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(vee diagram)

(System approach)
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(Peter,

(2)

1975)

(advance organizer)

(concept

map)
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2.1.2.1

(Good, 1973 )

(2532)

(2523 )



2.1.2.2

1)

2)

3)

4)

5)

(2529 23)

5

(input)

(process)

(control)

(output)

(feedback)
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26)
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(Gagne , Briggs and Wager
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2)

3)

4)

5)

1)
2)
3)
4)

5)

10

(2532

)

(formative

6)
7)
8)
9)

10)
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2.1.4 «
« 0
: {
«
(Logan, 1979) «
(Interservice Procedure for Instructional System Development)
1 (Analysis)
2 (Design)
«
(job performance order)
(psychological order)
(logical order)
,1{ ;
J
3 « (Development)
1 (Bloom, 1976)
(Gagne, 1977) «
2.
3.
{
4 « { !
1 1
{ {



(Control)

(Internal Evalution)

(External Evaluation)

(Gagne and Briggs,
14

13

(Field Evaluation)

1979 ) VB
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war BUI (Gagne and

Briggs,1979)

10.

11.
12.

13.

14.

«



3 «
Ba a aa
4
3
1]
I
3

5
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2) 1
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3)

of instruction)

4)

(Module)

«

«
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«

«
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1 (one to one
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(Processes)
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(Output)
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(Feedback)

2532  6)




Bee

N

—_ o~ -

(Input)--mmmmmmmmemmee = (Processes)-- ---—---- > (Outputs)
2.
- {
/ ;
1
a « sJ
|
1
3\, «
e
if
(Feedback)
16 4 «« ]

( 2532 7)



1 (2527)

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12

«

«

11,

17

«
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11 UTzLNuHA
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(System Approach)

2527: 95)



(Model)

(output)

2532

«

(2533)

(input)
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1.1

1.2

1.3

»

2533
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2.1
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2.3

2.4

3.1

3.2
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4.4
4.5

4.6

1.1
1.2



59

1.3
1)
2)
3)
(1) .
fi
(2)
: O
(4) |
«
| ~
(6) !
(7 |
4)
1)
2) |
3)
1y
2)
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2.2

2.2.1

(The Nature of Science)

(Renner and, stafford, 1972 )

?

(Carin and Sund,1975 )

(Collete and chiapppetta,1986)

60



(Concepts)

Hypothesis)

«

«

«

2.2.2

«

«

61

«

(Scientific Facts)

(Principles) (Law)

«Thoeries)

(Scientific Facts)

(James B. Conant «
(2525) «
«
«
(Concepts)

« (Scientific

«

« "Concept"

«
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(2525)

(2525)

(Classificational Con

(Theoretical Concepts)



in Collete and chiapetta,1986)

(1) (Name) (2)
(4) (Value) (5)
<4 Sl i * |
(1)
(2)
1.
2
2.
3.

(H+)

63

(Correlational Conce

(Bruner,Goodnow and Austin 1956 cited

I'5

(Definition) (3) ( - (Attribute)

(Examples)

(Conjunctive Concepts)

(Disjunctive Concepts)

(Relational Concepts)

(OH~)
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(3) « (4)

(5)

(Principles)

2525 )



(Laws)

(Induction)

(Deduction)
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da
, 2525)
(Scientific Hypothesis)
!
, 2525 )



(Theories)
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2.2.3 4 §3roiess of Science)

] - 3 ,

(Scientific Method)

4. /
(Knslan and stone ,1969 )
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«

«
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2.3

2.2.1
(Ausubel 1968) ! ! Educational Psychology

A Cognitive view " !
"(The most important
single factor influencing learning is what the learner already knows.

Ascertain this and teach him accordingly)

(Novak and Tyler 1977:25-26)

(Ascertain what the learner already knows)

(Subsuming concepts) ml
1'1( Cognitive structure) S ' 1" (cognitive

structure)

P (Subsumed

concepts) (more inclusive concepts)

(teach him accordingly)
(Meaningful)
(subsuming concepts

or Subsumers) !

(assimilation)

(rote learning) "Lue™ "Jex"
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2.2.2 (Meaningful learning paradigm)

2

(Substantiveness)

(Nonarbitrariness)

(Substantiveness)
(Nonarbitrariness)
(logical meaningfulness)

(logical meaningfulness)

(psychological meaning)

(1)

(substantiveness)

(nonarbitrariness)



learning set)

(Nonarbitrariness)

22

?

2.

3.

(2)

(Substantiveness)

73

(potential meaningfulness)

(meaningful



22

«

-

(Ausubel, 1971)
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23

75

2901

(Ausubel,1971)
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2.2.4 (The power of meaningful
learning)
(Ausubel 1971)
2
1. (Substantive)
(potential
meaningfulness)
a a a a a
2. 3 Z
(Nonarbitrary)
2.2.4
1. (Representative learning,Naming) (Ausubel

1971)

"dog

(proposition of representational equivalence)
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)
"dog" gl
( ' )
J Ll o]
1
"dog" 0 e —_—— A — >
24 , (Ausubel,1971)
2. ff (concept Learning) ?2(
<dogical meaning) (psychological

meaning)

(criterial attributes)

( (concept formation)
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1
«
G
11
2
« "
{
?
"cube" TG R > !
25 ' (Ausubel 1971:62)
2
(1) (concept formation) .

(2) 2« (concept assimilation”™ !
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3. (proposition learning)

2

(generalization)*!

(Learning of syntax)
(syntax rule)

B(syntax code)

(1) ( )
(2) ( )
(3) ! «
(4)
” ' 4 v \ ” | . ” 1
( )
1.
(subordinate relationship) 2
1.1 i

(derivative

subsumption)

Cats climb tree

The neighbours’ cat is climbing our

tree.
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1.2
(correlative subsumption)
a a
2.
(Superordinate Relationship)
(induction)
3 | (

(Combinatorial

Relationship)

26
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81

"Cats climb trees."”

"The neighbor’'s cat is

climbing our tree"

=17

1‘55]. 130 |
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«
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(Ausubel,1971)



learning)

tfw

(1)
(2)
(3)
(4)

(Klausmeier and Ripple,1971)

(Reception learning)

(discovery learning)

(rote learning)

82

(meaningful

4



? (subsumption)

(cognitive

structure)

(meaningful learning)

5 (subsumption)

(subsumer)
(rote learning) 33
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(Novak,1977)
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28
_______________ >
28
_________________ >
29
!
(Novak 1980 2-5) "
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84



(Sherris and Kahle,1984)

}

(Novak and Govin,1985)

(2528) 0

85



1
2)

3)

, 2525)

1

3)

03 (Ausubel

( )

(Novak, 1980) |

(Progressive Differentiation)
<Integrative Reconcilation)

1971)

86
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(Ausubel, 1971 ?2-74)
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2)

3)
4)
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2.4 (Advance Organizer)
(Ausubel 1963 cited by Arends , 1988 81-83)

! 1J
(Cognitive structure)
3
1. (Potential meaningful)
2. (Anchor)
3.
(advance organizer)
2.4.1 (Advance Organizer)

(Ausubel 1968)

(Joyce and Weil, 1972)



o B~ W

(2521)

(2525)

(2529)

90



2.4.2 a '«
(Ausubel 1968)

(1) )

(2)

(Lucas 1972)

(1) (Audio

(2) (Visual

(3) (Written
2.4.3

organizer)
organizer)

organizer)

91

2

(expository organizer)

(comparative organizer)

! ' (Anderson and Ausubel, 1965)

(1)

(2)

(3)

, (Ausubel and Robinson,1969)

(1) -
(2)



(Ausubel, 1968)

(Hartley and Davies, 1976)

( Arends 1988 )

. . 1945-1965

92
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2.4.4

2.4.4.1

19

(Arends, 1988 )

(Ausubel,1969)

20

93



(Ausnbel and Fitzgerald,1961)

3
H |
155 3
3
10
|
(Ausnbel and Fitzgerald 1962)
' 4
2
0 M (Ausubel and Yonssef cited in Mayer and
Bromage, 1980) . . 1963

(Proger and others 1970)

124 4



(1)

(2)

(3)

(4)

(Kennedy

2

,1975)

(Croyle, 1980)

3

60

95

»

(Maher, 1975)



(Aman,1962)

(Lantz, 1983)

(Stankiewice, 1984)

2.4.4.2
(2522)

.05

(2524)

Cr7iz L

(2)
(3

BU

7,8

91

300

96

.01
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2
.05
3
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(2527)
6
.01
(2532)
o |
6
1 2532

01
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(2534)

.05

2533
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2.5 * (Concept Hap)
2.5.1 « « 3
{ d
(Concept Map)
(Novak, 1984) « «
( ' « «
(Proposition) « «
« 82
« ni' a
(Cliburn,1987) S «
(Moreira, 1979) {! «
«
' > 2
(Stewart,Kirk and Rowell
' ,2531) «
2
' !
0 «
concept)
(Specific concept)
(Gardner , 2529)
(Cognitive structure) «
2

« «

99

(General
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(Novak,Gowin and Johansen, 1983)

fi 0 fi

(General concepts ' ?2(

(Novak,1991)
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fill

(Meaningful verbal learning theory) (Ausubel, 1969)

! (Cognitive structure)

(Meaningful learning)

(subsumption) (subsumer)

| (Rote learning)
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33 | 8 N !
(subsumer) )

(Novak,1977)

(Cognitive structure)

nFf nFf

(Progressive Differentiation)
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(Integrative reconciliation)

I a

2.5.3
(Moreira, 1979)1
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and Johansen,1983)

|, 2531)

(Novak, 1980)

KM Ffu

(Stewart 9Kirk

(Major

Concepts)

107

(Novak,Gowin

and Rowell

(Principles)
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( ,2531)

(Major Concepts)

(Cross links)

Htl 4'”

(Ault, 1985 )

1)

2) a

(cross link)
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(Novak, 1980)

(Novak, 1984)

(overhead projecter)
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where , the , is

(Linking words)

9. dire , terse

10. |

10-20 1

,then

,With

canis
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10.
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2.5.5
?
»
(Construct Validity) (Novak,1984)
2.5.5.1
1) (Valid)
2)
( 3-10
3) At
4 1 Vv A4
2-10 («
4)
2.5.5.2 («
1) (Proposition) 2
1
2) (Heirarchy)
5
3) ' (Cross link) !

10



4)

5)

«'

100 %

(Example)
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.5.

(Novak and Gowin,1984)

10-15

(misconception)
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(Ault,1982)

1)

2)

3)

4)

5)

6)
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(Malone and Dekker ,2529)

art 3

(Novak and

Gowin,1984)
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(Ault,1982) (
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(
(
{
(
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(Mac Harg,

(
|
(
!
1991)
(

(Movak, 1980)
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(

1991)
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(overhead projecter)

(Novak Gowin and Johansen,1983)

(Cross Link)

(Novak and Gowin, 1984)

(Novak and Gowin,1984)
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| 1 10-15

(Misconception)

(Arnaudin and others, 1984)
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.5.

«

Covariance)

«

«

.05

«
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- o« g?
(Pankratius, 1988 ) al
i t v n n *
« «
« |
«
6 «
4
6 2
« «
2
K «
1 2 3
(Pretest) « « «
(Factorial analysis)
« (One way Analysis
3
(Scholastic Achievment Test Math)
« « «
« 3 «
.05
(Feldsine,1988) «
«
(Broome) «
« ' a1 « " ' 30
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(traditional
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group)n
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1987)

3

(Lehman, Carter

3
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(Novak , Gowin and Johansan,

9 429

125

1985

1983
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.05

(2531)

1

(2534)

(Concept

3

1
.01
Mapping)
4, 5,

uel
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2.6 «« (Vee Diagram)
2.6.1 a
1 ?
a .
T .

fh (Gowin) 20

1977

1978

' 5

(Gowin's original five questions)

1. ( What is the telling question 7)

2. ( What are the key concepts 7)

3. ' [ What methods of
inquiry(procedural commitments) are used ? ]

4. ) (What are the major knowledge
claims ?)

5. ( What are the value claims ? )

(Novak, 1980)

(Lehman,Carter and Kahle, 1980)

(Gurley, 1982)

?7?
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(Novak and Govin 1984)

2.6.3
(Novak 1980)
Conceptual Methodological
\ /
A0 uRIAG
nouq : (Focus Question) 18AINT
k|

(Theory ) (Knowledge Claims)

- v N - o 2
uannii = n"l‘mﬂa\snaxilamanwmnwmnaga
(principle ) (Transformation)

w ol / - o v
HIundw / NITUMNNDANA
(Concepts) / (Records)

' a4 o N
mqn‘l‘imuazma'mr}a\maq

(Events / Objects)

41 ! (Novak and Gowin,1980)
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(Focus Question)
(Event/objects)
(Thinking)
(Concepts) (Principles) (Theory)

(Methodology)

(oing) "M wIm I (Records) nii y
LI I | LI } m n LI I | 1 1
(Transformation)” (’Knowledge claims) 9
a
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11
(THEORETICAL/

CONCEPTUAL)

(Philosophy)

(Theories)

« flu
Principle/
Conceptual

systems)

« «fi

(Concepts Perceived

regularities in

or objects)

42

« !

(FOCUS QUESTION)

« | |

(Answers require
an active
interplay
between the
right side

and

left side

(Event/objects)

«

130

(METHODOLOGICAL)

(Claims:value

Knowledge)

(Transformations)

(Novak, 1984)
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0 '} (Novak, 1980) a

I(Focus Question)

1)

2) (What) (How)

(Why)

(Objects) |

(Event )

(Concepts)

(Generalization)
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(Principles)

(Theory)

(Records)

(Transformations)

(Knowledge claims)

1)

2)
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(Novak,1991)
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.6.

10

(Novak and

(Novak!1980)

Govin,1984)

(Reading material)
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.6.

10.

»

(1) 3
(2)
(3)

(4)

(Novak 1980)

(1)

(2)

ru
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(Progress sheet)
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2 1 ] 1
[ 1 1 [ 1]
} 1 1 [ 1]

! (Focus Question)

(Event /Objects)
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(Theory Principles and Concepts)

? (Records/Transformations)

(Knowledge <claims)



(Gurley,1882)

(Novak,Gowin

and Johansen, 1983)
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N (Lehman , Carter and Kahle, 1985)
a fla 0
*
250
97 2 % 1 %
n 1
.05
1)
2)
3)
\%
4)
(Brody, 1985)
38
(Tylor, 1985)
) 2
* 1
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} (Germann,1989)

DIAL(SPS)2 c Directed Inquiry Approach
to Learning Science Process S kills and Scientific Problem Solving ]
, 1 1 n n ’ , 17 "

2

1. DIAL(SPS)2
2. DIAL(SPS)2
4
DIAL(SPS)2
0
DIAL(SPS)2
1U
(2533)
| ] 4 S u
5
1.
B . 01
U {
2.

.01



(2533)

(Vee Diagram)

.01

(Concept

Map)

33
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B7

(2523)

(2531)

(Kuslan and. stone,

1968

)
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(Nay and Associates, 1971)

1
J (Klopfer, 1971 ) -ht*
(Welch, 1971)
(Ethics)
(Peterson, 1978 )
?
(2517)
(2518 )
|
2
ty flj
(2526)

(2530)
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ru

Jii (2531)

(2531)

(2532)

(Pearson

and Dewey
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1. (ldentification and statement of the Problem )
2. « (Formulation of Hypotheses)
3. tr - I( (( (Search for Evidence to Test
Hypotheses)
4. I (Assesment of Validity of
Hypotheses)
5. ( (Revision of Hypotheses if necessary)
6. B (Application of conclusion
Similar Problems)
(Leopard E. Klopfer 1971 )
I 4
1. (Observing and Measuring )
B !
2. ( Seeing a
problem and seeking ways to solve it)
((
3. (( (Interpreting data and formulating
generalizations ) a ((
5 1 « J ”
4 (( (( 1(
t d
(Robert B. Sund and Leslie
V.Trowbridge, 1967 ) a (( 8J 3
8 (( 5
1. (Acquisitive Skills)
1.1 ((
1.2 ((
1.3 a
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(Organizational

(Creative Skills)

(Manipulative Skills)

Skills)
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fl

(Walter

(Communicative

R. Brown, 1968)

Skills)
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(Reliability) (Validity)

5.3 (Assumption)

(The American Association

for the Advancement of Science AAAS,1970)

13 2

(The Basic Process Skills )

1. (Observing) 5

2. (Measuring)

3. (Classifying )



Relationship)

) (Using Space [/ Time

s 4 4

(Using Number )

(Communicating)

(Infering)

(Predicting)

(Integrated Process Skills)

(Controlling Variables)

(Interpreting Data)

(Formulating Hypothesis )
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(Defining

(Experimenting)

(Ronald

D.

Anderson,et

Operationally)

al,1970)
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(Marshall A. Nay and Associated,1971)

17

(Initiation)

(Collection of Data )



10.

11.

12.

13.

14.

10.

10.

10.

11.

11.

11.

12.

12.

30

(Processing

(Openended )

of

Data

)

(Conceptualization
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1973

)

15.

16.

17.

15

15

16.

16.

16.

(James

R

okey

10

and Ronald

160

L

Fiel,
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10.

NAEP (The National Assessment of Educational Process)(Doran,

1978 ) * a

10

10. 8 a

(Donald Lundstrom and Lawrence

Lowery 5 1978) 10 8
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162

4 5 6 T 6 9 10-12

(Observation and Description)

(Comparison)

(Classification)

(Mathematical Techniques)

(Experimentation)

(Inference)

(Implication)

a1

10

(Donald Lundstrom and Lawrence Lowery , 1978)



163

, 2529) ! { | a



6.
6.1
6.2
6.3
6.4
7.
7.1
7.2
8.
9.
9.1
9.2
10.
11.

(2534

)
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7. )
8. ™
™
8.1
8.2
8.3
9.
10.
1

11.

™

™

™

™

167

™

™



12.
2.
3.
13.

n

168

13



(1)

sa

"Attitude™"

(Ferguson,

'f

(Good, 1959 )

?

(McDonald,

1952 )

1959 )

(Kerlinger, 1966)

(Thurstone,

1967 )

(Hilgard, 1968 )

(Anastasi,

1976 )

169



(Gagne, 1977 ) 0
(2516)
(2519)
0
(2522)
10 (2525 )
(2527)
(2530 )
(2532)

(2532)
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)

(3)

171

(2)
(Gardner 1975 )

(Scientific Attitude)

(Attitude towards Science) 2
1

) 4\

( )
)
(2528 )
(2532) ) 3
()

(McGuire, 1969 )

(1) I( (Cognitive Component)
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(2) (Affective Component)
, 1 4 R
(3) (Behavioral Component)
ri
t
3
Jun
/ / v B *

(Triandis, 1973 )

9151

7
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néuﬁqgu
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(Attitude)
v a o
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(Affective) (Cognitive ) (Behavior)
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2.8.2
(Scott, 1968 )
1. ' (Direction) 2
1.1 (Positive)
1.2 (Negative)
4 ‘1 J
2. (Magnitude)
?
?
3. (Intensive)
(2532)
1. (Content)
2. (Direction)
3. (Intensive)
2

( Statement Attitude)

(Attitude Scale)
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»

( ,2532)

1. (Thurstone ' Type Scale)

! Psychological Scale, Priori Approach,Judgement Method.,

Equal Appearing Interval ! W8]
1.1
100
130
1.2
A K bt 11 K 11
F 6
E 5 )
A 1 '
A B C D E F G H J K
1 2 3 4 5 6 7 8 9 10 11
100
50 ) 100
50

(Scale Value)

(Q-Value)
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1.3 } ( (cuf)
3
1.4 1.3
(Scale Value)
1.4.1
3
= Lo + /12 - f
= 3
LO =
f1 = s
£2 = ;
1.4.2

Interquartile Range

Q - Q
Q3 = 3 75
Q1 = 1 25
1.5 Q
Q
% 1-11 2

sB
o)
QO

(Scale
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1.6 )

S3 Q

2
4 4
6
6
3
1.
2.
B
3.
( Likert Scale)
Sigma Scale , Method of Summated Rating , Likert Type Scale

(Normal Curve)

Normal Deviate

0,1,2,3,4

(Negative or unfavourable) 4,3,2,1,0

(Positive or favourable)



4,3,2,1,0

0,1,2,3,4, (

40

(

5,4,3,2,1)

1,2,3,4,5)

83
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82
82
2
2
L
ngE fx2 (EfX)
(-1)
H = L =

(mean)ll

2

@ 42
@ 42
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ari
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(variance)
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(Coefficient

of

In 2fXH -

rH -
(EfXH) 2}
2 (n
a
?

(Louis H. Guttman, 1944)

Reproductivity)

vyl

+

179

InEfXL - ( EfXL)2 }
1>
» aw { t
a («)= 0.5
8
a t
t t
t
80 t
2
a a 8

(Guttman Scale)

?
(Scalogram Analysis)
(Scalable)
2
8 2 1

(Pattern)
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a 10 - 12
2
tf 100
1
0
!
(Error) Cornell Technique
0
1
1 9 10
0
3 , 12 13
1 1 2
12 13 ,
2 3 4 2
3 8 9 4
16 17
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11
12
13
14
15
16
17
18
19

20

12

14

13

16
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3.8

Py
1

Ee -

Ee = 11, = 20

tf

1 - Ee

au

(weighting)
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4. 3 ! (Osgood’s Scale)
3 1 (Semantic D ifferential
Method) 5 (Charles E. Osgood, George . Suci andPercy H.
Tannenbaum) (concept)

4.1

4.2 (Bipolar Adjecyive)

9
4.2.1 (Evaluative Adjective) 3

4.2.2 (Potency Adjective) 3 |
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4.4 7 7,6,5,4,3,2,1
! 3,2,1,0,-1,-2,-3

, (John . Butzow.
L.William Linz and Roy A.Drake 1977:45-49)

103 (Maine Maritime Academy)
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(prajuabjit Kamchaturus 1979 4760)

th
114
1.
2.
(L.w. Hough and M.K. Piper 1982
33-38 ) . )
4,5 6 583
I( )
<r = 0.45)
(Marlene A. Hamilton 1982 155-169)
576
.01
(Mohammed Suliman Abdulrahman
Al Ruwashid 1984 1357 A)
129
1.
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.01
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645
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