

҉ ׆ №⌠ ᵣ Ȃң

ӟ Һ ≢ ԍ ľ̆ ӟĿ ᾝ ҍ ѿ ӟ

└̆ ӟ ӟ └Ȃ Ӈ ң ӟ

̙ꜚ ҹ ꜛԍ ױ ҹ

↕, ғҹֲ ᶫԅ Ḃ └ [ 3]Ȃ ̆ ԅ

ӟ ԍ ӟ ̆ ѿ ⌠ ̆ Ἕ

₮ Һӈ ӟ ]ᾥף 4,6,7 ]ȁ ₮ ᵬ ᴆ
[ 5- ץ[7 ₮ľ Ŀ Ҭ ῀Ҭ׃ [ 8]

ѿ ̆ ᾢ ꜚ ҹ Ȃ Ḥ
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[ 9]̆ ױ Ҭ׆ץ ,ҹ ӟ ȁ

ῤ └ ᶫ ҉ Ȃ 

ꜚ ҹ Ҭ̆ ױ ӟ ᵬ ӈҹľ

ᵣ ҉̆ Ḥ ҍῤ ̆ ӟ

Ḥ ӟ Ŀ̕ ӟ ᵬ ӈҹľ

̆ ҉ ⅞̆ ⱴ ӟ

Ḥ ӟ ĿȂ ӟ ҈ ⅞№ᶭ ҹ҈

҉ ᵌ Ȃΐᵣ ̆ ץ 14ҩ ᾝ T ҹ ̆

2̂ ӟ ̔ ̕ ̃¦2̂ ≢̔ ̕ ̃ ң ̆

ӟ ̆ ӟ ҹ ҉ ῤ └Ȃ 

2  

2.1  

ҹ 40 ѿ SD ̂ ꜚ ̔ ICP 18020207

,̃№ҹ ̂Integrated Learning - Male, IL - Malẽ ȁ ̂Integrated 

Learning- Female, IL - Femalẽ ȁ ̂Progressive Learning - Male, PL-

Malẽ ȁ ̂Progressive Learning - Female, PL- Femalẽ ̆ 10

Ȃ № ⌠ 8ҩ Ῑ Ҭ̆ 5 ̆ Ῑ 22.5Ņȁᾣ

ꜚ └̂8:00 ῏ 2̆0:00 ̃ȁ  24h ᵬ ꜚ

ҬȂ 

╠ѿ ̆ 15№ ԑꜚȂ ̆

ᶭ ̆ 25ğ └ ҹ ̕ ̆

̆ 50ğ └ ҹ ̕ ̆ ᵣ Ḡ

ᵣ Ȃ҉ץ85% ӟ ̆ ̂89.88¤2.04g̃ ̂89.27¤2.04g̃

ᵣ Ҍ ̂F(1,36)=0.042 ̆p=0.840̆ æ2=0.001̃ ̆ ̂87.16¤

2.04g̃ ̂91.99¤2.04g̃ ᵣ Ҍ ̂F(1,36)=2.834 p̆=0.100̆

æ2=0.072̃ Ȃ 

ῃ ꜚ ᴶ ᴪ ̂

̔I ACUC- 20180019̃ Ȃ 

 

2.2 Ί  

14 ᾝ T ̂ 1ã ȁ ꜚ Ῑ ΐȁ ΐȁ

ΐȁ ҍ № ᴆ ̆ ̂Supporting 

Materials ̃Ȃ 

 

2.3  

2̂ ӟ ̔ ȁ ¦̃2̂ ≢̔ ȁ ң̃ ̆

ץ ӟ ȁ ̂ ῀ ӊ ̃ȁ ȁ

ҹ ꜚץ̆ ҹ ҹ Ȃҹ Ҍ ӟ

ῤ └̆ ӟᴋⱵȁѿ ᴋⱵȁ ̂ ̃ ᴋⱵȁ

№ ᴋⱵ ᴋⱵԓҩ ᴋⱵ̂ 1c- f Ȃ̃ ᴋⱵ

Ȃ 
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 1 ᴋⱵ  

̔a) ̆ Tolman(1948)Ȃb) ⅞№ҹΐ ᵌ ҈

̆ ȁ ȁ ᶭ ҹ ѿ ȁ ԋ ҈ ̆ Ḃӊ ҹ .c) ӟ

ᴋⱵ Ȃ ᶫ PL ӟ ᶏ Ȃ ȁ ȁ №≢ PL 1- 3 ȁ4- 7 ȁ8- 12

̆ Ӟ IL Ȃ ̆IL PL ȂIL

Ҍ № ̆PL ᶭ №ҹ 3 ̂ ₭ ̆ ̃Ȃd)

̂ ̃ ᴋⱵ Ȃ ῀ ̆ ҹ , Ȃe)

№ ᴋⱵ Ȃ Ҭ ȁ ȁ №≢ҹ ȁ ̂

̃Ȃf) ᴋⱵ Ȃ ȁ ȁ №≢ҹ ѿ ȁ ԋ ҈ ף ̆

ׅḠ Ȃ 

2.4  

 

2   

̂1̃ ̆ ҹ ѿ ԑꜚ̆ 15№ Ȃ

̂50ᾥ ̃̆ ῒᵣ ȁ ▼ᵩ ̕ 

̂2̃ 5ҩᴋⱵȂ ᾢ ҹ 12 ӟᴋⱵ̂ ѿҩ

̃̆ 1 15№ ̆2- 12 ₮̂ 15

№ ῤ̃Ȃѿ ̆ 3 ѿ ᴋⱵ̕ 3 ᴋ

Ⱶ̕Ῥ ӟ ӟ ѿ ̆ 5 № ᴋⱵ̕Ῥ

ӟ ӟ ѿ ̆ 4 ᴋⱵȂ ᴋⱵ
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ҹ 15№ ῤ ₮Ȃ 

̂3̃ Ώ ̆ ᶏ Supersys Ἕ ꜚ

ꜚ № ̆ᶏ ExcelȁSPSS18.0ȁGraphPad Prism 8 ȁ3D ᴆ

№ └ᵬȂ Ȃ 

3  

3.1 ӥ  

 
3 ӟ  

̔ã ӟ ̔ ӟ Ҭ ȂῒҬ̆ľ Ŀ=ľ ῀ Ŀ+ľ

Ŀ̆׆ ̆⌠ ҹ Ȃ ῀ ᵣ ῀

̂ѿ ̃̆ ῀ ̂ѿ ̃Ȃb̃ ӟ Ҭ

ӟ ⱳ Ȃ ӟ ⱳ ӈҹ׆ ѿ ӟ ⌠ ῀ľ Ŀ₮ ӊ╠

ȂῒҬ̆IL ľ Ŀ ῃ ̆ ₮ ӊ╠ ҹ ӟ ⱳ

̕PL ӟ Ҭ ľ Ŀ №҈ҩ ̆ ҩ ₮ ӊ╠

ҹ ӟ ⱳ Ȃc̃ѿ ᴋⱵ Ȃd̃ ᴋⱵ

Ȃ Ҭ ȁ҈ ᵝ ҩ Ҭ ṿ̆

‰ Ȃ**p<0.01Ȃ 

 

ӟᴋⱵҬ̆ 3a 1̂ ̆Ҋ ̃ ̆IL ӟ

ľ Ҋ Ŀ̆PL ↕ ľ Ŀ̕ ᵣ ԍ

̂F(1,36) = 11.546 ̆p=0.002̆ æ2=0.243̆95%CI=[0.378̆ 1.497]̃Ȃ

ӟ ⱳ ҉̂ 3bȁ 2̃̆IL ԍ PL ̂F(1,36)=11.355̆

p=0.002̆ æ2=0.240̆95%CI=[- 3.925̆- 0.975]̃̆ ̂ 3̃
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ԍ IL - Male PL- Male ̂t (1,18)= 4.12 ̆p=0.000̆

ConhenĽs d=- 1.842,r= - 0.667̆95%CI[- 6.205, - 1.395]̃Ȃ 

ѿ ᴋⱵҬ( 3cȁ 4) Ҍ̆ ≢ ̂F(1,36)= 

4.034 p̆=0.052̆ æ2=0.101 9̆5%CI=[- 0.006 1̆.172] Ȃ̃ ᴋⱵҬ̂

3dȁ 5̃̆ IL ԍ PL ̂F(1,36)= 5.500 ̆p=0.025̆ æ
2=0.133̆95%CI=[0.282̆ 3.885]̃̆ ԍ ̂F(1,36)=4.985 ̆

p=0.032̆ æ2=0.122̆95%CI=[- 3.785̆- 0.182]̃Ȃ 

 

4 № ᴋⱵ ᴋⱵ№  
̔ã № ᴋⱵ № Ȃb̃ № ᴋⱵ 5 Ȃc̃ ᴋⱵ

№ Ȃd̃ ᴋⱵ№ ᶛ Ȃ Ҭ֦

Ȃ Ҭ ᵝ ҩ Ҭ ṿ ̆

‰ Ȃ*p<0.05Ȃ 

 

№ ᴋⱵҬ̂ 4bȁ 6̃̆IL 5 ԍ PL

̂F(1,35)= 4.664 ̆p=0.038̆ æ2=0.118̆95%CI=[- 0.987̆- 0.031]̃Ȃ

№ ( 4a) ̆IL ₃Ӎῃ

̆ PL ₮ ԅ ҉ ̂҈ ̃̆ ₮ῃ

Ȃ ᴋⱵ ѿ Ҭ̂ 4c- dȁ 7̃̆ ѿ

Ҭ ׅѿ ̆ ԋ Ҭ ԋ Ὶ ̆ ҈

Ҭ ѿ Ȃ Ҭ ҹ 1̆

ҹ ץ0̆ ӟ ȁ ≢ ҹ҈ № ̆

̆ ӟ ≢Һ Ҍ ̆ Һ ̂F(2,70)= 40.832 ̆

p=0.000̆æ2=0.538̆95%CI=[- 0.073̆0.239]̃̆ ₮ ѿ
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ѿ ȁ ԋ ҈

Ẓ Ȃ 

 

3.2 ӥ  

 
5 IL ӟ № №  

̔ãIL ῖ ҩ Ȃb̃IL № Ȃ№ ҹľ№

= - ĿȂῒҬ̆ ľ Ŀ ҹԅ ѿ

֟ ѿ Ȃ ԍ ӟ ⱳ ҩᵣ ̆№

ᾝ ҹ ӟ ⱳ ӊῤ ӟ Ҭ ҩ№ ӊ

Ȃᶛ A ӟ ⱳ ҹ 8 ̆ Ӈֽ 1- 8 ӊ ̆ ῤ

Ȃ Ҭ ᵝ ҩ Ҭ ṿ̆ ‰ Ȃ 

ҹ ѿ IL ӟ Ҭ ῤ ̆ ױ IL ӟ Ҭ

ԅ № Ȃ 5a ̆IL ӟ №

3 ̆a ̂ľ1/2 ӟĿ̃ aҬ ̂ľ2/3 ӟĿ̃ῖ ₮ IL -

Male ӟ 1 IL - Female ӟ ╠ 3 ̕a ̂ľ1/3 ӟĿ̃

₮ IL - Male 2 ӟ ⱳ ӊ╠̆ғ IL - Female 9 12

Ҭ ₮ 1 Ȃ Ҭ IL - Female ╠҈ ₮ 15№ ῤ ⌠

’Ȃ ӟ ⱳ ῤ № ̂

5b̆ 8ȁ9̃, ҉№ Һ ̂F (2,36)=38.011̆

p=0.000̆ æ2=0.679̃̆Ԋ ̆ ѿ ԋ
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95%CI=[5.517̆ 15.630]̆ ѿ ҈ 95%CI=[10.810̆

23.448]̃̆ ԋ ҈ 95%CI=[2.478̆ 10.633]̃̕ ҉№

Һ Ӟ ̂F(2,36) =39.101 ̆p=0.000̆ æ2=0.685̃̆Ԋ

ѿ ԋ 95%CI=[45.567̆ 111.598]̆ ѿ ҈

95%CI=[62.081̆ 138.431]̆ ԋ ҈

95%CI=[1.017̆ 42.330]̆ ⁞ ̕ל ≢ Һ ̆

̂F(1,18)=22.514̆p=0.000̆ æ2=0.556̆95%CI=[- 21.101̆-

8.150]̃ ̂F(1,18)=22.104̆p=0.000̆ æ2=0.551̆95%CI=[-

96.700̆- 36.968]̃ ,ғ № ֜ԑᵬ ̂ F(2,36)= 

6.264̆p=0.005̆ æ2=0.258̕ F(2,36)= 9.102 ̆p=0.001̆ æ
2=0.336̃Ȃ 

ᵣ ̆IL ₮ ѿ ӟ̆

№ Ҍ ̆ῒҬ ῖ Ȃ 

3.3 ӥ  

 

6 PL ӟ Ҭ  
̔ã ӟ PL 4 8 № ̆ ֦ Ȃb̃

c̃ҹ 4- 7 ѿ ԋ Ȃd̃ ẽҹ 8- 12 ѿ

ȁ ԋ ҈ Ȃ Ҭ ҈ ᵝ

ҩ Ҭ ṿ̆ ‰ Ȃ 

 

̆ҹԅ PL ӟ Ҭ ῤ ̆ ױ ԅ PL

ӟ ѿ ̂ ԋ ҈ №≢ҹ ӟ
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4 8 ̃Ȃ 6a- c 10ȁ11 ̆PL- Male ԋ

ׅḠ ѿ ̆ PL- Female ↕ ԋ

ԅ Ȃ ҉̆№ ≢ ֜ԑᵬ

̂F(1,18)=5.349 ̆p=0.033̆ æ2=0.229̃̆ғ№ ȁ ӟ ≢

֜ԑᵬ ̂F(3,54)=3.127 ̆p=0.033̆ æ2=0.148̃Ȃ ӟ ҈ ̂8- 12

̃ ҉ ₮ ≢҉ ̂ 12- 13̃ Ȃ 

ӊ̆ ̆Ҍ ≢ PL Ҍ ̆ῒҬ̆

PL- Male Ҭ ̆PL- Female Ҭ ̆ PL- Male

̆ PL- Female ᵬῃ

ӟȂ 

3.4 ӥ үᵩ  

ҹԅ ӟ ԍ ҩҩᵣ̆ ױ ԍ ӟ Ҭ̆

ȁ⌠ ȁ ᾥⱬ̂ᵬҹѿ

ⱬᵖ ӊ╠ ┬ ̃ ᵣ ̆ᵬ

ҹ ӟ Ȃ҈ № ̂ 14̃ ̆IL PL

̂0.51¤0.05 vs 0.78 ¤0.05, F(1,34)=15.93, p=0.000, æ
2=0.319, 95%CI=[- 0.418, - 0.136]̃, ᾥⱬ̂0.83¤0.03 vs 

0.92¤0.03, F(1,36)=4.44 ̆p=0.031̆ æ2=0.123̆95%CI=[- 0.158̆-

0.008]̃,ᵖ ӟ ≢ӊ ֜ԑᵬ Ҍ ̂ ̔ 
F(1,34)=2.918 ̆p=0.097̆æ2=0.079; ᾥⱬ̔F(1,36)=4.107 ̆p=0.050̆

æ2=0.102̃Ȃᵣ ȁ Һ Ҍ ғ ֜ԑᵬ Ȃ 

 

7 ҹ  
̔ ᶛ ӟ ⌠ ᾥⱬ 12 ᶛȂ Ҭ

ᵝ ṿ̆ ‰ Ȃ*p<0.05,*** p<0.001Ȃ 
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4  

4.1 ӥ  

ᵣ ̆IL ӟ ԍ PL ̆ᵣ Ҋ₃ҩץ ̔1̃IL

ӟ ⱳ ̕2̃ ѿ ᴋⱵҬ̆Ҍ ӟ

҉ ̆ᵖ ᵣ ̂ ̃

ᴋⱵҬ̆ ₮ ԅ№ ̆ IL ӟ ᵣ

ғ ̕3̃ № ᴋⱵҬ̆IL ̆ ѿ

̆ῒ ̆ PL ↕₮ ԅῃ

ҹ̆ ԍ PL ĬL ҉̆

ᵝ ̆ ⱴ Ȃ 

ӟ Ҭ̆IL ( ץ(5 ̆IL ѿȁ

ԋ ҈ ⁞ ̕ל Ҭ ѿ

̂ ̃ ̆ ױ ҹ IL ᵣ ῤ̆ ѿ

ԅ ⱴ Ȃ ̆ ץ ̆ Ӟ ץ ľᾝ

Ŀ Ḥ ⱴ ғ ѿ Ḥ [ 10]̕

ץ ľᾝ Ŀ Ḥ ⱴ ץ ᵝ ∞ ⱬ[ 11- 12]Ȃ ԍ ѿ

ԋȁ҈ ѿ ̆ ױ IL ԋȁ҈

ԅ ѿ Ḥ Ȃ ̆ ᴋⱵҬ̆ ԋȁ҈ ₮

ҹ̆ ױ ᶏ Ḥ ‗

Ȃ IL ѿ ̆ ҹ ԋ

҈ ӟ̆ ῒ Ҍ ԅ῏ ̆ ԅ

⅞№̆ ҹΐ ̆ ѿ ľ Ŀ ӟ Ȃ 

ᵖ IL №ҩᵣ ӟ Ҭ̆ ῒ ӟ ∆ ̆ᴪ₮

Ҍ ̂ 6̃̆ ҹ ץ̆ ᵬҹ

┬ ₮ ᾥⱬ(ѿ Novelty - suppressed feeding )̆

Ȃ 

4.2 ⌡  

ӟᴋⱵҬ̆ ӟ ҹ ԍ ̆ ҍץ Ҭ

ᵝᴋⱵ҉ ҹ ≢ ѿ [ 13]Ȃ׆ ӟ

№ ̆IL - Male ҈ ⅞№ ̆ ҹ Ҭ̆

ѿ ҹ I̕L - Female ↕ ҹ ̆₮ ҍ

IL - Male ᵌ ҹ ̆ғ⌠ԅ ץ ⱴҌ

ᾥⱬȂPL- Male ҹẁ ̆ ҹ Ҭ̆ ԋ

ѿ ̆ ҈ ҈ҩ ҹ ̕ PL-

Female ̆ Ȃ ̆ ױ PL-

Male ẁ ԍ ԍ ѿ ⱴ ̆ ӊ ̆

⌠ ҉̆ ῒ ⱬ ֲҹ ⅞№ └ᵟԅ̕

PL- Female ↕ ẁ ԍ Ȃ 

4.3 ӥ  

 ľ ӟĿ ѿ ₮ [ 14- 15]̃,ᵖ

ԍꜚ ҹ ѿ ῤ ԅ ̆ ԅ ӟ

҉ ȂYeager Walton̂ 2011̃ ץ
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ӟ ҹ ̆ ᵬ [ 16]Ȃ Ῑ ԍ

ץ ⱴү ̆ᶛ ѿ ԍ ӟľ Ŀ ӟ

ԍ ≠ ⱴ ̆ Ῑ ∆ ᶫ

ץ ױזꜛ Ȃ 

5  

̂1̃ ԍ ӟ ̆ ӟ ӟ̆ Ḥ ̆

ΐ ꜛ ᴨ̕ל 

̂2̃ ᵣ Ҭ̆ Ḥ ΐ ᵣ ȁ

ȁ ̕ 

̂3̃ ӟᴋⱵҬ̆ ӟ ҹ ̕ 

̂4̃ ӟ Ҭ̆ № ᴪ ∆ ₮ Ҍ Ȃ 
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The Exploration of an Animal Behavioral Model  

for the ľIntegrated Learning Ŀ Concept 

Yin Bin, Wu Xiaorui, Lian Rong
 

(School of Psychology, Fujian Normal University, Fuzhou  350108, China)  

 

Abstract :  

[Objective] The current learning concept in China is dominated by ľgradual 

learning Ŀ, that is, learners acquire knowledge gradually from a lower level to 

a higher level with the help of teachers. Based on the theory of adaptive learning 

and meta learning se lf, we put forward the concept of "integrated learning", 

that is, " under the role of meta learning self, learners actively integrate 

learning materials to achieve rapid and in - depth understanding of knowledge ".  

[Methods] We designed an animal behavioral mo del to explore the effects of 

integrated learning compared with progressive learning. A total of 40 SD rats 

were selected as subjects, and a 2 (Learning mode: Integrated Learning -  IL, 

Progressive Learning -  PL) by 2 (Sex: Male, Female) factorial design wa s employed, 

and a 14- unit integrative T - maze was constructed for the study. Five task stages 

were designed to test the phenomenon and mechanisms of integrated learning: the 

learning stage, the one - week- later retest stage, the Gestalt transfer learning 

stage, the generalization/analysis test stage and the segment fixation test stage.  

[Results] 1. During the learning stage, the number of learning errors  in each 

trial in the IL group decreased exponentially as training went on, while that in 

the PL group was w avy; the same indicator in males was significantly less in 

total than that in females; and the number of days to learning success in the 

IL - male group was significantly less than that in the PL - male group, while the 

difference was not significant between I L-  and PL-  female groups. 2. During both  

Gestalt transfer learning and generalization/analysis test stages, the IL group 

performed better than the PL group as a whole; during the segment fixation test 

stage, all groups appeared fixed more on the first segm ent of the original 

correct path. 3 . In searching for the mechanisms of the IL groups Ľ better 

performance, a dynamic heat - map path analysis was employed, and it was shown 

that the IL group (especially males) appeared to repeatedly consolidate the first 

key segment of the correct path before quickly apprehending the rest of the 

correct path, which had element similarities with the first one; whereas the 

males in the PL group were more likely to return to explore the earlier segment 

than the females when a ne w segment of the maze was allowed to enter. 4. The IL 

group as a whole either ate less of the chocolate reward at the finish of the 

correct path or they moved the pellet to somewhere else to eat, and this pattern 

was much more obvious in females .  

[Limitat ions] As an exploratory animal behavioral model for the concept of 

integrated learning, it is still a long way to go before its application in 

educational practices.  
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[Conclusions] 1. Integrated learning is more efficient than progressive learning, 

with the  characteristics of acquiring more - layered knowledge which can easily 

assist long - term migration learning. 2. During the formation process of a 

ľcognitive map Ŀ, information stored in memory has the characteristics of 

entirety, chunking and categorization; 3. In maze learning task, performance in 

males is more regular than that in females; 4. Some individuals may appear 

anxious or maladjusted during integrated learning.  

Keywords:  Integrated learning concept; Animal behavioral model; Maze test  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ch
in

aX
iv

:2
02

00
5.

00
02

8v
2



 
 

 

ʃ ӥ ꜠ ҿ ʄ 

ЃSupporting Materials Є 

 

S1. ῗ  
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╠̆Һ ץ ҹ ᵝ ₮̆ 15№ ԑꜚ̆ ѿ Ȃῒ

ԍ ꜛ ⁞ ⱬ ҍ̆ ῤ ȁ ץ Һ ῃ ԑꜚ῏ Ȃ

╠ѿ └ ҹ 25ĝ 5ğ ԍ ̃̕ ̆

ᶭ ̆Ḡ ԍ ̕

̆ ̆ 50ĝ 10ğ ԍ ̃̕ ̆

ᵣ Ḡ ᵣ ̕҉ץ85% ҩ≢ᵣ Ҋ ҹҤ ̆
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̂F̂1,36̃ =0.042̆ p=0.840̆ ɖ2=0.001̃ ̆ ̂87.16¤2.04g̃ ̂91.99¤

2.04g̃ ᵣ Ҍ ̂F̂1,36̃ =2.834̆ p=0.100̆ ɖ2=0.072̃ Ȃ 
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Ῑ ȁ ȁ ̂   ̃ȁ Ȃ 

ҍ Ῑ ꜚ ҍ ҹ ̂EVC ̃̆ ῤ

22.5 Ȃ └ 12̔ 12 ᾣ ̂ᶏ ῏ ᾣ ̆ ᾣ ̆ └ᾣ

̃Ḡ ̂ ᴟ ₮ ӟ ̆ ȂҹԅḠ

ԍ ̆ ֲ └ԅ 12̔ 12 ᾣ ̃Ȃ ̆ 

ῤ ȁ Ἕ 24 ῤ ’Ȃ 

 

{мΦн  

{мΦнΦм꜠ ῠ  

9ҩҒ ȁ8ҩҬ Ῑ ̂ ⱳ ȁ ᵣ҉

ӟ ≢Ḥ ץ Ῑ ֲ ̃ȁ2ҩ Ῑ ̂

ȁ ᵣ ̃ȁ ̂ ȁ ̃ȁ Ғ ȁ

ȁ ȁ ᾥҹץ̂ ᵝ̃ȁ3ҩҌ ̂2 1̆ ̆

ȁ̃ ̂ ᶫ ȁ̃ ῏ ȁⱴ ȁ

‰ ȁ ȁ ȁ ȁ Ȃ 

 

ch
in

aX
iv

:2
02

00
5.

00
02

8v
2



 
 

{мΦнΦо  
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Foodbox Start , Destination  
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₮̆ ᾧ ῒ ҹꜚ ֟ ̃ҹ ₮ Ҭ ̕ 

9ȁẢ 1 ̆ 50ğ ᵣ Ȃ ̆ 12 ӟ

Ȃ ῀Supersys № ̆ 1 ԅ 15№ ̆ᵖ

№ ̆ ᴪ ꜚ ῒ ѿ ⌠ ╠ № ,ѿ Ҭ̆
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10ȁ ̆ ̆ ҍ ԑ ̆ ╠ ꜚ

╠̆ ̂ ̃̆ 3 ̕ 

11ȁ ӟ ӟѿ ̂⁞ № ̃̆

№ 5 ̕ 

12ȁ ӟ ӟѿ ̂⁞ № ̃̆

4 Ȃ 

13ȁᶏ Supersys № ̆ᶏ SupersysҬ ̆ № ԍ

Ҍ ᵩ ԅԋ ᴍ ◄ Ḡ̆ Ȃᶏ ExcelȁSPSS18.0

̆ᶏ GraphPad Prism 8 № └ᵬȂ 

 

S1.5  
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₮Ȃ ̆ᶏ ¢ŜŎƘ{ƳƛǘƘ Camtasia Studio ф ◄

̆ ◄ ῏Ḥ 640̔ 480 ̆·ǾƛŘ Ȃ 

 

6 Supermazeꜚ ҹ № Ҭ π  
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Foodbox̕ 1- 3 ҹFirst period Endȁ4- 7 ҹSecond period Endȁ8- 12 ҹ

Foodbox̃ Ả 1sĿȂ ľ № ĿҬᶏ ľ ἝĿⱳ 1113ҩ

ꜚ № Ȃ № ľ ĿҬ ₮ Ȃ 

ᶏ̆ Supermaze№ Ҭ ̆ № ԍ Ҍ

ᵩ ԅԋ ᴍ ◄ Ḡ̆ Ȃᶏ ExcelȁSPSS18.0 ̆

ᶏ GraphPad Prism 8 № └ᵬȂ 

 

S2. №  

 

1 ӟ ҈ №  

Е*p<0.05, ** p<0.01, *** p<0.001.   

 

2 ӟ ⱳ  

 SS DF MS F (DFn, DFd) p ɖ2 

 13.225 1 13.23 F(1, 36) = 2.502 0.122 0.065 

 60.025 1 60.03 F (1, 36) = 11.355**  0.002 0.240 

Е** p<0.01.  

 

3 ≢ ҉ ӟ  

 t p ConhenĽs d 

 4.12***  0.000 -1.842 

 0.98 0.341 -0.438 

Е*** p<0.001.  

. 

4 ѿ ᴋⱵ ҈ №  

 SS DF MS F (DFn, DFd) p ɖ2 

ӟ  3090.72 11 280.00 F (11, 396) = 29.418***  0.000 0.450 

ӟ  141.92 1 141.92 F (1, 36) = 15.537***  0.000 0.301 

≢ 105.47 1 105.47 F (1, 36) = 11.546**  0.002 0.243 

ӟ  x ӟ  2940.81 11 267.35 F (11, 396) = 27.991***  0.000 0.437 

ӟ  x ≢ 257.46 11 23.41 F (11, 396) = 2.451**  0.006 0.064 

ӟ  x ≢ 79.22 1 79.22 F(1, 36) = 8.672**  0.006 0.194 

ӟ  x ӟ  x ≢ 191 11 17.36 F (11, 396) = 1.818* 0.048 0.048 

 SS DF MS F (DFn, DFd) p ɖ2 

ӟ  3.82 2 1.91 F (2, 72) = 2.188 0.120 0.057 

ӟ  10.21 1 10.21 F(1, 36) = 4.034 0.052 0.101 

≢ 3.01 1 3.01 F(1, 36) = 1.189 0.283 0.032 
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5 ᴋⱵ ҈ №  

Е*p<0.05, *** p<0.001.  

 

6 ԓ № ᴋⱵ ҈ №  

  SS DF MS F (DFn, DFd) p ɖ2 

 24.537  4 6.134  F(4̆140)=3.004* 0.020  0.079  

ӟ  12.598  1 12.598  F(1̆35)=4.664* 0.038  0.118  

≢ 3.576  1 3.576  F(1̆35)=1.324 0.258  0.036  

¦ ӟ  9.099  4  2.275  F(4̆140)=1.114 0.352  0.031  

¦ ≢ 2.230  4  0.558  F(4̆140)=0.273 0.895  0.008  

ӟ ¦ ≢ 4.123  1  4.123  F(1̆35)=1.526 0.225  0.042  

¦ ≢¦ ≢ 6.883  4  1.721  F(4̆140)=0.843 0.500  0.024  

Е*p<0.05.  

 

7 ᶭ ᶛ ҈ №  

 SS DF MS F (DFn, DFd) p ɖ2 

№  9.70 2 4.85 F (2, 70) = 40.832***  0.000 0.538 

ӟ  0.20 1 0.20 F (1, 35) = 1.176 0.286 0.033 

≢ 0.07 1 0.07 F (1, 35) = 0.423 0.520 0.012 

ӟ Ĭ ≢ 0.01 1 0.01 F (1, 35) = 0.047 0.830 0.001 

№ Ĭ ӟ  0.55 2 0.28 F (2, 70) = 2.317 0.106 0.062 

№ Ĭ ≢ 0.29 2 0.15 F (2, 70) = 1.224 0.300 0.034 

№ Ĭ ӟ Ĭ ≢ 0.36 2 0.18 F (2, 70) = 1.497 0.231 0.041 

Е*** p<0.001.  

ӟ  x ӟ  3.02 2 1.51 F(2, 72) = 1.729 0.185 0.046 

ӟ  x ≢ 0.52 2 0.26 F(2, 72) = 0.296 0.745 0.008 

ӟ  x ≢ 0.01 1 0.01 F (1, 36) = 0.003 0.955 0.000 

ӟ  x ӟ  x ≢ 0.52 2 0.26 F (2, 72) = 0.296 0.745 0.008 

 SS DF MS F (DFn, DFd) p ɖ2 

ӟ  1071.55 2 535.28 F (2, 72) = 25.642***  0.000 0.416 

ӟ  130.21 1 130.21 F (1, 36) = 5.500* 0.025 0.133 

≢ 118.01 1 118.01 F (1, 36) = 4.985* 0.032 0.122 

ӟ  x ӟ  1.72 2 0.86 F (2, 72) = 0.041 0.960 0.001 

ӟ  x ≢ 21.72 2 10.86 F (2, 72) = 0.520 0.597 0.014 

ӟ  x ≢ 2.41 1 2.41 F (1, 36) = 0.102 0.752 0.003 

ӟ  x ӟ  x  

≢ 5.02 2 2.51 F (2, 72) = 0.120 0.887 0.003 
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8 I L № ң №  

 SS DF MS F (DFn, DFd) p ɖ2 

№  2987.87 2 1493.94 F (2̆36) = 38.011***  0.000 0.679 

≢ 3208.63 1 3208.63 F (1̆18) = 22.514***  0.000 0.556 

№ × ≢ 492.36 2 246.18 F(2̆36)= 6.264**  0.005 0.258 

Е ** p<0.01, *** p<0.001.  

 

9 IL № ң №  

 SS DF MS F (DFn, DFd) p ɖ2 

№  111308.10 2 55654.05 F (2̆36) = 39.101***  0.000 0.685 

≢ 67002.42 1 67002.42 F(1̆18) = 22.104***  0.000 0.551 

№ × ≢ 25910.57 2 12955.29 F (2̆36) = 9.102**  0.001 0.336 

Е** p<0.01Ї*** p<0.001.  

 

 

10 PL ԋ ҈ №  

  SS DF MS F (DFn, DFd) p ɖ2 

№  2.985  1  2.085  F(1̆18)=0.704 0.412  0.038  

ӟ  

191.845  3  63.948  

F(3̆54)=7.072***  

 0.000  0.282  

≢ 0.000  1  0.000  F(1̆18)=0.000 0.995  0.000  

№ ¦ ≢ 22.678  1  22.678  F(1̆18)=5.349* 0.033  0.229  

ӟ ¦ ≢ 59.148  3  19.716  F(3̆54)=2.180 0.101  0.108  

№ ¦ ӟ  23.388  3  7.796  F(3̆54)=2.004 0.124  0.100  

№ ¦ ӟ ¦ ≢ 36.496  3  12.165  F(3̆54)=3.127* 0.033  0.148  

Е*p<0.05, *** p<0.001.  

 

 

11 PL ԋ ҈ №  

  SS DF MS F (DFn, DFd) p ɖ2 

№  137.604  1  137.604  F(1̆18)=0.131 0.722  0.007  

ӟ  34073.621  3  11357.874  F(3̆54)=8.003***  0.000  0.308  

≢ 549.600  1  549.600  F(1̆18)=0.303 0.589  0.017  

№ ¦ ≢ 4361.623  1  4361.623  F(1̆18)=4.142 0.057  0.187  

ӟ ¦ ≢ 3598.010  3  1199.337  F(3̆54)=0.845 0.475  0.045  

№ ¦ ӟ ¦ ≢ 2471.066  3 823.689  F(3̆54)=0.920 0.437  0.049  

Е*** p<0.001.  
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12 PL ҈ ҈ №  

  SS DF MS F (DFn, DFd) p ɖ2 

№  29.193  2 14.596  F(2̆36)=15.864***  0.000  0.468  

ӟ  48.076  4  12.019  F(4̆72)=5.533**  0.001  0.235  

≢ 0.689  1  0.689  F(1̆18)=0.425 0.523  0.023  

№ ¦ ≢ 4.737  2 2.368  F(2̆36)=2.574 0.090  0.125  

ӟ ¦ ≢ 5.529  4  1.382  F(4̆72)=0.636 0.638  0.034  

№ ¦ ӟ  15.853  8  1.982  F(8̆144)=2.327* 0.022  0.114  

№ ¦ ӟ ¦ ≢ 2.098  8  0.262  F(8̆144)=0.308 0.962  0.017  

Е*p<0.05, ** p<0.01, *** p<0.001.  

 

13 PL ҈ ҈ №  

  SS DF MS F (DFn, DFd) p ɖ2 

№  2253.807  2  1126.904  F(2̆36)=30.870***  0.000  0.632  

ӟ  3101.666  4  775.417  F(4̆72)=12.857***  0.000  0.417  

≢ 28.917  1 28.917  F(1̆18)=0.460 0.506  0.025  

№ ¦ ≢ 176.734  2  88.367  F(2̆36)=2.421 0.103  0.119  

ӟ ¦ ≢ 98.897  4  24.724  F(4̆72)=0.410 0.801  0.022  

№ ¦ ӟ  2023.602  8  252.950  F(8̆144)=10.843***  0.000  0.376  

№ ¦ ӟ ¦ ≢ 214.127  8  26.766  F(8̆144)=1.147 0.335  0.060  

Е*** p<0.001.  

 

14 ῏ԍ ӟ Ҭ ӟ ң №  

  SS DF MS F (DFn, DFd) p ɖ2 

ᵣ  

ӟ  2793.68  1 2793.68  F (1,36) = 2.803 0.103 0.072 

≢ 44.41  1 44.41  F (1,36) = 0.042 0.834 0.001 

ӟ ¦ ≢ 1387.20  1 1387.20  F (1,36) = 1.390 0.246 0.370 

 

 

ӟ  7.31  1 7.31  F (1,36) = 0.640 0.429 0.017 

≢ 25.60  1  25.60  F (1,36) = 2.239 0.143 0.059 

ӟ ¦ ≢ 28.10  1  28.10  F(1,36) = 2.459 0.126 0.064 

 

ӟ  8.01  1  8.01  F (1,34) = 15.926***  0.000 0.319 

≢ 0.78  1  0.78  F (1,34) = 1.545 0.222 0.043 

ӟ ¦ ≢ 1.47  1  1.47  F (1,34) = 2.918 0.097 0.079 

 

ᾥⱬ 

ӟ  0.83  1 0.83  F (1,36) = 5.070* 0.031 0.123 

≢ 0.41  1 0.41  F (1,36) = 2.485 0.124 0.065 

ӟ ¦ ≢ 0.68  1  0.68  F (1,36) = 4.107 0.050 0.102 

Е ҿ ӥ 2- 12 Ї ҿ ӥ 1 ӥҿ 15ⅎ Ї

ҿɼῚᵯ ҿ ӥ 1- 12 ɼ ԋ ӥ ᶡ

ẅɼ ᾫⱵ ᶡ ӥ ‟ 7&8ɼ*p<0.05, *** p<0.001.  
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