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1
1 1999 3 2
538
2 17
1999 3 2
(2001) , 81
[IEA(2000) “TIMSS 1999 International Science Report” Boston College,p.32.]
569 44 8 14.2
568 8.0 8 144
552 37 8 14.4
--------- | 2 550 2.2 8 144
549 2.6 8 14.4
545 6.9 8 142
540 4.4 8 9 14.3
539 42 9 144
—> 538 4.8 9 14.2
535 35 8 138
535 33 8 14.3
535 3.1 8 141
533 3.2 7 14.8
533 2.1 8 14.0
530 37 8 14.2
529 6.4 7 8 141
518 54 8 14.8
515 4.6 8 142
510 4.9 85 95 14.0
503 4.8 8 145
493 39 8 14.0
492 44 8 144
488 41 8.5 15.2
482 4.0 8 145
472 5.8 8 14.8
468 4.9 8 141
460 24 8 138
459 4.0 9 144
458 5.2 8 14.6
450 3.8 8 14.0
448 3.8 8 14.6
435 45 8 14.6
433 4.3 8 142
430 34 8 14.8
420 3.7 8 144
345 75 7 14.1
323 4.3 7 142
243 7.8 8 155




4/ 240

2 2000 OECD PISA 15 16
1 7
(United Kingdom) 532 2 7
2 2000 OECD (PISA) 15 16
(2002) , 129

[OECD(2001) “Knowledge and Skills for Life”,p.88.]

552 2.7
--------- > 550 5.5
538 2.5
—> 532 2.7
529 1.6
528 2.4
528 35
519 25
513 32
512 25
511 2.4
500 3.2
500 2.7
499 7.3
496 42
496 2.2
496 4.3
496 44
491 3.0
487 2.4
483 5.1
481 2.8
478 3.1
476 7.1
461 4.9
460 4.7
460 5.6
459 4.0
443 2.3
422 32
375 3.3
1999 3 2
(PATS ) 3 (High, Medium, Low)
High PATS
39
High PATS 10
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3 1999 3 2
(PATS ) 3 (High, Medium, Low)
IEA(2000) “TIMSS 1999 International Science Report” Boston

College,p.144.
High PATS Medium PATS Low PATS
% % %
72 (1.0) | 498 (4.7) 28 (1.0) | 480 (5.8) (0.1) ()
63 (14) | 372 (7.3) 35 (13) | 314 (8.9) (0.2) ()

63 (1.1) | 430 (3.8) 33 (09) | 430 (42)
59 (14) | 472 (3.7) 35 (1.1) | 438 (5.1)
58 (1.7) | 251 (8.7) 35 (11) | 234 (94)
56 (1.4) | 454 (4.5) 40 (1.3) | 444 (5.1)
52 (1.3) | 435 (49 47 (1.2) | 438 (45)
49 (1.3) | 425 (4.5) 45 (1.0) | 419 (4.3
46 (1.4) | 594 (8.1) 49 (1.2) | 549 (7.8)
45 (1.2) | 443 (5.3) 49 (0.9) | 431 (40
43 (1.3) | 492 (4.9 55 (13) | 476 (46) (0.2) ()
—> 39 (1.1) | 559 (5.5) 53 (1.1) | 532 (5.6) (0.6) | 514 (10.2)
33 (09) | 494 (29) 53 (0.8) | 448 (27) 13 (0.8) | 434 (6.4)
32 (0.9) | 543 (5.9) 51 (0.8) | 515 (45) 16 (0.6) | 489 (4.3)
30 (1.2) | 484 (7.2) 50 (09) | 474 (47) 20 (1.1) | 461 (6.8)
30 (08) | 556 (2.8) 52 (08) | 530 (2.6) 18 (0.8) | 511 (4.0)
29 (1.2) | 514 (49 58 (1.1) | 489 (42) 13 (0.9) | 475 (6.1)
28 (10) | 525 (7.3) 56 (0.8) | 511 (5.3) 16 (0.9) | 493 (5.7)
27 (1.1) | 569 (5.5 53 (1.0) | 541 (46) 20 (1.2) | 507 (6.6)
27 (0.8) | 607 (4.7) 64 (0.7) | 561 (4.4) 10 (0.6) | 528 (6.7)
25 (1.0) | 555 (5.1) 65 (0.8) | 526 (3.7) 9 (06) | 497 (48)
10 (0.5) | 613 (4.3) 66 (0.7) | 550 (2.6) 24 (0.8) | 519 (3.4)
--------- > 10 (0.5) | 599 (6.3) 60 (0.9) | 554 (2.6) 30 (1.0) | 527 (3.0
40 (0.2) | 499 (1.1) 49 (02) | 473 1.0 10 (0.1) | 467 (2.4)

(04) | 429 (6.3)
(0.6) | 447 (11.1)
(10) | 232 (17.9)
(0.3) | 445 (10.8)
(0.1) ()
(05) | 428 (8.6)
(0.6) | 509 (12.3)
(05) | 428 (7.3)

[ec] ol [$2] (621 [62] [an] B (o] [S2) B |\ o]

PATS
5
1 4 4 3 High
PATS 2 3 Medium PATS 2 Low PATS
PATS
1 3 1999 3
3 (1sc

Boston College, http://timss.bc.edu)
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50.0

40.0
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200
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0.0

60.0

500
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150

60.0
N /\
40.0 \
30.0
20.0 \
100 \
0.0
—— B —A— ——
4 1999 3
(ISC Boston College, http://timss.bc.edu)
4
180
7
25
175 225
180
225 275
4 1999
4
181 180 180 187 180 180
196 200 200 149 150 150
212 210 210 200 210 210
250 225 225 240 235 250
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50 100 150 200 250 300 350 400

450 500 550 600

50 100 150 200 250 300 350 400 450 500 550 600
5
200
150
100
50
0
50 100 150 200 250 300 350 400 450 500 550 600

50 100 150 200 250 300 350 400

450 500 550 600




9/ 240

DfES (Department for Education and Skills) KeyStage3
2 KeyStage3
5 180 6480
5250 1 23
5 KeyStage3 1 60 DfES (2002) “Designing the
Key Stage 3” (Ref: DfES 0003/2002), p.25.
36 25
3:00 108 12%
3:00 108 12%
3:00 108 12%
1:30 54 6%
1:00 36 4%
1:15 45 5%
1:15 45 5%
2:00 72 8%
1:00 36 4%
1:00 36 4%
1:30 54 6%
0:45 27 3%
1:15 45 5%
21:30 774 86%
5 1
6
Ofstedi
2 (Science Double Award)
85 ( , p-20) 20
5 300 3
2 3 100 150
6 KeyStage3 KeyStage4 Ofsted (2002) “NATIONAL
SUMMARY DATA REPORT for SECONDARY SCHOOLS”, p.19.
(%)
7 8 9 10 11
13 12 12 13 13
12 12 12 12 12
12 12 12 20 20
8 8 8 10 10
4 3 3 4 4
6 7 7 - -
6 7 7 - -
4 4 4 - -
4 4 4 - -
8 8 8 5 5
10 12 12 12 12
4 4 4 4 4
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7 1995 1999 2 3
26 2
26 1995 518 521 3
5 5
7 1995 1999 3 2
IEA(2000) “TIMSS 1999 International Science Report” Boston College,p.36.
1995 1999 1999 1995
476 (3.3) 503 (4.8) 27 (59) 1
464 (4.0) 488 (4.1) 25 (6.7) 1
510 (5.8) 530 (3.7) 20 (6.8)
514 (2.6) 533 (2.1) 19 33) ¢
537 (3.1) 552 (3.7) 16 _(49) t
527 (4.0) 540 (4.4) 14 (6.0)
452 (2.1) 460 (2.4) 8 (3.3
523 (4.5) 529 (6.4) 7 (7.9
—> 533 (3.6) 538 (4.8) 5 (5.8)
541 (6.0) 545 (6.9) 3 (9.1)
532 (3.3) 535 (3.3) 3 (45)
546 (2.0 549 (2.6) 3 (3.4)
513 (5.6) 515 (4.6) 2 (1.2
533 (6.4) 535 (3.1) 2 (7.1)
471 (5.1) 472 (5.8) 1 (7.8)
497 (3.6) 498 (4.8) 1 (5.9
511 (4.9) 510 (4.9) -1 (6.9)
e 554 (1.8) 550 (2.2) -5 (3.0
541 (2.8) 533 (3.2) -8 (4.4)
580 (5.5) 568 (8.0) -12 (9.8)
463 (3.6) 448 (3.8) -15 (5.2)
555 (4.5) 539 (4.2) -16_(6.1)
545 (5.2) 518 (5.4) =27 (75
8 10 KeyStage4 10 11 (Awarding
Boards) A* G 8 GCSE
Science Double
Award 3
1992 2001
QCAiii A* C
10
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8 1992 2001 GCSE (Science Double
Award) A* G QCA(2002) “Inter Examination Board Statistics”
u
""Science Double Award" (%)
A* A B C D E F G U
1992 0.0 10.3 12.7 22.1 19.6 17.0 11.6 5.2 1.6
1993 0.0 10.6 12.8 22.8 19.2 16.5 11.2 5.1 1.8
1994 2.9 7.1 18.7 19.0 22.7 16.0 9.1 3.1 14
1995 3.6 7.0 18.3 20.8 215 16.2 8.7 2.6 12
1996 3.3 7.5 18.5 21.1 21.2 15.6 8.7 2.7 13
1997 3.7 7.3 18.0 20.8 21.7 15.8 8.7 2.6 14
1998 3.6 8.0 13.1 26.0 21.3 14.7 8.1 3.1 2.1
1999 3.8 7.6 12.6 26.2 21.7 15.0 8.3 3.1 1.7
2000 3.9 8.1 12.6 27.0 21.6 14.4 7.8 2.9 1.7
2001 4.0 8.0 12.4 27.5 21.1 14.3 7.9 3.1 1.8
A* C | A* G

1992]  45.0%| 98.4% 621177
1993] 46.1%| 98.2% 668272
1994 47.7%|  98.6% 810371
1995] 49.7%|  98.8% 924462
1996]  50.5%|  98.7% 937304
1997] 49.8%| 98.6% 929523
1998]  50.7%|  97.9% 948498
1999]  50.2%|  98.3% 960870
2000] 51.6%] 98.3% 980536
2001] 51.9%] 98.2% 1001610

9 1992 2001 GCSE

A* G QCA(2002) “Inter Examination Board Statistics” U

""Physics" (%)
A* A B C D E F G U
1992 0.0 215 19.6 25.9 15.1 9.4 5.3 2.4 0.8
1993 0.0 24.0 21.1 23.1 14.9 9.0 4.8 19 11
1994 9.0 19.0 21.6 24.5 12.7 74 3.4 14 0.9
1995 12.9 21.2 30.8 20.4 7.8 3.8 17 0.2 12
1996 133 22.1 31.2 18.8 7.5 4.1 18 0.2 1.0
1997 13.6 22.7 29.4 20.6 7.5 3.8 14 0.1 0.8
1998 15.9 24.6 25.0 21.3 8.6 2.9 0.8 0.2 0.9
1999 18.2 24.4 24.2 20.7 8.4 2.4 0.8 0.2 0.7
2000 17.2 25.9 24.6 20.2 8.3 2.3 0.6 0.2 0.6
2001 175 26.3 24.4 20.5 7.9 21 0.6 0.2 0.5
A* C | A* G

1992]  67.0%|  99.2% 78037
1993]  68.2%|  98.9% 65279
1994]  74.1%| 99.1% 53506
1995| 85.3%| 98.8% 43839
1996] 85.5%|  99.0% 46452
1997] 86.3%|  99.2% 44978
1998] 86.7%|  99.1% 45524
1999] 87.5%| 99.3% 46791
2000]  88.0%]  99.4% 46691
2001]  88.7%]  99.5% 46674
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10 1992 2001 GCSE
A* G QCA(2002) “Inter Examination Board Statistics” U
"Mathematics" (%)
A* A B C D E F
1992 0.0 8.7 10.2 25.8 175 17.3 11.8 5.3 34
1993 0.0 8.5 10.3 26.5 19.2 16.3 11.0 4.7 34
1994 1.8 6.7 15.8 22.0 172 155 125 6.3 2.2
1995 1.9 6.6 134 23.1 17.1 16.2 12.8 6.7 2.4
1996 2.1 7.0 14.3 23.3 16.4 157 125 6.5 2.1
1997 21 75 14.6 23.2 16.5 15.6 122 6.3 2.1
1998 2.2 7.6 15.5 21.2 17.2 16.2 9.2 5.2 5.8
1999 2.3 79 16.2 21.3 18.2 15.3 94 5.0 44
2000 2.8 79 16.7 21.9 178 157 9.1 43 38
2001 2.8 8.3 17.0 22.0 18.0 14.8 9.0 4.4 3.6
A C | A G
1992 44.7% 96.6% 636716
1993 45.3% 96.6% 621128
1994 46.3% 97.8% 640626
1995 44.9% 97.6% 678445
1996 46.7% 97.9% 695409
1997 47.3% 97.9% 686982
1998 46.5% 94.2% 682143
1999 47.7% 95.6% 691826
2000 49.3% 96.2% 684850
2001 50.2% 96.4% 704248
KeyStage?2 3 6 KeyStage3 7 9
11 12 KeyStage2 KeyStage3
5 2 QCA 1998
(Attainment Target)
8

11 KeyStage?

1998
QCA (2003) “Standards at Key Stage 2” Ref.JQCA/02/955], p.59
Key stage 2 1984 2002
)

3 3 4 5 6

1998 4 23 53 16 0

1999 3 16 51 27 0

2000 3 11 50 34 0

2001 1 9 53 34 0

2002 2 9 49 38 0

10




12 KeyStage3

QCA (2003) “Standards at Key Stage 3” Ref.JQCA/02/958], p.3

13/ 240

2002
(EP  Exceptional

Performance
Key stage 2 1984 2002
)

3 4 5 6 7 8 EP
1998 4 10 25 29 20 7 0 0
1999 3 9 28 31 18 5 0 0
2000 3 10 23 30 23 6 1 0
2001 2 7 20 32 26 7 1 0
2002 2 7 20 33 22 10 1 0

11 12 1998

GCSE A* G 1 8

11
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2 1
4 |
8 1 5
1 16 11 Key
Stage 1 Key Stage 4 4 Key Stage 1
Key Stage 2 Key Stage 3  Key Stage 4
Key Stage
Year
Key Stage 1 Key Stage 3
Year 2 Year6 Year9 Key Stage
1 National tests Key Stage
Key Stage4 2
GCSE , GVNQ
(Year)
3-4 Foundation
4-5
5-6 Key Stage 1 1
6-7 2
7-8 Key Stage 2 3
8-9 4
9-10 5
10-11 6
11-12 Key Stage 3 7
12-13 8
13-14 9
14-15 Key Stage 4 10 GCSE
15-16 11 GCSE, GVNQ
8 http://www.parentcentre.gov.uk
1 QCA NFER (National

Foundation for Educational Research)
INCA(International Review of Curriculum and Assessment Frameworks Archive,

http://www.inca.org.uk)

12
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8 |
QCA (1999) “The national curriculum for England- Science”
Key Stage 1 Key Stage 4
programme of study Key Stage
Attainment target Level 1 8 8
8 (Exceptional Performance)
Key Stage 1 Key Stage
3 Key Stage Key
Stage
Key Stage
Key stage 1 1-3 7 2
Key stage 2 2-5 11 4
Key stage 3 3-7 14 5/6
7 11 4 Key stage 2
2 4 1
11 Key stage 2 4
1998 27 2002 11
5 1998 16 2002
38
8
|
programme of study
1 3
4 4 1
3
1
9 10 Key stage2 Key stage 4 1
Key stage 4  Key stage 2

13
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11 1 Attainment target
4 Key stage 2
5
( 1 (Key Stage 2) A
\ J
9 Key stage 2 1 QCA (1999) “The national curriculum for England-

Science”

14
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( 1 (Key Stage 4) A
- J
10 Key stage 4 1 QCA (1999) “The national curriculum for

England- Science”

15
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(fair test)

16
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4 )
\§ J
11 (Attainment target) QCA (1999) “The national

curriculum for England- Science”

17
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INCA mainstream England 5.2.2, http://www.inca.org.uk

QCA (1999) “The national curriculum for England- Science”, p.15

(key skills)

(thinking skills)

18
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(enterprise

and entrepreneurial skills)

QCA, “National Curriculum Online”,

http://www.nc.uk.net

19
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20
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i Ofsted (Office for standards in education, http://www.ofsted.gov.uk)

2500 1992 24000
Ofsted 6 1 2 3
15 4
LEA
Ofsted
Ofsted Ofsted (2003)

“Ofsted Department Report 2002-2003”

i Awarding Bodies
GCSE GCE-Alevel, GNVQ
GCSE the EdExcel Foundation, Oxford Cambridge and RSA
Examinations (OCR), the Assessment and Qualifications Alliance (AQA) 3
(specifications)
QCA
GCSE
Key stage 4

i QCA (Qualifications and Curriculum Authority, http://www.qca.org.uk)

500 1997 Key stage 1, 2, 3 QCA

21
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SERE D U % 2T MCBT D TREEIBESHE S DR & T

NE R (ESLBEBORITZERT)
PRI (LU0 B AT B T SZ RGN As)

FLEONEND, EETIE, @WKEOFEZHMERF LoD, RAFRFEHEBENIEHK S
NTWDREFR I DDA D, MmWKEDFNZHERLOob, BIFLITEARWIRILIZEH
LY EBEOYGE LY BT OREICE > T, HETORYMHAZ LVFELIHMND Z &
LA RENG LN D ATRENE N H D, £ 2T, FAL 1549 A 24 H~30 H O H
E~OFBREZITV, SEIERBVEAOFTHLTRTOEMEIZE > TREKIGH T
LEPADBIENEEZ BND [RERERIEES ] OBRICKHCEREZY T, Jrafi - h
Ux =T L5OB% - FHiOHE S| SRR GEMOMYEE | KO, MIEHAE R L TEH
BEREOHENSNG, A 2 02— EERHE, ROBREBRSZE U TV FELWERE
Borz Lz,

FASE & XISFIZLL T O@EY Th 5,

QCA (Qualifications and Curriculum Authority, &#&5 U % = 7 LA{TEHER)

Rose Clesham X, Rebecca Edwards X (& %12 Science 1) & ik,
Edexcel (& L-144%)
John Fincham X (Science 134) & #i#k,

Warren Junior School (Key stage2 B[ /N255)
Roger Mitchell i (RIEBCRIKOFF2HEN) & PR &Mk, REBLE

The Weald School (Key stage3, Key stage 4, Six form % (&> HE5E2EHF F4%)
Nick Webb [k (Bl#8H &, B72dh) &R F2dn & mak, e s,

A Z 2 —lETIE RONEFRFHEANT, ZNENOEEFR OMRICIN U T, #
FHYF2T BT D TRFRIERIEEET) ) D8 LI 5 & 5 W 2l OfF R4
BDEOBOTN, FFCHEICE > THLNIZL LD & LIEEMIZUTORTH S,

Yo BHPRRERNZRTFON Y X 2T MM E LB DT TNDLDIEA D ?
BFFHERZERE N 2 W NCHRE LEHE T2 D725 5 08 2
BIFiERZtRE 1% TRET A M) TODICEHET 2 D725 5 7 ?
BRI % [a—ATU—7 ] TONIEE LT 5 DA 5002
HEXIRHI DO T T, EDO X ICFHIDEFEMEZ D TNDLDIEA D ) ?
BT BEROERIEICHL D LA TV D DTEA H 92 2
UTTiE, ETHELIHE~FE 4TSN T, G4 VFNTBIT5( ¥ B a—0iik (FEE
NEELZEI LI D) 28 L%, 55 HUFEIZBWT, EOBENCA vV Z B
—HEORREIWE L BRI OO B E 2 - BRE1T O,

X% X % X
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1 2003 9 24

FraF e ) X7 AOFERIE (Attainment target) D% L UL OFEAMIEHENS . —fi%
H7e FRE CRIE SN TV D O T, Bl 6% LUV OFHE AR L SN D, - HiX

Z 9 LIZERNCRE LT, Web ECHili7- 6034 LV ORRIZS B 1T e HEHME AR LT, %
NN TELRTHETEDL L OBHTND,

% Key stage D& D IZHHNC L A K AFHEDOBFE L~V OFHMIEOFRE RS, FRILIZEELEDH
NTHESNDD, T L3N, EiT, 2R E =7 —F 272012, 7T (7, 558 .

1 (B, &5E. B 14m (B, 656, B9 O T XToARICTYa T AT A b &
Ehiid 5, 16 mOERE I, RBHER(Exam Boards ; = Z Tl Awarding Bodies(& k&% 5
B D Z LYW ERERBR AT O, Frat - B X T LML LN, ZOMRIE
AFEDHERESCR B OGS EIZ X > T Big > TL 5, T XTOAEMECI@RT X M, 14
WDTaF VT ANREBETCHDL, BBFEOF a7 A2 ME, 488k (Scientific
Investigation. Physical Science, Biology. Chemistry) ORIERENRAELT-HD, T A b
T, 43 ZE L AEFORE LV EHE D, WEIL, ZETOHET L2BEL L LTy
a T NT A NORERICEDEZEL AL EIRRE T D, FRIT, FEEORFZORIEL L
Z, —ODOLYLE LTHET L2, ThUE, 4 DOBRZOHIMOZN TN ORE L~V 2
KL= (i bNnD5) b0 TH D, Key Stage 3 £ TOF v a7 A N CTHIE
THDFLL 7TETTHD, KeyStage3 £ TORK U F— T, bhvbhut, %< 04Ef#
ML 8LLEED Z LITHIFEL TRy, LUL 8L EIZGCSE DA X v X — RTh b,

Fra T ) Fa T ABRERESNTE & BEFORE L ~LIL, Paul Black #id% & ikt
DEFMZED, AEOBF DI EBMFRIC SV TRE L, —RIVREE TliX, 24FEMICIZE 1
DEDLZET D LRSI, LEER-> T, TREMBETLL 2, 20 28%ZI2L~L
SMMEEIND, & T AN, BRENZ L2, KeyStage 2 THIff S D L~V 41%, T A b
FEROIFEO LU L TR > T D, Key Stage 2 DR TIE, 87%DAEEN L~V 4 DL E
Th, M5z EE->TWT, FECIGEEL Y £ 0370 &, Key Stage 3 OH#ifF L ~Lid L
L 5 THDHN, BHEFEOEE, 67%DAEEN L~V 5L ETHY , ZHITIZIFET: L H5E
[ IR TdH 5, 1999 41T a F AT A MdMhE - T, O L~UE—imRkE < ER L,
ZTOHLD Lo ENR-TE T,
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E AN, 2003 FFOF T aFIT A RTIE, ZRETORFEOT A MBHFKIZHY 2T
T, 7rER (RFV) BFrol0T, fEk 1 TRPREEIE) 2 L \ER LA LT,

ZHZE-T, ZNETO XS g EAEMICD LERH Db Lvey, THETHEK
(BR8] 12, RIFROERERBERCTHo72N, T A MIFETIE R N-72, L2L., 2
51X Key Stage2 & Key Stage 3 D7 A MZBWTH ZNEMAATeZ T, X777 7
A VIR FORENINDIES D,

HE DAL T A MR Y D08 > T, BRPBDEDIUEL LR BN, 2T E, %
NWETHNCKRERAIAND D L\ Z L EBRT LUNEND D, 7 A MTE > TRADES
DONHE0G, ERLTART)ESHRILLEWD ZEDDLNLIET T, BT 5, EiL7T A
R CHINDAX L E ZRLUNDKERAF I L DT AN EDNPEET, o
I 2 ES D a—2 T —27 Ol L, ELT A S THA D LT HHEBERAFLTHY
QCA OHIUZIL, HAiDHWiE L ERT D7 V—TRd 5,

FTIT, Ty a T A MO X BRI & HIC X DRI A bl U 7oA A A LY, #iEI
BIL &R S 2270 o 1o, B HIZHICT A b OFRAL CEERAVHIET L7222 7) I ICBL 8 S 5,
JeR | TN T v a AT A P CREMICAR T2 LV MERB T8, Fva T
VT A BT, B AERIEBRZR L, ENK DWVDEREN EOEFFIZW D&V 5 RELE
RLEZEFICH DO T, HOIIAH - Rakke LTERE®R LT,

GCSE @ L 5 BB & L TEM « A A HIET 2 Lo lZiEsGEtsnTnint v an
TARNTIE, BN ED LN D03 80 D BN 72 FE RFER DR T —~ o 2% WD
ZHb LT, #HiLZOZ L EZHML CORND, REZERENDL T Ly ¥y —%%1F T
W5, RE#EHEITIAEDOFELN L UL 4 (Key Stage 2) I[ZEFELTWANE I NENHI Z &
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v h4720 75 8T, A 150 RTH D, ML, TRTOEECT 7B T AbD b D
EOICFERPHAZER L T, LHEIKFELTERNEIICL TV D, Hii~DIEZE L,
BAREOZF LT a2 2 HMEEZ L VR ARTWb, 7 A MEREEIC, R¥EL
AT 72 2800 OBHE B 2 ERL L TV 2,

FTra AT AN ERE TR TIT O 0 E D PR ERICER SN TV D BN EERMBET,
BUED X 5 2N B 5y TRl L TR RE /G2 2 &N TE LD LT 50 FHli D% 8l
Pz EA U TOOMNEOMIE IR 2 ZR 2 0 b BEERMERE, A3 Farva—2%Hn
TiHMEiL LD Eno@&E b Hd, FvaF T A bY GCSE b, RO 5 ETRZOFHERE
FEDDIEA D, ZDTeODEZL DIEEBLBEIIRDTEA D, RS T TEIEMN LIz »
ATDTARNDTENRDH ST,

2 2003 9 30

BHEQCAMEBLTWVWAZ LT, a—RART—JDOERMERLET L—F—NEDL HITHEAREL T
WAHMNEWS ZETHD, BIEHMA R TOEMLEB > TWD, 5F TIIER > T ARnoTls
LR, WHIFET L —F —OFEMETIEIRVD, BOBPHZATWD a—A T —7 OFEIZT
T NTOET L—ra UROMOFREDET L—3 3 b ITo7R < TIWIT 220, 2
DOTHOBRHEZTWIZEELTNEZRL> TVER, REBEOENL O TREZHZ TWVW5,
OB BT 2 K> TRR DM, BOOED TWEFERIZOWVWTE ZIX, 6 20%
BN T N—T1272 5 TN, 27 AICLEDEIRTERDa—AT— 7 2 fio THEF Y, L
ZHbE T\, »5RBHEMEIT. FEERORICT—RT =7 Z2#HTHZ L E2ER LTV
. E DR TR DT REERNE > TO2HAIE, RAERRPREL TR TLES 2 LI
725, BRIEIE S THRRT DI LITERIZE LN LT, BESZZA2DZ LI3ERONND
RERZELETHD,
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LU, DREOIZE A EOBEBBEEIIEEZToEERPRRICGHAAENTNDEZ L%
BWI L EZIFIEDTWD, AL TR, ZOMNERZEMEL CWDE, EBREEZT-D .
RERV RS2 | ZNERBT L &V o I HRAEB O LR 2 M T ELHRBR CIIFHME ¢ &
RNHDTHD, NCORKZ X —RIZAIL T, R LTS &) A7 A0, KR
TWH LN A MIKLT) BFICRS< HDZ LN, EMmD TREZ] TR RV,
By & LT, FOBEERMIZ LTS eV KO REANL D, TEIE TS Z
ERELL AT THILERDODLNTVDEDITTIERL, BIFEE LD LS IfE->TNHT
EHLALR/RABEZLNLDE, KFIIL-< Y ETEIZIY I DT, a—AY—7 3L+
WCAHEFIZE W) BEML 2, BRI VTV IR, BfEL TV D 2 & & g Ve TR
ZLEMTEDLDT, ZHUIEDEITRNTHA D, JE5E, M, ML LW o 72 ZF Tik, R
Y IRBIZETINR ) D RZERINDN, B a—RA Y —713d 5/ EDEICE RS
N=bDOTHLNG, 30 =YL 0a—RAT—INLTLHEEWVWEIFRL VWD, A4
—X v MO REREX VL a— R LEETOLOTHANS LWL, #HRENLD
SIA S L, =27 =7 [ 3 —MFETHRD I LN TEHOT, HAMIEMNEE Ff-
TZASDOEMZFE LR T TR 57220,

GCSE POAE

POAE IR FHIERFTEDO O L DO TH 56, [ ZHUXFEROBRIETER OWFE TILev. | &
WO b B D, Fx B OTIIRATOERT, ZoRBEEE X 52 &2 ERL TV,
ATIEEOFEBRICH L7 POAE OHLREEDOH 2 EZWMO ML THZDHZ bV 25 LT
W5, 72720, &IK 1§t POAE 2 TOELZEL TITH Z&IZLTWw5b, GCSE ([ZH W
TIE,. 395D aA— AT —7 2 ZNEI POAE D 4 SDEAFTHEI LT, Kby d 1 8B E A
BT HZLNRTEDLEIITRSOTVDLN, Ha—RAV =7 DL 7L< &b 1L HOOFRITAEF
WZEORLTUIWNF N & fIDPWRED BH D, ZHUICE S THIREDOHIFICHS Z &
R FEEPEDHND Z LD,

POAE

GCSE IZBWTZ D X 5 A THEEEZHED D Z LIZON T, 20 2~3 FTHAMIC X<
SN TEREEY, BEAREZTVWDH I LIZZDLE 972 POAE ¥ AT ML HRED
W B NFRERR, FERORPED, b o L RVEHBENSEATERONENI ZETHD, /b
FHEBETH, 2L OEBRMTONLTNDIDENR, ZOLIRIATAIDS L 572 DI
STND EIFRER, ZOFEEOHHEAN, 14 ROBEFETRRGEAIN TN DD, H5F
BIZBWTH 1226 BWEOMIZZ DL I v AT ATEREZED TV RVWDOTHDL, EE L
WIEADEST TEHBRWEEI R, RTOFFELZBLTCIOL I RFEBHEIND LI D
ZEEMASTC, T a AT ANMIZOXATORBEEBEATDHI L HEEZTWD, SHITT
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v a T A R I Key Stage OFERIZ LB Z b2 d T, /INFIEE S, A DR
YOEREETEMEZBELTEDLICLTIDY AT LAZHWDE O EHH L-F5 #5217
TOLFPETHD, &<ICHEE L TRFPRHEE] O0BZZMCEIEMLTE D 9 2 L NNE
Thod, MIBRTZENRMERDIT TR, BRI LTHBEFBODITH1E NI ZENK
G722 o72, NC (Fyatn - hUxaTh) O Level #L<HEHMLTHEHHI ENHIZETH
%, GCSEIWZRBWNWTCZL— RRE®RTHZ LidbnoThbboTD L H 720, il TR
LIRS O Leveld MMz EE L TV D NI HOWTOBEBRIE 4 TIERV, 202 ERRL
HESNTWRWNS | LR+ 0ls,

NC

HEEREB B I II R & R BAGIT R o Te D3 INFREBRFEIC DWW TEN R D RE R & > Tz,
NC 2338 A 415 LRI A AR E O FIETHE 217> T, Lol NC 23l S 4, 7
AT ARMTOND L)oo Thrh, ZNblIfThbivie totz, FRiHFOREITE
B, HWEE, FAUSHE 2 FERRE OB E WoTlo X oI, KV EHEAR b DI o7, INFIRE
FllE, REORAEEZES L, FELDRBLATEELRZNEWVWSEHBEND ZNEHi-> 727235,
BEKEL ER o7z, HOMD 10 ERT-ON, BUEERIIIRE LEZ B THY, 5 LT
T A= NREORELITV, 5 EEFFIVBHEOEVREEZITO) LI TETND,
Ofsted 37 4+ —~v A RIETHELTLLNRHEBFTIND T EELEA TN T HMIXZUTHE-
TWeDTE, 3~AFRIETIEE LA LT RONTHUE ST, & TH 74— AR TRE
AT TV, THUE QCA X Ofsted 3% D K 5 IZ S T-7-072, BTIFHET R HE &2 Ff -
THESTZHET, NC DNERTOINEEZHZDZENTEDLLHITR>TETWD, NC LLA
ATONTWe hE Yy 7O X 572, L 0ARENZREL IR L C, HERREEZ 57K
LROLND LI otz, £ TH, MUFETIT) LWVHI DT, HDHEEET+—~ L
WCEHD L ZITEREDOESWRERREL WD K OI2, IR TIELZHAGDED L o2k
STERENWS Z T, LMALERZ EF TR BEEIE 2V O7ER, LI EL WS T
WA E WS Z LT, Ofsted 137 +—~ LICHRZ D 2 L2 BRTHThH A5, FHUTA
BEIZHA D LN DIZETHHEHLWZ L THY | BRI DN ERKLEIZR D, 74—
TICH A TWIZIE I D, fEEZ L VD Z &7, FRICHBHT W TR, /NP O 2R IHF
BTN ENZNDT, W HIFT +—~/VICHB 28X 5 2 L &ifie, b LEAINES
BEHETHEZD L) RBAZFITHEONDMEITRNTHA S, JoH bl TMRahil Lz
R OFIREE 72 EIIRERFRISERDELSVICT 2 EO L) ICHBOREOF THENL TN »n
EWVWIEI R EETERTDIRERNIVDDHDINNTH D, HOFRITNFR DD H XERERT
TTFAKTH D, (HRORAEHRFE OREFEICHONWT) #AR 2B THEOHERZX S & »
O BREZ T DITITEH RBMNLETH L5, BRNCEMEL TERD E(ToIE I BL
ET.HEHTHH ), BROZEKE TIXENEIE U7 T ARBIIITHONTORNES I b,
ZHUT LV REECR D THA D,
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BRI ARSI N TN D LWV o TR, PRI LIEMICER SN D b DIE, %4 Key
stage D&Y (7%, 1 1r%. 14 5%, 16 m%. 18 %) ITAUEIC OV TOMEE A ER L7 <
TIEHWTRWZ E DA THD, LWVWODhH, BEEEEL VD b OIREFRMZR SO T, 11016
14 3% £ TO IFEMITFRE U CIAEEZ R L TP RIFIUZ R L2V LEZ LT A b
DIZDIZHEFT D L Vo 72 b D TIHRW, Fox XBEEZET 270 0BE 2L T D
B, ML Z EICEEEZET L LWV ORBRTH A H, (ZhiE, NC DR, FED
ETlE72< T, Keystage = L ZRLIRENTWNWL72DTHA 9, ) FRICHAREFETIX, 7 A b
LoD T, AHRERIIDLLBEONRNEN BV LSS, B TEZ
LIE PEROBFEHINLE THT A PP ET, HItZ LT A F 25T, L OMMEIE
BFICEESHRZ DN TEEINLTWD DT ER, AHREHRIE LRV, BEITFET LD
TAREDL ST NDE DI QCAIZER L TL A0, HBAITT A MNEERT D20 Vi34
WV, bo ETHEUIAEBEEBICLAT TUILNE VSTV, TR FOREEZ W HER L, #
EHEETHHALZELTH, ZRELEDOLIITHIELEL I VN EWVIFEITRERNNED |
BRI L 72, LEA R Ofsted SFHIlIIC W TS 2 525 2 Lidd 508, BEARMIZIEY
BIAEZ T 5, Ofsted ODEEEDEEOREIZOWTHEICE 2L LT, AEDORHEE
RAOEVIE, EOLICHZTNDENE NI ZEDIEIICHENRHHTEA S, AEME L NDRK
FIIANOEERE LTHELTHDLIEA I N, ANCHETH L2 bDOTiEAwy, A0S
Key stage 1 D7 X M &%F, £ ZE ZDOAEIE > T D7EH, F1k Key stage 2 D7 A h3f&
Dole & XITERITWMB ED Level IZH DN EWND Z EIFWN ST NRWEA S, FEOKD
DIZTAREITSTWNDDENL, FERITDDPS TWBIETEDR, FHIZONTIEHHALMNZL
2, BB NIV (QCA TEIWWT WD W) Z L) ZEidbh>TnaiTne
HoBlE LTIE Keystage 2 23T LIZIEN ED Level IZBLTWWDhEWS Z LI, &
THELOHDZ L, LEUREERIIBNT, IKATUARBENR TS 2, ED L)
M EGZDERBOVONEVIFETIL TSN DD, Level IZOWTEHEIND Z &iFR20, £9
LTEELIZK W EWN D ZE BHRITTE 205, WL ONOFRITFWRDOLAR—FTFED
D Level #H2 T NDDH LW, 1ZEAEDFERTIIHAZ T2,

Key stage

Key stage THRUENEZ > TWEIDTIERWWE W I H D, FLORIT 7 Ho L &I
Level3 72 & W biviz i, Key stage 2 ICHEATZ E X T LevelR Wb AZ EHHV 2 DD
72, Level3 DEFELE L Wb a b Ltz Level 1Zp->< D & ERS TN b DENE,
FHEOKD DI Level ZBAT 5 Z L IOV THEEMANITE THEETH 5, PHAZIINL &
Level PEAFAESTWNDHEWVWIERbH D, NEROERITHWE WD DT,

BUEFAR T R EICEEORRETS T TR, ENFTAEEEMIT LA (Value-added) &V 9
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MTHAH STV D, LI > TT TITEFH R AEEN A > TL HEALFK O Value-added 13
ZHRIERBRNTEA D KR, FEHER 2 AL CTHRAEEDIR D bia WA Z XL T 5
ZENTEREDL, Value-added 12 & THEL 725, RO, % Key stage T Level O JL¥E
MEICIZZR BRNE WD Z L2, HZDNENESTNDHDT, Keystage 2123\ T Level
5 e EnAREL . Keystage3 (BT Level 5 S @ SN AERENRFEICEE VWD Z &

IR B0, FRIMIZIE 5 @D 14 7 £ COFPHTIHIE L7 KL 70 5 K 51T Level 13ME
SN TWVDDENREL R CITIER 720, GCSE IZZ DN A L~V T, &b biE ) K
T SN AT E0 G, 2O X9 2REITEZ 5720,

J — NOEEIZTPFHCEER SN T E DI TR WA, FRCEREE BRI T T +—~
NIRRT ORELZED HT-DIZ, A~5EFINOBIICE>TT 4 —F 7 « AT TV—NE
ANENTz, ZHITHRCRZEOED T2 EFITHNLS R LD T, ZOA NI T V—ITho
RN S LMITH TH D, HE O/ TIRBERTOEROETOHR CTHRESLH KD A
N7 V=l o TR EETDR L TUIWIT 2 WA ES N TS, 20 2, 3FETHL
LRI 72 o7z L1 2 MUNTERT OB IR 572, L LFENEIA E L7072, 7206,
BALOHAROE RIX, TRAEKRZARIZE N O TRV E, § 2D LFERIZL 720 sy
IRUCE DS TE, WHIXZFD X IITEHZ D OWI&E TIERWD, HEESRHE T L -
TETWD X7, BUFIEH - & RIINCMIRTE D2 RMLIEo7c K H 7203, FIEMRIRE TITiX
o TR, )3 E TR E SR AEREDFAERIEIZ 72 > T D,

I FEEHETIRVWER S N, BROELEITZ I ThRWVWE/-S, LI DT Lz
30 R=VbDaA—AT =T BEoT=nb E Vo THENRTIIEL X 22820, ZHETIC
MIADPOBENFFE2HZ TETN, EWHITZEARIZTE LS SAEITENRV, L LNAEILBRE
LTWEDTH3720T,

RO a—2A U =7 IR RBEOLFELES ZLZER LR, JHNZENTHNEDRVD,
ZHUCE S THARRL DLW Z&THERY, ZLLEER- TR TH, EHALLHE
BrRaCo T, MESLLNEBREL TWC, 77 7R EIHERNRRBTCENZENTL VDT,
FEROEBIEZDONWTIRAD L5 RGETH, MMOFBRNTHANULZD G EITT - LD,
HBEOa—2AT =3B FERRoTNHLE NI DIXED LI REMIZLDDIEA S,

EEPNCZD XL I BRIEENE SN TND EWND Z EIFR L TRV, Z2RICE > I T _RTha
— AT — B TITOEARLE LT, FOLIRBRICT 7 EBATEXRNVWEIIZLTWS &
IALHDHEITE, L, BFHREEDIZEARITIEN E TR, EXETZ ENMWER
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DIEME, EOEDMRBIAICE D LD E VD Z LI DN TITEE B2 B> TRl 5
ZEREEES, TNETIHEFICHBED LWAEFEIZX LT, §BlleT A M &ITo TEn, 44
NHITENERO T, BENLPEEZIETTHZ LI L, *y M EICE, EOL DI L TH
REMEDDHNEND Z 0, FHIiORERER EE R LIz~ L Ta—2AT—7 OEF LT
T2, HDNE, BWAERFITZOEFEZ XY o m— RLTHOEME LTRHLTLED
DTIERNNE VIR BN ED X NTHIET D202 E WD Z ENRKREIRDOTH - T, CHERS
A=y FCHEREZEDD LW THFEHZHIR L, FREET VD 2 1Tl Thn el
Vo ZOEIRFERICED L IITHIETDNE VD Z &k, BIBEICT REZLEERIL TS
2, FREORBETIXRWEA D D,

O— AT =T EHNTWENE I DFELIIES R0, AB P ET OEX Tk, Hifio
AL Z ER LR ThN TWA L 97, BHOBENS, BHEL GO TAEDORE %2 ¥
WL, BRBRICEOTHAN L — FE2EZ DV AT AIR>TN D,

GCSE M CTHA SN TAFICIE, BB L > Ta—RA U =7 ORLAR R > T\, &
LBHBIL5 O N—k v bbb B olo L, HORBREI I =2 — AT —27 ZHD Aivied oz,
ZLTC, EHAZEHR L TREWS L— R 52 23 B & | £ 5 TRVEBRIER & 12 855 W
WAEL, AESZRLS BDIZoTc, EZTBETIE2 03—k MIffi—LTW5D, Ziux
RERIZBWTZNEE S OENE EDDLDT TIERWDS, ZOHSNRHLZ Lick->T, 7+
NRTOEFENEREZRBMHTOND LI D, WEIZED L D RIRE VIT/R > TV D DMED
TIHRWR, EEZITORVWEARIE, ZL—RE2hH 200 RkEV IR TN, 20 /3
—EY FEWHBEIRIIZNEEREVH DTV, TR 2L TRHWTFRNENS Z &
BRA YV W2, REBFEOBRWAEREIX, a—2T—7 %2572 Th, KM 80 /\—k> h &
TO/RE/GLIENTEDL, £9THL, a—ATV—7420°06RTCHLADTL—FF&EED
TENRTEDLLEWVIFHEICRDN, ZONIFRBIIRLRVE DL, a—RAT =T E{TDRIT
W, ZBREREZ G20 E9c Lz,

—HTa—RAT =7 DEANIL>TRBOLZD X IIT, EICENHRL 2D VI EHT
WEShielWnwHZebdd, 2EMTIToa—RAT =7 OF THRLEWVYERHTIIEX
WEWD ZETHIUL, RIEEDAELEG BRI/ ATE LD, a3 —A T — 7 ORI D
Bh. BIKRD 20 SN—tr FED, 1FEAEDEEDOEFRIZZD O HD 9 /SN~ Minb 16
Nk FORBIZER LTS, BB THIIE, 1FTL A EifE T EIRWAERE LS D AEFEDIH
IZESDLM, a—RAT =7 IR OHPANKRER N, 7272 LEREIZZENERLDED LV I %)
BERHD, AN a—AT—7 2o TNDHDIE, 2—AT—7 258 TH, AARREUE
SR TLEI ML, ALSXLOa—RAT—JIZOWVWTHIALL I RZ ERH-T, X
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XD LIFEBLTWDRND, B 20 R—FY R, B o—tk Y FREOTEI LR E
WhTnWs, a—AT—7 OBENETCHESTZ2b DI 57207, LrLa—AU—7 %
TR BRI B2,

%< OPFERITa— AT — 7 1Zx L THEB TIER2WE SO EDOB AT, bbb ERBRTR
WBAED B2 WAESEIZ, M EDPRAELEL Y L) B b a2 — AT —27EHAOHEDOO
LD STeDIEN, JFLDZE I VoL EETEBIXENERV R ERNE NS ZET72, —iKT
IRINSEEAE T TFALD 7 N —T DAEFE DT 2 BTN D Z & 20, #AY, 20X
I IR AR EL Y FICE N Ca— AT — 7 20 b8 5 Z LIS L Lz, ZUE e
RERZETIHRVWER IR, TARILEZL TS ERECHTI RS A>T LESZ, &
W2 BTHEY 2L BT 720 o= Z SRR, R0 7L bR WAERICRe LY DT
DA S 5 DITRFRIOBEERZZ L WD HR bW\ 5, Ll RO —IZh>TnD Z &
T, BRI TENALDZ L AR LR TUIWIT R,

BB IESR 22— ATV =7 Z R L T, R FIEDSBIZLTH b ol ERRDELHERN
EDLIRbLONENI ZEEMBETZD LTS, RBRUIMORITT N5 061%, EB
DAEFEDIERTIT R . RFEOERNMUADDBENTZEDIZA D L) ARWNDHD, EEEDa—
AT —=JIZEDOREDO L~V H D, EFEIFENSHVDZ ENTE LN EF>TND &0
PR

FAZ 84 FEDL DR IROTZN, EORER THAMRITZ K OERIZIY ATV, LarLER
TR L SN2 FIE T TN TV o T, £ Vot FIEAHZ 5 Z LICTARK TRV A
TV BT, T LTAFEADE- TVWIDIEZDHEE 148K 0 bo L B pHE
ATHENWIZE72DTE, 7, 8, IS HLVOEMOOLRZEOT o AAF L AEAL TNE
T2\, INFREOEAERICIL, BIRHRERST 2 FORBICOWTHEEPT WS AGEE Lz, /NERD
BENT—RANCEBI OR BN+ TIERV L, EREER B ZH o TV RWNE NS T L TRER
B2 ooy, INEROBRHE, FAFWHERTOHEOB L LR TEARIENZZ LD D
LS Z el [HAEWE 5 EEVWELMA— MW NTRLTALY ) TZE L
IR THEPDTO XNEA S| THENEIRREL S ARER O ELZZ T D125 9, —
v RO EE | RO ETIEESTZFERICR D259 D] 2O XD ICERER EOKBIIRERET
THORITIETWVIFRVRR D TIIRL, TS TTEDILRDIE, 7272, FETHZ L
REFGERATHZ L BFRRAEEE- TRBAT DI EORREEDALERT I LR
ELBREOFELENIBDOEELALEBR LIZBEICR > TOIIERWVWOE, B#NR~7at
ADHEDNERERE THEHEHAIN TS Z E T, 7 a AT 2 MTHREAHEEE & o 7= [
BEAND Z L3l BHEOESNORENARIENZ A S L LTWD,

QCA
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QCAIFHBEHICK L THF L2, NC OEKIEZRHE L= T2 aF T A P& FEE
WZIE-720 LTWb, Fva T A FOERIZOWVTIE QCA NED/R LT-RIEEIZH H X
IR T, MEOHSEZBEL TWAD TN E NI ABRNDR, bitbiudsealcm
SELT-ARECH D, QCAMN GCSE I L7-nE o2 h, T 6 ~ THEBZICITEZY
DT EEDR, BUFIZONDOIUCTHEEDREZ RO HTH A 5, LivhiUTRBE 7
WLUTHEEZITY) Z LD 259, T LTCEOREICESWHTERITT L, FHTICB TN
EDMIBBINN RSO D Z & ThH D, BINPRETIUXFERT HDITbhbitTh oD, —MAIC
BEEAOANMITHBEOEMFZ L ) b TRV, EREBISCRBREEE, 5B ETTECY
R EMBHEE > TETVDLDLNONNEREOBORZE )L T &EEIZH - TV D,

GCSE

1 6 RDBEPENFIEIC 2> TV D, FHOERWNED DTG 4550 1 OAEFEIIMOERK L
TeRWEEFKEZ M TLE 9, GCSE X2 IRV e P R le e WAEREIC & » T D E
WHEFZRW, TRV ESOMETH D, £z, &9 —H TEHFRAEMEITE 5T GCSE I
T EH07E, REPZRAELRE—ORERE LTHBEINZTZD, T T L—RFA TR
WIS LENRL 2o T, AYEWVWH T L—FEHDL o, LLZhbx-1 0D A% HD
EENEH L TEBY, HSEBELN TS, GCSE #WET H A A—T L LTE, a—ADi#
REBDD 1T ADOLEZITT 6ETERBTOTITRST, 1 8~1 9 < HUVVE TOHIMH
Z R LT, 2R o — 2PN R o — AR EOERENEOREEEE R BE 2 — 22 HE
FTIUXE DA a—AT =7 TN TOa—A b3 LTEDLHDIEA 9, GCSE 1L
MEIIZE W AT A0, TAE E EBIC WD AEREICE > TIEMER S 5, BiZ < en
D, WL OMDFITERI 2V E o T GCSE IZFE » 72 < D LA TV, 2D
(21 SIRDAEFEIC AS L L ZRL LT D, GCSE 134 512 & - THER DA 22 b D
72D, BB TH W OO a—AFHE SN TNDOENR, —fKAIZ 1 4~ 1 6% E T
MR EZ T S D a— AR LT T, BAEDS £ < 22T hud stk L7z 0 i o — 2~
HEATZDTDEVIRIET, 1 4MOBEFET I OO RWAEFIIAYICERE RO Z &3
LW, LEERoT, 20FIEERIDOVAT AICRED KRB OENR, HFERERFNIFE LT
TRy EER T 2D LT SRR T2 X0 a— 22X LTI E It nbil
TW5, 2HEMENVHIENHBITHEEZEZ 5D TEHL, botEVWHIMAEZREBLTEZT
NWZHELTWS, EMBHBE > TEWARVAHERITEE > TVD, HHERHY I T
W1 O0OFEURTMENLE D EWVoTEY, GCSE 272K L7ztk, ED L KT TNt
VW9 RIREIC OV T QCA TIHAAE DA TV 5,

HIBLPEHIZ DWW T H ED LTERNEERDONE WD) ZLITECELND I L THD.
FRCRHERA T DIZEED LD DIE, BFHIRHAICL 2D THASH, BEEPLETHD L,
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BRI LT L ZFRAICIRY e MM b W< o TLESEA ),

BN DOZEHHEIZ DWW T QCA & LTHhhb o THWR, #HEOFKHEIZRKRENTIHD
A—=ANBHDHENSTINEAS, HEFLELTO I~ FEOa—ARNHL, Zhudhs
EDZRHHNREL D /L— B TIER, 1T E A EOHRFERAENIL, FI508 CTHL % & > 7-1% PGCE
ICHEA THERTAIGT 5, B TIX L EROBRGEH 21— A bd D, ZIUIRFEFERZIC
FTBGICAY | IEEZZ T RALEREZEND 2 — AT, kb hbind, FIIHEOE
Ao 72 Z LIV HARIZIZE S RV AT A ER S, L L HEMTINIT
B TETHH D, RKEEZHTTCICHE THZ 5 Z LT 2 L, T O%ATESZ
EWNH LT, L La—RAT—=JIZOWTESKMITIZEA LR, 30~3 50—
AD 95 20 WEITFZICN D (#Fx7enD), PGCE ®a—ATh-THEKIZWNDHDIE 20
HETH LD (W FAEE L0, AWHIRICIERICZS SADHDERIN L7 < TEWIT22
WEWH Z L, a—AT—I OFT L—a LR BT 4, 5 FICHEIRER ) D
NTLEIDT, THIZOVWTESHERTIT LA LR, BHEEBROHICHNTH X HAL
BT DITERFENRY N E VDS THS 9, HHNT/2 > ToAT R TEIWDIT RN L7
HEFIZH N, =AU =7 OFFEEZHEFTHZ LT THORERZLEL, AT 5200
T TLEORERBEIZH > T HEZ e TUTWIT 20D IFEN D RBICKERZ L2072,
ek, FELTT IZHERICER SNSRI ES L SHA DIV WD, 1] & DO RREEH
HILENITBRIZANLOND,
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QCA  Clesham
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2 Edexcel 20038 9 26

=AY =7 LG O RIZ D VAR — D X 572 DT, Internal Coursework *
External Coursework [Z KAl S 415, Internal Coursework [X#ffi 2354l % 3 & D T,
External Coursework |33filids L O G804 HT b D ThH 5, HS 2 IHNEHN &2
2B LD ZETH D, MBI TR b B £ 5, Internal & IINERHEO Z & TH Y |
B, ALy VTSN 5,

A— AT =7 3FEHE R b O, AENRFEIZL 26O T, T 280 a—x Tk, REMN
THEHLTNEL AEMEIED L Vo T EHEMN b O TIE e < NEZREEFEIEE TH 5006,
=AU = INFIZEFNTH D L1020, 1272, #EEE LW ) k) Ry 058 )
LAEFENLHLDOTIEHRNENZ S,

A E T EEN DT O, BTECHT R D & & k&) Tl O 2l & 3Pl O#ERd (Verify) i
ST, MG Z1T 5, GCE X° GCSE TITFHN TOMERRITLT L b8
A3 e 2 L72fRIC, RS DSRHM 21T 5,

I—RAT—7 L) DI, AFEOFEOBENSAEFENIEHENIBERTH S,

GCE ®° GCSE TITRESINTB A Lo TERAMThivs, FO#S 8013, 3. 22h
EWolmbDTH D,

EFTWZIE, a—RAT =7 DWW D OB 2 2GRN S PRI T, mENTBIOF 5
BB Ta— AT — 7 IZHY e, AR THAD DIV MHTZ LT TE 508,
=AU —7 ODNE L ZOFMGIEE RN G ICR A2 L TRREZ T D2 0END D,
CHIFRERZLETHY, 99 N—tr FOFEINRINTBIDOFNLENL T, 3 —AT—
7 HiT-> TN D,

GCE—A L UL 7z ¢, Internal Coursework 7> External Examination 7>% %R 35 Z &
HAFET, I—RT—T 2L RWEELH D,

A LLDILFED a— AT —7 A ROFIZIEN L OO EHOFINRENTWS, Edexcel
DIEFEO—2 & LT fHEICE OB R A BT 2 LV ) Z & BB D, — kD BRI,
FHE~DBEEOHIREZIT D 2 L NEW DT, Edexcel TIX#HAI~DEB 2 F/efldr e L TR
D, ZNHEE OBIIE, BEXTHIETICAND Z LN TE S, BTECIZOWT b [EIERIC
%< DBEEFHRL TV D,

GCSE T3, 1 DO EA T 425, A LU DL TiE, D72 &% 10 OFEERF
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BORED > HTINWH D 4 DEF AL TRGEEICRTT 5,

TR AN LT- & ZEDFE T, #F Z L ICEFNENEERH 5, A otPE I, BN
BEREEZRY ANTWAEDT, Ei (Da—xU—7) LB bDII7 5,

BTEC X F /- Bip o 1=5Hli 21T > T\ D, a2—AU—7 T3, 2EOFERREOTTE
R—h7 4 UAIERB L TENERIET D, A= F 74 U FONEFIEEANOE D A TZFREIC
KoT. kR b DT D, FEH, I, WG TORER, FEREORGE, WA BIT 28
HIFR AT LONHESESERBDODEZLTHA D,

BTEC b E W L-ULIZ 72 B &AM & MNBRIZHOW T, F A0 mE b, Wb
IZOWTHEER, ZHOITFRMRRE LI TE ST, (FE M) R [EHF] Lol bok
EHMRFEHEZBELTESLOT, TEVOHDH DT,

EREEE VW) a—A bbb, ERITFORENZSOWTESL DT, W, AW, {LZEOHm
LIS, EBRB F O FARARS, ERIREOMAN T Sl oWnTHEE T 5,

GCE, GCSE Tlt, 2—RAU—J &K EKEDED 2 LD LRV, ZHUIENRETO
FHIZ L > TRERDZE NI > TWHWDENHTH D, GCE—A L-YHEZEFIZT D & WD
MO FEFH 2R - 1% I 22 T 2 (2 —2 T —2) & 1ZHORND 2 ZHNT )T TT

90

GCSE X° GCE ® =1 — A T, HOFRERFH D 5 & DR Z FFERE (Assignment) (Z
90:ﬂﬁﬁﬁCﬁifﬂﬁ@%%L%fk#&<TiwT&wkbf%éomEC®:%X
Tl 1 FE A EOEENFERE BEBROT-DITEbiILS,

GCSE IZBITHa—RATU— 2 ORRAIZ 20 X—F > FTHHP, BEREMD 20 X—F >
fEH LTI, 2—RT—ZOFDNL HHOESIE. FRETITY 2 & & RHEE M

577,

FHO X BRRECBOTL, BEPICHIBREOMEEZITY 2L b H DN, LiR— hOEA
17O DX, MENKDL-THLR, REHR., BREWVWOIZELHD,

BEPCTOBEORA L R LTE, BRI TNDENE N Z LR, FERBE N IERICH
HNTHNTNDENENI X722 L THD,

=AU —Z|ZADANS, EOMEIZRD X5 2T 23T TS, a—AT—7 L4
SFEUCEZITO DI TIERVWN, 3 —RAT =27 2T 572D DOHREOM L2272 Rn 5 L 57
DThD, TOXE I Pl G2 TENRNE, a—RATV =7 % EFRDHLZ LT TERNTH
%9, (GCSE,GCE)
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INHOERITHEEOT-HTHLH Y, AEDTZDOOLDOTHLH LN, ZNOLRAREICHEA IR
HTEHEBEZOND, IT IZOVWTHFEELTND L EREITITFFICRE DT H Z L NNET,
WS OMDFRTIEFEZDOAa—AT =7 ORHZROTND, ¥V o — NLIEFEREZED
FERHTL2OZSERERNRH D, BIZEZGFLTLEIZLE2EHIRoTHSNEW D RIE
bdHDH, ELWHETHLN, BERZILETHD,

TRTOFEBHZZRTOLHIUI S ENTELTHA D, 72, GCSE X° GCE TIXZD
TEMDBENICEDDFICELZ D THD LWV I BLZRDTND, MNP ELITMDL 5 S
B5H, RENERTIUIL. ARG LR REEETEN LoRBREZZ T2 2 L2 HEET 5,
2V o RO RNEDOREIL, UK.ZZT T, HAKECTHEIC/R>TNWDZ L ThHD,

AENRBGOI—AT = %RV ICHT VI BN, LM LINDDOREIZRET
DRIAITZNTNERIUCHKED D, LW O Db, BENIEEDOZ LRI AATWL BT, H
WO, MBROBRSCEREDORENNOBZZX T, ZOT—AT—I BMTHENTTIES LWT
TEZDLDTH-TD, [ZHEHRTDERZLDTT D] &V T EITRDIEA D, Hbl
DOVl 2 fEH LT D,

AV B a2—% L THERBARYBIZEDEED LD THL0EIDDH X D7 1T LT
W, FERRFHIZ DWW THHE T ABCIE, EOLIICLTINDDOREEZFRRLTLnE N Z
EIZOWNWTEHEILESTWND, 5F T2 LRV RSEN/HTEZY, B OfEZ
MBRLRPoT2)THE0nH 2 Eb MIADIESRTIZRWD ] EEZDE 0T LD, #
AlEH ZANBLZ0EEOEEZ LRV 2L RTWENGTE, #iioZ 0 X 5 2l E2EH LT
W5,

HOAEEL REIZODWTHAMIHE T2 THAH, THDIIB 2L 6720, HITAREEZLTA
EHHoTND, | L) Ko RFEICRIUE, RANOBORITIEESbRWIZLTH, Al
FxTRHZENEZBND,

COXORAREICET A EEEZ L. RBROIFINa—RAT—T L OV ELETHAH, a—
AT — 7 3AGE, Fhl, R, F LU CERAEERCEZEHL TRV LSO TH S,

LD LBREZFEICSEDLOEOOREARERE LT, £ OFEREITHI ZEnbH D, Himil
7o 2 LT 2 DITFIIEN e WIZ LT, KDL OEEZID And 2 &N EREZ B
T2 LIZORND TSI, EHETFICTRS72Z & TERY, bo EHREMICEELTD
ZEBKRUITH D, 7RI T, HiZRET 2O TixZe <, AL ORVEY O G
BREEHED TN Z EBRYITE,
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b BTEC 22— A &Y L7z & (2, FRIAZRMIEIX2 Y 2 H 2 Tz, GCSE X° GCE (TH,
b L7 TEAT, BT 5, LWORBOHAX T THLMN. ZOHEITTR2 0
Gebighrole, HOBRERRZENR TV O BIT, Tz ANT2IE 5 B AEFOBEKZ 1V ik
LT, MSEMEM T oD ZENnbhroTE e, T LU TARKIZ TELNREEZED TV, |
EWVO AR D LN TE,

22y AL Lo TV DAL, bo Lk, BIMRICEHAL LIRELR AT, 150
Lo P HPRIL, EESTbDTH D, BOBODOAEFEDO AIRIZADLEDL Z ENEETH D,

L, 2R a—2ThAH &, BMENRaI—ATHAI &, EHLWVI LOIILETH
D, ERRRFIEFR RIS ESRVWERNI R > TLEHEA D, EEE T THIALZ &0
T%ééﬁ%*% TV D A, BRERITFEERICR > THATESMUE AR, 720 bR AIERE R
L7 TUTW T R WER e DL, RDRDHDEMEITDRNE VI HENBE TVWD DT,
IHLOWLERITOE SN ENSTND, THUTTOREREIT> TRV LTE, HEE
WCHZDIET T, ZNDRERIZED LD ITEH I N E WD Z & ZERETRLTHRVDTZ,

BRSO TIEFE LTV D 2 EASNHAE S kL= 72— 2 TR~
HiT- b X7 O, EBRBEICA Y 7-< 70 5. LI AR L B4 5 2 LN THE L
o, FHETHMALEDLTE THRATHS,

AUFTEARMITITIE L RN Z 72, JWEETTHENITZAR I LIZILBRWVWTH A 5, FEEIT
BHEORZEDEARN RS2 X2 TR, EAEZEEMS T T D b DE0n672, Linl, Zh
IELEZRNE WS T, FEEEE O THAR TS 20 b, s CRER 22l
TANTDHZEIEARBTH LR, RIIVEREICER L THLIOLITESTL D, 77U ID
[E % 7 8T, EROT-OOFRMEN 0 ThRuvnn, BETEEIZONT (NEET) #2552
LIZZ25TLEIL, TAVATIE, ara—FIal—rarsT, EHEETIRALAR
SNTWDL LI, LrLInbid, HEEMHE > TEEIIT>THALBDLITRR DL B DT,
RESERRERIGFEL L L, ERICPOOETHLIREZ L, FTHWH A 708 LitZen
N, EBRNGFEX TIOHEICEATZETHD,

FEHEOFSIL, 7 L— PRI AFHEEZRLELORH Y | TXTOHMIZZTNE SR L CTH
AL TEWIT 2R, FEFEDOZW BTEC O a— AT, RHEMENFAT DRI, FHRAN
TiMliZ L C  HIcF = v 7 3T5L912LThbH, GCSE X GCE TIEEBAITHNZD
DTEHROPRHENAT > TWDLFR b DD, TOEEPGFETHD EDHRNTH D ENDE
B HE A HRENL T, BBINICRD 2 L 2RO BND, Zihvg [IRE LW LA T
Do ZTHUTHE S THREMTFAL L 72 < TERWTF 7220,
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%5%%i%éﬁﬁ@%ﬁﬁﬁ%ﬁaf%#&@ﬂﬁ%%Tﬂmfwéﬁ T DA HH 2
ZTRHE B S-S AT, BN ORBE 2UGE LT, 22— AU — 7 235 E I FEAf
éhfw&wa%MKéoaBE%GCE@ ITARTCOa—RT—7 ZHL T, F=v %
ZFHZ LT D,

WL BEHMIEFIEIZOWTOA A REFEAALIZE LT, fHMliZ EBIIT) &0 ) Z L iT8kL
Wy LR GHEETIIa— AT =7 AW EEORIEZ R L, FHITEIC DWW T OFE R A iR
g5, Fo, FROFMI AT LT =y 7§25, 2B GCSE # A 7 DRBRIC DN T
BN TE DL L TH D, HIMOFMBREEZHO LD I T —bHZ LTS, £ 2
TliE, BBV D00 a—R T —7 Z3Hli L TH T, REVE D17 7iH il & B 25 OFHl & o
EWAHY | FFAREN TR ATZ D X9 IS LD,

FHUTEB ORI L 50 T—IZITE 272\, BTEC, &%, Ziff, 2 EFnFhE-o7-
BB BTEAS, HEZTIIORNWEAI L, EBMRTIE b - 4L RAEAH, FOH
BoBMICHbE S Z & PNET,

(GCSE,GCE 22\ TC) a—RAU—IJZEBZIRITHET, ThzWh ol AL, 20 &
w%@ﬁ#é%Aﬁﬁz%né(@ﬁiéE)ﬁ%i“ﬂk*n&’n%i%mz&éwj
EWVS I DICERIRT FAAAL 2% LTREWTRWA, TEEOES OS5 AN +4 Tl
wﬁéﬂxFﬁﬁ#%%fi@mj@&@%%%ﬁ%%i%zé_&#fééowothm
RIZT— AT —=7 28T D L. TOFEENTRY ETHESITR,

2GR DI SRl DWW THEE L, WA E 527X T2 LAl L7285 E
ZOFIE T2 W2 bHb, L 2IFRHENTZ2 0 NOEFED T —RAT =T R4
TADHETHDLETHE, [ZHITENL, ) W) Z 225D, —fRIICHEEEICIE, TEM
DAEBVIZRLRNE LTH, IEODOENFET 23T T, TXTOEEDHIED Ao
TWILUED 2D L (L OEFEOERZRHEE ) L ARRTIUEW T2 b, BED
FWFERE ) TRVWFKTIIZEDE L DEAANRER S TWNELEAI N ET L —F —
D LWl oMM a Rk <A Z LT D, ZOWATRAEZET L—a VERFATED | X
V7404 ar EATED TS, WTFNIZE XL, FHEOEZRHSTZDODITRHTH D,

HEBAGRRICB WO T, BT 005 Z LIXH A REMMR L TW5D E13E S 28, FHliof )
X, KiEE LTS 008 I LR YREHEETITo TV D, TNENDOFRRH Ly Y
ICBWCEFDL I I T —21TH52 b H 5,
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NVQ = —ADFHliZAT 5 72012id, TDOXHREIF—IZBML T, BREH/LILEND D
2, GCSE X° GCE TIXED L 5 REMITLE L STV, T2 L GNVQ M FEfE 7z
LETRTOHBMMNZD L D I ERREGD Z E N Lo 72D T, 258~ 2 £ HiA
ATEY . BT L— 2 =D EEORIREZ DT T e L2 &b oiz,

£ Da—RTHONT, THERLEEN OO OHED N —=2 T 7a s 5 ABNEREEL
THEINTWS, ZALITEERNBECREINTEY, rr R, X=I U HAh, v
F 2 AF—DORLGT, FHOBENBMTEDH L HITR>Tn5D,

Flo, BBRENLRBEDPH LREBEOEEZ R E W) ZENnH 5, L RIZBRIZL
ST, MOFIF R LIS, FHEZIT I DIIRERZETH D,

B LOWHEEIZIRD T, FHlIICOW TR SHEFEST L LITRERZ LT, WSHFHITF LD X
IMEREBEAML T, ENETHENRNTNT, EOREHEINLTWDINE NS Z &iTbn
BV, E0nh . ARMIEHHICET 2HHEICBIML THL o721 2 BN LV, FHEDRIZE B A
EEWTWARL TEWTRWbIFE L, EBICHHEOH TRl Z L TH LM b 52 bvd,

ZOMHEEZHY L TNWDLDIFET L—F—ThiH00, EEOEFEO =R T —7 2 D)
RELTND, £OIT—AT =7 DAFIRHEEZEL T, ZMECHRASETHDL, £ LTH
BRE OB E BOORMEL L TN ZEE2BL T, RO FEEZONATHL DFZ, QCA
TR S TR R DRHET A RERLFH > TRAFIEZEH LW a—2b b 5,

RO 7= DA Rid, RH5E#EDH QCA DL LHES TWE L, FROHEa—2 b
HLHDITT, FHMZHONTHORBRNE NI FNFULTE R, 727220 X 5 RiHE DA N
BHDHEVIERNR, EHALLE—A—ANDHHER LD > TN E WS Z & iFEZ6ND, WT
MICHE L HEa—RIZBIL T, BMDIT 125 liZF = v 7 LTWDET L—F — L —fF
W2, Al AT o THD LV D T EN, IBFRIBRIHETTETH D, £ 2 TIFFHIICET % &
THEOMLNRIEREEDL LN TE D, ZHTE THREIRZ T b LEATOFHM 23
I CTlenoteledll, HLEFEDOHBENEL o T LESTLE LS, ZHUIEMOELTH
Do
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Fincham
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3 2003 9 25

FA L7/ NI, v RUERROEEHICH D . 3544 (7 ~8m) 7
HEFAE (1 0~1 15s%) OFFEAHRE L OA XY A THEDR Y FAERBLO K & V/NER
Tdh D, 1998 4F 6 HIZHNE S 417- Ofsted DAL EEIZ LuE, AT BRI 72500 2 52
TEBL., bt TR 2o\ TiE Keystage 2 D3 2 /LT Ak OfE R TREFEEZ K
&< EEID AR E BIF T, FERABE L T T, BEZ EfiO—HEIA L T,
INFRETIR, WEAREEND 3 AR, A F ) ABUNA T 21 CT7ny =2 FD2 TED S
LO 1 UNFRIIEHTER) ([CBEN., K 1EH (505K R) OfiBi&E25 T, #E
TEE 2R Z @0 U CTlRATD I CT ZIEH LI R REO R LD T\ D, A F B
—IE LT EWe vy F = VKL, RPN CH Y . D ORIRETH Y . REOREHEE
WEASE) D/ NEBGBMF T A BED TNDH LN ZEThd, A H Ea—I|lEToT, 2
DT EBBILT, Thud, 5FEORFZORET, BREEOFE Tholz, BEORET
FBHAE TN L M, W, NERIIRFEOERETENL VWS 2L THD, 1CTT
Tl FOBMNTT, TRTOHET, ava—Frad=rz— KRy J—r av
Vo—4, YRR, ©T7 s, AT oA, 27 Ly NUERKA VT 4 T T
NAAREBPFEBISNTEY, ARECBNTH, TNOREERAT AT ELTEHAENT
Wiz, FRIZ, BEERORA T 4 T TN R, BHINBEEEZBE L 2N L, E2hBTHA
7Y =i snca s Ea— X EFEEZBEL T DERTFDEIZN Th o 72, HE7ZT The <,
RESFME NN TRRT DERICITFEYREIEEZHNTAZ U — 2B LA GMAT 5
ZEITENATWDERTF CThoTo, S HICAFERITIT, BEEIREM O+ 07380 ) — XY
AUPHEINDEVIZETHD, AFVATRI T IV —b=ma—~ T —DOBFRNDEMN
ENTVWDER, ZORZORETH, FHCEEBER LIV ERES o720 T 58812, Bl
XEELTERBTDZENERINTHY, REZHORBBNINE THLREWVWEFHTE DD
DTHoT,

INERORVETIIRE L 2HEEOREN (FF7 77 4 V) %8 %1795, 121, HHRE
DORREIZB D 2 FEA R FEH CHERAFNEZEHERZ DD TH D, b o 1oF, BEaE
Z¢(scientific investigation) Th 0 | T E L7 L R H L FRICOWVWTHRIRTE D K 5 BN The
Mz WEISEOND KT 2R E, DRV ERRSTZHATT LD, £ ZTEHMET LD,
AZFNEH BN L TN Z LT, BMPH LT RNIE, ZOE8MICE X 212D 72 05
BIZOWTEZSELZETHY, HoE (VH—F) 2TEHXIICTHZLTHD.
Bl IE, TEOBEZ KICE T ) LW O FEETIE, FELLBIIMIERRCEIT L Z LI AR
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FRNBEBR L TNDENERDIT LI &, WAWAREMEHAMIZLTHDL, EOXIITHRIL
TV NEBZDDEN, WHEOESKDOE, KOWBERE, BEXHZLDTELTXTOHE
REHGLIZL, RIZENGD I HDO 1 DT E2EEIEHRY OBEREZF CICLTHNDLZ L
23, BN ZHIE L7 AR/ FER fairtest (2725 Z L 2B 2 S8, 2 LT, WNIZHEBEICE (LT
LEEMNET HNEEZXLSED, 2T LIEXIRT, 2F0, MEZhIE50, Zlhinnic
WES 20, ZAESE LU OERMPEGITEL THRNWI & Z2MENCT H7-0ICmCIZL
TBLZE, EVIHENRT, bbb OB CTIIRENRIEEZ B X T D,

INFRR DR ERRSEICEE T 5 L AR “Making sense of primary science investigations (1997)
from The Association for Science Education (ASE)” %, /NEREMZTIXRIZESA 7 Ann
Goldsworthy & Rosemary Feasey N &\ =6 DT, /NERORFEEER N B ARG E -8
HIZHADZEIZHONT, ETHOIWTA FROT, FORTHTIELY, FABFSHIRY 7=
SAPNERBVETIIRE ORI E RS,

AT, FTKROBEEZEZ THT, WHENEIT2DIZED L BWRFHIN DN NEHR5 &
Wol-td %, LT, THl prediction Z32C, [KOEEN « « 12725 & WHEORIT S
BFfRIE 127D ) LW e X TFRIT D, RIS, ERZEYNHFH D FRIZOVWTE X
S, WEDTZDIZ, KOIBEZEF D - DWRBEFHOET DR A5 2Rt A WD Z &2 %
2. BT, MEFEFICONTEBRZ I, AERFEROTZOIZT X TOBREICFE L& E
WHIZT S, [AEZRF R (fair test)iX, §il# L72EEE 21T 572012, 232 D 5EFH L T
L EEREE A (key focus) Th 5, ZAULS FEDFETH LN, LVIKRFFEOFELLELD
Gaid, KOEMMIZ, TR EBIRT S LIV EESZEES, HOWE, T =
a2 — AR, KRR Y, WHOFEAE X TEVWEFRTZD T2, 5~6FFEITRD L,
FVERNZMEZ RS2 LI LTND, o, BEREFKOFE TIL, INNAROF L b7
H TR, BIICOWTEELZHETE 20O T, 1EOERKE 2 #° 3 E OB & OEEK
DD SOEVWEFHRSE, MRERRSIED X9 ¥ H %2175 . T (Key Stage 3)
DEFEIZ B2 BIX, BRFRCEEF Ao T, EEICEREZNE L2y, Iz itR I8k
VI D,

FEHTEHIESFENDIFFE2ET L IC<FLBIBRICED LR 6 >[F CHEkICRE > T, &V
FREOEBWEEEITH, 1FE2FHEORED ) X2 T 500, FUEEE ST XV REDS
W3FEAFEDON Y F 2T b SHITREDOEN 5 FE6 FHE, SOICERBEDENTF
D 9, ZLTEDLICHEW T 01 1344 L, 418 (5[E]) (Zblzo> TR UNEZR
. ZOFENHEESN TV, Key Stagel, Key Stage2 O/NEROREES Y % 2 F AT,
2AERIRATC, ETHIEL T4y FLTWVD, 1+ 2F4FEL, 3 - 454, 5+ 6 FFEDK2
FEOKDVITIE, T¥atAB)Fa 7 MI@PHINTHD LI, FELTZLRLL 2|

31



58 / 240

LoL 3, LU 4 IZRIET D EHICEZ BN TV, biltbiud, 6 EDOKDLVIZ, T3
TORENR LV AIZEETDHZ L2 ML LTWS,

FEARBREFBIC LT, FEBLBITHERERICE LD, LISl R 7 T 7 ~
RXFORB LF T 77 BTT7 7 AT T 77 E~FERT 2 AF & HIAHT S,
F72 6 FEOES RITEITITE HICHBANTAEE O ERRE RN O P 2RO 720 | fEROEHE
PEDE Z F iz 95, BHFHIREZ 50K TREIZOWTEX SEL b a—X
OEERMAE TH Y, TRE RIS ERDOEmE BRI E5, TN —HL2neE %, 2
DDOAREMEIZ OV TE 2 S, 1 DEFRIBMESTWZ & T, b9 1 DFRRICHER
STHIORLY FTHIUT LY LWFERBBONIZOTRNNE NI ZETHDH, HERE R
S TNFR TR R 2 B &3 2 HA 0 Td 5O T, FHANRIEZ RIS 5 Z L1
ZLDHEEZES>TTF ¥ LU VU T TRETIEROD, 2O X5 ITRHERNEREO 7 vt R &
RIS Z LI EELRE®RE LD, REICDEST, AV 77 RO ELELIE, TART
BWSAEZED X0 ICHfi SN C& 7z, Key Stage 2 D& 0 EIZ/2 D & RER 22228 g
SINNHEThoTe, £2Z T, BHETIVERNRFEMTDOND LS. QCAIFSENL TV
3 VT A FCEEBMRAXTLVEM O MBEEZZ WY AT, REIXZOH LWZ A T ORE
TIXZ A AL 2 DD TERL T, G2 bR SEEIHET L TED X 5 2%k
W72 RIS S % 5 2 70 < TER B 72V, BIxIE, EEGORNENN T BGZRY BT
T, ZAUTMRBBR L T D0 & ED L D IZFHRD AR 9 M8, ZOMOMWISETH
FOMDBNRPSTbDTHLIN, BETLY EEMNRTFTEE L TBLZEEERTLH LD,
ZOXINT, RAIITEDY DOMN, A 27T RO/NERTITETE 45370 A 72 8 03T
OILTIEW W, 72720, FFXWHRZmE» W2 2H 5 LS,

bhbiuIe ThHN—RN—F A MUEF LTV AT Lk L 5> TWW5, LWNIH DL, ~_—r3—F
A NI LD EH LTV D T, EERAZREE 2 ZAA & SRS & BETOEAEIZ L -
T, iHMEOGEFEMEIIES 2o TLEI LLTH D, LL, X—="—T X NbHbNDDIE,
FELTELENRR— =T AN TEDLLWVEPSTENTHS T, T LHEZOFELTELRE
DL HWRHEZOWTOR o TN A NERT EIFRL RN, T8 EFELRDLT, WM
VT A2 22 8T, BENET A MEETOMENS L0 HF EHERRRICONTEDRRE
PP TWVDEPEIXDNITESHETE 5, HANZ K D5l & _X——F 2 MZ L 25 & D
NI URAERD ZENPRETE, 5 —D, SEORD LVIL, FELOMEFRELIT, BN
THZENELICFELEMITHE AT b EESL, BN L TEEDORY LY 2D T
X, FELERMITZT O, BENE o TW DR BB E R,
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N R—=T A MBI EL OEFEREMD Z ENTE D, FAL, X——FT R MZHOWTRE%E
B TIORW, [MRENE W ZIE, T a FAT A MOERERPOMICEERIIEZ BD
#kwﬁzkﬁo#&®ﬁ%%w@¢é%%m¢ = %&meﬁkﬁb RN ED
T AR TRWEREZEOED L) REHICR-720 ., 20720, RBOHBEHIERRN T4
W52 HBNRNENSTEZ LITREODWE D T 5, FIE, RO FAL TR, BT hnE
DT LNRTNTRERNENS T Ly vy —E%IT D,

FAOBETIE, N—=_—=T 2 MIAHEPGELTEANIWEITE I N, ZOREEZ LAR— |
THZEFIEDTEFNRLNWERS, 2O L TR =7 X MNIFERICE > bl BE b
ST E THAMBRIHIFED—2 L%, A, FREDHIERIZ L - T, #HIXFEHITE KR
BTy —=RNhhro TIN5,

199 54Ty a T /LT A MIBENMZLNTHE, &0 DI 5 SER 6 FAETEEAZR
BB OMEIS B 2 B C X 7208, BHERITEICARROGR Tl . B etk A
SORERE L AFEIICHRM SN A RETE THLM TN LW L EEE S,

BEOFaF Al FxaT AT 4508 (BHFEmBEEE 3 OOFRNESED . £,
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LENLETOEEIZ A DD ALV ELEDLEIIIESTND, D9 BERIK 2 SIFFHIC

BT 28 B Z2EOTND, AT 2o THHOREZRL LRV E W) ZERLIELIEDH DA,
VNI IZ LW O BIENREEIZH 200D 72, IEEF > TA LULIZOWTW IR, fbFiT e
T%%Lwo%@%#ﬁbﬁbwoi%%%bw®tﬂ\éﬁi%@;oﬁ@tﬁmioko

4

A L-ULOEEITZFNFNOR BIZHOWT 2 B8N 11 B H 5, (BT 2 BRI -
TWb,)

FTL—F =DV T VOBROVFIE, RO EAion, FALETOREND, OO
ST ChiE e B, FEN EOBREDOEEZ L TnDENEWN) Z EITFRICEY ERD D,
WO THRIEHZRIGBY 2 5 L & 9 & LI, RIS EIC /e T, O BH T E T
LESTZDE, ETLV—F =B A TTRTOERE T = v 7 Lz, 7 L—F —[TFEHEOK
BREIT ) X Tb T o b HFHEL TE T, EHOBBPEAINTOLT &b o70lT
FTIED, 20 FLEBRIND E NS ZLIZRDBEAI D, B TIFET L—F—BALZ L
FILAERVDEN, A F =Ry FPODOFREZDEEHEEZTL T, HHDOEME LT
i Shict Zllhb oz, BUERE S SADEFERRF > b LITFEL TS, ZDLH AR
EZEERLTHEZDICIE, 2hbb—F oo VLR EEfioThIFHEDRISLST 7 7 55| &
ML, EEOEREHKRT WS Ko7 L b0 TRZL TUIWITARWn, FZhEzTo
TERZHART, SCREICHEZ R RN o720 DDV BEES TRho720 L) Z & TR,
BELHD, A F—F v T, BEOBRN-Tma—AU—7 %35, 16 KRR
DEEZHETEORLDOLH D, HbIE, I—RATV—=27DOHlZRLTVLETEEN-STND
N, EHIIENEZOEFEHELE Y L7505, (FOX YA MIEETIEROVON,) A —
Z v b EOERIZH NFE WIS NRZ DT, EIEIZIIRLRNEAS D, BROTZH O HITH
HTbEo1c, ABRFHEZEB T CWDEHL5YA bbb, ZOXIRARENRTKE LI, &
LD RMIFZI2 BN E D T EIZOWTIREL L B2V, B8 GCSE ZBRSEA
ENEFFRDHD, 4 HTTHLOa—2AT—7 OFINELTRRTE DREICH D, HROY
A NETEDDLLELo DD, BEINRZED L) R RIEEZFKATERholGh, T L—F—
WIS D Z L C/2 D, BT L—F —3HY LE-HAZZOEMEZE VIR L, ZHUIH 50
ICEEEINLOEEWS Z L 2mbE D,

TFIIRR>TWND, BFEHEVHFERS T, BREZTDITZOZRBINNDL L7, &
ERFM UM AWML 2 TUIWIT 2V EEAH, a—ATU—T7ZDHLDIZHOW T
H LENDHIEMA & TIER T WANARIEERSTHADL I ENTE LD THIUILFEIZ
RHDE LRV,
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FEEEDO L Z A, BREEITR > TEWEREZS L D L 3hE, FRERERIIE ST 5, &
BHEBITA 7 —2y FOMERZR EEZHNT TS, BIREY D 3 DDFERR & IXE S T2 EAT
IEVEDTVDEN, FxFHIALSHEHMLTHDEIHDOEITEI E LTS, SETHEHDLR
ST Z DN E DR T —<ICY MHATEAEERN WD, AT L2008 ETHERELE -T2, &
WA RTA o ZREST ZENREZ ST BTE, ZHUTEOERISIZET 25D T, KFEDEK
FITIEEINTND LI REDE ST, ZUNIELWNE I NHEIET LA E Wbl Th, fRE
HTRnol, AL-VLZHONWT a2 =—r 7 —< TRV T Z L 2D 5705, GCSE IZ
DWTIEHFEM GRS TS L, 2O LI LIFEDR, A L-ULIZOWTIEL 7 AIFE
HOMOF N VT NRT —<ICRVAMHTZ LB AETH A 5., GCSE DifFHrid, £2FT10 b
Da—ZAT—Z7|ZROMERL TENWT RNV b EZ L L, B LES ) OESOHBT
B3ODA—AT—IREENDZLITRDINE, ZOEIFFRRbDIZRD L, TETYA
REDHERTIZ, 3 —AU—7 OEEIL 60 A—Fr by HDHNS, ETETRERZLICR
Do

Key stage 3 DHICHERZEH U COMBMEZSDO N —=0 7L LTASTETNHN, AL
SV DOERFIZE S THEE LV, 2L D ML —=0 72D D L 91> TE T
MH, ZRNSIEbE oL IKEZDND L IR DEAS, MinAEIFFDOL b L—=
VT ARETEDS, ARDL DAL, FEERIZR o THRITIUTON L RN ENE L, ozl k
ZEERICHAT L9 L3 L \WEA S, Key stage3 DT A MIEVELZED LD 7
FIENRA> TS, (A L-UUBTIE LIS HW) a—RAT =7 TITol2NER, 2D X9
RTAPMIHEEINZSGEG, TOMRITLETHRY, a—AT =70 T, FEEEICERZED
52 &T, TORNFITHTLHMMEES I TND &) Z L7

GCSE Double award science D354, WEE, A¥), {LFZOTFNLRIK2 D%EA T —RAY
— 7 %179, BLHIVEDRSTHEEIEX, D3I OFNLHBRDOEN 2 DEEAT, 2—X
D=0 DR ETHIENTED 2L LRITHIE. 2TORER I VY NENDHDT,
3OO TBWIIEIN, RWEHAEMDLTF ¥ AN 5, (m 4 > TRIHATEE) £ 95
WOEMRT, 320a—RAV—2 %2352 LEEDTND, (Fa—RAT—7 DHEFHHETLEND
ZorlinoTiEa, dtE (P), Blg (0). o (A). #Hl (E)DZnZhoisr T3>0
=AU =7 OFEEE L, TNENOES O END 2 2O/ EAF LA OFRE T
Do O&EDDA—RAT =7 ORERSFON I, FHl 8 £, BIZE 8 47, 7047 8 £ 7l 6 4IZ72
STNDHENE, 1 DOa—AT—7 Ojifipild 30 AUT2 0, 2 24T 60 AOfAE5,) A
LUV T, &K1 DOa—2 U =7 BBk, A, (P 2N ZICREITRY) | 2 OF T
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H325Z L3 T&%, (GCSE Double award science (23 T) 32D aA—RAT—T %4TH D
WZIEZ < ORI DD, 3 D0 a—RAT—7 D55 FKHIOHDIEH 10 FAFED & X117
S7bDT2OHNE 10 FHEDOKRDY | 3 OHANE 11 FHEICRL -T2 b DIENR, HBRNKEC
HRH>TETND, FLODLIOZHELEZNIT I OPL I LDERITRNZHD

3 (Double award science)

Double award science &, HIMFF: 3 Db WE {LF L EME LD DTED, ZD L~UITIEKR
EREVDRD D, REROEES) LRI O NTE D DT, ANOFL THMB AT AHA TN D
EXAFFEA LR, RSO TEICRYMEN TN D, WAEET 2R AR D AEFEDFLASL
BDAEFENE Y FLA TV D, WAL DB O AEFEDFES) TIFHMBIAIZH D T Z L ITEE LV,
AT A LV ERS TS AMEITIFE UL GCSE IR W THMBIAICI Y MATZAETH
%, Double award science 7> 5K 5 AEEH N HWDLR, 1T A EITHMEFE2 Lo T
ERTHD, 2OOHEMEFLEZRLL LWV ZLITREOLATWARY, FraF il lFaTh
WCBW TR PR EZ PR THZ ENHESNTNDENL TH D, HE MR D RAVLEINE 7
% =255 ?% Double award science 205 D HAED VX2 NDEN, REBOHL X L)
WIPBRLEZNBIEFHLNTES, RBRONFIZIELL LW, (LT AEMEZ A THTH
MBFORBROPIC S HEARMEIIE EFNTWLOENR, ADFIZ S 5 5 72O DIEEHRS Z
nH - oOTIHE AR > T %, GCSE Double award science ¢ A*DRFAff & 5 7= A= 4E A BB}
® GCSE T A*% fiiL 5 1} Tix72\, GCSE Double award science TB Th-7-& L ThH
HUMBLE T BB TH S 5, BUE LIZFR U220 70, EBRICH 2 D & EIiIhh 0%
WD, BB FOEEITT L TE ALFR G ORE R £ % a— 2D D6 T ITEAT D5,
Double award science DAEFREIZITP > < D EEBAL TW L EIZEB W TITHW S HREROHK
HESTL D, A LULIZHEA T AR L TIEd 2 —EDF 122Kk 573, Double
award science C B O TliE, A L-UL DR ZIEHDOWNTWNT 72y, ZHUZIENANA R
W2d-> T, RAETH-720, =TT A XTDEHE-720, RS20 T 5070,
GCSE Double award science T3¢0 9 <R T & LThH, A LUV TIRRDIRNT
NIV D T,

510 - 11 24, @ 2 I DTIo o TR, (k¥ L AEME B8 T 5, FHERERE 10 D7V
=TT, B LHE6 ETOIN—TIIEHRNCHAOHAR N B #EE2Z T T\ D
BT HOHE 10 ETOZIV—T1%, WEEL ORI PN & AW HEB OB FEETD 2 N OHEfH
LRREAZIT TN D, T LT LEMIC 5 RRRE (B, A8, LFEhE ) ORENRD S,
40 T CEAT L L 220 IZE ORI OREEZZT T WD I LT D, (EMITITHT -
8 ZARIL 2 B T 9 BER OFZE, 5 9 BAEIL 10 FERY, 55 10 - 11 F4EIT 11 FE o) A L
UL ER S TNDEFEIZOWTIE, B8, AW, b5, ZRENITOWT 2 T 11 Ko
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BREZITOTND, TN HVORNRRNERSTWT R, a—RATU—23H 5 L, imik
A TORBRLHD L, m EADZENAS LYLCEEFE->TWVWD, a—RAT—7 L Z0DR
BRIZIZ S BRI D, ZNR5 AT D 0D ZEiF, 9 ANLHIH T, 7 U ATARA
—AF—DIRBEZZ DL, THHETERNLRTEZ IR LT RICAEZ B A T/ < T
B0, FEEZOHRE TR TWDADENRWD EITWN R0, ALFHESEL D LNEZ
B LEBMLOHRHIZE b > T, RERBUIMOHBHI DWW T LR U2, FER
(A-VCE Science) (L~L L LTIEA LUV ERICTEN A L-UL 2 B3I U v R aivb,)
IZDOWTIE 2 (5B DR EREIC /2 ) 23 R CTH H 0, a— AT — 7 NFLORET,

GCSE

B 10 SHAEN DA T 2EMOa—AELEBEZ T, FL0FFETL0 » H, H 1L HETT » H
YH2HWBR D5, £ L TRFEICOWTIE, FIZE 10 FHETa—RAT— 7 [TV T, &
WO DL, AEITEHT 10 bDOa—AU =7 [ZIRV M ERITIUINT RV DITIENL, T
TEE 11 FHEICFE> TL D2 LT EERDH L, LN THERNTEDH B D a2 —2A T —
7 % EORHNIR DM E WD Z & &k, 24EMTHNER a—AT =7 2D D K I
AP a— N ERDTND, 5§11 FED L TR 2IE ) BT R L R D DN, 5§ 11 S4F
Z10HFBEH DO —RT— I R5DIITEANH S, BFETIE2 OO0 —RAT—7 %510
?Eﬁ@é;k:LT%éo4*15*Wﬁ®miﬁZ%ﬁ%ﬁiﬁf*”%%ﬁ%%%uk
5, BT L—F—I—BENOLT = v 7 OO T HELZRY, #VIRLTL 5, FEid
ABRIT 5 ADKD V1D 6 HOWDIZIThiLS, Z 0 RIS l%’% EhTWab, Zhix
11 RiZ4T7HN 72 GCSE DEY 27—l bR L Z & 72, b 22T 2 EEDOF b FE
U72, KA >THhE GCSE #5125 Z LIXTE LN, MO R ENDIXIIND D%
BRAIIBRAN ST D

BOAL ISR D & KDL ERS TUEVWT ARV I EBRRAZX TS HDT, ZTNE TITHAATHE
BROBEIIDRL 25, ARICESKEIZEIE, TZOBETEREZTHZILEHLTEDLN, b L
BNFRTIUEZAUT 15 0 T D, HARDBRIUE LIPS 1259, DL HITHR¥E
ZHEDIIZ, 3 HICIEETONFEEZKRDDLZENTEDLD, B0 1 » AITRBRO WM 2
L, ERTHOEELONRRNNR, ] ZOXIICHL & 1FIF 9 HOES TREOTZHD
HlFZTHIEIDERNENIBEINESTL B, IO T N—T TCIEEREGFLZERHDHOD
T, 909 LXITTEREZTHZLITL TS, H 53 —Mric, RBRMBEICES L THRY
AHTe Z & DEEL VY,

FERREBRA T TOWRH SR - TV D, RIUTRDITE . WRb R D, RO X572
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HDEATHTZD T 5, 1FLAERTOAEMLEL, BBROFREELREKTIZLTWD, BEOHBEE
F—N—~y R TR L, AT TAHAT, BHFfE L RT ) L) »iR¥EsT 5,
ETONRIZONWTHEHT L Z LT TE RN, EOXHITENZL I WhE NS Z L a#Hz
TELDIFETHLHEDRILTH D, RBRPER L TV D HEE L AEDRE 5 HFEITRE 2 £V &
STNDEMNHTE, BHEERDD > TRV TIER L THRIEOBRPR b LRNE NS Z b dh
Do

1 %% 10 DT NV—F255F T d, ZHHITERICERERNRR T, F 1, H2 7 v—71%
3 OO HMEEE - TVWT, Keystage 3 IZBWTL-UL 7 D 8IZHEEL TV AR, # 3
MHEH 9 F T J/L—71X Double award science 0> TWA23, 366 FTOIL—
7%, Key stage 3 IZBWNTL~L 6 DARE, BHT700H 8 VL —7 I~ L5 9 7 L—
IELL 4, 10 Z v —7 I3 E T — R (V-GCSE) 205 TWT, L4 OEENRITEA
ET, LUV 3OAEENTL VNS, H1, 27 v—7OMICbERH-T, BLIA—T
DAERET AY DEIILA OBENHIE SN TS, H2 70— IEZB 1 C ThAHH, 44,
% 3 7 /L—=" (Double award science) D4EFET A*A*Z & ST b OBNTZR, AXITEI L T
ZATHIB 2D A*E B E D 2T THA 9, LHL Double award science @ B [ HAlF}
DB £V BSMNTEY,

49



76 / 240

Key stage 3

Key stage 4
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Webb
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D AHroic TRIEEROEZERE ) MBS D & ) ICEHIRIE TR LT 5,

TCCHELEE 2 TR SN L D10, Fratr - B UxaT BT B2
X TR PR ) 2580 4 DOFENEEEZFF > T\WD, TROLIIZ, BEHEOD 11
M 4 DDOFKEFED T X TIZIBW T, [BHFAERTE] ERE S4L, FREREE & b
FONBENEERBD RSB L) ICHIFSA TS (15K 9, K10 20 TSR,

1 QCA (1999) “The national curriculum for
England- Science”
1-2 3-6 7-9 10-11
KS4
KS1 KS2 KS3 Single | Double
[ J [J [J [ J [ J
[ J [ J [J [ J [ J
[ J [J
[ J
[ J [J
[ J [ J
[ [ J [ J
2 ° °
L [ J
[ [
[
[ o
[ J [J [ [ J [J
o [ [J [ o
3 [ J [J [ [ J [J
[
[ [ J [ J
[ [ [ o
[
[ [ [J o
4 [ J [ J [ J
[ o
[ J o [ J [ J
[J [
I [ [

( “KS"13 Key Stage DIE T, B2 L FREEZEW® S 2, @, T adn - FaT LIEEON
ROELEVORDENAONDZ L EZEWRT M, TONKITR/ZRHFAKERE TR D | Key Stage & &
bIZEEILT %, “Single”i¥ 1 50 GCSE &#%, "Double”i% 2 0 GCSE MG A4 Lz (B
DAV F2T7LTHD,)

OREOFEEFEEE B 0L 518, FENAOHAN TN TN L 7o 54 oo
LD LOICIEERFF SN TR S, Sl 1 TRERIERSE) X, Th SO 32DV b5
FHEEORNEICET 2 FEEIRZ ST 21T, TOESZE L TEESNDIREI L R-T
W5, BEET. BHFEONE LB FRIIERIEDONE & UG A o TR E & 1ERK
THILBLMETHD, £io, FREE] 13TEROFFRE o720, Fa T
YV F 2T LDOFERNEZ EOFEIZ, ED XD RIARFTEDRE E THRET 202>
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THFHEED IR G TRVWEB 2 b5,

% Z T, QCA MW ERMOFFEFE-SL< W OBF LD X 9 ITHERK L 7=“schemes of
work”,3, ZE4 DIES @7k — A ~X— U (http://www.standards.dfes.gov.uk/schemes3/) 7>
bifgftEnTns

& LT, Key Stage 3 @ schemes of work(f&3 &5 HE) Z Y RiF %, 3 WHFED THF)
OFEFEIL, AFF37 ot (FHET - 81X 12 Hor, F4EQIX I3 Ho) THER S, Th
ZH 7T~10 $ZZEREH) (60 73 AL R O HHFLE  E & 72 > T % (QCA (2000) “Science: a
scheme of work for key stage 3 — Teacher’s guide”, K OB THI DI EEHEZ B L
oo EBITER, A==V Xy m— RA[ETH D),

FRERHI O 1 FH ORI [7TACells) (i) X, fE2 O [Emo7mt 2 &AW
DONZE THllfa & M OEE] ICBET 2 b DT, THIRITAEMOEARBAMA TH Y | MHikE 1
L. ZZMbEBENBRIND Z & T & B TOMIBORKEE L Z o] Tnd o

MOFRLORERE] 12OV THEE T 5K 8 BifH)(60 73 L) TR S LT\ D, ZOHILIZE
J 5 TREFERITRE) ICBET AT ENA L HENFIL, RO L9 ICERIhTnd

WA TRECB T 27 A7 7 &AL

WDNCBEMEEE W T BIE RN ED ORBIEZ SN TOT AT T R RRSE L 2 Lok
SNDHEDTH DD,
WNE [FHARET) )
[GHE42% 2 &)
AEWTHE TOEABDRE SITHOWTHET 5 2 &,
[GEMLE 1G5 2 & LR T 5 2 &
SRR 2 Z R D RENC WS Z &
BATERIC K DB A TVVReE T 5 2 &
REHLAZELT 5 2 L
BEMEBIB A TR DN IE A i LRI+ 5 2 &
fima HEHHT L L
FHd 2 2 &
(1)
AN
WY RIEAL T, o, BETLERNE 2 hr— L LR LIEREOREEZRD
ek

Fo. BHICOFE O D VITAFEIZHIFRF SN DL, AEOTFE~DOENE % 3 B

T T REN TV D, ZOHIED TBZFRERTE] (ZET 28I To®mY Th 5,
MR AEFE DY)
BAMERBLEE D B BRI BE S I TAEMOMIE I L TR> TW e T A 77
Rl 5, BMEE AW TEIZ L L, B Teh it d 5, EhEICONT
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SMZ b - T, AL ZENTE, WMUREARE WD, @Y7 s 7 7 TR &2 R
L. N2 R L TWD 0 EiHT 5,
(£ 0 FEBEE R o To—EOEFEDE)
PEEE AW CTBIRE L2 e 2 NICHiE, AT o MBbhroslonaitilhd 5,
[HE A A 72— TR D ERE DL
PEMBIBLEE ) 5 D VGRS WA OREEICHOWTOT A T 7 22 b S8 7
NEDHT 2, BEME TOEAORE I ZHET L L L b, EHEORHEICRERALR
FEARDOZBHEIZON TR D,
schemes of work(FE3 3N IZ 1%, T DIENNT, ZOHTOIERME L 72 2B N, (kL
HRE~ORRE, ELWSEOMH~OBRE, 2BEEY X b, FRIVEE O RN, 72
WA T, RENREREOFEGIE (FH B, BURIES), FEER. BER) Ml
EhTnW5,
2O LIRS EHEE CORMIZ L > T, BFEONEOFHICHDIAEN DT, TRF
HIERIERE 1) MARBBICER S LD &5 TRINTVD,
FREGHEE & & BT, FAOmEICE N TS, [FRiHEo TRAZR SN TVDS, QCA O
PAEZNIA B a— DR TRDO LS IZHE~TV D,

[FEE L~ DRER] o3 T« B Y F =2 FADEERFE (Attainment target) D+ L
NIALDFIMHTED, — MR Tl i TS DT, EHfi 65 L~/ DFFl 735
HETE R I I B, BEBIT, €95 LEEMIZH LT, Web [ THEEIE 6035 L~/ DfF
WICERZIZ 2 S IFHRENL T, AP TE BB TE S L 5550 T3,

QCA Di#EE 4% Web 1 k®—-> “National Curriculum in Action” Ci. ZhliA 4
TEDFEFERITEDSWTAERDORIFE L~V Z R TE D L DI D701, E/fED R
IR ENRZ R LN SRS A21T > T\ 5 (http://www.ncaction.org.uk/), Key stage 2
DDV (G 9 FF) © TRF) OFEFFEN TIX, 5 DOHIL TOAFE Roxanne @/ —
L AR— FORNEDREIN, TNZENN EOREORIEBIEZ KB L T D05
Niztt, £LHELT, ROEHIZREE LTOREL~LEZHEL TV D,

Roxanne O FAEZRET HIZ Y725 T, LoUL 3, 4, 5 RREAGERD03, LoUL 43
HLolbE LTS EHETESND, LaL, Roxanne X, W< BNl 3 L L1550
bR LT D,

Roxanne |%, &5V EBRBAIETHL00N 0> TEY, RN ES THAIERSE
B L CnDdZ e, L 4 0—oDRTH S (Mopping-up & Dissolving salt
D2 ODHETOFEFNG), i, Bt T XEERLFEL, —DODOEREZ I EL—
i, FOMOERZF CIR>TWDHZ Lid, LL 4 L5 DR TH D,

Roxanne (%, #EIRSGHEH T, L~V 4 OB THD THIZ L TW5 (Mopping-up &
Dissolving salt), 1%Zci3 ik Zc Dk & #i# (Mopping-up) ([ZEESWTEH L FlllZ L
THEY, L5 EOR#MEZRL TN D,
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Roxanne [, U788 28 A THWTEY (Mopping-up & Dissolving salt), L/ 3

PLEDOFRHE AR L, £70, RIS+ 7eBlg2 L HE A 1T > T\ 5 (Green plants, Different

surfaces & Dissolving salt), ZHUZL UL 4 DB TH D, WL ONDOBE T, Hied

BIE L B TERE IO LGyl 2 ERePE AR LT D (Lichens & Mopping-up) 78, i

I DOFET—H LR L 372> Tniany,

Roxanne |3, S ESERFETHRLOBRZELLIHL TVD I LT, LIV 3 DRETHS

(TRTOFEH), Hid, B 7 72 WOEMR 7T 72 Lisw Tk (Different

surfaces & Dissolving salt), L~V 4 DFRETH D, LarL, EEZNED 7T 7 3ihA

SRR & 72> Ty (Dissolving salt) ,

Roxanne 34z 3 Ml % FLH U 72 24 e D 928k & A RE R H ik~ Ty 2% (Mopping-up

& Dissolving salt) Z &%, L~V 3 DR ToH D, Al T Va4 2ok & BRI B

HST MO TS (Mopping-up) Z &1, UL 41285 Tn 5,

ZDE DT, EFEDBIE L~V HET HERIC, DR Y IRFL R BT OFE RIS
ﬁ%wvf-%@Eﬁwﬂ%%@ﬁ@NﬂpﬁﬁﬁﬁmWﬁﬁﬁ%%ﬁ AN THIT 2L 5, %

AR L TEDORERA R T Z L DT E LS E I EE | %Dﬂ@i?
%Lflﬂéo Fo. EEOFEBRRE E O XD IZFERT 20T 00T, FROFEHT
STHHBENINLRT H L IKDTND

EDXZ, QCA 1, F¥at v B F¥aT7AlBNT TREERIEN ) OF
HAAE L BERFELZR AR TIZT Tl TREFRICRIT HHEFH L LT
JBEHT 570, KON FEOBEEZ VNI T 2022 & oo Fldgitz TRL T

@ HFEICBOT TRENETEES ) OREMIRAER TN,
A A E2—Th QCA IFHFEICHE L TV AN ER_RER TS L DI, EETIE
BREOERIZEHBTHY . BN T a - B U ¥ T L0 LM L 7= 208
FEBRIRTELDER->TND, Tratih- ) xaT AONEOREITIERTEES

FTHNTNDOT, ZRZ2MMELRWEREFEITRIRS 2w L&D,
[BIFERIERITRE ) ) OFEDN, WINIHEREN TR SN TV 2M0NICON T, IE LT
BOR OB FHRE OZM RS E AT~ T,

Ff & LT, Key stage 2 BtfE® Nelson Thornes 0> TRl OZEIMFEEET, &£
DX TRHARIERRRET) ] OIRENHAAZNTND NER 2 17T,

F21ZBWT, by ZiE, Key stage 2 ® 4 4[] (5 3~6 F4F) HICERE S 7= 39
DHITOBLESTHY, Ry 27 10 B LHOIL] 726 Yy 27 14 [HU4EY)
TN, BHFEONFEIR 2 EMo 7oA AW 12, Ny 7 15 TR & EE, I
11 b FE > 7 24 HEEW ] £ TH, BHEOWNERER 3 TWHE &£ 08t 12, £ LT,
M w7 25 TBHHEEOMER ) 205 by 7 39 TRE, #ER, H L EE £, B

WNEASHEIR 4 TER 7 ot 2] (25 LT b,
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2 Key Stage 2
Clemson, W. (2001) “Key Stage 2: Science”, Nelson Thornes, pp.8-9.

L R [=d [N
o
®
o
®
o

o|o|e|e |

Hlw|N |-

K2IRENTND LI, My 7 Tz, RERONEER 1 TRHAIEIE] ~D%f
ISR ENTE Y, MERICEH SN TV D2 EH 28 U CEK SRR RSEHE
NOERERE S TN D,

Key stage 3 B¢ (55 7~9 “#4E) 12OV TCIL, Collins #EO R0 HEE “Absolute
Science” DT HfFEEL T2 L 2 A, Aikd QCA OFFEFHHE “schemes of work” |2
ol L 7> TRV | BERIIRINEFEEHICL-TFHraF L - FaT A
TRD BTN D B AR ) OFFE N BRI R STV 5,

Key stage 4 B (55 10~11 24F) (22 Cid, Edexcel &% 5-##4#% > GCSE Science
DT N A ZHERL L 7= Nelson Thornes fEO R 28R #E “Nelson Modular Science” % 7
N, ZOHEBFILI oM TR S, 1EH OARFERM T, B—EKH DR Science
Single Award HiZ, 1 %&H & 2 ZH O#HRELMAGOE T, ZEHEKHOF T Science
Double Award HiZ, &5, 3T XTEMAEDLE T, 3 DOEKNGHILD HIMF
FOA—AMIMHTELLICR>TWVD, TNENOHEFREN 6 SEREDOELRD,
ZOHRPREL L O/NEITITT BN TWD, £ LT, FHEIEIZBWNT TRFPRIERTERET] )
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YE T OHLE WD &L BT WA SO E G L C, HDHEHICHR D fmeEx, (R
Do TeMEFBH LTS,

iERRO T, FELE VT, BHERIARBIAETT o T D,
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YRR E VT, H AR F TR L HH L T B,

vLL, BHOBNRBZ LA LEZ-THEZ L TN L, BOORBRNIIFE LX) BRIz -
72 E I MITHONTIRR TN S,

vH U, GEAHIFRE L= K O R ThH o b, TOHLABE SO THNIZEDLS B NE < B TIEE
BT HOWTEB LTV 5,

vih L, GFHLAHIR L2 X 9 R TR o2 b, REZ OIS B O T2 X Lo =0
T OWTHBAL TV 5,
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2%
YE DMl % LIz E ARG A 3720 SN T (BN R TE2HA b E)), BONZ O
BN ETABRCTEX LI D E I DEBRRTND,
4 5
YEDO T T 7ICE R LT, GHLAZEOMBEICH L TCHPICEMTHD EBIMNE I DERITND,
YAIDERI R FERBEN ST THAI M2 b LD o1 D, 7708 IZENARHDLNERLT
W5, bLESTH, BS 0)7770)ﬁ/4j< IZDWT 22 iR~ TV 5D,

VIV ERERFEZE L D LT 27DICAHEEDOH 2 HFEDUGEIZ OV TR EL—2EL T
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6 5

YE S DOFEN, BETELINEE L, WOBLTELWEHIHTEXE0E I NI oONTHERR, BN

WA 2 LI R A 5 2T D

CEIp R = NCETUEESL RN I D ﬁztﬁ%b:@ﬁ%%?ﬂﬁﬁbf BREZO LIEEWRRZ -

TONEFRH LTS,

v DiER A G L DI R E ST D EE I D E I DoV TIRR, BN~ 72 2 L IZFEH
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vE @ﬁﬁaﬁm_owfﬁﬁbfwécﬁ YOREE T D L0 L OFEER D=L, »
CHWDHEERETEDEAIN?

]

\

5 (Edexcel (2001) “Coursework guide -
Edexcel GCSE in Science”, UG009871, p.10 )
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HEIFIE 6 7000758, AE 1200 TIZAERED HEIZIF 67> TIFET 32 & bbb 3,
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TIZEEE DM EFET S 8 FIFSEDIFIE PN S o 712705 = EBHFS A T35,

A L~ Da— X T —2 2 (TR Y, GCSE D2 —X T —2 Tldz=—2 XKD LM
R0y AEREPIRLRSEF T LR TIR 6202 —X T —2 DFITHFEIZZ S FFH]
HIFIFI B BEL V), EEEHIICE > T 2=—2 03— X T — 2 DEEITINHE TS 5, G5
HIZ, Z< DAEFED GCSE 27— X T —2 1%, BREVDT—vEo T3,

A=AV =7 DT —PBEBREDDOLDIZ/R> TETHDHIRIZONT, QCA TDA
VB 2 —TENR ) HERIZEHE S T,

QCA 1% Bz —gifit : [2—R T — 2 |ZT BLUENDYN] B FEFET BN Tl F
FD GCSE A L~NWDEFED 2 —X T —2 |F, BIFFS T FSEIZ IR ARG 1T E
EZ TS, E0IDIE, B BIFER UERZ 2 — R T — 2 (2D _FIFS 50 F D
80%IZb0EEEPNTEY, ZHIBEESATERLEITE S ZLR> TS, « - - B
(1, T Z2 T g ONBRFEEPFE O E DMK THEXETRNELTH, 2—RXT—2T
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EFERT D LV GEEFRS DD Y 20— 5 2 HAED 5 BIZHOI), Fhzi) KT L 512
RS, MIAHIIE, 22— D —2 F7 DB ST L THLINEH S, - - -

QCA MV X E2—IZBWVWT Lo 2 507 v Y hTTRTOHEMEELHL DT
S, KVENTCAF VO 2D TIXEWIFEmNH L) LEEINTNDZ &)
5. GCSE 22— AT — 7 OFESEMIVREIZ OV TIE, 4% I L5 ENMTbND b
DEZEZBLND,

D= AT —7ZB D TRHERRIERES | ORI, AN LN THRHEHRRIZ X
STTbNT %, NI E AT —ERICOWNWTOF = v 7 2470, BIER 22 1UEZ O R
FERBBEHEND, LR T, TNENORZEEAR, £EOa—2A Y —7 ZlUIIET
MCTEDZENMELR>TND,

X 6 1%, 2—RAT—7 ZF T DAV IFHMEEETH Y, ZORFTICHAE LoD,
FA—ATV = ZRETHHDER->TND, K6I2IE, 2, 4, 6, 85 (E [l 2
TR K 6 HET) IZOVWTORELEINTWVDER, ZNHDOEILZFENNYIC, THICH
SHNZEL TV | L TWRN-7ED 32528 T, ER60FMOREEMITS, £
ST EOEIBOREN ZRETERWEEITIE 0 b5V ED, wiROZEE E“Nelson
Modular Science” TiZ. AEHEICx LT, 2 f72Y GCSE B DMk G 12, 4 SR E 12,
6 MR C 1T, Z LT 8 MASHEk A DKMEICE L ZMYT 5 L STV 5,

AREDOREIZ, £EED GCSE a—AT—7 OFfHl, KOS ELLTALYLDIa—2A
U — 27 DEFEZBE LTS, BTN > Tid, CERBICHENH L H b HH T, T
LR TAEDOFER LI EEORBRZHHRT L2 L HIFTD LD THS, GCSE a— AT —
ZIZHOWTIE, 30 7AT 30 A, A L~ULD I — R T — 7 [TOWTIE 45 A 44 80
. mWVRHl 22 T2 H I TH D, F oM, BRI, FHiORWa— 2T — 7 FEH
ZLRDIENTERLIEDND, ZRLOHEFN, FER & RFEAEEE P (Sixth
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GCSE =2 — AU —7 OFEHFL, [FH—LOIERIORGEE] &\ 9 BRI NEIZ OV T,
PR B EE, TR FZBRICE S S M ORIR FZBR DG FHTE 57 — % OIE & 73HT.
FEROBL fbEm L AR REROFM, &V —EmO TREZESE ) 2R L TE Y, POAE
DOFHIFEIEIZR > T, ZRENICHAZ B X DD R HFHEHZ LTND Z & A, #ifo
BRAEDPDMRTE D, HHIOB R A TIL, ORI E (£7 L—&—) B
BADOHWEEL T = v 7 T HBRICEBERFHLE 25 D Th D,
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Cﬁ%ﬁﬁﬁfﬂﬁ P 4% Z & (Planning) R
2/ P2a HliZeFIEZHHALTWS,
45 Pda BIWEMEIICT D L9 RFHLEZIET 2 X O ICHBEIL TV 5,

P.4b  FEHLIZBI L CHIIS LW IR -CE IR ORI A 2 3B L T\ 2,

64  P6a HDTFHEEFHE LIEZDIZDICREN R &R Z AV, EEAEENEZRELZY .,
A=, MLz, BEICANTZY ., £, @URGEEICTFHIEZIT> TV 5,

P.6b FEILZINET A2, HHMEYRHEIAE KEIZREL TN D,

8.5 P8a ®HAHMWYIRTIEEFHE LinZ 572 DICEEMARRNRA M L B A2 HVWTR Y, 2T,
EECHEE X ARHLE AR T2 468 PHlZ LAEGAICTHIZ E4S (LT 2 LEEEZZE
LT3,

P8b FlEiZiR~5 =i, JEY ARSI EATHIGE D b BE T A IEHR A AT 5,

KE/IfENL O ZEMLE 155 Z & | (Obtaining Evidence)

28 0O2a »2HHMTLZERFIEZHNTH BFELZIRE L T D,

4,8  O.da 1B+ ClEb i iz NE L T\ 5,
O.4b FELZFEEEL TV 5,

6/ 0O.6a THICEROTEMATILAED, o, @MY eSm TV ik LOHREZ LT D,
0.6b I[N L7-AEHL % FAREIC D IEREICRESR L T D,

84 0.8a »HIEHURHATEETE 2IHMAEE/- VLY 7572 DO EMFIE & Haex H
WTWn 5,

REfEIR A TREILZ 54T LBE9 5 Z &) (Analysing and considering evidence)

25 A2a G Ko TR R EN D D EERIZIR TV 5,

45 Ada FAHLESTLA-O0RELE LT, BMANMAORERCS T 7 EHNT NS,
Adb  FEILFR O &N Z — U B REE LT D,

64 Aba HDHEEICHANT CHHLALET 572012, MG LWRBEReRE, 7T 7 (BEEREAIC
BEICYS T E DN N TND), HEVIEETTET HEEE-7ZAVZY LTn5,
A6b FHMCEET 2H DiEmEEE . TN AR & BMEE AV CHA LTV 5,

8 ABa FEMIZRBIFRVERK & EAEE H T, FEILA ALER U CEDIVTARML O M e i A BT L
Wb,
A8b THINAREINTWEEEIL, EOBREE THEBLZTO T E XFTI20EHHAL TN D,

HE DRI E T3l 5 Z & (Evaluating)
25 E2a HWEFIERH DAV BIE U - MEFE21T > T\ 5,
45  Eda [Mo2OZERELRND DL, fHLOEIZOWTHEEL T 5,
E4b  FIHOBEIEIZOWTHEE L, FREORGEIC. TnEWET 2720 DEE S 2R
LTW5,
6 s E.6a FHLOEHEMELE | ZNDFERAE R T DIC 008 9 IO T EBRIZFHA L2223 6
PEENICEZRZ L TV D,
E.6b {HMANZEET 55l A 52 5 S b7 HHF5EIC DV T FEICRIBR LT b,
& J
6 (Edexcel (2000) “Specification - Edexcel GCSE in Science: Single
& Double Award A -, UG008983, pp.66-69
OCR(Oxford Cambridge and RSA Examinations) (2001) “COURSEWORK GUIDANCE BOOKLET - GCSE
Science” Assessment and Qualifications Alliance (AQA) (2003) “AQA GCSE 3462)
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® Ta—x20—7 | OFEFEEOEEELZED S T RE L T2,

a— AT — 7%, AR FR ORI FHE AR T D72, Hl OFHMEE A ST A
L7=& LThH, HEE T, FHIZEEDIIRICKZ D /N2 OFTNNRAEL D, ZOTIAK
WA, BEBKOGBEMEMET LTCLE Y2, WIS Z ORI OF MM 2 5
HONFIEERRELE 0D,

—OL, FRNTOFMIOThEZH#HE (ET1L—ray) 528, 2L TH Y DI,
B GHEEN TODWD D ET L —F —IC L DARFEEIC L - RO Th 2594 5
ZED2OOEY AN ITOILTVN D,

HERTOA U Z B2 —IZBWWT, £ 9 LIEXHLOFEMREL LTV,

PR 5 Bz —Flff s [ ET L—5—E DFF DT ] [F7 L—5—(F B DR E H
D HE DR E L T, (60 s3iiti i 1) 77 2~ 7R 4 s DI E > T B02%
XD, THPTDFHEE 2 TOEBEICIT, BATDOIRE ZEE XI5, BEXT =T

S TICHETDEIL, SDL I REERITTPAES EITR, o FER T — TR
o T, EHIFTIZE DA > M F 52 B8 00 9 L 9 RIS IO TOBHEF 2378
DiT->7, ]

[BEREF L —2 5 377 5 BEDFHG] [2—R T — 2 DIREIFAR G (KT T, HEEED
11 FEDEFED a7 < & b 750 1ZHRA L 72 < TEVIT R 20 7205, — A —ADIEd
EETEADPIREL TS E I DI TIIR, TT L= —P05L JICEFLR 6D, L
DY D, HAHFD G DEFHENLDODT L TINERDI L, FhPEBAE TE T,
MDERITIZ DN T ALK TH S 521009 2T, TOEATDIRIRE 7805, b L 6T
SES Vo TWRNL 5 Thivd, £ TOMFERDEREIZET, )

[ETL—8—(2LEF x> 2] [EFTL—5—DW 2 TIDENGIL, JErE D L7005,
F1EFE TORUD S, HODENIN T Tt e < S, Bl E DOFEEDEY & L T s
PEVY D T EITFRICL D ERD B, H)D TERIEHIZITE) 27l L L 5 & LEFEIZIT, FFICE
HIIBEIZ 22 72, BeHPE R TECTLFSEDE, T L—5—3A > TTXCDELET
T I L, BT L= —TERDFBRFTT O L IIZ0> Trb T oL rEL T& /e, EHD
FBRPEA ST T oL bo7/TT 7506, 20 FLLLEDAING S0 5 Z EICREES 95
By B TIFET =5 —PAS 2 EIHEEAERODDIED, o > —F > 6 DERE
DEFEEXGL T, HoDMEdRE L TIEHEIATEE EIZH o7, BIEAEE S SADEHRIF
v NEICTFTEL TS, EDLE IRPIEETIL T S/0121T, Z b6 ¢ h—Fxr>2>n0Es
1> TH SIFEDHKICL 7 7 55| EHI L, LHEDIEM ST SE0 5L 502 E 6> T
SRS TR0, FEZAE TOIERIZHE T, XEICHIEZ PR -o7E0, D00 553
FEoTRP2LENEN I ETREONSEE DS, )

ZD XD, BTN L K2 N> Ta—AT— 7 Ol OFHEMEE & T
BO, £, iHMEERERE T2 ET L—F— L0 ) EMR L MBEAR R R RFE L LCHE
MEINTWDZ ERbnD,
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F 7o, BIREREHERERIOER Y LIRSV T, Edexcel TOA VX E2—TKRD L I
REOLNLTND,

Edexcel 1> 5 E'= —jGifR : [ 2 — R U —2 DFFlOFEBINEZF OS] [FELEDERNIL, 2L
— FHNICERIE G5 E N L b DB D, T _XTDEAITE N EME L TR L2 < T2
Uy o o o TDLEFEDIFE TH S E DL TH S EDDEBIIL G SR T, FBIIIZ 2%
BT EEROLNS, ZHE LD EFA TS, ZHICHE > THEANIM L2 <
TIZNT R0, FEGHERRIT D 3 FESEDFF BRI & FF > TH PR DM 5 ZI1F AN TSP, &
DFF RGP &G 2 72 i1 S EIZ 1, TR bR #RE L T, 2 —X 7 —
B IEIZFF S TRV E# 52 5, GCSE 2 GCE TI47 XT D2 —X U —2 242/ L
T T2 F8R08Z 1038, V< BFAFMLIEIZONTDLT L FEHHLEE L Th, 7F
M2 ZBHTT 5 E 05 2 EITHEL L, 727026 175580 Tld 2 — X U — 2 |20 8 ELEDH %
L. TG EIE DD TOGHREIMHET S, Flo. FROFM> R 7L T = >293, =
b3 GCSE 5+ 7 DIz D0 TEBIR G TS Z & Th S, BIIDFMEEHEZ 15
BEODEI T —bHH L TS, €2 TIE, EEIZNH S DD 72— T —2 7l L TA T,
AR DTT 2 727l & H 2 DFFMl & D& H1D , FFRFHN TRl 772 5 & 512
Do/

[Z—R T — 2 DIFEGFEIZ I 1T S BRI DL Z DA ZH#PHIZ o0 T [ -« - BRGHEHIT5
BB STEFFIE D0 THEE L, EO R E52 TE T35 &AW L7535 <Dl
FI38E N2, b5B, 2EZITIBHINE 2 ONDEFHED T —X T —2 59 XT A DHE
THEETESE, [ZHITEDP L, ) E 02 EIERE, —HRENCHERFIZIE, EH P EB D
ICRH6RNELTH, IXEDEPFET BITT T, T XTDEREDHEN AIZR> TOIIED
S (ZL DERFD s T S T) FE L S BRITFUT TR S 72 B0 JEFED L FHEE
F O TRWFEETITZDILE D& RAELENEL > THSES I8, TFL—5—(%, Kb LIFF
Mo & 52tk < s L Ti S, /
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(D % 5MH 2 500 EER TREIIBESE] ORI S 2B L TV 5,

A Z 2 — AT, KEICBT DAEEDORF~D BRI RERDOE ma kD20, £
ORI FEA~OFEERIZE D D EM Z BT THIER, T+ 28 & omRZ L, %
SN HH A DM b FEEA 2 TR FRERIE] ORI S REE SN TND &V ) IR 25
KFTD2HDThole, DV, KEICEIT HRFARLB AR ~DOFEHERIL, T4t
EDRNNE VS TFENRERL D b, ZNDB0DIIREIDN &9 K0 AR 22 EH
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Edexcel -1’ > % E"= —7l#r : [FEBEHI0TEB) P EE T BIE17 5] [ -« FIEFLFE IS 6
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(ZOVODPRINZL TS, LVEZES DELFZIRIANES Z & PEEZEE 1T S Z EIZDORD35 T
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FNNZAL 2 T, FiZ 5SS D TR LS DRV DP9 6 FREEFH#ED TS Z &P
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— 2 DPUETH S, RULE T T =2 P EREVHHLRE DTS00 TS5
oo v s HITA—R T =2 DA XEFHEL TS L, 50 THIREZRNEH S TE
Bo THICFFHETLS E 0> 5 = EICIHHGIZH 5 505, 2—X T —2 DFITHE TIZR,
=R T — 2 N[ 5 DRES ERASRIZTHIE TS 52 & b FHEL TS, DLV IZiEDLIS D
BNRCLREVIE, < TEBSLEREIZ OV TIIMDRIE S 200, FEHITZ—XT—2 LA T
2o T B, HEEZRDIL, B SFEEDFEN P S DIZ, HRE Fo TEE LD HIL0 O AERE
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DIFEFEak L TIID /= DIZ00 TOBDEEM L TR EPLS BB, M LR E 0
IIFBNFHE LA TOBENRDIE, JE036 EBRD AR EE#EES & FId4FE TR0, oL
TIDEGZT S EPRBELRDD, E0 oL 2RI EIZDN TR DIFHZE ) THZ S
Lol ok, )

74



101 / 240

F2ETIE, £9, #EED QCA, Edexcel, /N, KO TORGRMFHAEIZ SN T
A EE2a—DFEREFIR LT, Z LT A V¥ Ea—DftEk L | IUE LTZE RS %2 T,
[BIRRERIERE S ) OFFE L FHIIC OV TELR L, ROFEEH ST LT,
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HEREICBWT TRRNERIEEE )] ORERMEAIAEN TV D,

HEHIR B FORELE LT TRPRRITRE ) OfFFE LFHEEZ TR L T\ D,
2ET A N TELRRICE D TR OFHiZ TR L T 5D,
ERABRD [a—20—27 1 1220 BFRRERD] 28 L L T\ D,
[a—2T—7 ] OFHMEFREROEEMEZ SD L TRELTND,
FSMGHZDME FEEA 7R TRSFEAIEEIE] ORUIS 2L T\ 5,

SECEORCHNERCONG

EC, HEOBFEDY X2 T ML TRARHINTE NG O, DBREOFRE
Y XaT AERYIRY ZLEEIT,

FP. DAEICBW L, FEEEEEICB T [RRARIEEE ) 2RI iEE4
D EIDRREE RO TR, ED XD BRBIRIIERITRE ) & WO DB T E DR E
THERT 20051 TRY, fRE LT, BEIY) X277 20T, BERMFHEITIIZE
KIS LY BERBFHRERIVELINTND LITFEARNTHA I,

L=l -> T, HREL, RO NRR COMBIEMP DO E 720 . BRRIERED
DIRAZIZEO ONFE L TV KO R E > TWD EIEERRNTH A I,

Fio, OBRETH BHERERHZEIZR VT, BIEFERZ W U AR 3 S C
WHEZATIEHLN, ThalB U THERTNE [RERRER ) PR T, 20T
HE . BHEMICRAET H 2 L, FIEICHE - TBIEER LW HIITAEZRER LIZ IR X 72
WH D E TR dadevy, Eiz, FETHEM STV D L5 72 TEEBRG | & TRELOELRS ) |
[GEHLOS3HT LB 5%, KO [3Hl) £ TEOZ—HEO TRSESHRE) BRI, HISO
R METH Y | BERDO DI WOREOHBHRZEIZIBWT, 20 X 5 7% TR7IIHE
7¢) U7z (R TERE) ) OfREEIMEN—RNICR#ETH L EEX DD, Lz
MoT, TOXH72—ED [REWEESR] (LIS E TRLUTRETHZ LR, TH
FHIRIERES ) 2 BAFEIICE R T 21O OEEREHRTH L LB DN D,

WEEORZED Y F 2T L TIE, ¥ a T2 MREKRBROa—2 U —27 2L T,
[(BHFRIERIERE ) | OFRE L ISR 2297 ) LR, BN, FENEZTIAEN TV,
X, PDREOBRFEAY X2 T A RESERLIFTHD, DHAEICBWTH B FE
FREN O BRUTRMNCITEER AT HIECTH LD, TN RN RHENR L L TR
FIZHUE SN TV R WBLRIZEB W T, IR EHHFE LFMOX G L iX72 iz v, —
F. mEZBWTIE, BEU ) ¥ 27 A0, BroRriER & BHEERIERIERE 1 0% E
HIER D 2 DOERRBEDO RO L 5 ITHHAA EN TR STV D720, FHERERITHE
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NDOBENZO X ICHEBEEISNTWD B HND, 222, METORESY 27 A
DOFFAFERIC R & 2RE R H D,

PelE TIIREEESMU S EZ A FEEA e [RERE) ORYS 2+l L7125
BoOTT, [BERMEERES ] OBFRBK LA TWE, bRET, HZ2FET 220
RS ZFH#H L TODLEERD 2 (31 %K 2) RaddET 57010k, Bl U ¥
2 7 HIZBNWTZ O LIAIEEROBEAICIR Y flERITRHRNWEEZ D,

ST, SHOBREOEEFKLTIE, SSH (RA—/"—Y AU ANA R7—)V) P
B BIcBWT, AEORZORBEN R ZER LR ZED Y 2 7 AR INIAE D S
DD, Lo, 20X D e FEA 2B EHIERIE ORRER & 58 A IR O R & Tl U
S D FIERCFHMI OISOV TR, REBEER SN TV D LIS W EVIRITH D, 2
[ED GCSE X° A L)V OBEKRAERICK T 52— AT —7 OFHIFIEIL, @04 EE
FEMEE b ORERTIE L AR — N OREfiE E LT, DAETHIFHFRERO TIIR N TH A 9
D EOBRIZIE, HH U, ED LK) il E CRRENTE L AR — 235l S5 D7)
AGEICHME S BT, BENI A FIT S, BINE N LR — N2 RBICEEN L,
RS R AAREICAENT LS, IRETEIRR AR PE AR ERDLI L LD,
Ltk BN 2T > CHOMBENRD L EEZ D,

Flo, DREICBWTIE, £ < O/NEER EIRGIIICHRITH R BIER EBR 2 1 O Bl
W2 BARBIZATV, BHERCEERT 5 LW TIEL LOWSUERFEEL T D, D%
IX, BOFEREARE L, BESOEREZHE L, GHLAZ £, ST LEET D L0 9,
—HOA =Y T 4 I BRI RIS E Db D Lo TS, L,
L AL RS L 2D LIcSUUITRREE D . KEDAEIZE - TH ERNRBIEIFRT
HERIRRFIEL 2o T LE S, TNEAMIEH LRI EL1-DO—2>DEEM I, /)
LA E DRVEED, B L & BICREICEE BRI~ RIBT D X O 2iEE
WREERZDY 2T MHPALZ ETHDH EBZDH, TOREEZBL T, TTOT
Ebebliz [RENRE) ORI S ZERIED L L b, B TRO LN L FEERN
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1 2 3 Av 1 2 3 Av Q)
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Do MERIZZDOZ L EZRLTND, ZHUL, BEEIN 2510702 PN 2512725 2 L 2R 1L
TWh, ZZTRIE. BRESMW2MF2725 L GROREICE T, \IN 2FICRD 2 &0
MND, —ARKOFEWERICIE, L0 REARERBSH D, ZE, BEFNERZE-S TP o &iEL
FTITORLSTERLRONGTE, 2L, BT EHEETIEICIVEZDAF L RNHD L
EEHRLTWS, BTOEBIEOYNEWVWE, 442 DT RTOERDZDIZET OEGH=
FNAX—=NE DR %, HOEETIE, BT L /SN, LoDl BEFIERVER
EEDDEIICELS EF TR THLNLE, b L, BWNEREE-> TEDLD R HIE, HEE)
T ARNX— LT LT F H LRV, FNT, BiRE L VERZDBEDOT, LD/hEWN
Adb BEhre s, RENET L EBICERITNDT 5, Zhid, SRO/EL 22 &, B3 @EaT
HDIZEV S DAXRY EFETDHNLE, TNTREINET LA A BT OT, Ef0HE
#HT 5, D S5

A8Db

B a7 90212
KGR B 5

B REB,

Ash 2%  EHE
St T

»H5

81



108 / 240

HiE | i [ ) ' I 5 Ll | 1 Ty 3
- | L ¥ i Uy ) {5 T I |
I I 1 Y ] T 1 1 H M T - T 1 1
o 1 1 1 e 1 t 1
1 HH : Emama ezl : = HH “
X “ 1 i 1 R '
T | - * “ | i | *
= T ! x 1 I ' ]
i | 4 ¥ L
= 1 - 3 it _. E -t H
’ } : i = H 1
i : : . : i H _ .
i v B i
. ' “ L t I I £l m i 1
LA ! . ¥ |5 H .m 1
=52 - B : . = umun . i
J._.t H 1 ] 1 ] I i T i :
I | i | 1 It | i
! T HHH HHH _ Aaaag 2 ] H H
1 L 1] 1 1] FREELE 1 N = 1 T
51 : mamE i | - } i
- | 1 v 1 1 T BE : 1t
[T H I B = a -
5 i |_ : TH I 1 1 1 _.."II_.I. ] ...”..._ __ “. “. 1 ._u _ e
" W i : 1 i 1 T f 1 L ] T T
T HH : AfiEEe u.__._ Bigasias ¢ i i midEads aanan e
e X EEEERN -+ B
- ! H 1 ._..lll H ! - “ I "I_ “ “ 1 1
11 | g Tk I | T .."m — | T
H f HHHHH - i { T f
' SEEEEREEEREE SeaE ERERRRE E TS b Fassiatl {IE) : siarels
“ S RSt IS : Saisssssssiissssizis FHH :
. 8 1 ..m - am e e g il F H
" T i1 1 I .": ' 1 : 1 “ I .
T " I [T T way i 1 1T | I el
“ § : : T
- L X | It | I 1 Ll
1 . i ] 1 1 1 It
- R I (1 1 ]
m a T | T T T I m
I | - T T 4
I T 1 } o } H |m_ i . -
B £ S Hr A R e S e e o s eita texal Bias IAT:
H 1 H HEE _ aaiaaa T Harssmhaanin,
+ it - + v : - t
- T 1 T ] T T 8 T i T
- ; H I _E . : _ I i 13 1 T “ ] H . ._ B | - F—_— .“.T_.I...-J: i
1 I | | F - 1 : 1 I T T ) Tl m 1 T
- I 1 1 1 1 S ._- 1 | Tt LT 1T
F1 1 1} L |} L It
s imaETa F i _ _ mmaadaniines Sasizamaaas
1 I | 1 ! 1 ' I H 3
. RN Tt i a1 CELE T1 LT Tt el 1 EmamEm
-y T IR e 4 I B ._.T_. i =1 - 88 = -4 } | il
- ] T ] | AN EERS EN RS A
- 1 1 I X ] H 1 T T T "
s _ | Eiseemiisis HrH
. k- i - .“l...l_. 4 = H 1 -
H | ! 1 L] 1
H t } “m .L i 1 1 11 -1 Sl H
I Al ARSI RREE e = RS == - - faa
1 1 == S e R - ' - e & 1 Preghbe o

82




109 / 240

E2a FOFEROFR L 7T 713, EROBPI~DOESIOIROFELE 725, FEROEEM T
RERBYEMTH D LTS ARV, 757 ETid, ERAZANTIEVR, B D T
Eda PICTNIEREREN 2555, 2T, mRARDE I REMHICEIHLDES S,

I, eSS ERLK DOVRWVIERIERRICERZRT 1z fll> TW o einbTh D, =
D EiE BHRPIEE S TEFPESTINF -2/ e L/ hs<F 2LV RE
ERIFEZTIEA D, ZIPRRELLESED D,

BAb ¢ 5 ma s s B b LRAND Sk, =02 ) o FEBERS T8, b LA
KON OFEREZNRVKELZEAS, V=A27 U v IPRREREZBLSE =0 L
VBT, RO R S A TE LIS 2 ENZIUC L > THELWN S L 8o 2h b T 5,

777 LORERIT, =7 8 A0HEME LTARISNTWVBIELWEREDTNIRR> TV D,
2 HEORRT, BEENENWE ZADENR, 770D Y DYV ORENRENVEZALD
by VBT LTWS, 2S5A, RILEEEZFE S THLSLWEUBRENELNDTEA D,

HLLIDEREZBRYIETOTEANEL, LVEVWESIEZHVWDIREE, L0nHoid, BHNES
WL TRE L R D00, BILKFTR VIED D DONRNONE 1 E T2,

354 RSy

TEE L LR
FERIZ—ODE L L-fwmz XHT 550 Th5, TNIE. BEMNMETIDET L L BICESD
T W) ZLEESTWEINLTHD, TNT. b LESN2M[EICR2 L BHL 23 0h 5,
TORNITT LI,

(cm) (0 [0)

1 2 3 Av 1 2 3 Av (Q)
20.0 4.71 4,71 4,70 4.70 0.62 0.61 0.61 0.61 7.70
40.0 4.90 491 4.90 4.90 0.32 0.33 0.33 0.32 15.31
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Science as a context for the Science of Thinking

Philip Adey, Centre for the Advancement of Thinking, King's College London

1 Introduction

This paper will describe the origins, structure, and effects of an innovation called Cognitive
Acceleration through Science Education (CASE). Asthetitle indicates, CASE is based on the
science of thinking, that is psychological theories of how we think and how our thinking can be
improved, and it uses science in the school curriculum as the vehicle to enhance thinking.

CASE isdesigned as an intervention in the science curriculum of students aged about 11 to
14 years. It is not a complete curriculum, but its activities replace ‘regular’ science activities
about once every two weeks. It had its originsin work done in the 1970s at Chelsea Collegein
London which showed that many of the concepts included in science curriculain the United
Kingdom (and throughout the world) made demands beyond the intellectual capability of the
students for whom it was intended.

The team at Chelsea College, led by Professor Michael Shayer, took a scientific approach to
the problem of difficulty. On the one hand, we needed an accurate description of the intellectual
profile of the school population and on the other, we needed away of measuring and describing
the level of difficulty of science concepts. The theory of cognitive development which had been
elaborated by Piaget provided us with just the sort of description we needed. Drawing on his
descriptions of types of thinking available at different stages, we (1) developed an instrument
with which curriculum materials could be analysed for the cognitive demands that they made,
and (2) developed group tests of cognitive development (Shayer, Wylam, Kiichemann & Adey,
1978) and used them in avery large scale survey to establish the levels of thinking of children at
different ages in the school population of England and Wales. It was shown clearly (Shayer &
Adey, 1981) that the science curriculum made unrealistic demands on the ability of many —
perhaps a majority — of the school population.

There are in principle two possible approaches to this problem: make the science curriculum
easier, or raise the intellectual capability of the students. While the former would be relatively
easy, it would inevitably engender academic and political difficulties, and in any case may be
seen as a defeatist solution. Although the prospect of raising all students’ ability to think may
appear daunting, this was precisely the aim of the CASE project, initiated in 1982.
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2 TheUnderlying Psychology

By ‘Cognitive Acceleration’ we mean the process of accelerating students' ‘natural’ devel opment
process through different stages of thinking ability, towards the type of abstract, logical, and
multi-variate thinking which Piaget describes as ‘formal operations’. Formal operational thinking
is characterised by the ability to hold a number of variablesin mind at once - for example to be
able to weigh up two sides of an argument, to consider even-handedly the advantages and
disadvantages of a particular course of action, or to be able to see both the separate and combined
effects of a number of input variables (for example, sunlight, carbon dioxide, water) on an
outcome (the production of glucose). Piaget had suggested that this type of thinking becomes
available to children as a process of natural intellectual development around the ages of 14 or 15
years. However our Chelsea survey showed that only 30% of 16 year olds were capable of such
thinking, and this conclusion was supported by work with college freshmen in the US, and
parallel (but smaller scale) surveysin other parts of the world.

Up to the late 1970s, attempts at cognitive acceleration had shown little evidence of success.
However, these studies had adopted a rather short-term and direct instructional approach, asif the
mind’ s ability to process information could be changed by learning anew set of rules. We
believed that such approaches were flawed since the mind’ s processing ability grows slowly, in
response to demand placed upon it by challenging problems. This gives us the first of five
‘pillars’ of CASE theory, Cognitive Conflict. This occurs when a student encounters a problem
which he cannot easily solve for himself but which, with carefully structured help from an adult
or more able peer can either be solved, or will lead to gain in understanding of the nature of the
problem. The principle of cognitive conflict is also encapsulated within the idea of a‘Zone of
Proximal Development’ (ZPD) developed by Vygotsky (1978). The ZPD isthe difference
between what a child can do unaided, and what he can do with the help of an adult. Vygotsky
says ‘... the only good learning is that which isin advance of development’. In other words,
learning tasks which are well within the child's capability do not provide the challenge which
stimul ates cognitive growth. CASE activities are designed to be intellectually challenging.

Vygotsky also provides us with the second ‘pillar’ of CASE: social construction. As agood
Soviet psychologist, Vygotsky was very conscious of the fact that people work together to build
knowledge; it isasocial process. We talk to one another, argue, listen, and gradually build our
understanding through social interaction. CASE teachers learn to facilitate good social interaction,
creating a classroom atmosphere in which polite disagreement is encouraged, and it is all right to
change one’s mind.

Thethird pillar of CASE theory is the encouragement of Metacognition. Metacognition
means essentially ‘thinking about your own thinking’, although as an extremely fashionable
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notion in cognitive psychology the word metacognition has been used in many different ways
(Brown, 1987). We can only help ourselvesto develop higher level thinking if we take some
control of our thinking, that is, become conscious of ourselves as thinkers. In CASE, students are
encouraged to take time to reflect on how they solved a problem, what they found difficult about
it, what sort of reasoning they used, how they sought help and what sort of help they needed. This
istime consuming and quite difficult to do, and teachers and students need alot of help and
encouragement initially to become more metacognitive in their approach.

There are just two more pillars of CASE theory. Oneis the idea of Concrete Preparation.
Y ou cannot simply present students with a difficult problem and expect the cognitive conflict to
do the wok of cognitive acceleration. There must be a phase of preparation in which the language
of the problem isintroduced, along with any apparatus to be used and a context in which the
problem is set. The aim is to ensure that the difficulties encountered are just intellectual, and as
far as possible are not confounded by problems language or context. The final pillar is Bridging,
the linking of ways of thinking developed in the particular context of the CASE activity to other
contexts within the science, mathematics, or other parts of the curriculum and to experiencesin
real life. If it isto become generally available, reasoning devel oped within a special context must
be abstracted, and the student shown how it can be used as a general thinking tool.

Figure 1 illustrates the relationship of these five pillars to one another.

Figure 1: Five‘Pillars of CASE Wisdom’

The terms of the problem

Concrete Preparation need to be established

Cognitive Conflict Construction
Thinking developsin Students must construct their

response to cognitive OWn reasoning processes
challenge

Metacognition Reflection on the process of
i problem solving is essential

A 4 Reasoning patterns developed in the CASE
Bridging context must be bridged to other contexts.

The relationship of cognitive conflict to social construction, shown by a spira arrow, is not
straightforward. When faced with a problem, we tend to seek simple solutions. We ‘ short-circuit’
afull analysis of the problem in order to reach an accommodation which will meet the immediate
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needs of the situation. For example, in determining what factors cause iron to rust and finding
that nailsin water rust faster than dry nails, the student will be content with the solution ‘rust is
caused by water’ without looking more deeply into the possible effects of air as well. Cognitive
conflict by itself does not automatically lead to re-construction of concepts or to reaching afull
understanding. The cognitive conflict must be maintained and this can only be done by the
teacher through close questioning. This gives a hint about the nature of the pedagogy required for
cognitive acceleration which will be described in alater section on professional development.

The ‘Five Pillars provide afoundation for the pedagogy of cognitive acceleration, but by
themselves they specify nothing about the subject matter context. Teaching methods based on the
Piaget-Vygotsky foundation outlined above could be developed in any subject matter. So why
did we choose to work through science rather than, say, mathematics, history, or English? There
was a pragmatic element to the answer - the early Chelseawork which led to the CASE project
was science based and both Michael Shayer and myself had science backgrounds. But there was
also agood theoretical reason for at least starting the work in science. The origina detailed
description of formal operations provided by Inhelder & Piaget (1958) is characterised by a set
of mental ‘schemata’: control of variables, ratio and proportionality, compensation, equilibrium,
correlation, probability, and the use of formal models. These schemata are immediately
recognisable by scientists and science teachers as descriptive of important types of relationships
between variables, and they are the stuff of experimental design and the elucidation of general
patterns of behaviour in the natural world. Formal operations are a quite general way of
processing data in any intellectual field and the schema of formal operations can be interpreted in
the context of any academic subject area, but their application to scienceisfairly straightforward.
Science presented itself as a most obvious gateway into the development of high level thinking.

When we started devel oping activities in 1984 we had not yet fully articulated the theoretical
model outlined above. The schemata of formal operations were established as the framework
about which activities would be structured, the 'pillar' of cognitive conflict was recognised as
central to the process of cognitive acceleration and constructivism had always been amain pillar
of Piaget's account of cognitive development. The need for concrete preparation was a pragmatic
necessity which came from our experience as teachers, and bridging likewise seemed of obvious
importance if the schemawere to be generalised. But our elaboration of the importance of
metacognition grew throughout the project, from being implicit in the type of questioning that we
promoted, to becoming an explicit and very important part of the CASE method. This gradual
evolution of the 'pillars of CASE as a complete theoretical structure underpinning the design and
delivery of activities has since become very important in the process of professional development
of teachers, to be described |ater.
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3 Development of the Curriculum Activities

Target population

In line with the origin of CASE described in section 1, we were concerned with a broad range of
ability, the mgjority of the student population for whom science appeared to be rather difficult. In
terms of ability, our target was the middle eighty to ninety percent of students. Now, the
experience of cognitive conflict will depend on an individual’s ability. What provides an
interesting and productive puzzle for one individual may appear trivial to a more able child and
incomprehensible to a less able peer. While careful design of activities and flexible pedagogy can
provide awide range of levels of conflict within a particular activity, we considered it
impracticable to include within out target population either the exceptionally able child, who
would already be using formal operations by the age of 11 years, or those with serious learning
difficultieswho at 11 years may still be preoperational.

Wetargeted the 11 - 14 year age range because for the great majority of students thisisthe
age of preparation for formal operational thinking. There is some evidence (Epstein, 1990) that
there are brain-growth spurts at about 11 in girls and 12 in boys which may be part of a
physiological maturation programme evolved to prepare adolescents for the intellectual demands
of adulthood. Our survey of the population referred to in the introduction showed that only a
small proportion of actual children attained the ages of cognitive development described by
Piaget in his‘ epistemic subject’. The population survey may be read as an indication of a deficit
in the quality of stimulation provided for the majority of children at home and in school. On this
reading, such a deficit should be remediable by appropriately designed stimulation at the right
ages.

Thereis apragmatic reason also for choosing 11 - 14 years as the age of operation of CASE.
In the UK, 11+ isthe age of transfer from primary school, which have class teachers who teach
all subjects, to secondary school with specialist subject teachers. An intervention set within a
science context would require science teachers who already understood - implicitly if not
explicitly - the nature of the scientific reasoning patterns which form the context of the
intervention.

Armed with the main features of atheoretical model, with the schemata of formal operations
and with our experience as science teachers, the CASE authors (initially Michael Shayer, then
joined by myself and Carolyn Y ates) started to draft activities we thought would be appropriate
for our target population. We discussed the form and practicalities of the activities amongst
ourselves and with other academics and teachers. We ourselves taught each of the drafted
activitiesto classesin London comprehensive schools which represented the age and ability
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range of our target population, and the kind of social and ethnic mix typical of inner city schools
in the UK. After ayear of the funded project we had a bank of some twenty activities ready for a
wider trial. Here two of the activities will be described to illustrate the application of the ‘pillars
to practice. The materials are published as ‘ Thinking Science’ (3 edition: Adey, Shayer, and

Y ates, 2001)

TS4: Tubes. Thisisthe fourth activity in the programme. In the previous activities, the ideas
of variable, values of variables, and relationships have been introduced. Students have a box of
small tubes. Questioning in awhole class discussion ensures that they identify the variables and
values: length of tube (short, medium, long); width of tube (wide or narrow); and the material of
the tube (copper or plastic). Thisisthe concrete preparation phase of the activity, familiarising
students with the basic ideas they are going to manipulate and the practical apparatus they are to
use. Now they are asked to tap the tubes, open end against the palm o f their hands, and listen to
the note produced. The question isthis: what affects the note that you get? They have some free
exploration time and are asked, if they think they know what affects the note, to explain to the
teacher or to another student what they think and why they think it. Thereis often aneed, after
some minutes, to call the class together and suggest that they take tubes just two at atime.

Thisisthe phase of cognitive conflict and social construction. A child may come up with the
claim that the width of tube affects the note. * Show me’ says the teacher. The student
demonstrates with two tubes of different width that produce different notes. Looking at the tubes,
teacher points out that they also have different lengths. ‘How do you know whether it is the
length or the width that affects the note? Here the teacher is establishing some cognitive conflict,
challenging the student to take account of a variable which she had not yet noticed. Typically a
child might answer ‘both width and length that affect the note’. She doesthisasit seemsasimple
way to resolve the conflict, but the teacher perseveres with the questioning, concluding ‘go and
choose another pair of tubes, but thistime try to find a pair that will give us a clear answer’. Note
that the teacher does not direct the student to choose two tubes in which only one variable has
altered. The whole point is that the student must construct for herself this control of variables
strategy.

In amixed ability class of 12 year olds, it is possible that there will be one or two children
who find the whole task so easy that they do not experience much cognitive conflict. For these
the teacher may suggest a higher level task, such aslooking for interaction between variables.
There may be one or two others who, at the end of the 60 or 70 minute lesson, remain quite
confused by the whole exercise and still fail to see the point of controlling variables. The great
majority, however, will have experienced (through interaction with the apparatus, worksheet
questions, the teacher and with other students) sufficient conflict to have constructed for
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themselves at |east the beginning of a control of variables strategy. The full development of this
into an internalised, unconscious, schemawhich is'naturally' brought to bear on all experimental
situations will still take sometime, but essential groundwork has been laid and the concrete
‘change everything and see what happens schema will have been severely shaken, if not broken
up altogether. Even for the least able students who remain confused at the end of the activity
there will have been a struggling with the problem and some doubts cast on the ineffective
concrete strategy. Even a slight sense of unease at the way in which experimental questions are
approached is of value. It is the cognitive struggle which is critical in the promotion of cognitive
development, so the objective has been reached if every child experiences some cognitive
conflict and goes some way towards finding a resolution satisfactory to her or himself. Toward
the end of the lesson, the teacher asks students to reflect on mistakes they have made, on what
they have learned, and gets them to re-trace their reasoning as they struggled with the control of
variables strategy — this is the metacognitive work. Finally, they are invited to think of other
topics in which the general control of variables strategy may be useful, to bridge the thinking
from this lesson to other contexts.

TS 18, Treatments and Effects, istaught in the second year of the programme. Thisis set in
the context of the schema of correlation. The concrete preparation discussion concerns two
researchers who are testing the effect of a new fertiliser on the growth of carrots. Each has a
treatment and non-treatment set of carrot plants and counts the number of plantsin each set
which show increased yield over a standard. The data is presented to the whole classastwo 2 x 2
tables (treated / untreated and shows effect / no effect) and the discussion emphasises that the
data from the untreated carrots is as important as that from the treated carrots (concrete operators
tend to look only at treated carrots, to see if many show increased yield). Each group of students
isnow given aset of 20 cards. Each set of cards shows one organism (rose, wheat, cow, pig, or
sheep), and also shows whether or not the organism has received some treatment (e.g. fertiliser,
pills to make more milk, etc.) and whether the animal or plant demonstrates an effect (by growing
more, producing more milk, meat, etc.). Studentsfirst sort the cards into four piles according to
whether they have:

A not been treated and not shown an effect

B  not been treated but shown the effect anyway
C  been treated but not shown an effect

D  been treated and shown an effect.
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Students then address the question of whether any effect seenislikely to be the result of the
treatment or not. For example, IF the treatment cause the effect, in which of the four pilesA, B, C,
and D would you expect to find large numbers? This generates considerable cognitive conflict
and discussion in groups (social construction) leads to the conclusion that you would expect piles
A and D to belarge, and B and C to be small. In the discussion of these results the terms positive
correlation, negative correlation, and no correlation are introduced to help students think about
what sorts of relationships exist between treatments and effects. This activity models at asimple
level the type of experimental evaluation of treatments which is at the heart of much medical,
agricultural, and other research. Without an understanding of correlation and associated
probabilistic relationships, the mgjority of popular science reportsin newspapers are
incomprehensible. Again, a metacognitive discussion explores the difficulties that students
encountered, and they are encouraged the bridge the idea of correlation to topics outside the
science classroom..

In none of these ‘ Thinking Science’ lessons do students complete notes of ‘ conclusions
reached’ or ‘knowledge captured’. There may be no written product at al, as the worksheets are
used just to record data which forms the raw material for thinking about relationships. This again
highlights a difference between the CASE intervention activities and the regular science
curriculum, a difference which some teachersinitially find hard to accept.

Fitting it into the curriculum

CASE does not offer a compl ete aternative science curriculum. Indeed, the pedagogic difficulty
of managing intervention lessons and the fact that no science content is explicitly covered make it
unsuitable as a substitute for regular science teaching. Furthermore, while the uncertainty with
which students are sometimes | eft at the end of CASE lessons is productive in moderate amounts,
it might well become demotivating if it were a permanent feature of science lessons. CASE is
described as an ‘intervention’ both because it is a process of intervention in ‘normal’ cognitive
development, but also because it is an intervention in the regular science curriculum. CASE
activities are taught instead of regular science activities once every two weeks which might
represent about twenty percent of the time allocated to science. Teachers sometimes say ‘it
sounds like a good idea but we do not have the time for it’. Thisis an understandable position,
but the reality isthat very littletimeisactually ‘lost’ to the curriculum content material. Thisis
partly because CASE already covers some of the process objectives of the curriculum, but mostly
because as the students’ thinking devel ops so they are able to understand and make sense of the
regular curriculum material more efficiently, in lesstime. Luckily we have very good evidence to
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support this claim, and this evidence generally persuades teachers that the risk of ‘losing’ so
much curriculum time is worth taking, at least on a trial basis.

4 Trialsand Evaluation

The effect of the CASE intervention on students’ cognitive development and academic
achievement determined from our original research project has now been widely reported - see
for example Adey & Shayer (1993, 1994); Shayer & Adey (1992a, 1992b) . A summary of that
work will be given here before considering more recent evidence.

THE 1984-87 EXPERIMENT.

The results which will be described here are for the ten experimental classes in seven schools that
continued with the programme for a period of two years. In each of these schools, one or two
classes were designated as ‘ experimental’, and from September 1985 started to use the Thinking
Science activities once every two weeks for two years. Four of the experimental groups had
children aged about 11+ years, and six had children aged about 12+ years. In each school also
parallel ‘control’ classes were identified which were matched with the experimental classes for
age and ability. The control classes were taught their regular science curriculum without loss of
time for the CASE intervention.

All classes were given a pre-test of cognitive development and then at the end of the two year
intervention period, post-tests of cognitive development and atest of science achievement. This
was the end of the intervention programme, but one year later we revisited the schools to collect
information on all of the students' science achievement. One further year later, in July 1989,
those classes which had started the CASE intervention in their Y ear 8 took their General
Certificate of Secondary Education (GCSE) examinations. Thisisthe national public
examination taken at 16 years by all studentsin schoolsin England and Wales. For al of the
students who had previously been in classes designated as experimental and control we collected
the grades attained in science, mathematics, and English. One year on again (July 1990), those
who had started in Year 7 sat their GCSEs and again we collected their grades. We thus had the
data which allowed us to compare (a) cognitive growth and (b) academic achievement over a
long period of initially matched students some of whom had experienced the CASE intervention
and some of whom had simply followed their regular science courses.
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Table 1: Residualised gain scor es on successive tests after completion of two year CASE
intervention, based on pre-cognitive tests September 1984

Mean  Standard Signifi- Effect
Group  Number gain deviation cance, p< size(s.d.)

Immediate post 11+ boys 29 -0.21 0.95 - -
cognitive test 11+ girls 27 0.08 1.10 - -
July 1987 12+ boys 65 0.70 1.00 .001 0.75
12+ girls 52 0.03 0.98 - -
1 year delayed science 11+ boys 37 2.72 15.45 - -
achievement 11+ girls 31 7.02 12.76 .025 0.60
July 1988 12+ boys 41 10.46 16.6 .005 0.72
12+ qgirls 36 4.18 14.41 - -
GCSE 1989 Science 12+ boys 48 1.03 1.34 .005 0.96
12+ girls 45 0.19 1.38 - -
Maths 12+ boys 56 0.55 1.23 .005 0.50
12+ girls 54 0.14 1.27 - -
English 12+ boys 56 0.38 1.27 .05 0.32
12+ qgirls 57 0.41 0.96 .01 0.44
GCSE 1990 Science 11+ boys 35 -0.23 1.46 - -
11+ girls 29 0.67 1.36 .025 0.67
Maths 11+ boys 33 -0.21 1.59 - -
11+ girls 29 0.94 1.26 .005 0.72
English 11+ boys 36 0.26 1.65 - -
11+ girls 27 0.74 1.32 .025 0.69

All results will be reported in terms of residualised gain (r.g.) scores, determined from the
regression of any post test on to the initial pre-test. Note that r.g. scores build in comparison to
controls and that by definition the mean r.g. score of a control group must be zero. Table 1
summarises results for boys and girls at different ages of starting. There are a number of striking
features of these results:

10
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The immediate effects seem to be rather limited, but (1) more recent immediate effects
obtained on cognitive development have been much larger (see below) and (2) thereisa
strong correlation on an individual student basis between cognitive gains over the two year
intervention programme and subsequent gains in GCSE scores.

Thereisalong term, and apparently growing, effect of the intervention of students
academic achievement. The effect of the raised cognitive levelswill be, starting at the end
of the intervention, to improve student’ s ability to benefit from normal classroom
instruction. Such improvement is likely to be cumulative as better understood conceptual
learning provides a sounder platform for further learning, and so on.

Thereisastrong 'far transfer’ effect. An intervention programme set in a scientific context
effects students' achievement in mathematics and in English literature. Such transfer
implies that CASE has tapped into and influenced a deep-seated function of the mind which
has a broad effect on students' intellect.

There seems to be an age/gender interaction effect, in that the intervention is most effective
with younger girls and with older boys. Although this notion fits neatly with amodel of a
cognitive window of opportunity for the promotion of formal operations, which in line with
their generally earlier maturity at this age comes earlier for girls than it does for boys, we
must be very careful before drawing such a conclusion. For one thing, the 11+ group was
actually more able overall than the 12+ group, both age groups starting the intervention at
about the same mean level of cognitive development. For another, more recent data does
not show anything like the same gender effect.

MORE RECENT RESULTS

In the original research experiment we were able to measure effects on experimental classes
against well-matched controls. However, the numbers were relatively small, we ourselves were
still in the process of inventing the method for training the teachers, and the teachers themselves
were working on the project in isolation within their schools.

Following the publication of the long-term effects on GCSE scoresin May 1991, there was a

great demand from schools for the materials and methods that would enable them to replicate the
results. Since then, we have been running a series of two-year inservice teacher education courses
to introduce the methods. This professional training will be described in more detail in Section 5.
Although we are now collecting much new data, an important difference between this and the
origina experiment is that now we have a method which we believe works, we cannot ethically
deny it to any classjust to provide an experimental control. One way of analysing new dataisto
compare gains made by CASE schools with the national norms established in the Chelsea survey

11
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(Shayer and Adey 1981, and see Section 2). From the first cohort of schools participating in the
CASE training programme, we were able to collect pre- and post-test data on levels of cognitive
development for sixty-three classesin eight schools. Some of these classes made aYear 7 (aged
11+ years) start on the intervention, some a 'Y ear 8 (12+) start, and one school started the
intervention in both years. A summary of the effect sizes of the school mean residualised gain
scores compared with national normsis shown in table 2.

Table 2: Effect sizes of cognitive development: residualised gain scoresin eight schools
which participated in CASE training, 1991-93

School Start age  Effect size
(o units)

1 11+ 0.67
1 12+ 0.76
2 11+ 0.69
3 11+ 1.12
4 11+ 1.12
5 12+ 0.80
6 11+ 1.0

7 12+ 0.29
8 12+ 1.26

* by comparison with previous year 9 group, questionable.

Of the sixty-three classes, there was a significant negative effect in one class, possibly dueto
some error in the administration of the pre-test. In four others there were insignificant negative
effects. In three classes there were positive effects of less than 0.3c. In al of the remaining fifty-
five classes there were significant positive effects of the CASE intervention on children’ s rate of
cognitive development. As we have shown previously, cognitive gains attained over the
intervention period are related to subsequent academic gains.

In 1995 and 1996 we were able to collect data on academic achievement of CASE schools,
compared with non-CASE schools, for the ‘Key Stage 3 National Curriculum Test’ (KS3 NCT),
aswell asfor GCSE grades of students who had used CASE in 1991 — 93 and those who did
CASE in 1994-96. | will present the KS3 results first and then the 1999 GCSE data. In the UK,

12
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the government has instituted a series of nationally moderated tests to be given in various subject
areas at the end of each ‘Key Stage’ of education, which means at the ends of years 2, 6, and 9
when children are about 7, 11, and 14 years old respectively. For schools which use Thinking
Science in years 7 and 8, the KS3 NCT given at the end of year 9 provides a convenient measure
of academic achievement one year after the end of the intervention.

In figures 2a, 2b, 2c each point represents one school. The horizontal, x, axisis the mean
score of the school’ s students at the beginning of Y ear 7 (secondary school entry) on measures of
levels of cognitive development, expressed as a percentile of the national average. Thisisa
measure of the school’ sintake ability, which is areflection of factors such as the socio-economic
conditions in the school’ s environs and whether there are selective schools in the areawhich
cream off the more able students. It so happens that almost all of the schools for which we have
data at present are in the lower half of the intake ability range. The vertical, y, axisis a measure
of successin the KS3 NCT. These tests are scored for National Curriculum levels, which fall ona
range from 1 to 10 (or more recently 1 to ‘8 and over’). The percentage of students attaining level
6 and above at Key Stage 3 is commonly taken as a measure of the success of the school. In order
to make the plot linear, all scores have been transformed into logits: In(%/100-%). Thisiswhy
the axis scales are not equal-interval.

These figures show, not surprisingly, that success on the Key Stage 3 testsis strongly related
to the intake ability of the school’ s pupils. What is striking isthat CASE schools all lie above -
often far above - the regression line for control schools. This means that whatever the intake level
of the school, CASE schools are adding significantly more academic value to their students than
non-CA SE schools. The effect is equivalent to an addition of about 30 percentile points to school
mean academic achievements.

13
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Figure 2: relationship between school entry cognitive levelsand NCT K S3 test performance
at end of year 9 for CASE (X) and non-CASE (O) schoals.
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2c: English
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The 1995 and1999 GCSE results for students who used CASE three years previously follow
asimilar pattern. It isanalysed in exactly the same way as the KS3 data, except that the measure
used for a school’ s mean success at GCSE is the percentage of students attaining grades A, B, or
C at GCSE, on ascaewhich runsfrom A to G plus 'fail'. Grades A - C are generally considered a
‘good’ pass at GCSE and abasis for continuing education in that subject area. Figures 3a- ¢
summarise the results for the 1999 GCSE. It is clear that the CASE intervention has
systematically added greater academic value to students of agiven starting cognitive level than is
normal for non-CASE schools, and that the effect is on a general function of students which
transfers beyond the science context in which the cognitive intervention programme is delivered.

15
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Figure 3a: GCSE grades 1999: Science
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Figure 3b: GCSE grades 1999: M athematics
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Figure 3c: GCSE grades 1999: English
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5 CASE and the Professional Development of Teachers

It will be clear that teaching children to think is a subtle, complex process which cannot be
reduced to a set of specific activities for teachers to follow. The reason that there can be no such
thing as a 'teacher-proof curriculum' is that the process of teaching is an essentially human social
enterprise involving myriad types of interaction between teacher and pupils. For teaching to be
effective, each teacher hasto find her or his own way of working with the great variety of
personalities and intelligences which they meet every day.

If these principles are true for teaching in general, they are even more important when
applied to teaching for the devel opment of reasoning. We have to consider what the teacher of
thinking needs to be able to do, what normal training and experience have prepared them for, and
how the gap between the two might be closed. Teaching for the development of reasoning in
children is the antithesis of teaching for the recall of factual content. The development of critical
thinking, or higher level reasoning, in children requires by definition that children be given an
opportunity to exercise their own minds, to engagein critical appraisal, to risk opinionsin a
sympathetic atmosphere and then have the opinions challenged in arational but respectful
manner. This means the creation in the classroom of avery special sort of atmosphere whichis
intellectually rigorous but at the same time friendly and safe - in the sense that all children should
feel confident in taking cognitive risks. To create such an atmosphere, the teacher needsto have:

. clear objectives in terms of the type of reasoning being developed in a particular thinking
lesson;

. some familiarity with the underlying theory of cognitive acceleration;

. an intimate understanding of the range of reasoning and arguments displayed by his or her
pupils, if not of the particular levels of argument employed by each individual pupil;

. mastery of arange of techniques such as leading questioning, suspension of judgement,
setting challenges appropriate to particular children, and the ability to interpret children's
utterances in terms of the type of thinking they are using.

The 'needs list' may be seen as something of a specialisation of the requirements placed on any
teacher, rather than aradically different type of teaching. It is, or at least should be, part of every
good teachers' repertoire to be clear about objectives, familiar with teaching materials, sensitive
to children’ s needs, and in command of questioning and other techniques. But for the
development of reasoning in children, each of these requirementsis raised to a higher degree, or
applied to rather particular methods and materials different from the normal content-oriented
curriculum.
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The development in teachers of the pedagogical skills required to teach for cognitive
acceleration will depend on continuing professional development through inservice courses for
teachers. There may be formidable problems associated with motivating teachers to participate in
such programmes, with funding them, and with accrediting them, but in this monograph | will
concentrate only on the underlying theory and the practice we have developed within the CASE
project.

Research on effective inservice practices.

A great deal of research has been undertaken into factors which impinge on the effectiveness of
inservice courses in changing teachers' classroom practice. Joyce & Showers (1980, 1988)
undertook a meta-analysis of nearly 200 studies of the effect of Staff Development. They state
their conclusions strongly, summarised in table 3. The messageis clear: for inservice courses to
be effective, the occasional day spent in a university or professional development centre will
have no effect, however well-structured and organised it may be. Coaching work by the tutorsin
schoolsis essential. Such research evidence supports the experience of inservice providers who
often hear teachers say ‘Well your ideas seem well and good in this nice university setting, but
they wouldn't work in my school / with my students/ etc.” Many teachers, quite reasonably, need
to be convinced that the theory can be put into practicein their own schools, and the only way to
do thisisto work with the teachersin their classes, supporting them there in the implementation
of the teaching of thinking.

Table 3: Mean effect sizesin standard deviation units of different Staff Development
procedureson possible INSET outcomes.

Outcome: development of teachers...

Feature of course knowledge skill practice
give information 0.63 0.35 0.00
+ demonstrate 1.65 0.26 0.00
+ opportunity to practice 0.72 0.00
+ feedback 131 1.18 0.39
+ coaching in school 2.71 1.25 1.68

after Joyce and Showers 1988 p. 71
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The structure of CASE Professional Devel opment

The inservice Professional Development programme we devised to introduce CASE to schools
takes Joyce and Showers' findings seriously, and includes elements of theory, practice, and in-
school coaching. It also includes elements concerned with the management if change in schools.

As described above, CASE methods are rooted in Piagetian ideas of cognitive conflict and
equilibration, and in Vygotskyan ideas of socia construction and metacognitive reflection on the
development of one's own thinking. Thus the methods which teachers are to implement, although
described in print, are rooted in theory which it is essential to understand for effective
deployment of the necessary skills. No teachers guide, however comprehensive, can ever convey
the richness of a classroom practice which is required to raise permanently students' general
levels of thinking. Some understanding of the learning process is essential for any successful
teacher development, but it is especially important in interventionist teaching aimed at the
development of thinking. The construction for oneself of intervention methodsis related to the
sense of ownership that teachers build in taking on the new methods. Until one has taken
ownership of amethod with one's own idiosyncratic interpretation and colouring by personality
and the particular school environment, it will remain and ‘add-on' skill which is easily lost when
the external stimulus of the inservice programme is removed. The curriculum in the classroomis
created and managed by the teacher. Ownership of a method for teaching thinking enablesit to be
built in naturally to this classroom curriculum.

The CASE Professional Development (PD) programme runs over two-yearsin parallel with a
school’ sinitial implementation of the two year Thinking Science programme. Over the two years,
there are seven days when teachers attend our inservice centre and a further four or five half days
when we work with the teachers in the school. The amount of time devoted, in particular, to the
coaching visits by expert CASE trainers makes these rather expensive programmes. Typical fees
for the two year programme are about £3,000 per school. Inservice education in the UK now is
funded by monies which are devolved to individual schools, so each school hasits own inservice
budget. Schools often see investment in the CA SE inservice course as worthwhile in terms of the
general professional development of teachers as well as raising student achievement.

We do not work with individual teachers, but only with whole school science departments. It
isessential that all science teachers participate in the programme. However enthusiastic
individuals may be, the difficulties of maintaining a distinctly different and novel teaching
method in a school surrounded by others who continue with mainstream curriculum teaching are
formidable. By insisting on working with a whole department, it becomes far more likely to make
the new teaching goals and methods part of the culture of that department and that school.
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Sinceit is not practical for aschool to release al of its science teachers for the Centre-based
days, which are held on normal school days, a school will usually send two teachers. One may be
the * CASE co-ordinator’ in the school, and the other may rotate, with a different person coming
to each occasion. This provides a balance between continuity and exposure of as many of the
department as possible to the PD programme. In addition to our own inputsin the schools, CASE
co-ordinators are encouraged to devel op implementation plans which include in-school PD
sessions which the co-ordinator runs. We use part of our school visit time to support the co-
ordinator in his’her PD sessionsin the schools.

We also run aparalel programme for the training of CASE Trainers. Trainers may be drawn
from university departments of education, from local government advisory services, from
freelance consultants, or from schools themselves. Some Head teachers see an advantage in
having their school become atraining centre for CASE. Trainers attend many of the same
sessions as the teachers from schools, but they aso have sessions of their own devoted to
management of change in schools, to research data on effective Professional Development, and to
the writing of action plans for the training programmes they propose to run.

Researching Professional Devel opment

There isageneral way in which the effectiveness of the professional development programmeis
evaluated by the academic gains made by students in schools which participate in the programme,
described in section 4 above. But making a more specific link between the professional
development course, the devel opment of teachers’ practice, and cognitive gains made by students
isamore difficult form of evaluation to establish. We have now amassed a considerable amount
of datarelated to factors which make professional development effective. Space does not allow
me to describe this research in detail, but it isfully described in Adey et. al. 2004, where we have
set our own datain the context of the extensive literature on effective professional development,
and developed amodel of the key factors (figure 4).

The ‘bottom line’ in the model is change in students. The whole point of an innovationin a
school isto change the students in some way, for example to improve their achievement of
behaviour. If a professional development programme is effective, it should lead to such schange
in students. There are four main elements in the model:

1 The nature of the innovation. To be effective, an innovation needs a sound theory base,
some evidence of effect on students, and print or other materials which teachers find useful.

2 The quality of the professional development, which generally need to be sufficiently long
and intensive and to include an element of in-class coaching.
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3 Theschool’sprincipa (head teacher) must support the innovation, allow the time for its
implementation, and consider its maintenance when, for example, an individual teacher
leaves the school and is replaced.

4 Collegiality amongst teachers. For radical innovations, teachers in a school need to work
together in a sharing and mutually supportive environment.

It isafeature of thismodel that all four of these elements need to be set in the ‘ positive’ mode for
the PD to be effective. If any one of themis ‘negative’, the PD will fail.

Figure4: A comprehensive model of effective professional development of teachers
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Nature of Quality of PD Local Government

Innovation programme

Theory base I Length, intensity,
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Materials PD methods P School Senior
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6. Widening theimpact of Cognitive Acceleration

Sinceitsinception in the early 1980s, Cognitive Acceleration has spread widely and in many
ways. The original CASE materials have been extensivelt revised through three editions, and are
now used very widely in schoolsin the United Kingdom. They have been trandated into many
languages have been trialled in at least 10 countries that | know about. The principles have been
applied to mathematics (CAME, Adhami, Johnson, & Shayer, 1998), technology (CATE,
Hamaker, 2003) and the expressive arts (ARTS, Gouge & Y ates, 2003). We also now have
cognitive acceleration programmes for much younger students: Let’s Think! for 5 year olds
(Adey, Robertson, & Venville, 2001) and Let’s Think Through Science! for 7 year olds (Adey,
Nagy, Robertson, Serret, & Wadsworth, 2003).

7. Conclusion

| hope that | have shown that Cognitive Acceleration through Science Education is an effective
way to raise educational achievement by addressing directly students general ability to process
information — their general intelligence. It is along term approach to raising general intellectual
capability in the population of young adolescents. It islong term in itsimplementation since it
requires two years of curriculum intervention, and it is even longer term in its evaluation, since
the effects are tracked up to three years after the end of the intervention. It is therefore inevitable
that the adoption of CASE into the pedagogy of schoolsisaslow process but some 20 years after
itsoriginal design, its use continues to grow. We may attribute the success of CASE to two
general features: the interplay of theory and practice in its design and implementation, and the
view of ‘curriculum’ as encompassing both printed material and teacher professional
development. | believe that any successful approach to improving the quality of our students
education must be rooted in sound learning theory, and that theory must be shared to some extent
with the teachers, and also that no successfully innovation can be ‘ canned’ and handed to
teachers as a finished product. The teachers have to make it for themselves, with our help.
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1: CASE 2 1984 9
Effect
p< Size (s.d.)

1987 7 11+ 29 -0.21 0.95 -
11+ 27 0.08 1.10 -
12+ 65 0.70 1.00 .001 0.75
12+ 52 0.03 0.98 -

1988 7 11+ 37 2.72 15.45 -

1 11+ 31 7.02 12.76 .025 0.60
12+ 41 10.46 16.6 .005 0.72
12+ 36 4.18 14.41 -

GCSE 1989 12+ 48 1.03 1.34 .005 0.96
12+ 45 0.19 1.38 -
12+ 56 0.55 1.23 .005 0.50
12+ 54 0.14 1.27 -
12+ 56 0.38 1.27 .05 0.32
12+ 57 0.41 0.96 .01 0.44

GCSE 1990 11+ 35 -0.23 1.46 -
11+ 29 0.67 1.36 .025 0.67
11+ 33 -0.21 1.59 -
11+ 29 0.94 1.26 .005 0.72
11+ 36 0.26 1.65 -
11+ 27 0.74 1.32 .025 0.69

Effect Size 1.0
1
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Shayer Adey 23)

Shayer Adey “Learning Intelligence” 2002

general processor)

CA CASE

CASE

Schema control of variables

Notions of probability Notions of correlation

and use of formal models

operational A early concrete operational
operational B/ A transitional
B late formal operational
CSMS
CSMS
10
Shayer Adey
CASE
2.2
CASE “ Thinking Science”

11 14 1

Chelsea College( King's

Cognitive Acceleration

activity

(classification)

Construction

pre-concrete
B late concrete

A early formal operational



)
3 30
45)

“ Thinking Science”

OHP

75

90

30
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12 13

10
11
12
13
14
15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

“ Thinking Science”

3

CASE

Science” 3

3.1
“ Thinking Science”

(variables)

1

“ Thinking

(Control of variables and Exclusion of irrelevant variables)
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CASE
3.2 classification
3.3 ratio proportionality)
ratio

proportionality)

3.4 (inverse proportionality) (equilibrium)

a b=c d

11

28 30



3.5
14

2
3.6

23
3.7
4.1
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probability (correlation)
13
15 17
3 4
18
5
19

the use of abstract models to explain and predict
formal model

Shayer Adey

24 25

compound variables)
/ /

CASE
Shayer Adey
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4.2 (Concrete preparation)

4.3 (Cognitive conflict)

zone of proximal development)

4.4 Social construction
CASE

Adey

4.5 (Metacognition)

4.6 (Bridging)

Shayer Adey

Shayer Adey

equilibiration

Shayer
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“Really Raising Standards”

1994

@
(b)
\ ) i
vy i
| A i
/ /
(
" Really Raising Sandards” 1994 p.76
“Thinking Science”
2 1
60 30 2 “Thinking Science”
2
5.1

“Thinking Science”
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150
250
150
250




5.2

53

input”)

variables

)

“

outcome”)

values
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16

“Thinking Science”

2
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6.1 CASE 5 GCSE
CASE
CASE GCSE 16
Shayer Adey “L earning
Intelligence” 2002 11
12 CASE 5 GCSE
GCSE GCSE ABCDE
7
30
CASE
CASE 5 CASE
1 7
5
GCSE
CASE GCSE
1.05 0.5
( )GCSE
CASE
0.95 0.5 GCSE (
) 0.90 0.57 CASE
Shayer Adey transfer
7.3
A -

*BFHIMUOD
L]

[ ]
D A ® CASE=: Mt
3.5 - o aw ko— L
E - A E2EFTH
2.5 -
F 1. L] 1 I T L 1
20 30 4} 50 60 ]

BIREFAEOTD (Ao

6 GCSE1999 "Learning Intelligence” 2002 p.10
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75
A, - »
G f.5 -
C  BA .
E 5.5
i
B 45 -
Al L ]
ﬂ. D N L
® CASER M
1.5+ ™ O k0—)LE
- A £ETH
2-5 L] L] T T T T
) 20 30 40 50 60 70
WIEFEWRAEDOLEY (Bl
7 GCSE1999 "Learnig Intelligence” 2002 p.10
5.5
A [ ]
] ]
C 6.5
=
E B
2 554 .
B .
i, .
# 4.5 -
D - ® CASEEMEE:
35 - o T R Y = B
A EETH
E
2.5 T T T T T T
20 30 40 50 &0 70

BIREFAZOTEY (FafD

8 GCSE1999 "Learnig Intelligence” 2002 p.10
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8.2

12

Shayer

CASE KS

14

CASE

CATE

CASE

Adey

5

6

Cognitive Acceleration CA

CASE

CASE KS 8
CAME Primary/( 9

CASE

CASE

11
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CAME

CASE KS 5

CASE

CASE
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8.3 CASE
CASE

CASE

“Thinking

Science”

Shayer Adey
CASE
CASE
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8.4
CASE
8.5
CSMS
CASE CSMS Shayer Adey
“Really Raising Standards” 1994
1992 5 8
2
1 -
2
7 16
2 32
“Really Raising Standards” 1994 P.36
CASE

Adey
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1) Shayer,M. and Adey,P. 1981: Towards a Science of Science Teaching, Oxford, Heinemann Educational
2) Adey,P. and Shayer,M. 1994: Really Raising Standards Cognitive Intervention and Academic
Achievement, London, Routledge

3) Shayer,M. and AdeyP. ed. 2002: Learning Intelligence Cognitive Acceleration Across the
Curriculum from 5 to 15 years, Buckingum, Open University Press
4) Shayer,M., Adey,P. and Yates,M.1995: Thinking Science 2nd edtion, Nelson, Walton-on-Thames

5) Shayer,M., Adey,P. and Yates,M. 2001 : Thinking Science 3rd edtion, Nelson, Walton-on-Thames
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“Thinking Science” 2
30
30
2
(@) ‘ input”) “ outcome”)
(b)
concrete preparation)
(cognitive conflict
bridging

10

50
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10-15
(
30-35
10
bridging)
variable input variable outcome variable
Thinking Science variables
input variable outcome variable
outcome variable input variable

“ output”
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(2000 )

11

kg

0.5kg

O 0Odod

(kg

8.5

35

7.5

75
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GCSE
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)
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20
20 160cm 20cm
10°
10
9.8 /kg
®)
4.2
20
(cm) @ (cm) ©)
50 67.9 10 28.42
50 287.6 10 28.23
20
(cm) @ (cm) ©)
50 67.9 10 28.42
50 67.9 30 28.45
20
(cm) @ (cm) ®
20 67.9 10 17.71
80 67.9 10 35.84
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€

&)

GCSE

GCSE

Scientific  Enquiry)

Science as inquiry
5)

Investigation and Experimentation

GCSE

QCA Sample Materials http://www.qca.org.uk

OCR Teacher Support Coursework Guidance Booklet  (2001)p.14

OCR Teacher Support Coursework Guidance Booklet  (2001)p.31

National Science Educaion Standards National Academy Press  (1995)p.111

Science Content Standards for California Public Schools  http://www.cde.ca.gov/board/pdf/science.pdf
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OCR

“ Design and Technology”

4 11 * Science and Technology’
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A > 5> ROCRME B DHEHFE 7T —REHKRER
“Design and Technology” ®Fifif#EE R — R 7+ AT

Assessment Criteria and the Portfolio Assessment of
“Design and Technology” in the General Certificate of Secondary Education
by the OCR (Oxford Cambridge and Royal Society of Arts Examinations)
Examination Board in the United Kingdom

B O O &
Masataka ISOBE

w e 7 5
Sadato YAMAZAKI

EETEOHRBHERREOAI-TL LTERSWS [BE#HHEFOREFE] ThHA
designing/design process (Layton, 1993) &, [B#OME@kR7O LA | [—4F8 M E R
TotA] OFUELHREEICOVT, FABESRATREEEACTHRELL, 202,
designing/design process® 9 b, [LEWORE] [HEOT7 1 77 D8k - THREBR] (R
TERORR] 13, (MO LMERETOLR] 2 [HEOMERRTOELR] LEBELT,
K=+ 7+ ) AFHEECERS NS [RENBEZN] oA EIES L CHA—CIEESNS
ZEEBLMILA, & 512, OCRIKERR D GCSE % Design and Technology @ &1 — A 77 —
2B A [R— b7+ )+ Flidk] OFMRHE L FHEEELBRBBFEETEIAEL &SR,
APMmAAHE & Sl ZEHE L, designing® 7O ZIZHIGLTHRESH, Tk - BlEHOFRHIE

MENHI EEBHLMILL,

*¥—"7— K . #4&EHE, Design and Technology, designing, #¥— b 7+ 1) 5 {fii:, K& BEH

1. # &

[BHOBHE - #HEx SO HROBHEOBRD
ENHZO0T, RRIERIHICEFTALENH S
(B ISHPREFEFERIFE —RE®, 1996 :p.38) | 1
RELROND L9\, REREU - REREAS
2 (LT, HWEEE) 2o, FHHROTFEL
REEY A EEAMPHESHE DR T 5, BHOF
EERETARPIZ OV TIRE L ORTHENRS
hado ThODEFTHREN ) b, B—%K2BAT
MBI TR, i, BRRERENRICHT 2
FEVPREVWERDND, HEREMEMRE 1 SIZFHT
BY 5 BABRBEFEEOHRABTRESH LMK

(20024F 11 A 25 H 524, 20034 5 A 25 H %)

* EERERFERERE

¥ % FEEERF

T 20014 12 A REESHMHEFE &S 7 [6FE
& (®MF) tTRE

BEND [BRBEFEHE] 2B —EDY VF
PULDOBmRLIEBENL, BRI AIIBWT
i, BEOFEEXRESTAIRBE LT, [(1)Eikds
DEW, Q)OO FEDR, (3)ZFM 2\ LIk
DHBERO B A, (4) T £ b DFEHEED b A
EEFTWA2),

M) R RO | R UF, [(2) B0 FiED@E ]
WEE L, BN OERMBHEOREFREL RET L,
[HEFHFORMA R [HNBRFORRFE] &,
HEREOAI-7 (fEE - iH) & L THEDI,
FERI=TIDWTHEBEDRFKEIH>TI—2
A (BH]- RFEE) 2REL TV L2HEFAINEZ W
(Ll &5, 2001) 30, FAETIE, HAREEEMKE
%4 (1999) ) ASUEHEHEH & L TOHMKEFRRED
[Zaxtg] & BEAE] LLT, [HNsERA
Dt H ENEHER] R, [HRSEREODEFE
(At B BRI b ) 5B T “technological problem
solving,” “designing/design process”) ]5) ##EL
Twa, S ETFEAFORESEE LT [HE

55
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12777 FOCRABBOPHERENET &3R5 "Design and Technology” D EEM#HE L H— k7 + 1) 4

WA FER ] T A %ITIFRIE, ChETicd
BOPOBMENLENTVEE), L L, H#ifK
FEAO MERRNLEE] &, B2 (B4
W eFBorE] o [MERRNLEE] L olE
HEBHRII2W T, BITHEIED TL R,
HoT, BHMBHFI BT AMERETO LR, F
7244 “designing/design process” & [—A%# 7z Fil A iR
R7OLA| [REOBERRTOLR ]| L DkE
HAESRF BRI AL, [HFEOREESE
] rRETHLOINEETHLEELLND,

EEEIET OEBHEE L LTOREMEEEIL,
Craft, Design and Technology (LL T, CDT) , Design
and Technology (E\F, DT) @ X 52, [HiN%E
BEORB#FE] *ERT L1010, BEEIZ
design D &AM Z H N, designing TOFRAE
MENT0BEY, —F, BHOFEBHEEFT BT
design B U, designingid, 4 L4 HEH»H L
(Layton, 1993 9); Province of British Columbia Min-
istry of Education, 1995'% ;Yi, 1996'" ; Wu et al.,
199612})0

EETEOHEMEEE I T 5 BADRITHEIR,
BECHEINTVA, design DEEMZH L 7
ML E LT, BiR (1989)1) R4MH (1995,1997) 14~19),
AF - EH (1994)19, FH (1989)17 % LD %EATHF
ZENH B, AR (1989) 1F, design &1F, [BEH
- BERTE 2 EET A2 —EDEET, CDT O
% LTwA (AR, 1989 ; p76)] &L LA, K
¥ - E8 (1994) #TH (1989) &, CDT#HAOH
FBRABIIOVWTORBO—EHEBEO ML, L
L, designDEHFDITR, DT HEH designAffibh
TWAERIZMEL T, dmxohTuniun,

S¢H (1995) 1%, WEERBAOEMHEEEON
BEREL, TORABHRRY, HFELORKHE L
T, #BEHO [EH] £8H L1, %EH (1995)
i, 20 [#H8] 2, —E02BiEHETRLTE
D, designi@BHEFRENTWABZ E#IEH L. —
7, designEHEBIONFICEAL T, %M (1997) 3,
HEBEONE T P.OIHE 24TV, designing % [F
AT LB T/, 5~ 168EBEBED
HEBRERY, HNH#REORNEERIL, 794
IR BELESS.LoHE - FEIERkER
THh, BE-EEOFREKE G L TREMICT S
NTWLIEEHEL, LA L, “designing/design
process’ & [—#xty7:MERHR 7Ot [BEORM
Mo e | Eola - RS owTHE

(2)

e LB RITHEIL, EROMY v,
FAETIL, 20024 (FR144E) D HAPERD
EHHIBVTHEMFMISEEERS i L L,
BHHR T~y »¥— F& L TOFEHHE & 3
HHEA L (, EOERPEERICERON TV S, 7
Dz, REFPHIBE~OFHAREIIHAI A LS
REBRME - RLAMOH 5 FEEFMOERARET
i, —%, EETETIE, 164K, 1SEREETE
CEERRARIERIN TV 5, 16 EHOEER
AR (LT, GCSERER) 20 + T 2 AR/ I
HAFE L, FRse - FF ML) 13, RHABRBTA
¥ ¥ — FERESH, RERFEHTOEELITD
NTw5b, GCSERBDIFEMBHE DT 0RBARIL,
FRABREI-AT—-72 ThHBH, I—AT—2 L
X, HHEEEIZL A 500 D RUSHE— 74 1) 4
fEDZ L Th%A (OCR, 1998)3), LA L, H#iFHsk
BOGCSERERICMT 2EARTHED I &, RBE
DFFHERZE - Hike, [F— 74+ ) A5k 20 ©
I OWTER LCRTHZRL, EROED vy,
£ 2T, AHRNE 1 DEAYIL, Layton (1993) @) @
Technology/design process® &, [Science process
(LT, BEORMBRIEE) €70 ] % [—Fi%
fl &% i 8) (General model for problem solving)
EFN] LOMGAL - HERIZOWT, ISR
UBHEETIEXRT A L TH 5B, 112, designing
BEE, F—bF7+ ) FFMETERSNEEED
&R BET (reflective thinking) OREI-FH ¥
% o5 2 DEFFHAYIL,OCR #4852 0 GCSE #8220
Design and Technology (LAF, DT) @3 —A 7 —
7o [K= b7+ 5k OBS - FHHHE:
BhBEICLVHEHOSMITHZETH A,

2 . designing/design process M4%#

2.1 Collins ¥} % & Layton (1993) @ designing/design
process NS

HAEOHMEEE Tix, design® [3%5H] &R
THEDE VB ARDPERIM - RER R TIZ,
[Fat 1%, TEALBEILE,*EL LS 5%
EIZ)+LE )AL BEEEL L) B L LD,
RizA&&RZH (ME - $F, 2002 ; p.34-35),] %
[RErTWl, BEC2»2BACES BR, £6%5
Tz, BRECL LIRS, B eEZXATHICELE
3 (AHS, 2002 ; pl0)o] 2V EBBAL T b,

HAEADEMHEBEEIZIX, E4EEOdesign %
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HAEREMBOTFREERHSE2 S (2003)

designing BEE 12 2WT, IFLAEHIGNTVRY,
72, dsigning OFIFRIEMA, LAEBREHNH S LT
BUVEEv,

FCZ T, AR TIE, DT#HE D design B U,
designing DS TR+ 5720, HEHREAT
WA HEMEEHEOSEEOMA, EME(1997) KHRES
#7 % 4T = 72 Collins Educational 2* 5 i S LT A%

##(LLT, Collins BH#)® £WRMRE LA,

F#iZiX, designfkedf, 3°0ORLLEEHNS
HEBEhTWwi, #1i, BFEOBKRIER2E
BLEIZEDEHIIIEILLTELDOIh LV FINRS
hTwiz, 82, NECHT AREREOFIRT
Hol, B3, 33a2a=r—2aryFRELTOD
design, T%4bb, TLERRA Y —, HikL LTO
design Th o7z, TLERKRA Y —, HiEHG 2 b1l
HAEED, design e D —2L LTRENT W,

—7%, designing i3XD X HIZEHZE SN T Wiz,

“designing is concerned with the whole process
from identifying a problem, through to creating a
solution and then testing it (Breckon, 1991 ; p.6).”

designing & 12, MIEOHELLEHICET AT
G, U AlER, FNEOERETE
EL-ElREERT 2 (EENR).

LA L, F#EHBE T, designing &, [HEOR]
HRR 7O LR ] R [—RELMERR DL X
LodtEs-HESIZOVWTORBIEIR O ho
720 Collins ##} # @ designing (=%t L, Layton (1993)
12, Technology/design process & U [## DRI &R
7O REFN], A0 MERR T OE 2 E
FIN| %, [RMERHER 7O+ (Problem-solving
processes) | ®d—f & L THEBEMITTWA (£1),
Collins #t %3 @ designing AT D4 F, Layton
(1993) @ Technology/design process & @3t #PEATHH
bipbirot, £#IT, RFETH, DEmMEL
& ¥ T designing/design process & 5271 %, Layton
(1993) 13, T S DIESH O ILES - HES HER L T
Wis, [RHEoRE R 70+ 2] & designing/design
process DIt E @S & LTIE, LTS8
LTwa,

“The descriptions of the activities employ common
terms, such as ‘generating a problem/detailing a
problem’, ‘planning’ and ‘evaluation’ (Layton, D.,
1993 :47)."

W& OEEI, [MEO—AL FMBEOFHML] 2
Fatml, M3 =B 5 —do Fot2h3kE LT

(3)

wh (FEEFR) .

“For science, if the theory or hypothesis ‘fit the
facts’, if it does not breath the canons of good scien-
tific practice (e. g. parsimony, replicability), then con-
textual preferences external to science play on part. In
contrast, the products of technological activity have to
satisfy diverse external criteria. Not only must the
product ‘work’ (i.e. do what it was intended to do), but
also it must satisfy a range of other conditions which
may include environmental benignity, cost, aesthetic
preferences, ergonomic requirements and market
size. ‘Doing science’ is different, therefore, from
‘doing technology’ (Layton, D. 1993 ; 48)"

BFEl, BRb LJREHAFEE-HLTVR
i, ENFLERBESREMNERORE (F I,
Bi#, BAETRELZL) PREATWEVWEEICE
WTh, BEICHT KRG THREIR, EEL
EZRIZBE RV, —7, BB REHICLIN DL
nIzgGRE, S oNeLRER®L L Twiid
NELbiowv, Thbbh, B, #ETL(FOE
Hah/ZLi17H) b 20Tk {, RERYE,
I A b, EHEF, AMITEHESR, HTHRAELLY
tEt, —EHEROKRII—-B LT hidk sk
WOTHb, FRWZ, BT LI & ] & [HlFT
bt xRS (FEFMR,

L& L7%&A%%, designing/design process & UF
[FEOMERE 7O ATV, [—AR8 7 R SRR
TOEAETFIN]| O 3 O2OFFH 7O BT IE
ARHESICOWT, EHlAERET IR T ED

2726

22 FEETEZRIREZEIC L S Layton (1993) @
designing/design process MAFE

AT, Layton (1993) » % 1 ® designing/design
process &, [FHEOMERHR IO LA | [—#H 72 M
BRI oEA] L& LBHRE L, designing DIFHL
FHOMITAIELEAEMET S,

e £i1d, Layton (1993)9) 0% 1 RUTYi
(1996) 'V & L7z, Layton(1993) ) O ICHA % &R L
7-E M, Layton 4%, T@HEF L L TOHKEEF
DOFEERI, BERFLOBREEBROTEELT
Wizl THhH O, KIFETIX, LBEOFRIEH L
LT, #10OFHSHEBIZHB L7, Yi (1996)1) %
BIRL -0, BRI, E6EEET AV IO
LEZLEMHERERESL 2SR ESEREI30A,

57
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1277 > FOCRUBRE O PERFHENET — 4 RHERE "Design and Technology” DEFMMAE L H— L 7 + 1) #

®1 MBEMATOEZ (Problem-solving processes)

— AR SRR O R ReFomEsk o= Bt/ design 15 E)
(General model for problem solving) (Science process) (Technology/design process)
O. MEomEH @. BABKDORH ®. VEMOWE
@. FEoHR ®. MEOFER ®. PEHOFER
Q. MRROER ®. RHOER ®. TITFTOER
@. fRRERE 1 DOBER ®. ®HE1DOBER ®. 714F77E1DOBRR
®. E#H . %% ®. B4E
®. #EROFE ©. #REEHOFEE = B. WERKORR
ihi#8 : (Layton, Technalogy’ s Challenge to science education, 1993, p.46.)

TAYHAIZAN) EL, BREETCBITLRERE R
(problem solving in technology education) 1= B84
HEMERAESER LMD L= RD-TH
%o FRXIE, BEFVOTO LAY IEE - B3+
HIEEELLT, BETHHLHM L, HE0E
HEE LT, R20EMKBToOMERLEE
(Goals of Problem Solving in Technology Education)
IZEFE L3,

K2D16HE DM, HE 3 @ [designing A ¥ L0
FiE] *RBOMKEEI ST L, 20BEHI,
designing DBEEHERHIFHEQEHWN TS Y, koD

®2 HEHEOMERABIE (Goals of Problem in
Techonology Education)

. BORic B 5 8E0ER

. D - BRAFINDRE

. designing A ¥ )L DRE

. BHE - BHERF N ORE

. BEZFIORE

. BH - REAF)NORE

- BAFRER, REICLAEREEHORE

. (LERE - MR

. BEEHINTAREHORE

. MEFRER, AN X LOBR - 1ER

- eI 25 LDERR - i

- R/ BEOS 2T AOBR - SEH

- B BE THAIE RS % ERAEE O SEITE

At ah

14, Bl e« OBIR, 2, REOHREEREMTTS
h

15. EEOHEML X400k - BLEES GiET 50

16. BRAEFETECTOAME - BSUCHL T, HiFTs
3h

(488 : Yi, Problem Solving in Technology Education at the

Secondary level as Perceived by Technology Educators in the

United Kingdom and the United States, 1996, p.86. 25

HONEMALL)

= W00 N DU WD e

[FCR -

MBEEEHELTHRORS S EHTELVWDALTH D,
HoT, FEFVO SO LA (5F18EE) &
[designing A ¥ LD %3% | HE *# %\ /-3F 155
DEEREEEL BB T2 L L Lz 20,
2ERIENC R AFERBEER LS, #0702
FETTALT, BEMICHS - BMATLHE 1]
EL, Ehbitx [0 OoBEL5 2 THH LT,

AETTHRARAFEERELEIZ, M) v 2 2%k
L7 ZOEBREHE, $ES 25053 ATH
bhiz, BEECEoT 1] F21 70 0k
K,%&%ﬁﬁﬁ%ﬁﬂ%ﬂtﬁﬁ@,mabfw
BL7ze RIS, = Y v 2 A0BERIZEDE, 1818
Bo70w 2108 L— kg4 T7v,[1 | REDOTR
—BOBEHRESBE L FOEREZELRE S LT,
FREEZRITREEYIT- 72 FHHIZIE, SAS
MDS7a v +) i,

REHORERBIZIOVWTIR<G, FHEE KT
REER, [BFAMOEEHEO L2, TIZTE
% #EHEAH % DT, mconverge & geonverge D
D00 RIEHEIZL, REIWEL: L X
Badness-Of-Fit Criterion 25+ 5/ &, £ 7-, 38
BEL BT RT— 5 D70y MERIS RV BT
B3 5 (LLRs-EH, 2002;p.116) | ® FETH 2,
#£- T, &[5, Badness-Of-Fit Criterion A¢+ %5
NS, T, BEREEREERT -y O FOy b
ERIZTIWIE W) HIZEB LIESR, 3KRTHRY
RH L7z, #DED Badness-Of -Fit Criterion {3 0.08
Thoiz,

BEEHO 2ROy PR LIZET, 7Oy b
¥FRAE, O [£8] L@ [8E] 81 XTOE
nFE, QILEHORE] LOT7 47T OEER],
® RERORR], @ HRLEHEOBEE], ©
[#R O] AREOFEIZF PN TV, EOHH
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1 BEBH/OLX(SEI8EE) O kx7Oy MR

X, FOBL2OKIRIZIEL T, SEEHLEI N
EHThHBEEIOND, —F, BOHEIIEHS
NEERR, FRCEEL TV b0 LIER L FE
Lzdo o kRIS, K DREAB L&
AELT, MBAYRELEL, H-s2ERERERL
TV V) —EOANTOLATholEZLN
Bo ZhiE, [REMEE]D (IESWEKTHD
L#Ez bhb (Schon, 2001), fE-T, H1RTO
EFRm%E GE0iESHD], LATORDHFmE [K
EHBEH] L, T, £2RTOEAM
2, @ [LEMORER] L@ @ [MEOFHR] A
Tay kBT, Ths IEE R, BohEkE LM
Hy, ME~ER - FHALTW I ABEHTH S,
—7%, E2RTOEOHE, © MEOERE] L
@ ERBRODHE] Poh L. ThHoDEB R,
BEOKREZMEBLT, FL-2B8RE LTV {AR
EBHPLThHE, FIC, E2RTENPEHME
[EEih - ¥HAH), BohmE%E KiiERN] &
ﬁ:ﬁ% I=7=c

El1&y, e LT2a¥ELONE, £1 8
iz, @ 3] O [£8] OBEETH 72, D
HEICHS, EHTEI-IEIZ 7oy Fahi, £
7z, @ [340E] 96T, @ [EER] B¥EEICTOY
FERT,

g2, @MLERORAEI G747 TOEE]
® 7477 %120%R] @ [#EmHE] OE
BTHhoto chb4TBHD, ROEHIZHN, [K
EWHBES] omAmIER L THARKICLE S
Tt b 4HEIZ, £ Tdesigning®& 70+
ATHoT.2FD, bOD ) OFERHIIL, HEH
EEh L, KAMEEZOMEAMEL TS EE
Ao,

(5)

3. OCREM GCSE &8 “Design and Technology”
BHEO - 27— 7 OFEi#RE

3.1 HARBE®

designing/design process Bf84%, L&D L) &FF
MBS FHREEHCTFHFHI ATV 200 EiE
A 7:%, OCR X8R ® GCSE RERDT &t ¥ 314 5
CLEEBREENET B,

3.2 HRAEE

200146 A21~26HM 6 AR, EEHIX, A3y
b5 > KD 75— A (Perth) HiIZATIET 5 1045 18 4%
¥ TOH-B—B L7 H 7 Strathallan 24 % 3573
L, H#SHDTORERELITo A3, I,
GCSEREH D K— b7 4 ) AHl{ER, dDTLHhD
BFABEAL, E253, BfHELHE»SDTH
BloMEMhAEICL D, OCRABRBOAKE L 71
A% DR E AF LI, AHFETIX, OCRRBRE D
HER T 5 GCSERER & T A% Pl THT - EB %
1ot

3.3 HBRRURMEAE - 5E

GCSE #Ex i3k DT RN A 1, SR
La—A7—43 Thotz, Aa—AT—2 ki, H
HEEICE AL DT ) RUFE—-F 74 4HIfED Z
& ThbH (OCR, 1998), I— AT — 7 DFFMHDOITE
(Assessment Objectives) # % 3 12K T,

£3Lkbh, a—27—OFMHHRIZ, designing
L THRESRTWwWAEEZLNSE, —F, &
AT S DOEFMEHE (Coursework Assessment) &
SN~ EF4IITR T, a4 LV, BEFFMT
S OFFMARED, 4BERIOBERESIN TV,

REE S T /N AR ENT WA FFERHE & FFl2EHE
I3, FACEROBBRUSBREIIARSTW

#3 OCRM &S Design and Techonology™?®
16mesatEe (1998)

A 5 flm (R
1. OT< D OB - LEAEOER 4

2. BE

12

3. 74 F7 Ofilt 14
4. 3HE 14
5. B (BE) 48
6. 54l & gk 8

aat 100
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®4 2A-27-7OBFHEMROFMRE & FFMEE (—2B)

FHOEERPE (Level of Response)

[ ma

1. OIS YORMT - LEEDER

EDENLDE, EEALERRTES,

- EREOIMRE I, REMEOLEESMh—HEBRLIELT, EDEWDDEEBRTHIENTES,

- ERAEOERY, PEHOTEEEEL, FVEWbOEIRICEBR TSI ENTES,

- EREOUMEY, LVEMOWMELEERL, EVLVBOEHEND, FHICERERTSIEMNTES,

2. W&

- B OBUERRIZERRT D T EATEIRL,
- BEMEOTEPKE S, B2, HIREORBREF TS,

REET Y E03, BT R, MWMEROERBENEREL TS,
- BERICHM LT, BOohOFEE{T-> T3,

BT R, BT AR, SEROGERBENEREL TV,
SIZHM LT, SHEO-—XE=E/L-FEET-o TS,

c BWEICBSED H HREET— Y R, £Hl7T—¥ 2812, HRENOREEETHHTITo TIN5,
- BEBRICH L T, EAEO-—XERBRLUISHEE o TS,

3. 7ATT7ONE

s 1, 2ODMREERBETES. LT, BAOMRERIFEALSERTERL,

RO ORRRERRTES. £/, MEORRICEL TERORRERERRT 5 LATE2,

- BROLEITE AR EERTE S, Fr v 7 UALOMENS, HAREARORREER
RTED,

- BROSBRIIEU-BREE LB > TIRETE S,
L REHEPENZELL TOAN ESM ORI, SRR SRREEZRTE S,

4. Kl

CBODOMECRIEIEEHEEL TWD, £y, TRBOBENMEERZ TS,

F ERREEIC, LELMECRHESE, BEEBYISRA TV,
- BYEIZEGT, BT VLA EEROF 2 v 4 E LT A,

- BYEICATT, BT 2 IREBRETO TS,
- EYEEERAWT, EFICRRLTWS,

* BEROBEETHUEL THD, TF) L7k TRESFROFAECEEET> TS,
B EEERASAVT, BOBOWERETI ZENTES,

5. BE (B4F)

CFEALHEATETEN. T, FRTIHEER, BREERRCEATERN,

0-12

EVSHECER, RBEERTIILICL-T, MEETERLTWA,
* 7 BNA ZERTEHS, EERSETDLLAFIOEREERLTVS,

13-24

- FEL EH-> TEEIZIRD#A TV S,
< EREFIRICH S T, @OAEEET> TS,

25-36

- MEFRER, EESOM#MEHHHA TS, WU UBST2hEK> T2,
- VERICEYREEE B EMCE R, ETL TS, BEUEETFIREBD TL<ERL TS,

37-48

6. FRLTLE

- B{EQOMICEL T, @2 X2 MITETORN, £, EIERELESEIVLONGNSR
V.

0-2

- BERORAIRY, MRoEROEAIZELT, BOHEIAS FELTHD,
- FE S AT

3-4

- BEROFMRY, MECEROFERICMLT, MEREIAY MARHERITO TV,
- BUERHIEEERICN L, HWERHEETO TV,

5-6

- BEROMARY, MEHeEROBERIZBED S 53217 Tla,
- BERCHIERO—BOWRECREICAIT, FONOREEREL TS,

7-8

XML, Ty OTRUL6TH 2, HIRELIELED, ) EBITREINIEE LALE TH 2.

(6)
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BER1 7AFT7HESE

FROBEIL, FMRLELFMHELCEITHY
FaTAEBELTW®, FEREIL, FMRME
AHlEE OB MHIZFEY, K- b7+ ) EHilEICE
DLR=+74 1) 7Hﬂllf’EJ: BUEZIToTWise—H,
I—R7 =7, EEROBERVABRBHRE
OREPGRE SN TN,

34 K= b7+ AFHEEOERE

FEESIE, EEOFE—-P 7+ ) FFEBRELHE
Lizo £ bOESF— b7+ )41, $30~40
M6, R4 OFMREIESTHATHEBREINT
Wiz, KBTI, ¥ [7T47708IE] &% d
DIHRET L, [TATFT7ORIM] T, L0
HOMEDCHBOTAFTREIH L, HMERLE
TWwi: (BE 1), &b, BMEROTAFT%
5 62U EERLTWE, ETAFTIZE, 20
ERLACEHSC, B, flasiEfishtn,
o714 77 itk 4£EbiE, Bob0H
EBMICETE, Fzv YA FEERLTV
(BE2),

IBE - £kl bid, Frv 2 ) ALOERMS,
TATFTE—2I0, FOTATFTE S HIIMETL
oo BEL, 2L0, [EEENFhOENEEZEL
FEHECH A L] [EENEHCHEME (ShHh2h)
NDEYTEb22 L] [RUOHHST (goal) ~A#H,
S THEDBEY A2 T— 1 A2 EE B H RIS
Wyaszl] itEgE B [TEAA L}
(assessment) | & L TOFBEEfTHR Tz L
£z 605 (FW, 200004, —7, /AE (2001)4
i, BERF—HhoT74772%ohHHEL, K
BeFlEL, MERHESILICEST, BSLD
IHGEEMSIEL/-), BOHRTAZ LATTEL LR

U U L =g
ad I AT

BE2 FAFTPFrvIURb

BLTWE, IEMROEGFE, K- b7+ A5
L L > T, MO ECHEEN RSN, Tk -4l
ETANABEEER T LELIONS,
PEd~7z L9142, £fE-bIZEH, A3 HELS
BHMLER, ME, EEOMYFHIIHELITV LA
5, BEMNLELCEORMNLRECHEOERLE
FHL T, 2% 0, H#BKBDTOH— b7+
+ik, FL¥yF—ary-v—LD12LLT, H
FOELDR S PHEHEMFIEAS DO T AN ¢
Thol:tEZOLNS, £/, &kx@EL T, -}
744k, HOEORRANPLHEAD, FL¥r7—
ar EENDOmMEZERMLTW - LBRTE A,

4. HEEE

AR O R, £1E72 5 D designing D F@IE I B
WT, [F—= b7+ )A45FEE] LD, EROERE
I RBELIRD ELTHIZTTIELR L, G2 RA
LA RENBEYKS LI REMLERIRE
ERTW(ERE, 20004, F/2, TBLEA SR
EEAROT LT, KLBOTFRTOE X2 E L
h, EBRLH] 2EETHILNTEDLLER
S5 (RS, 2002)%, [ERRET 4 &1 O MG 2Ly
T, iR UHEEL B, K7+ FEHEL R
LT, 22T, A1 OERLHFAERE S
A, NEMBECED LADTHEEIIEBIT AR
b7 4 Y) AEFliiE & & designing @B OMEBEEE 2 12
RS,

M20E-25EIE, £§70A0a 7z [F—
P74 AFEMEC L ARG LS®E] BB
ZETHH, FELLOEEES SO LRIL, B—F
7+ VAGEEILLD, NESLRENBEORD R
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1. RRER
—— | tosmonast
SERORR
2. WE
T “mwnxemE
i ARAEORREN G
" x/ l
4. @ 3.74T7F
FAFTORYBH
MEERDER HMBOTAT7ENL

B2 K- b7z F5HiE L & desioning @2 ORIER

LA TEREINTWEEIZONE, £/, B
ORERIECLER RO MG LW T A FT 2 —2
KD ALBRETHo7mETL b,

EEEETIE, HEAMEE % ER L7 designing 1
FHEIOFMET LD, R—b74+)FI2koT
AT BRI Tz, F— b7+ ) A OEEES) % 8
LT, #ATHCRMhEL [HEAREIECE
BlPRAShTWtEZILNE, K~ 74U F
HEMAAT LR AENC, OB RY, FHEEHT
RERTWAFIEE LT, #II (2001 ; p.75)8 i%,
F b TEEMIZE ) TIPS G 0 b5 EA
THhHTWADTHRATHA] LT nbE, —
B, B o TR, [FELICE AMBOFEMEREE
RBILIBEEEZHIIOTLIENTES] L)
AhEFEbRTWAS (FES, 2001 ; p77)4), %
7z, F=F 7 1) 4% &1 GCSE B O SFliA*,
DEEMPLRBEI ST T, £/, GCSE#ER
DI INAREMEERLAEE L LTI, [B89%
T H 7% ¥ F 1 (public accountability) | # B35
MIT B LV B S o728~ fEoT, [Tt
AX¥ M ELTOFMEGESOFIZIZ, [AFHE] &
HiZ, [THI5E)F4) OBEFERSATY
f:&#i%héo

HMHE C B ARIER R 2B HiEL LT,
“Fodz s b Ay P SEREE SR TV
(|4, 1980 ; AiIr9, 1988 ; ¥, 1990 ; {£iE,
1991)%0~83), “Fulxry b - AV y F" TR, R
By 5 R % HINT - ¥l (evaluation) +5Z &IZES
PBEIPN TV, —F, EE&EEDdesigning i3, i
B ATERMOA TR, M2RLAEH L, M

BRI DIEEAD & 4R M 7% VEFli (assessment) 7F

ThhTwa, BAROMEHES, RMERRL

62

ZRHFEREN TV 5, HHTHOBEL L TOHE
BEEIEDNTV245H, [HMHOMERRE L2
Praotx] 20T, —ixMaMEFR oL 2
PLEEOMERR 7O ZIEL, Fh5 0
HRHERICOVWTORARE L) BEEE S
RO LMD,

5. % &=

EEEEOHEFHEERR BRI -TLL
TEREIND [HHEEOBHEFE] TH 5 design-
ing/design process &, [HE#EDMEARRET O LR ]
[ —fx ey 7 SRR 70 2 | OB & HEtEiso
WT, FHESRTREEZHVWTHEL:, 20
#5%, designing/design process® 9 &, [WLEMH®
AE| [HEOTAFT7TORE - ThEERIR) [RE
SORER] 1k, [~ LEMERETOER] 2 [#
FEOMERBRTOER] 1N, R— b7+ ) 5
ETERINDS [REMNEBEN] owmAmIERL
THARICESNAZ EFBEOMILI 8612,
OCR #5%/5 @ GCSE 5% Design and Technology @
I—AT=2IZB B [F—+ 7+ +5F ] DF
iR HE & FFMERE D W TR L/ &R, 55
HHE & Rl HE L, designing D 7R AZHIEL T
JESN, TR flEHPTLEYTF—-Yarho
ERAERINLIZETHS ML,

EE

1) 5P RHEERSE—REH 21l ER
ZLEEVPEOHEFEDOED HIZonT, LHE
(#4E), SCERBE# 14375, & r ¥\, p.38,
1996

2) FEEBHME - #EEFFEORLEME - AR
Rl HB OSSN -, FE - BEXT - EEHC
(d4fCF), Hi¥fE, 1990.

3) W EE (FRflksE) #EFw7—~ (15
HW) P oEEOFEUOBRSILE I, AHEER
WFge, R 11 4ERE ~ PR 12 R B K
To¥ s MFRRRREE (BEES 99224),
p.45, 2001.

4) BAEELNHFTFES | 21 BLORMHE -
HHREOHS L HENBEH L IMTH FOlHO
HERROBERE ) HA~EHh—, [HEEER
WEFFEE] £41% 3 55, 1999,
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5) MEpEESEE(1990) [FHUEFFAFH] F—
wHIC LB, [MERRER] L [FEENT
TATHFEMER L2, BREZOFFEHT
Ladts, ThEBELBHLTW{EHFE
(p.381)] THB, — K4, [BEEY]| &3 %5
BEICBTATELORRLENMTESRN LD
DT B0, BEOETEPLEEOTIIHM &
FPEB ML TRAT2EF 0K (pd54) |
Thhb, B TiE, [HFRERE] Cl%
¢, THMRERER] L LTwh, B, [
DI DIZEbIMEE RN ECREL, B
LT, —EORBEHFOL L TRBLERD
OOFIRT S (HAEEFRRHEFS, 1999 ; p.
5)] 4) EHAEREIATVEL6THS,

6) EATHFFEE LT, BRI, DITOXEAE
bz, WHE— 54 - KEBIZBITA25¥B%
BOFHERE IZ2WT, [ BAREEHFREFEEE]
5$33% 3%, pp.149-155. AEFNE - MHES .
e R AREOMER AR ICIBITAT7 IZH
T AN, TOREERNBRFTFSE] 6
36% 1%, pp.l-8.%L,

7) E&EENL, 175~ F (England), 7 x—
VZ (Wales), Ay b5~ F (Scotland) BU*
7 4 Z ¥ F (NorthernIreland) @ 4 #i3FT#H
W, BHISIEFaF - B FaTLHEVEH
1F74 %80, #li, LTOXHESED
Zl, BAREE D [ZEbN@{A4X) ADFEK],
WS HARFE, p.17, 1994

8) EATHRE L LTI, Bz, LT OXEI T
Shb, AR : Fatn - A x5 LOHR
HHEAF~OEBLZOHFLENEKR — 1%
AHMHEATLHAEOHEROB I, —, [E
EWEFFME] H21EE 25, 1997. BLEHF3)
br

9) Layton, D.(1993). Technology’s Challenge to sci-
ence education. Buckingham, U.K.: Open Univer-
sity Press.

10) Province of British Columbia Ministry of Educa-
tion. (1995) .Applied Skills K to 7 Technology Edu-
cation Component (The first of three Applied Skills
K to 7 Integrated Resource Package), Province of
British Columbia, Canada.

11) Yi, S. (1996). Problem Solving in Technology
Education at the Secondary level as Perceived by
Technology Educators in the United Kingdom and

(9)

the United States. Unpublished doctoral disserta-
tion, Ohio State University: U.S.A.

12) Wu, T., Custer, R. L.and Dyrenfurth, M. J.
(1996). Technological and Personal Problem Solv-
ing Styles: Is there a Difference? Journal of Tech-
nology Education, 7 (2), 55-71.

13) BIRIBE : A ¥ RIZBITATE - H#BHFO
Bhm), [HedsEHIZE] %335, p.76, 1980.

14) %eM f: EEA ¥ T » F#1% %8 Design and
Technology H## &HEOANE, [HHHEMRE]
No.46, 1995. :

15) BL&8) &M,

16) Ak - EHIEBH ; 4 %) A CDT (Craft Design
and Technology) ## & DA% 54T — Technology
EHLGIC—, BRASHEFBTARE (SR
H¥M) $25%, pp.167-182, 1994.

17) #EBE A X ACBYAREOREYEL
HAHE, REHHEE BEREEBRFERWREL
BH¥17%, pp.1-26, 1989.

18) MOETFHEL LT, FlE, LTOX#HEE
BB = L, Pavlova, M. and Pittis, J. (2002). Tech-
nology Education in Russia : Socio-Cultural Limi- -
tations to Design- Approach, [ & ORE
#] £15F (AEEREHEREREHEA - W
EHEFEFMRZERIT), 16-42.

19) %M (1997) &, F—AF—V 428 AHH
#glBnT, [FH1 - ITRIZ [FFAr7)—7
— 7148 — p ARl —~ R R e At E — B3R
{b—~RER—FFfl] » 9 T (%EH, 1997, p.38).]
EmE LI,

20) GCSE (General Certificate of Secondary Educa-

tion ; —A%IC, PHEHEET REBHRERS
Nn3) REE, PERFRTER (165%F) 12X
BEhTWAETERARTHS, &8, GCSEHR
B, ARRABRTHELRL, A0 F, vx—
WX, T7ANT 2y FOIHMBTITHOILTWAH, &
B, A3y b+ 7 FTid, Standard RE & FEiTh
ARERFE T —HAEERBIEER STV 5,
21) [EFflgide] & [REM@ZEHE] 2oV T, EREE
MHE DM T, [HEdFEMoEE() —4)] &
[B)#EE (#xt) FMoEE (RF¥r¥—F)] &
DREDERDP SR ELGMELTH o7, DI
&, WEEEE CEYHE RN OHTY S
i3, [EFImEdE | OofEE—ORWT, ¥ a
e LTO [FMi#dE] OARRLT SDH—AEH
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Thb, BAK, FHOF V2 re2tfiTeL
T, (bR (RIEO—EBHETHI L) #E
2FH) OBEANTWELLTH B, E-T, XE
BEEPLEIHEFBRMEROTTHSE TR S
na [FFEMRE] 12, [FF%HE] OFRLELL
R HHLOTHENLETH A, i, BEEF
i L ) FEEORERCKEIIMIE LI2EEF
fiz$5i2id, BOLFMEE (A5 5—F)
DAL ETH 5,

22) a—A7—7 OREFHIFMIL, FERIES
nTwa,

23) OCR.(1998). Design and Technology : Resistant
Materials Technology {1462 GCSE (Full Course)
for Examination in 2000. %, OCR (Oxford
Cambridge and Royal Society of Arts Examina-
tions) HERF &L 1X, GCSEXBR L EML Tw5 4
Y5y FRERBORD 1 2TH5b, GCSERERIZ
2VWTit, i (21) =&,

24) M (2002) 12k B &, K= b7+ A 5FEMiE
Eid, [R=F7+VAENEELT, FELOH
CHMERETELLIC, HEMbTELOEELFF
flid+5K5ik (p38)] LEESNTWVD, ML,
DFTox@mssBol L, HAENEE  H2%
HESFMOLE, HLWHEFOOER L HiE
(WEHE - ©HPHHG), BAEE, 2002,

25) AHIEAERL D, E5TEODTHHZIBITS
design %> design process, designing#f:21%, HA
OFMEEFICBITA [ \aLhriboM
WEMRROh I, EXRILE L,

26) MIHZELL - PG (BENRER) - HE - FE
Folr ¥, B, p10, 2002.

27) EEHEEA - NEE— - BIHET (GERR), #
LW EEfT - KE, B ®§E, pp.34-35, 2002.

28) Fowler, P. and Horsley,.. M.~ (1994). Collins
Craft, Design and Technology Suitable for Key
Stage 4. London, U.K.: Collins Educational.

29) EFO—ATH A IGEOXEHERMENNEE
& (199642 H208~6 A9H, EAERE) &
U, #OHOBMBEIZL A L, Collins HE#75,
12777 FOSHOERTHER STV, &
B, %M (1997) 9DAEHL TV A LI, #EE
TEOHFHFIZ, BHET - BHERH (%@,
1997, p34)] TH 5,

30) Laytonid, #EAEEOFEMEFEMIEEDE—A
ETHAH, AKX, 198044t OECD % UNESCO

64 (10)

ICERGEBELLLLIEAMTH S, HlZE,
B EHE1L0) ofic, LTOXHMEEBEOZ &,
Layton, D. (Ed.) (1993). Innovations in science and
technology education, ISBN: 92- 3 -102975-4, Paris,
France : the United Nations Educational, Scientific
and Cultural Organization.

31) 213, Yids, MERREEIRTIEO»0
FATHIR AR LABERPOREIA TV S,

32) IUBXE—ER - H B 2—HF—DLH0LHE
T 5 OSERBITE, BOFHE, 2002,

33) Schén,D. (2001) i, [TR¥FZ LiZEo>TER]
ZEDERIL, THLENLEZLLIE, 5615,
TELLENFLZEORT [FHA 5] ZExBrE
T5 (p221)] BB EFIC, FHA T 58
(designing) 12& o T, HEMERTHERBLLTY
%, 2T, designing@FDEZ ORI, &
TREMBELMELTWAREEILNS, M
i, LToOX#%SEOT &, Donald A. Schén :
EMEOHE REMEBRIITELLIELEZ
A (R0, & % - EERE (RE), 94
AWM, 2001, /EE M- B &k --EHPEEZ
(#E) BAREEEFHE, B#E, 2002. &,

34) FFEEBIR LB, B1829) TH~L-EE
D—ANTdH5I|IEHHEELIZFERDOIDOTH S,

3B) KT, 4175 FeAay b FOWE
DOCGCSE BHEARBMT EM L Tv/z, £, 417
Ty NORFEFELFET HEED, 2BEET
L1:bTHb,

36) GCSERBROBMEALFDT X, ZEREDERENHIC
[BLT, 2HEOEEAR (EERER L&ERER)
MEBE N TS, [OCR.(1998). Design and
Technology: Resistant Materials Technology
{1462| GCSE (Full Course) for Examination in
2000.]

37) I—RAT— 7 OR{EIEBREIL, SFERIES
htTwa,

38) EETEOREKTIX, REBEEDL TR
W, FERIZEMEE C (School based curricu-
lum) HERA ) F2 5 LFERT 5, SFRIIER
EBAANF a7 LEE, B4 DFERIBITAHR
BREARY, T, RilEE - HE{ERERIZEL
A300KFEBMOEHIZ L TREShL A *
27 LERY (KB, 1999), MEA) ¥ 250 %
RETHHERELTIE, BRERETOMESE
Abhd, ARE (2000) &, #)F25LHE
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#179) LTEELFEREO—D2 L LT, HbH,
PSRRI TRV Yo A2 5 EER S
HEHAOZEELTELZONATEE TS ¥
NETHHAZELREMLTYWS (ARHEH, 2000,

- p68)le —7, FE (2000) X, #uik (B -4t
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4 » 77 » FOCRRERB D P FHEFNE T — 4 THEAH "Design and Technology” DEEMMM L H— b7 2 1) &
Abstract

The first purpose of this study was to compare Layton’s(1993) model of “designing/design process”, which has been
stressed as scopes of technology education in U.K. with his model of “Science process” and “General model for
problem solving” by Multidimensional Scaling and our field surveys. The second purpose was to investigate
coursework assessment and standard of “portfolio assessment” of coursework for “Design and Technology” as a
General Certificate of Secondary Education in the OCR Examination Board. The results were summarized as follows:
(1) “Determine the need”, “Formulate ideas”, “Select one idea” and “Test product” were plotted in the direction of

“reflective thinking", which were stressed in “portfolio assessment” rather than processes of “Science process” and
“General model for problem solving.”

(2) Coursework assessment and standard of coursework for “Design and Technology” as a General Certificate of
Secondary Education in the OCR Examination Board were set out in accordance with concept of “designing/design
process” and assessment of device and creativity were emphasized at coursework assessment.

Keyword: United Kingdom (U.K.), Design and Technology, Designing, Portfolio Assessment, Reflective Thinking
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