.1

1.2

2.1

2.2

.

.2

1

.2
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9)

i)

( 2520  2-5)
«
5
(
( ) 2526  7-8)
, 2435
1 3
3 4

2438



1
2
3 ( )
4 I
( 2513 123-124)
2438 ” "
2445
2 , . 2448
" n " 1
1 2
3 3
2513 : 125)
2454
3 3

2454
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( 2513 126-130)
, . 2456
3 2 «
5
3 8 3 3 3
4 5 6 7 8
, , 2456
2454
6 1) 2) ]
3) 4) 5)

6) 3 ( 2513 131-132)
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2479

2464

2471

6) 7)

3)

2513

2475

4)

2525

134)

11

73)

33



2513

(
2480
2479
1
2491
4, 5, 6
( 130-137)
2493
2480

139)

12

2513 16)

3
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2498

2521 . 95)

2503

2503

( 2525  79)

2525 80)



205)

33

2513

© 209)

2513

2512

14

52)

. 5)



16

2516

2519

, 2503

2513

2519

11-12)

012454

2525

2512

: 201)

52)

. 2503

15



2503

2503

2527

2527

16

14-15)

79)



24

2517

17

2521 1)

2519 1

2521

12
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11.

12.

18

2503



19

2503 .. 2519

«

., 2503 , . 2519

50 )

( 2521 81)



20

( 2523

3-20)
2521
7:3:2 6 : 3
2519 ,
6 1
}

EHLALL 4 1

2527 .. 2524

2519 ;



2519

12

12

2524

2519

' .. 2524

( 2527 83)

21



domain)

2523

)

14 2

(Cognitive domain)
(Phychomotor domain)
(Experimental approach)

h (

(Affictive

22



1.2

»'l

(2517

49 ) 51

23



'
»

11

1.2

1.3

1.4

1.5

(2517

30

)

(2518

D~

24

23-24)
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2.1
2.2
2.3
2.4
2.5

2.6

2.7 '

2.8

(2526 249) " -

2513

(Operation
definition) (American
Association for the Advancement of Science AAAS)

13
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[/ LlquTlJ

- - - od -
(ga TuEv LeSunIsaudINENdIFEasSuas A lulad 2518

1.1 D)

1.2 ) )

2.1

2.2

2.3

8-9)



5.1

5.2

5.3

5.5

5.6

7.1

7.2

7.3

7.4

7.5

7.6

28



7.7
7.8
8.
9 Hr
10.
11.
1.
2.
3.

12.

29

k]

3

r (Independent Variable)

»

(Dependent Variable )

(Controlled Variables)



13.

1915

problem )

(ldentification

of hypothesis)

test hypothesis)

validity of hypothesis)

if necessary)

conclusions

30

2524  5-31)

(Pearson and Dewey)

and statement for the

(Formulation

(Search for evidence to

(Assessment of

(Revision of hypothesis

(Application of

to similar problems)

2517 : 31)



31

(Dewey)

(Dewey)
(The sciencetific method) ( 2517 32)
(Dewey)
(Sputnic)
{
( 2517 32).

(Educational Reconstruction)

(Scientific Thinking)



32

Gn.A. Burmester 1953 132) M

(Scientific Thinking)

1987

(National Society for the study of Education 1967 : 43) {



33

. (Robert B. d
and Leslie . Trowbridge 1967 : 93-95)

1 (Acquisitive skills)
1.1
1.2

1.3 3

1.4

1.6

2, (Organizational Skills)
2.1

2.2



2.«

2.6
2.1
2.8
2.9

3.1

3.2

3.3
3.4

4.1

4.2

4.3

4.4

4.5
4.6
4.7

(Creative Skills)

(Manipulative Skills)

34



35

B. (Communicative Skills)
5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

(Louis I. Kuslan and

A. Haris Stone 1968 : 229)

- (Observation)
2 . (Measurement)
3. (Experimentation and

Experimental Design)

4, (Explain)
5. (Generalization)
6. (Deduction)

(Walter R. Brown 1968 : 26-28)
(The Process of Science)

1 1029 b0



36

1. ' (Application
of generalizations to new situations)
1.1

1.2 1

2 . (Collection of Data)

2.1 £
2.2 "ail
2.3 ‘a

2.4

2.5

3. (Analysis of Data)
3.1
3.2
3.3

3.4

4, (Synthesis of Data)

4.1

4.2

5. 3  (Evaluation of Data)

5.1 "

5.2
.3 (Assumptions)
(Hypothesis) (Theaories) { (Established

Principle)
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' }
' B 3 (Scientific Method) '
AAAS
(American Association for the Advencement of Science 1968  26-28)

(Sceince Process Skills)

AAAS
(The Basic Process Skills'
- (Observing)
2- S (Using Space/
Time Relationship)
3. (Classifying)
(Usine Numbers)
. (Measuring)
6. (Communicating)
1. (Predicting)
8 ys (Inferring)
8 ' 3
6 y (Integrated)
: y (The Integrated Process
Skills) '
1. (Controlling Variables)
2. (Interpreting Data)
3. (Formulating Hypothesis)
4, 5 (Defining Operationally)

5. (Experimenting)



38

(Marshall A. Nay and Associates

1970 201-203)

\3 .

(Initiation)
1. (Identifying and
formulating a problem)
1.1
1.2
1.3
1.4
2. (Seeking relevant background
information)
2.1 1
2.2
2.3
5 . (Predicting)
4. (Hypothesizing)
(Design for
collection data through field work and/or experimentation)
5.1

.2



graphically)

ya

(Collection of Data)
(Procedure)

6.2
6.3
6.4
6.5
(Qbserving and Qhservation)
7.1 B

7.2

7.3

7.4

7.5

7,6

7.7 I

(Processing of Data)

(Organizing the data)
8.1
8.2

8.3

(Representing the data

9.1

39



40

9.2 1 n
10. (Treating th
data mathematically)
10.1
10.2
10.3

(Conceptualization of Data)

11, (Interpreting the data)
Tt
11.2
11.3
12. (Formulating operational
definitions)
12.1
122
13.

(Expressing data in the form of a mathematical relationship )

Id. (Incorporating

the new discovery into existing theory)

(Opendedness)
15. (Seeking further evidence to)
15.1
15.2
16. (Indentifying

new problems for investigation because of)



41

16.1

16.2 I

16.3 oy

17. (Applying the

discovered knowledge)

: (James R. Okey and
Ronald L. Fiel 1973  1-10) 10

L. (Identifying Variables)

(independent Variables)
(Dependent Variables) '

2 / ' (Constructing a Table of Data)
y
ya
3. (Constructing a Graph)
y
X Y
a. ' (Describing Relation-

ships between Variables)
« y Vv

D. y  (Acquiring and Processing Y
Own Data) y



42

6. (Analyzing Investi-
gations) ("

! 1

(Controlled
Variables)
2
(Explicit Variables) (Implicit Variables)
1
1. (Constructing Hypothesis)
8. I (Defining Variables

Operationally)

9. (Designing Investigations)

9.1



43

9.2
9.3
10 (Experimenting)
I
L (Nell Garland, and other 1973  3)
ESLI (Elementary Science Learning by
Investigating)
. (Observation)
2. (Data Treatment)
3. (Prediction and

Hypothesis Formation)

4, (Classification)

: (Identification)

6. n(Measurement)



44

1. (Development of
Acceptable Laboratory Techniques)

8. (Analysis and Synthesis)
!
(Concept)
9, (Communications)

. piles A. Nelson
and Engene c. Abraham 1973  291)

4
. (ohservation)
2. (Inference)
3. (Verification)

4, (Classification)
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(Nelson and Abraham)

(E. Kiinckmann 1978  20)
BSCS (BSCS Test Grid Categories) BSCS
(Biological Science curriculm study)

. ' (Interpret qualitative
data)

2, 1)
(Interpret quantitative data)

3. £ (Understand

relevance of data to problem)
4.
(Screen and judge design and experiments)
(Screen Hypothesis)
6. ) (Identify problems
and unanswered questions)
1.
(Identify assumptions and principles
of inquiry and extend their application and scope)
8. (Analyze scientific

problems)
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. -fa (Rodney L. Doran 1978  20)
NAEP (National Assessment of Education Process) 3
10
- ' (Define a Scientific
Problem)
2. (Suggest

or Recognize a Scientific Hypothesis)
3.

(Propose or select Validity Procedure both Logical and Impirical)

a. 1 (Obtain Requisite Data)
5. (Interpret Data)
6.

(Check the Logical Consistency
of Hypothesis with Relevant Laws, Facts, observatins or Experiments)
1. (Reason
Quantitively and Symbolically)
8.

(Distinguish hetween Fact, Hypothesis and Opinions, the Relevant
from the Irrelevant and the Model from the Observations)
9. (Read
Scientific Materials Critically)
10,
(Employ Scientific Laws and Principles in Familiar and
Unfamiliar Situations)

* (Donald Lundstrom
and Lawrence Lowery 1978  209-210) "
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fl

(Lundstrom and Lowery)

GRADE KI 23456789 1012
Observation and Description

Comparison
Classification
Mathematical Techniques

X Experimentation
)L(u Inferences
Implications
VAR ey
Depth Stucy

Inscsr ntation
gn ﬂﬁer.
pecializations
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@
(AAAS)
13 13
(Basic S kills)
(Observing)
4 ' 1 (Using Space/

Time Relationship)

(Classifying)
(Usine Numbers)
(Measuring)
(Communicating)
(Predicting)

(Inferring)

(Integrated Skills)
(Controlling Variables)
(Interpreting Data)
(Formulating Hypothesis)
1 , i (Defining Operationally)

(Experimenting)



49

Vi

- (Observing)

5
»
- 1 (Identify) (Name)
2. (Quantitative
Terms) '
3.
2. (Using Space/Time Relationship
»
y
1.
2.
3.
4. 2



I (Classifying)

(Using Numbers)

(Measuring)

I
«

50



L.
(Interpolation)

2,
(Extrapolation)

3.

(Communicating)

(Predicting)

51



«

(Inferring)

(Controlling Variables)

52



53

10, ; (Interpreting Data)
{ 1
1.
2.
3.
«

11, (Formulating Hypothesis)
1.
2. ,



12..

Operationally)

(Procedure)

1%

13.

(Concept)

54

(Defining

(Object)

(Experimenting)



34

2.1

2.1.1

(2517

52)

33

(2521

70-71)

67

55



1 153

69

2521 300
147
(523  74)
5
4 2522
(2522 : 52)
1
>t 1 713
1 0.05
(2523 . T7)
2

0.5

360

56

2522



5
| (2523  39) '
2 640
.05
' (2523 52) '
a
3 2523
360
(2523 : 113)
2522 " 1,237
(2524 : 47-48)
5 342
1 1

10 9

57

10



(2524 83-85)

' ! 3 (3)
29| 30
’ 3 400
(2525  56)
1 1 4 1
! 60
30 30
' o
(2525  45-47)
4 ' 4 348
2524
°-05
(2526 89
5" 1
5 30

13
2525



4c-

45

35

" (2527 : 64-66)

400

(2527

1

707

(2527 - 73-83)

105
18

50

3

0.001

%0

2525

59

45



01
3.
01
4o | \
11} .01
KL
(2527 73)
3 3,
456 )

(2528 ; 66-67 )

60

2526.



05
*3 01

2.1.2

«

(2524 : 1351 143)

44

654

10

(‘2524 ; 100-109 )

5 764

61

9J

2522



62

|
' (2525 . 1 9-110)

1 2525

320 : ' 620

(2527 - 188 ) !
4, b 2 1 2525
2 150 2
& 2526 2 150



110 ;o

1.1
1.2
113

114

1.5

1.6

1.7

1.8

2.1

2.2

2.3

40

63



2525

25

(8527 : 36-36)

(2528

44-46)

34

05

14

68

30

64

60

ki



17

(2528 : 68-81)

? 50

(2528  76-83)

2527 607

17

16

465

65

12



14

13

12

10

49

49

293

66

2524

195



2.2

67

(John . Butzow 1971  85)

(Marvin Frank Widden 1972

22.1

8 92
3583-A)
(SAPA  Science A Process Approach) «
555 ' 2

SAPA
' " (Rajinder Kaur 1973
1 3 40

26

SAPA

186-A)



68

x, (Kenneth Gordon Jacknicke
1975 2730-A)

1B\ 2 240 !
(Joseph Philip Riley 1975
5152-A) , 1-4
3 2 '
3
2
( 1
(Michael J. Padilla James R. OkeyIDillashour F. Gerald 1983  239-
246) 1
1-12
80 492

01
(Mohamus Ilyas 1983 : 1409-A)



24
1979

Pretest

69

) SAPA Form A (Science Process Skill Achievement Test)5 Rokeach

Dogmatism )
SAPA Form B,

Carson Doty 1986  3311-A)

y ) )

2.2.2

944A-945A)
112

56

(Lillee La Veérins

Post test

59

.05

, (John kenneth Walter 1966

)

8



70

01
edwin Albert Pell 1981  3095-A)
2
1.
2.
3.
4. )
(Theron Dee Garcia 1986  2254a)
(Scientific Literacy)
Earth Science
. Scientific Literacy
2. Scientific
Literacy

3. Scientific Literacy



I Scientific Literacy
1. V

Earth Science 5
1983-1969 '

Cohen's Kappa

71

80



Literacy

Scientific

72
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