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18 
 

  

 

̡ ̢

̢

̢ 

 

 

̢

̡ ̢

̢

̢ 

 

/  

̢

̡ ̢

̡ ̢ 

 

 ̢ 

BSCS 5E Bybee 2019  

        Bybee 2019

5E Bybee 2014 2015 ̢

3.2 / ̡ ̡ ̡ / Engage  

Explore  Explain  Elaborate  Evaluate  5E /

̢ 

 

3.3          

        a.  ɶ 

1 2 3

4 5 ̢b.  -

1 2

3 4 5 ̢

2017 NRC

1996 ̢ ̢

̡

 NRC  1996  p.23  ̢ 

PISA 2021 ̡

̢ 



  

19 
 

 

       5E  

ɼ - ɽ 5E ̢ 

6 - 2  

5E 3.2  

̕  --- - ̢ 

̕  

                   ̡ ̡  

                   ̡  

                   ̡  

̕ ̢ 

3.3 

ɼ - ɽ ILOs  

 ILO BAA 

 

 

 

 

S1 

 

B-3-12 

 

S2 

 

B-2-7 

 

S3

 
 

 T1

 
 

 M1 

 
 

 

̕ ILO ̡ ̡

̢ ̢ 

̕ 5E 3.4 ̢ 

3.4 



  

20 
 

ɼ - ɽ5E  

 Engagement 

̢ 

1̡  

̨ ̩ ̢

̢ 

2̡  

̢ 

1 2

̢ 

 Exploration  

̢ 

1̡   

1  ̢ 

2 ̢ 

3 ̡ ̡ ̡

̢ 

4 ̢

̢ ̢ 

 

2̡  

1  ̢ 

2 ̢ 

3

̢

̢ 

4

̢ ̢

̢ 



  

21 
 

 

3̡   

̢ 

 Explanation  

̢ 

̢

  

1  ̢ 

2  ̢ ̡ ̢ 

3  

̢ 

4  ̡ ̡ ̢ 

/  Elaboration  

̢ 

1̡   

̢ 

 

2̡   

 

1  ̢ 

2 ̢ 

3

̢ ̢

̢ 

4 ̢

̢ 

 

3̡   

̢

̢ 



  

22 
 

 

 Evaluation  

̢ 

  

̡ ̡

̡ ̢ 

 

 

̡ ̡

̡ ̢ 

 

3.4  

        ̢

̢ NRC

K-12 STEM K-12

NRC  2012 ̢2017

̨ ̩ ̡ ̡

̡ ̢

̡ ̡

 2017 ̢2022 4 ̨

̩

̢ 

        Engineering Design

̢  ɼ

ɽ NRC  2012 ̢ ̡ ̡ ̡ ̡ ̡

̡



  

23 
 

̢ Next Generation Science Standards 

NGSS ̢

NRC 2012

̢  

 

3.5 

 

English et al.  2013; English & King  2015  

PISA 2021 ̡

̡ ̢ 

 

ɼ ɽ  

 

5E 3.2  

̕  --- ɼ ɽ̢ 

̕ ̢ 

 

 
  

 

 

̡

 

 

STEM

 

 

 

 

̢ 

 
̢ 

 

 

 

 
 

 

 

 

 

 

 
 

 



  

24 
 

̡ ̡  

 

̡  

̡  

̕ ̢ 

3.6 

ɼ ɽ ILOs  

 
STEM   

ILO BAA 

S 

S1 ̢ 

S2 ̢ 

S3 

̢ 

S4 

̢ 

-  

B-3-19

̢ 

 

T 

T1 ̢ 

T2 ̢ 

T3 0 1̡ ̡ ̢ 

 

E 

E1 ̡ ̡

̢ 

E2 ̡

̡ ̡ ̡ ̢ 

 

M 

M1 

̢ 

M2 ̢̢ 

-  

A 1 5 

̡

̢ 

̕ ILO ̡ ̡

̢ ̢ 

̕ 5E ̢ 

3.7 



  

25 
 

ɼ ɽ 5E  

 Engagement 

̢ 

- ̢ 

   

A

: ̢  

 

: 

̢ 

̢ 

̢ 

 

- ̢ 

 

V LED ̡ ̡ ̡űűůɝş̡ ̡

 

V ̡ ̡ ̡AA ̡ ̡

 

: 

V ̡ ̡ ̡ ̡ ̡ ̡ ̡ ̡ ̡

 

 

- 

̢ 

 

 

- ̢ 

 

V  

 

 

- ̢ 

1.  

2.  

3.   

4. LED  LED  



  

26 
 

5.  

6.  

 

1.  

V ̢ 

V SOS ̢ 

V ̢ 

2.  

V ̢ 

V ̢ 

V ̢ 

3.   

V  

V  

V LED / ̢ 

4. LED LED  

V ̢ 

V LED LED

̢ 

V LED LED

LED ̢ 

V LED

̢ 

5.  

V ̢ 

V ̡

̢ 

V LED

̢ 

6.  

V ̢ 

V ̢ 

 

- ̢ 

- ̡

̢

̢ 

- ̢ 

- ɼ ɽ

ɼ ɽ ɼ ɽ ̢ 



  

27 
 

- ɼ ɽ ɼ ɽ

̢ 

 

 Exploration  

̢ 

[ : ] 

- ̢ 

- S̡ O S

̢

̢ 

-  Morse code  ̢ 

- 0 1 SOS SOS 0 1 ̢

 

 

 

1  0  ___  / ; 1  ___  / ̢ 

2  ɼƒƎƒɽ  

10101 000 11101110111 000 10101 

 

 

- ̢ 

- ̢ 

 

V LED  

V 100  

V ̢ 

V 

̢ 

 

 

-  LED  LED ̢ 

: 

V LED ̢ ̢ 

V ̢ ̢ 

 

- : ̡LED ̡ /

̡ ̢ 

: 

V ̢ 

V LED ̢ 

V ̢ 



  

28 
 

V ̢ 

 

- ̢ 

 

 

1. LED ̡  

-  _______

 

-  _________ ̢ 

2.  

R        R        Ế        Ế        Ế  

3.  

A. ̢ 

B. LED ̢ 

C. ̢ 

D. ̢ 

4. ̢ LED 

̢ 

   
 

 

- ̡ ̡ ̡LED

̢ 

- ̢

̢ 

- ̢ 

 

 

1. ____ ̢ 

2. ___ ̢ 

3. 1.5V 6V 

4. ̢  

Ế        Ế  

5. ̢    

Ế        Ế  

6. _______ ̢ 



  

29 
 

7. LED 

̢ ̡ ̢

LED ̢ 

  
 

 
 

 [  

- ̢ 

: 

V ̡ ̢ 

- ̢ 

 

 

22 

ɼƒƎƒɽ

̢ 



  

30 
 

 
 

1. ɼ0ɽ  ɼ1ɽ

̢

̢ 

10101 000 11101110111 000 

2. ɼ ̡ ɽ

̢ 

SO 

3.  

LED

ɼSOɽ ɼSOSɽ

̢ 

4.  

(a) ɼƒƎƒɽş

̢ ɼƒƎƒɽ  

̢ 

10101 000 11101110111 000 10101 0000000 

b  __34__ ̢ 
 

 Explanation  

̢ 

] 

- ̢ 

: 

V SOS ̢ 

V 0 1 SOS

̢ 

 

 

- LED ̢ 

- ̢ 

- ̢ 



  

31 
 

- ̡ ̡LED̡ ̡ ̡ ̢ 

- ̢ 

- LED ̢ 

: 

V LED ̡ ̢ 

V 

̢ 

V ̢ 

V LED LED

LED ̢ 

 

 

- 

̢ 

- 

34 ̢ 

: 

V ɼƒƎƒɽ  ̢ 

V LED

SOS ̡ ̡ ̢ 

/  Elaboration  

̢ 

  

- ̢ 

- ̢ 

: 

V  SOS ̢ 

V ɼŰɽ  LED ɼůɽ  LED 

̢ 

V 34 18 ̢ 

 

  

- ̢ 

- ̢ 

: 

V ̢ 

V ̡ ̡  

V ̢ 

V ̢ 

V ̢ 



  

32 
 

 

 

- ɼ  ɽ : 

 

1.     Ế            Ế  

2. LED     Ế            Ế  

 

1.      Ế             Ế  

2.    Ế             Ế  

3.                  Ế          Ế  

4. LED                    Ế          Ế  

5.          Ế          Ế  

6. ̢ 

7. 

̢ 

 

 

- ̢ 

 Evaluation  

̢ 

- ɼ ɽ

̢ 

- ɼ ɽ ̢ 

- ̢ 

1.  

2.  

3.  

4.  

5. ̢ 

- ̢ 

 

5E ̢ 



  

33 
 

 

 

  

3.5  

        ̡ ̢ 

        ̢

̢

̢

̢ 

        ̡

̡

̢ 

       iSTEM ̢ iSTEM

21 ̢

iSTEM

̢ 

3.6  

        ̢

̢ ̡

̡ ̢

̡ ̢  

ɼ ɽ ̢



  

34 
 

 

McTighe & Ferrara 1998 ̢

 Black & 

William  1998a; 1998b; 2010̢  

3.6.1  

       

̢ 3.8

̢

̡

̢ 

        

BAA ̢

̢

̢

̡

̡ ̢

̢ 3.8 ̢ 

3.8 

 

 

  

̕   

̕   

̕  

 

 

 

 

 

  

̕  

̕  

̕  

   

̕  

̕  

̕  

̕  

̕  

̕  

̕   

 

̕  

̕ /  

̕  

̕  

̕  

̕  

̕  

 

̕  

̕  

̕  

 

McTighe & Ferrara 1998  

       ̢

̢

̢ ̡

̡ ̢



  

35 
 

̢ ̢ ̡

̢ 

       ̡ ̢

̢ ɼ ɽ̢

̢

̢ 

       ɼ ɽ 3.9.1

̡ ̡

̢ 

3.6.1.1  

         ̢

 ɼ ɽ ̢

̡ ̡ ̡

̢ 

       iSTEM ̡ ̡

ɼ ɽ

̡ ̡ ̢

ɼ ɽ 3.9.1  

3.9 

ɼ ɽ  

 

 
0  1  2  3  4  

 
̢ 

̢ 

̢ 

̢ 

̡

̢ 

 

̢ 

̢ ̢ 



  

36 
 

̢ ̢ 

 ̢ 

̢ ̢ 

̢ ̢ 

 

iSTEM iSTEM

 

3.10  

ɼ ɽ  

 0  1  2  3  4  

  

 

̡

̢ 

̢ 
̢ 

̢ 

̢ 

 

̡

̢

̢ ̢



  

37 
 

̢ ̢ 

̢ 

̢ 

̢ 

 

 

̢ 

̢ 

̢ ̢ 

̡

̢ 

 

̡

̢ 

̡

̢ 

̡

̢ 

̡

̢ 

̡

̢ 

 

       ̢

̢

̢

̢

̢ 



  

38 
 

3.6.1.2  

        ̢

̢

̢

̢ 

       ɼ ɽ ̢ 1̡

2̡ 3̡ 4̡ 5̡

6̡ 7̡ ̢ ɼ ɽ

 

3.11  

ɼ ɽ  

 

 
0  1  2  3  4  

1̡

 

̢

̢

̢ 

̢

̢ 

̢

̢ 

̢

̢ 

̢

̢ 

2̡

 

̢

̢

̢ ̢ ̢ ̢



  

39 
 

̢ 

̢

̢ 

̢

̢ 

̢

̢ 

̢

̢ 

3̡

 

̡

̢

̢

̢ 

̡

̢

̢

̢

̢ 

̡

̢

̢

̢ 

̡

̢

̢

̢ 

̡

̢

̢

̢ 



  

40 
 

4̡

 

̢ 

̢ ̢ 

̢ ̢ 

5̡

 

̢ 

̢ 

̢

̢ 

̢

̢ 

̢

̢ 

6̡

 ̢ 

̢

̢ 

̢ ̢



  

41 
 

̢ 

̢ 

̡

̡

̢ 

7̡

 

̢

̢

̢ ̢

̢

̢ 

̢

̢

̢ 

̢

̢

̡

̢ 

̢

̢

̡



  

42 
 

̢ 

̡ ̡  ɼ ɽ

̢

̢ 

 

3.6.1.3  

       ̢

̢

̢ ɼ ɽ

 

3.12  

ɼ ɽ  

 0  1  2  3  4  

 
̢

̢ 

̢

̢ 

̢

̢ 

̢

̢ 

̢

̢ 

 
̢ ̢ ̢ 

̢ 

̢ 



  

43 
 

 

̢ ̢ 

̢ ̢ 

̢ 

 

̢ 

̢ ̢ 

̢ 

̢ 

 

̢ 

̢ 

̢ 

̢ 

̢ 

̢

̢

̢ 

 

3.6.2  

        ɼ ɽ̢

̡ ̡ ̡

̢        

3.13 ̢

̢ 

 



  

44 
 

3.13  

 

 0-4 5-8 9-12 13-16 17-20 

 

̢

̢

̢

̢

̢ 

̢

̢

̢

̡

̢

̢

̢ 

̢

̢

̢

̡

̢

̢

̢

̢

̢

̡

̢

̢

̢ 

̢

̢

̢

̡

̢

̢



  

45 
 

̢ 

̢ 

̢ 

       ̢

̢iSTEM

̢ ̡

̢ 

 

3.7  

       ̡ ̡ ̡

̢

̢

̢

BAA ̢ 



  

46 
 

  

3.8  

4 ̡ ̢ 

3.8.1 ɼ ɽ  

A. ILO BAA 

 ƈƋƎ  

 

ƒŰ

 

ƃŬųŬŰş ş

 

ƒű

 

ƃŬųŬűş ̡  

ƒŲ

 

ƃŬŴŬŰş  

ƒų  ƃŬŵŬűş  

ƒŴ

 

ƃŬŵŬųş ̡  

ƒŵ

 

ƃŬųŬųş

 

 
ƌŰ

 

ƃŬŰŬŲş ̡ ̡ ̡ş

̡ ş  

 

ƀŰ

 

ƄŬűŬŰş  

ƄŬűŬűş ş

 

ƄŬűŬŴş

 

 

ƏŰ  ƂŬųŬŰş

ş̢ 

Əű

 

ƂŬŰŬŵş  

 

ƋŰ

 

ƁŬűŬŲş ̡ş

 

Ƌű

 

ƁŬŰŬŲş ̡  

ƁŬŰŬųş ş  

ƋŲ  ƁŬųŬŲş ̡ ş

ş ̢ 

 

 

 

 

 



  

47 
 

B. 5E  

ƄƭƦƠƦƤƬƤƭƳ 

̢

̢ ̡

̢

̢ 

 

̢

̢

̢ ̡ ̢ 

 

̢

̢

̢ 

 

 

Űŭ ş  

űŭ ̡  

ƄƷƯƫƮƱƠƳƨƮƭ 

̡ ̢

̢

̢ 

 

 

Ű  ű ̡ ̡ Ų ų  

 

Űŭş ş 

űŭş ş  

ƄƷƯƫƠƭƠƳƨƮƭ 

̡ ̡

̡ ̢

̡ ̢



  

48 
 

̢

̢ 

 

Űŭş şŬş ş 

űŭş şŬş̨ ş̩  

Ųŭş şŲ̆ ̩ 

ųŭş ş  

Ů ƄƫƠơƮƱƠƳƨƮƭ 

şŬş  

 

 

̢ ̢

̢ 

 

̢

̢ ̡

̢ ̡ ̡ ̢ 

 

 

̢

̢ ̡ ̡

̢ 

 

̢ ̡

̢

̢ 

 

̢

̢ 



  

49 
 

 

ɼ ɽ ƌƨƭƣşƬƠƯ̢

̢ ɼ ɽ

̡ ̢

̢ 

 

 

 

Űŭş ş 

űŭş ş 

Ųŭş ş  

 

 

Űŭş  

űŭş  

Ųŭş  

 

 

Űŭş  

űŭş  

Ųŭş ş  

ųŭş  

şƄƵƠƫƴƠƳƨƮƭ 

̢

̢

̢

̢ 

 

̢ űƃŮŲƃş ̡

̡ ̡ ̡ ̡ ̡

̡ ̡ ̢ 

 

 

 



  

50 
 

C. 5E  

ƇƮƬƤşƅƮƱşƁƨƱƣşşƨƒƓƄƌ  

 
 

ƌƤƤƳƨƭƦşƌƱŭşƏƠƱƱƮƳ 
ŴƄ  ƄƭƦƠƦƤş 

 Űş şŮş  

   

 

̮ ̯ 

῝ş ̢ 

῝ş ̢ 

῝ş ̢ 

῝ş

̢ 

 

 

 

 

̮ ̯ 

῝ş ̢ 

῝ş ̡ ̡ ̢ 

῝ş ̢ 

 

 

̮ ̯ 

῝

̢ 

῝ş  

ɽ ɽ 

ɽ ɽ 

ɽ ɽ 

ɽ ɽ 

ɼ ɽ 

῝ş ̢ 

 

 

̮ ̯ 

῝ş ̡ ̡

̢ 

῝ş

̢ 

 

 

̮ ̯ 

῝ş

̢ 

῝ş

̢ 

 

 

 

 



  

51 
 

 

ƇƮƬƤşƅƮƱşƁƨƱƣşşƨƒƓƄƌ  

 
ş 

ƖƤƳƫƠƭƣşƁƨƱƣƨƭƦşƄƷƯƤƣƨƳƨƮƭ 

ŴƄ  ƄƷƯƫƮƱƤş 

 Űş şŮş  

   

 

̮ ̯ 

῝ş ̢ 

῝ş ̡

̢ 

ɼ ɽ 

ɼ ɽ 

 

 

̮ ̯ 

῝ş

̢

̢ 

ɼ ɽ 

ɼ ɽ 

ɼ ̡ ɽ 

῝ş ̡ ̡ ̢

̢ 

ɼ ɽ 

ɼ ɽ 

ɼ ̡

ɽ 

ɼ ̡ ɽ 

῝ş

̢ 

ɼ ̡ ɽ 

ɼ ɽ 

ɼ

ɽ 

ɼ ̡ ̡ ɽ 

 

 

̮ ̯ 

῝ş ̢ 

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

 

̮ Ů ̯ 

 

 

 

 



  

52 
 

῝ş

̢ 

ɼ ̢

̢

̢ ̡

̢ɽ 

 

̮ ̯ 

῝ş

̢ 

 

 

̮ ̯ 

῝ş Ů ̢ 

῝ş Ů

̢ 

 

̮ ̯ 

῝ş ̢ 

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

 

̮ ̯ 

῝ş

̢ 

 

 

 

 

 

̮ ̯ 

῝ş ̢ 

῝ş ̢ 

῝ş ̢ 

 

 

 

 

  



  

53 
 

ƇƮƬƤşƅƮƱşƁƨƱƣşşƨƒƓƄƌ  

 

ş şɶş  ŴƄ  ƄƷƯƫƠƨƭş 

ƨƒƓƄƌŬƑş

 

 Ųů  

   

 

̮ ̯ 

῝ş ɼ ɽ̢ 

ɼ ɽ 

῝ş ̢ 

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

῝ş ɽ ɽ̢ 

 

 

 

̮ şŰ̯  

ş̔̀

̢ 

ɼ ɽ 

῝ş

̢ 

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

῝ş

̢ 

ɼ

ɽ 

ɼ ɽ 

 

 

 

̮ şű̯  

῝

̢ 

῝ş ̡

̢ 

῝ş

̢ 

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

 

 

 



  

54 
 

ɼ ɽ 

 

̮ ̯ 

῝ş ̢ 

῝ş

̢ 

 

  



  

55 
 

ƇƮƬƤşƅƮƱşƁƨƱƣşşƨƒƓƄƌ  

  ŴƄ  

ƄƷƯƫƮƱƤş 

ƨƒƓƄƌŬƑş

 

 ű şŮş  

   

 

̮ ̯ 

῝ş

̢ 

῝ş

̢ 

ɼ

̡ ɽ 

ɼ ̢

ɽ 

ɼ

̢ɽ 

ɼ

̢ɽ 

ɼ

̢ɽ 

 

 

̮ ̯ 

῝ş

̢ 

῝ş

̢ 

῝ş ̡ ̡

̢ 

ɼ

ɽ 

ɼ

ɽ 

ɼ

ɽ 

ɼ

̢ɽ 

 

̮ƨƒƓƄƌŬƑ ̯ 

῝ş ̢ 

 

 



  

56 
 

 

̮ ̯ 

῝ş ̢ 

῝ş ̢ 

 

̮ ̯ 

῝ş ̢ 

 

 

̮ ̯ 

῝ş ̢ 

῝ş

̢ 

῝ş ̢

̡  

῝ş

̢ 

῝ş

̢ 

῝ş ̡

̡ ̢ 

῝ş

̢ 

 

 

̮ ̯ 

῝ş

̢ 

῝ş ̢ 

῝ş

̢ 

῝ş

̢ 

῝ş ̢ 

῝ş  

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

῝ş

̢ 

῝ş

̢ 

 

 

 

 



  

57 
 

ƇƮƬƤşƅƮƱşƁƨƱƣşşƨƒƓƄƌ  

  ŴƄ  ƄƫƫƠơƮƱƠƳƤ 

 ű şŮş  

   

 

̮ ̯ 

῝ş ̢ 

῝ş

̢ 

῝ş ̢ 

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

 

 

̮ ̯ 

῝ş  

- ̡ ̡

 

- ̡ ̡  

-  

῝ş ̢ 

῝ş  

şɶş

 

Ųů

̢ ̢ 

 

şɶş  

Ųů

̢

̢ 

 

şɶş

 

Ųů

̢

̢ 

 

 



  

58 
 

῝ş

̢ 

 

̮ ̯ 

῝ş ̢ 

ɼ ɽ 

ɼş ɽ 

ɼ ɽ 

ɼ ɽ 

ɼ ɽ 

῝ş

̢ 

 

̮ƨƒƓƄƌŬƑş ̯ 

῝ş ̨ ̩ ̢ 

 

 

 

 

̮ ̯ 

῝ş ̢ 

῝ş ̡ ̡ ̡ ̡

̢ 

῝ş ̢ 

ɼ

ɽ 

ɼ

ɽ 

῝ş ̢ 

ɼ

ɽ 

ɼ ɽ 

ɼ

ɽ 

῝ş

̢ 

ɼ

ɽ 

ɼ

ɽ 

ɼ

ɽ 

ɼ

ɽ 

ɼ ɽ 

 



  

59 
 

 

̮ ̯ 

῝ş

̢ 

῝ş ̢ 

 

 

 

d. 1  Evaluation 

iSTEM  21

̢  

   Assessment for learning̢   

 

1. 5E  

 

ŴƄş  

 űŰş   

 

ƄƭƦƠƦƤ 
  

 

ƄƷƯƫƮƱƤ 

 

 
 

 

ƄƷƯƫƠƨƭ 
  

 

ƄƫƠơƮƱƠƳƤ 

 

 
 

 

2.  Rubric Reference 

21  

 Ŵ ş 

 

ų ş 

 

Ų ş 

 

ű ş 

 

Ű ş 

 

 

̢ 

̢ 

̢ 

̢ 

̢ 

 

̢ 



  

60 
 

̢ ̢ 

̢ ̢ 

 

̢ ̢ 

̢ 

̢ 

̢ 

 

̢ ̢ ̢ 

̢ ̢ 

 

  

 Ŵ  

 

ų  

 

Ų  

 

ű  

 

Ű  

 

 

̢ 

̢ 

̢ 

̢ 

̢ 

 

 
̢ ̢ ̢ 

̢ 

̢ 

 

̢ 

̢ 

̢ 

̢ 

̢ 

 

 

̢ ̢ ̢ ̢ ̢ 

 

21 ̢

̢ 



  

61 
 

 Ŵ  

 

ų  

 

Ų  

 

ű  

 

Ű  

 

 

 ̢ ̢ 

̢ 

̢ 

 

2  

 

 

3  



  

62 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

63 
 

3.8.2 ɼ ɽ  

A. ILO BAA 

 ƈƋƎ şƁƀƀ 

 

ƆŰ  Ů 

Ɔű  Ů 

ƆŲ

 

ƂŬűŬŰŴ ̡

̡ ̡ ̢ 

Ɔų

 

ƃŬűŬŵş ̡

̢ 

ƆŴ

 

Ů 

Ɔŵ  ƃŬűŬŷş

̢ 

ƃŬűŬŸş

̢ 

ƃŬűŬŰů

̢ 

 

ƌŰ

 

ƀŬűŬŰş ̢ 

ƌű

 

ƀŬűŬŰŵş

şżş Ȗ ż Ȗ

ş̢  

ƅŬűŬŰş

̢ 

 

ƂŰ

 

ƁŬűŬųş ş ş

ş

̢ 

ƃŬűŬŰş ̡ ̢ 

ƃŬűŬŷş

̢ 

 

ƈŰ űŰ

 

ƃŬűŬŰŲ

̢ 

ƃŬűŬŰųş

̢ 

ƃŬűŬŰş ̡ ̡ ̡

̢ 

ƅŬűŬűş ̡ ̡ ̡

̢ 



  

64 
 

ƁŬűŬŰŴş

̢ 

ƄŬűŬŰűş

̡ ̡

̡ ̢ 

ƅŬűŬŰş ̡

̡ ̢ 

ƅŬűŬųş

̡ ̡ ̢ 

 

B. 5E  

 

 

ƄƭƦƠƦƤƬƤƭƳ 

Űŭ  

 

Ů

̢

̢ 

 

̢ şɶş

̢ 

 

 

ş ŰŹş ş 

ş  

ş  

 

ş űŹşş 

ş ƌųű  

ş  

 

ƄƷƯƫƮƱƠƳƨƮƭ 

̢ş 



  

65 
 

 

Ơŭş şɶş  

Ű ű Ų ų Ŵ  

ơŭş şŬ  

Ű ű Ų ų Ŵ  

 

ŲŹş ş 

ş şŬş  

ş şŬş  

ş ųŹş şɶş ş 

ş  

şŬş ş  

ş ŴŹş ş 

ş  

ş  

ş ŵŹş ş 

ş  

şɶş ş  

 

ş ŰŹş  

şɶş ş  

ş űŹş ş 

 

şɶş şɶş  

ş ŲŹş ş 

 

şɶş şɶş  

 

ş ŰŹş ş 

şŲ̆ ̩ ş şŲ̆ ̩  

 

ƄƷƯƫƠƭƠƳƨƮƭ 

̢

̢ Ů Ů

̢ ş

̢ 



  

66 
 

 

 

ş ŶŹş ş 

şɶş şɶş şɶş şşɶş Ů şŬş ş ş 

ɶş şɶş  

 

ş ŰůŹş  

şɶş şɶş şɶş şɶş ş ş

 

ş şɶş  

 

ƄƫƠơƮƱƠƳƨƮƭ 

 

 

 

ƏƁƋ  

̮ ̯ ̮ ̯

̢

̢

̮ ̯̮ ̯

̢ş

űŰ şɶş ş

ƂƮƬƬƴƭƨƢƠƳƨƮƭş şƂƮƫƫƠơƮƱƠƳƨƮƭş şƂƱƨƳƨƢƠƫşƳƧƨƭƪƨƭƦş şƂƱƤƠƳƨƵƨƳƸ̢ 

 

 

ş ŷŹş ş 

ş  

şɶş ş  

ş ŸŹş ş 

ƏƕƂ  

ş  

ş ŰŰŹş ş 

şɶş ş  

ş  



  

67 
 

ş ŰűŹş ş 

̢ 

ş ŰŲŹ ş 

̮ ̯ ̢ 

ş űŹş ş ş 

ɼ ɽ ɼ ɽ  

ş ŲŹş ş 

şɶş  

ş ųŹş ş 

şɶşŲů  

 

ş ƄƵƠƫƴƠƳƨƮƭ 

ƨƒƓƄƌ űŰ

̢ ş űŰ űŰƂƤƭƳƴƱƸşƒƪƨƫƫƲşƑƴơƱƨƢ 



  

68 
 

6 5E

̢ 

C. 5E  

ƨƒƓƄƌ  

  ŴƄ  ƄƭƦƠƦƤş 

 ş ŰŹş  

 ş 

  

 ŷů  

   

 

Ŵ  

̮ ̯ 

̢ ş

̢ 

 

 

ŰŴ  

̮ ̯ 

̢

şɼ

ɽ ̢ 

 

̮ ̯ 

̢

̢ 

 

̮ ̯ 

şŬş̮ ̯̮ ̯ 

ɼ ɽ 

 

̮ ̯ 

 

şş 

Ŭ 

Ŭ 

Ŭ 

 

 

űů  

̮ ̯ 

şɶş  

 

 



  

69 
 

ɼƇƴƦƦƸşƆƠƬƤɽ

ɼƇƴƦƦƸşűɽ ̢

ɼƇƴƦƦƸşŲɽɼƇƴƦƦƸşųɽ̢

̢ 

 

̢ 

 

̮ ̯ 

ş şɶş Ŭş şɶş ̢ ̮

̯ ş űŹş ŭ 

 

ŲŴ  

̮ ̯ 

şɶş  

 

̡ ̡

̢ 

 

̢ 

    

    

    

    

    

 

̮ ̯ 

űŰ ̢ 

şş 

Ŭ

Ŭ

Ŭ

Ŭ 

 

Ŵ  

̢  

 

 

 

 

 



  

70 
 

ƨƒƓƄƌ  

  ŴƄ  ƄƷƯƫƮƱƤş 

 ş Ű  

 şɶş  

  

 ŷů  

   

 

Űůş  

̮ ̯ 

̢ şɶş  

 

̮ ̯ 

̢ 

 

ů

Ű ƆƮƮƦƮƫƯƫƤƷşŰ Űů Űůů

ů  

 

̢ ̢ 

 

 

Ųů  

 

̮ ̯ 

ƨƒƓƄƌ ̢

şɶş  

 

̮ ̯ 

şƧƳƳƯƲŹŮŮƶƶƶŭƲƮƫƠƱƲƸƲƳƤƬƲƢƮƯƤŭƢƮƬŮ 

̢ 

 

̮ ̯ 

şş 

Ŭ

 

https://www.solarsystemscope.com/


  

71 
 

̢ ş

Ů Ů ̢ 

 

Űů  

̮ ̯ 

 

 

Űŭ 

 

̮ ̯ 

Ű ů̢  

 

 



  

72 
 

Ű

ŭş̮ ̯ ̮

̯ 

 

űŴ  

ƚ Ɯ 

ȖŰůŴ

̢

̢ 

 

 

Ŵ  

̮ ̯ 

şɶş

̢ 

 

 

 

  



  

73 
 

ƨƒƓƄƌ  

  ŴƄ  ƄƷƯƫƮƱƤş 

 ş ŵŹş ş 

 şɶş ş  

  

 ŷů  

   

 

Ŵş  

̮ ̯ 

̢ ̢ 

 

̮ ̯ 

̢ ̢ 

 

ƧƳƳƯƲŹŮŮƶƶƶŭƸƮƴƳƴơƤŭƢƮƬŮƶƠƳƢƧƵżƋƂŴƱƄƧƷƆưƓų 

 

 

 

űů  

 

̮ ̯ 

 

 

 

ƧƳƳƯƲŹŮŮƶƶƶŭƭƠƲƠŭƦƮƵŮƲƳƤƬŬƢƮƭƳƤƭƳŮƫƴƭƠƱŬƯƧƠƲƤƲŬƲƨƬƴƫƠƳƨƮƭŮ 

 

 

ƃƊşɶşƁƮƮƪşƮƥşƳƧƤşƌƮƮƭşƈƒƁƍŹ ŸŶŷůŶųųůŴŵŴŸų 

şş 

Ŭ

Ŭ

Ŭ 

https://www.youtube.com/watch?v=LC5rEhxGqT4
https://www.nasa.gov/stem-content/lunar-phases-simulation/


  

74 
 

 

̮ ̯ 

 

 

Ŵ  

̮ ̯ 

̢ 

 

̢

̢ 

 

̢

̢ 

ƧƳƳƯƲŹŮŮƶƶƶŭƸƮƴƳƴơƤŭƢƮƬŮƶƠƳƢƧƵżƁƎƩƤƪƁƦƀƋƖƈ 

 

 

 

Ųů  

̮ ̯ 

̢

̮ ̯

̢

̢ 

 

̢ 

 

https://www.youtube.com/watch?v=BOjekBgALWI


  

75 
 

 

űů  

̮ ̯ 

̢

̢ 

 

̮ ̯ 

 

 

 

ƨƒƓƄƌ  

  ŴƄ  ƄƷƯƠƨƭş 

 ş ŰůŹş ų  

 şɶş şɶş şɶş ƥƠƢƳşƢƧƤƢƪŬş ş 

  

 ŷů  

   

 

Űůş  

̮ ̯ 

̨ ̩ ƓƧƤşƎƭƨƮƭɼ ɽ

̢ 

ƧƳƳƯƲŹŮŮƶƶƶŭƳƧƤƮƭƨƮƭŭƢƮƬŮş  

 

̨ ̩

̢ 

ƧƳƳƯƲŹŮŮƶƶƶŭƸƮƴƳƴơƤŭƢƮƬŮƶƠƳƢƧƵżƮƂƳƴƶƨƭƔŬƗƢ 

 

̨ ̩

ɼ ɽ ̢ ̨

̩

ɼ ɽ

̢ ̢

şɶş ̢ 

 

 

űů  

̮ ̯ 

 

 

̮ ̯ 

 

ƧƳƳƯƲŹŮŮƢƸơƤƱƣƤƥƤƭƣƤƱŭƧƪŮƥƠƪƤƭƤƶƲŮ 

ƧƳƳƯƲŹŮŮƥƠƢƳƢƧƤƢƪŭƧƪơƴŭƤƣƴŭƧƪŮƧƮƬƤŮ 

 

 

şş 

Ŭ

Ŭ

Ŭ 

https://www.theonion.com/
https://www.youtube.com/watch?v=oCtuwinU-Xc
https://cyberdefender.hk/fakenews/
https://factcheck.hkbu.edu.hk/home/
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̮ ̯ 

̢ 

 

 

Ųů  

̮ ̯ 

 

 

̢ 

 

 

Ŵ  

şɶş şɶş şɶş ş

ş ƥƠƢƳşƢƧƤƢƪ̢ 
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  ŴƄ  ƄƫƫƠơƮƱƠƳƤş 

 ş űŹş ş  

 ɼ ɽ ɼ ɽ  

  

 ŷů  

   

 

Űůş  

̮ ̯ 

ƨƒƓƄƌ ş

ɶş  

 

ɼ ɽ ɼ ɽ

̨ ̩ ̨

̩
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̮ ̯ 

ɼ

ɽ ɼ ɽ  

 

̮ ̯ 

̢ ş 

ɼ ɽş 

şş 

Ŭ

Ŭ

Ŭ
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ɼ ɽ 
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̮ ̯ 

 

 

Ŵ  

̢ 

̢ 

 

Ţ  

 

 

Ųů  

̮ ̯ 

 

 

 

Ŵ  

 

 

 

 

̢ 
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ƨƒƓƄƌ  

  ŴƄ  ƄƫƫƠơƮƱƠƳƤş 

 ş ŸŹş  

 ƏƕƂ  

  

 Űűů  

   

 

Űůş  

̮ ̯ 

ƨƒƓƄƌ

 

 

ƒƯƠƢƤşƗ  

ƧƳƳƯƲŹŮŮƶƶƶŭƸƮƴƳƴơƤŭƢƮƬŮƶƠƳƢƧƵżƀƯƌƱƈƋƧƓƴƫƈ 

 

ş

 

 
 

ɼ ɽ ş 

 

 

 

 

ŷů  

 

̮ ̯ 

ƨƒƓƄƌş

ɼ ɽ

̢

̢ 

 

şş 

 

Ŭ

Ŭ

Ŭ

Ŭ 

Ŭ 

Ŭ 

Ŭ 

 

https://www.youtube.com/watch?v=ApMrILhTulI
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̮ ̯ 

̢

̢ 

 

 

ƧƳƳƯƲŹŮŮƶƶƶŭƸƮƴƳƴơƤŭƢƮƬŮƶƠƳƢƧƵżƀƶƤƏŸƑơƱƸƧƲ 

 

̮ ̯ 

ƏƕƂ

ƀų ̢

̢

̢ 

 

̮ ̯ 

̢

̢ 

ũ Š 

 
 

ũ  

 

 

 

  

 

űŴ  

̮ ̯ 

̢ 

 

 

̨ ̩

̢ ̢ 

ƧƳƳƯƲŹŮŮƶƶƶŭƸƮƴƳƴơƤŭƢƮƬŮƶƠƳƢƧƵżƨƔƬƪƩŴƗƇƎƠƶ 

ƧƳƳƯƲŹŮŮƶƶƶŭƸƮƴƳƴơƤŭƢƮƬŮƶƠƳƢƧƵżƹƱŵƦƅƎƷƱƖƔƪ 

 

 

https://www.youtube.com/watch?v=AweP9Rbryhs
https://www.youtube.com/watch?v=iUmkj5XHOaw
https://www.youtube.com/watch?v=zr6gFOxrWUk


  

80 
 

 
̨ ̩  

 

Ŵ  

̢ş ş

ƨƒƓƄƌşƏƱƮƩƤƢƳ

̢ 

 

d. 1 Evaluation 

ƨƒƓƄƌ ş űŰ

ŭş űŰ

ş

ş ş şƀƲƲƤƲƲƬƤƭƳşƥƮƱşƫƤƠƱƭƨƭƦŭş

 

 
 

ŰŭşűŰ űŰƲƳşƂƤƭƳƴƱƸşƒƪƨƫƫƲşƑƴơƱƨƢ 

űŰ ş  

21  = a + b + c + d  

A+ A A-  

40 37-39 34-36 

B+ B B- 

31-33 28-30 24-27 
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C+ C C- 

21-23 18-20 16-17 

D < 16 

 

 a  = ____ / 10 

 

5 =  

4 =   

3 =  

2 =  

1 =  

__ / 5 

 

5 =  

4 =  

3 =  

2 =  

1 =   

__ / 5 

 

 b  = ____ / 10 

/  

5 =  

4 =  

3 =  

2 =  

1 = /  

__ / 5 

 

5 =  

4 =  

3 =  

2 =  

1 = /  

__ / 5 

 

 c  = ____ / 10 

 __ / 5 
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5 =  

4 =  

3 =  

2 =  

1 =  

 

5 =  

4 =  

3 =  

2 =  

1 =  

__ / 5 

 

 d  = ____ / 10 

 

5 =  

4 =  

3 =  

2 =  

1 =  

__ / 5 

 

5 =  

4 =  

3 =  

2 =  

1 = /  

__ / 5 

 

űŭş şƀƴƳƮƭƮƬƮƴƲşƋƤƠƱƭƨƭƦşƑƴơƱƨƢ 

ş  

  

A+ A A-  

15 14 13 

B+ B B- 

12 11 9-10 

C+ C C- 
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8 7 6 

D < 6 

 

 = ____ / 15 

 

5 =  

4 =  

3 =  

2 =  

1 =  

__ / 5 

 

5 =  

4 =  

3 =  

2 =  

1 =  

__ / 5 

 

5 =   

4 =  

3 =  

2 =  

1 =  

__ / 5 

 

ŲŭşűŰ  

 

 

 

ŴƄ  űŰ   

ƄƭƦƠƦƤ   

ƄƷƯƫƮƱƤ   

ƄƷƯƫƠƨƭ   

ƄƫƫƠơƮƱƠƳƨƮƭ   
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2 5E  

 

3  

/

/

̢ ̢ 

 

4  

̢

ɼ ɽ

̢

̢ 
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3.8.3 ɼ ɽ  

A. ILO BAA 

ILO BAA 

S 

S1

̢ 

 

A-2 

 

S2

̢ 

 

A-3

̢ 

S3 ̡ ̡ ̡

̢ 

 

A-5 

 

S4

̢ 

 

C-3 

 

E-1-5

̢ 

S5 BMI

̢ 
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S6

̢ 

 

T 

T1

̢ ɼƆƮƮƦƫƤşƂƫƠƲƲƱƮƮƬ

ɽ ̢ 

 

C-4 ̡

 

T2 ɼƎƥƥƨƢƤşƄƷƢƤƫGoogle Sheet

ɽ

̢ 

 

T3 ɼƎƥƥƨƢƤşƏƮƶƤƱƏƮƨƭƳGoogle 

Slides ɽ ̢ 

 

T4

̢ 

 

A-6 ̡ ̡

̢ 

A-7

̡

̢ 

̢ 

C-1 ̡

̡ ̢ 

E 

E1

̡ ̡

̢ 

 

E-1-1 ̡ ̡ ̡ ̡

̡  

M 

M1 BMI

̢ 

  

 

A-9

̢ 

 

E-1-2

 

 

  



  

87 
 

B. 5E  

 

̢

̡ ̡

̢ ̢

̢ 

STEM STEM

̢

̢ 5E Elaboration

̡ ̡ ̢

̢

ɼ ɽ

̢ 
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1. ̢

 

2.  

iSTEM  

 

Engagement 

1.  

5 7cm ̡ 5 ɼ 5 7cm

̢ 

 

2.  

̢

̢ 

 

Exploration  

̡ ̡BMI̡

̢ ̡ ̢

̨

2020 ̩ ɼ

̢

̢ ɼ Descriptive 

Analytics ɽ̡ɼ Diagnostic Analyticsɽ̡ɼ Predictive Analyticsɽ

ɼ Prescriptive Analyticsɽ ̡ ̢ 
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Explanation  

BMI ̢

Jigsaw ʙ ɼ ɽ BMI

̢

̡ ̢

̡ ̢

̢ 

/ Elaboration iSTEM  

15

̢ ̡

̡ ̢ ̢ 

 Evaluation  

 

̡ ̡ 15

̡ ̡ ̢ 
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C. 5E  

1- Engagement 

  25    

 1  

  

 

    
  

5 

 

̮ 1̯  

̢  

̢ 

S1  

5 

 

1  

ɼ 5

7cm ɽ ̢ 

2  ɼ 5 7cm

ɽ ̢ 

 

: https://www.youtube.com/watch

v=Avx1_ksEfns  

Google Classroom

̢ 

1  

 

2  

 

3  zero 

Training

 

1  

 

2  

 

 

S1̡

S3 A 

https://www.youtube.com/watch?v=Avx1_ksEfns
https://www.youtube.com/watch?v=Avx1_ksEfns
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3  

̢ 

15 

 

1  

̢ 

2  

̢ 

3  ̢ 

 

1  

̢ 

2  

̢ 

S3̡

S4̡

T1 

 

10 

 

1  ̢ 

2  Google Sheets

̢ 

3  

̢ 

̢ 

̢ 

S4̡

T2̡

T4 

 

5 

 

1  

̢ 

2  ̢ 

3  BMI ̢ 

1  

 

2  

 ̢ 

S6̡

M1 
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2- Exploration  

  25    

 2  

  

 

    
  

5 

 

 

̡  

 

̢ 

 

̢ 

E1  

5 

 

̡  

̢ 

̢ 

1  

  

2  

 

S5 ̡

S6 ̡

T1 ̡

M1 

 

20 

 

̡  

̡ ̡

̢ 

̢ 

Jigsaw 

ʙ ɼ ɽ

BMI

̢ 

B 
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̢ 

̢ 

̢ 

Jigsaw ʙ ɼ

ɽ  

̢ 

 

1 2  

3 4  

5  

ɼ ɽ

1

̡ ̡

̢ 

̮ ̯ 

1. 

̢ 

 ̢ 

2. 

̢ 

3. ɼ ̡ ̡

ɽ̢  

10 ̡  T3  



  

94 
 

 1. 

 

2. 

̢ 

3. 

Google slide

̢ 

1 5

Google slide

̢ 

̢ 

 

3- Explanation  

  25    

 1  

  

 

    
  

3 

 

 

 

1  

̢ 

2  ̡ ̡

 

̢ 
̢ 

  

15 

 

̡  

̢

̡ ̢ 

Jigsaw 

ʙ ɼ ɽ

̡

̢ 

S1̡

S3̡

S4̡

T3̡  

B 
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15 

 

̡  

̢

̢

̢

̡

̢

̢ 

C 

7 

 ̢ 
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4- / 1 Elaboration1  

  25    

 1  

  

 

    
  

5 

 

̮ 1̯ 

 
S1  

20 

 

1) 

̢ 

2) 

̡ ̢ 

3) 

̢ 

1  

 

2  

̢ 

̢ 

S3 ̡

S4 ̡

S6 ̡

T1 ̡

T3 

 

10 

 

̡

̡

̢ 

̢ 
 

5 

 
̢ ̢ 

̢ 
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4- / 2 Elaboration2  

  25    

 1  

  

 

    
  

10 

 

̢

̢

̢ 

 
  

25 

 

Google doc ̢ 

 

1. 

̢ 

2. 

̢ 

3. 

̢

̡ ̡

̢ 

4. 

̡ ̡ ̢

̢ 

5. 

̡

̡ ̢

̢ 

6. 

̢ 

̡ ̡

̢ 

E1 ̡

T1 ̡

T3 
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5 

 

1. 

PPT

Word ̢ 

2. 5

3 ̢ 

PPT  

1  

2  

3  

4  

5

 

̮ ̯ 

1.

̢ 

̮ ̯ 

1.

PPT̡

̢ 

2.

̢ 
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5- Evaluation  

  25    

 1  

  

 

    
  

  

40

 

̮ ̯ 

1. ̢ 

2. D̡E  

3. ̢ 

  

̮ ̯ 

1.

̢ 

 

2.

̢ 

  

̮ ̯ 

1. 

̢ 

 

2. 

̢ 

S1 ̡

S2 ̡

S4 ̡

S6 ̡

T3 ̡

E1 

 

D 
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-  

A 1̨ Zero Training ̩ 

ş 
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2̨ ̩ 

 

1.           

  

2.  

           

3.  

         

 

4.         

5.      

6.  

   /         

7.  

1 2   3 4   5 6   7 8   

8.   

        

9.  

      

10.  
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B  

1. ̢ 
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C   
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D  Collaboration Rubric 

 

Rubric 

1 

 

2 

 

3 

 

4 

 

5 

 

 

Attitude 
̢

̢ 

̢

̢ 

̢

̢ 

̢

̢ 

̢

̢ 

 

Quality ̢ 

̢ ̢ 

̢ 

̢ 

 

Contribution 

̢ ̢ 

̢ 

̢ 

̢ 

 

Concentration 
̢ 

̢ ̢ 

̢ 

̢ 

 

 

 1. 2. 3.  
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E Presentation Rubric 

0 5

̡ ̡ ̢ ̢  

 1  2  3  4  5  
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 1 2 3 4 5 
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3.8.4 ɼ ɽ  

A. ILO BAA 

 
STEM   

ILO BAA 

S 

S1 ̢ 

S2 ̢ 

S3 ̢ 

S4 ̡ ̢ 

S5 ̢ 

S6 ̢ 

-  

A-1

̢ 

A-4 ̡

̢ 

C-3 ̡

̡

̢ 

 

T 

T1 ɼArduino ɽ

̢ 

T2 ɼeclass ɽ ̢ 

T3 ɼOffice Excel Google Sheet ɽ

̢ 

T4 ɼOffice PowerPoint Google Slides ɽ

̢ 

T5 ɼTracker ɽ

̢ 

-  

B-1

̢ 

 

E 
E1 

̢ 
 

M 
M1 ɼ ɽ ̢ 

M2 ɼ ɽ ̢ 

-  

E-1-1 ̡

̡ ̡ ̡

 ̡

̢ 
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B. 5E  

5E  

 5E   ILO 

 

 

2  

80  

 

 

̡ ɼ ɽ̢ ɼ

ɽ 20min̢ 5

̢ 

S1  

S2  

C1_1 

 ɼ ɽ

ɼ 1 ɽ ̢ 

 

S1  

S2 

 ɼArduino ɽ

̢ 

 

ɼ ɽ

̢ ̢ 

 

ɼ ɽ ̢ 

 

T1  

T2  

C2_1  

C3_1 

:  

ɼ

ɽ

 

2  

80  

 ɼ ɽ

̡ ̡

ɼeClass

ɽ ɽ ɽ ̢ 

 

̢ 

S7  

T2  

C1_2  

C2_1 

 

ɼ

ɽ

 

2  80

 

 20

̡ ̢ 

 

5 ̢ 

 

C3_1  

C3_2  

C4_1 
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̢

̢

iOS Android

̢ 

 

iSTEM ̢ 

 

S2  

S4 

 

 

2  80

 

 

̢ 

 

S3  

M1  

C1_1 

 ̡

̢

̢ 

 

S5  

C1_1 

 iSTEM ɼ ɽ

̢ 

 

3-4  ̢ 1

5

̢

ɼeClass ɽ  ̢ 

S6  

E1  

C1_2  

C2_1 

 

ɼ

ɽ

 

2  80

 

 ɼ ɽ

ɼArduino ɽ

̢ 

 

ɼTracker ɽ

̢ 

 

S6  

T3  

T5  

E1  

C1_1  

C2_1 
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ɼ

ɽ

 

2  80

 

 ɼ ɽ

̡ ̡

̢ 

 

̢ 

 

S6  

S7  

T2  

T3  

T4  

M2  

C1_2  

C2_1 

 

ɼ

ɽ  

2  80

 

 20

ɼeClass ɽ

̡

̢ 

 

5 ̢ 

 

C3_1  

C3_2  

C4_1 

 

 

2  80

 

 

 

STEM

̢ 

 

STEM

̢ ̢ 

 

̡

̢ ̢ 

 

C3_1  

C3_2  

C4_1 

 

 

 

 



  

114 
 

C. 5E  

 Engagement 

̢ 

̡ ɼ ɽ ɼ ɽ ̢ 

̮PPT ̯ 

 
̢ 

-  

-  

-  

-  

 

 

- ̡ ̢ 

- ̢ 

- ̡ ̡

̢ 

- ̢ 

- 

̢ 

 

 

- ɼ ɽ̢ 

̮ ̯ 

 

 

 

̢ 

 

̢ 
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̢

̢  

 

 

 

 

- ̢ 

 

V ̢ 

 

 

 

- ̢ 

 

V ̢ 

V ̢ 

V ̡ ̢ 

V ̡ ̢ 

V ̢ 

 

- ɼ ɽ

ɼ ɽ ɼ ɽ ̢ 

- ɼ ɽ ɼ ɽ ̢ 

̮PPT ̯ 

 
 

 Exploration  

̢ 

[ ] 

 

-  ɼ ɽ 20min̢ 5

̢ 

̮ ̯https://youtu.be/6id15XgdVyssi=QN-wjH6BJxdIUiUz 

https://youtu.be/6id15XgdVys?si=QN-wjH6BJxdIUiUz
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̮PPT ̯ 

 
-  ɼ ɽ 15 ̢

: 

 

1. ɼ ɽ  

(1) ̢ 

(2) ̡

̢ 

(3) ̢ 

A. 1

2  

B. 1

3  

C. 2 3  

D. 1 ̡ 2   3  

 

2.  

(1)  

(2) ̡ ̡  

(3)  

A. 1

2  

B. 1

3  

C. 2 3  

D. 1 ̡ 2   3  

 

3.  

A. Lux  lx  

B. Exposure Value EV  

C. Magnitude per arcsecond square mag arcsec-2  

D. Candela  cd  

 

4.  

(1)  

(2)   

(3)  
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A. 1

2  

B. 1

3  

C. 2 3  

D. 1 ̡ 2   3  

 

5. 

 

(1) ̡ ̢ 

(2) ̢ 

(3) ̢ 

(4) ̢ 

A. 1

2  

B. 1 ̡ 2

3  

C. 1 3  

D.  

 

 

[ ] 

 

-  ɼ ɽ ̢

̢ 

-  

ɼ ɽ ̢ 

̮ ̯ 

 

 

 VS  

 

̡ ̡ ̢

;

̢ 

 

  

 

̢ 

 

̢

̢ 24

̢

̢ 
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11 5

̢   

̢ 

 

 

 VS  

 

̢ 

 

 

 

̢ 

 

̡ ̢

̢ 

 

̢ ̢ 

 

 

̮PPT ̯ 
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[ Arduino ] 

 

-  ɼArduino ɽ

̢ 

-  ɼArduino ɽ ̢ 

-  ̢ 

̮PPT ̯ 

 
 

-  3 ̡ ̢ 

 

̮ ̯ 

-  ̡LED ̢ 

-  ɼArduino ɽ ̢ 
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-  ̢ 

 

 

 

   

     

1       

2       

3       

 

 

V ̢ 

V ̢ 

V ̢ 

 

[ Tracker ] 

 

-  ɼTracker ɽ ̢ 

 
 

-  ɼTrackerɽ  

1. JPG  

2.  

3.  

4.  

5.  

6. ̢ 

 

-  ɼTrackerɽ  

 

ɼ ɽ  
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15 ̡ ̡ ̡ ̡ ̡  

 

 

1.  15

1 ̢ 

2.  ̢

-2 ̢ 

3.  ƓƱƠƢƪƤƱ

ƑƆƁ̢ 

4.  

̢ 

 

 
   . 

[J].  2018  8 8 : 398-405. https://doi.org/10.12677/APP. 2018.88050 

 

 

[ ] 

 

-  ɼ ɽ̢ 

-  ɼ ɽ ̢ 

 

ɼ ɽ  

 

̢ 

̡ ̡ ̡ ̡

̡ ̡ ɼArduino ɽ̢ 

 

1. ɼƀƱƣƴƨƭƮɽ ̢ 

2. 

ɼ ɽ̢ 

https://doi.org/10.12677/APP.%202018.88050
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3. 

ɼ ɽ̢ 

4. ̢ şżş

şŮş şȖşŰůůŤ̢ 

5.  ̢ 

 

 

 
 

 
  

 900 Lux 433 Lux 48.1% 

 894 Lux 366 Lux 40.9% 

 890 Lux 336 Lux 37.8% 

 901 Lux 214 Lux 23.8% 

 894 Lux 317 Lux 35.5% 

 890 Lux 93 Lux 10.4% 

 

 

V ̢ 

 

̮ ̯ 

 

 

̡  

 

̢

̢ Ὅ  Ὅ  Ὕ ρ

̢  Ὅ Ḻ  Ὅ  Ὕ π

̢  Ὕ  π ͯ ρ ̢ 

 Ὕ
 Ὅ

 Ὅ
 

 Ὕ
 Ὅ

 Ὅ
ρππϷ 

    

 Ὅ Ὅ Ὅ 

 
Ὅ

 Ὅ
 

Ὅ

 Ὅ
 

 
Ὅ

 Ὅ
ρππϷ 

Ὅ

 Ὅ
ρππϷ 

 

10

̢ ̢ 
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ὃ ὰέὫ
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