













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX

A.S

A6

A.7a Effect of Push

A.7b Qther arrangements

8.3&8.4
B.5a, b LENGTH

3.5c, d WEIGHT

B.5e, f, g PUSH

Score “0” for a whoie list of experiments. Score “*1** if they have

given you LONG. HEAVY, GENTLE, ana starrea the others (if
any). Score 1" if they have given one mare correct pair (like
SHORT, LIGHT, GENTLE and LONG, LIGAHT, GENTLE), but

they must be correctly ordered, (do not allow SHG, LHH, LHG,

SHH), or, just such a pair with.the ariginal experiment starred.

As in A.5, score “°0” for a whole list of experiments. Score “1*°
if they have given you SHORT, LIGHT, GENTLE, and/or one
ather pair.

Score “1” for “Nothing, because you've varied length,” etc.
Score “0” if they have concluded anything positive about
PUSH.

Score “1” for LONG, HEAVY, GENTLE or SHORT, HEAVY,
HARD, or both, or another sensible pair, Sut ignore a long list.

Do not assess their guesses.

Scare ““1” in 2B column if they've given the effect of length
right i.e. “The longer the string the siower the swing'* and
only then

score ‘1" in 3B column for 8.2 + 8.4 ONLY. Do not give
the 3B rating without the effect correct.

Score “1” in JA column for correct deauction that weignt
has no effect and onlv then

score 1" in 3B column for “81 & 8.4 QNLY. Do not
give the 3B rating without the effect correct.

Score both these questions for one 3A and one 3B response
There are two acceptable strategies: either a deduction that

(Rush has no effect, or a realisation that since the variables

have not been controlled it is difficult to draw any
conclusions.

So, score “1” in 3A column for deduction that push has no
effect, then score “1** in 3B column if they have chosen 8.1
and B.4, followed by B.2 and B.3 for the experiments. They
can also gain a 3B rating by arguing in 8.5e or g that since
they've eliminated weight as a variable, then by comparing
B.2 and 8.3 they can see that push has no effect.

Alternativety, score 1" in 3A column if they have said “You
cannot tell about push”, but only if this is supported by an
answer t0 at least the 3A level in B.5g e.q. “You need two
experiments like L,H,G and L,H,H"". This reply is no higher
than that necessary for the 3A question A.7. To score “1"*

in the 3B column they must argue that no deduction is
paossible since the variables have not been adequately
controlled.
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APPENDIX

Scoring Rules

(Read from the top; go down this list until you find a combination which fits the pupil)

\" ' :

THREE or more 3B items right - . 38 .
FOUR or more 3A or 3B items right, with TWO effects right - 7 3A
[Remember that the effect of LENGTH (B.Sa) is a 2B item and 4

cannot be counted in the FOUR higher items, but the effects
of WEIGHT (B.5c) and PUSH (B.Se or g) can]

FOUR or ;nore 3A or 3B items right, bs‘A without TWO effects. - 2B/3A Coe
THREE 3A or 3B items right i _‘J' 2B/3A . L =
TWO 3A or 3B items right plus 8.5a LENGTH (28) 2B/3A

ONE 3A or 3B item right plus A.4a 28 .

B.5a LENGTH (28) right LR -

TWO or less right, without A.4a ' 2B-

Note that these rules only formalise a 2/3 success principle: |f the pupils can give responses characteristic

of a stage in 2 out of every 3 possible occasions, then we assume that this, at least, is their capacity most
of the time.
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Appendix-5 Pupils Responses to Fault Tracing Task

FAuci TRAcivG TASK Record SHEET
F telm Sl 5
052 ; 7,40
Bi-4:6 Mepr A1 Y t-
¥es \.:fm__m ?o %5 »...v. M:_ ¢’ —
813 5 4 ,A....:._ MU_R B rw Al *_ T
Fre=3| y.z.%g Ab 13 29 A y_s ENE ._/_
51-3 % 2 A s >..a bt At ME A po
frez 2/ a@.c\i & 4 *_ ,.*q \_:d | __ i
A s | bk | waka | Aask | Ahsn | Arsy | bbbk
$i-2 2 |
8-z 2
4143 3
133 s 4
B-4s 8
3-¢s &

Y
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TABLE 4

Appendix-6

MEAN AND STANDARD DEVIATION - YR 7

Number of valid observations (listwise) = 55.00

Variable

ACCON
ACDIV
ACT
BOY
D1.2
D1.3
D1.3LLC
D1.3Ms
D1.3USF
FT
GIRL
MSR1
MSR2
MSR3
MSR4
MSRT
PSL
SCIREA
TCON
TDCT
TDIV
TFT

Mean

1.64
2.20
3.84
.60
8.80
.55
.45
.31
.64
.40
.40
1.82
3.65
2.60
3.51
11.49
2.24
1.73
2.13
5.51
3.44
1.13

Std Dev Skewness S.E. Skew Minimum Maximum

1.58
1.74
3.17
.49
2.73
.50
.50
.47
-49
.49
.49
1.38
2.30
1.58
2.05
6.02
.64
.99
2.02
4.46
2.81
1.26

.05 .32 .00 4.00
-.21 .32 .00 4.00
-.10 .32 .00 8.00
-.42 .32 .00 1.00

.13 .32 3.00 15.00
-.19 .32 .00 1.00

.19 .32 .00 1.00

.85 .32 .00 1.00
-.58 .32 .00 1.00

.42 .32 -00 1.00

.42 .32 .00 1.00

.52 .32 .00 5.00

.35 .32 .00 8.00

.06 .32 .00 6.00
-.39 .32 .00 6.00

.07 .32 .00 24.00

-1.13 .32 .00 3.00
-.84 .32 .00 3.00

.11 .32 .00 6.00
-.14 .32 .00 12.00

.07 .32 .00 8.00

.78 .32 .00 4.00

/7
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TABLE §

HISTOGRAM MEAN RESPONSES YEAR 7

Mean

14

12+

10+

%

AA‘A\OOO A
%, 9, > % A@@&G\N@\N@\v\/@ %A,, On &\v\nv,

c.v c.y rv
< A\
NO

Year 7 Mean Responses
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TABLE-6

MEAN RESPONSES YEAR 7 - LINE GRAPH

Mean

14
|
12

10+

2

0

ACCON ACT D13  D13MS  FT
ACDIV 1

Year 7 Mean Responses

MSR2  MSR4

D13LLC D1.3USF MSR1 MSR3

MSRT

PSL  TCON = TDIV
SCIREA TDCT

L
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TABLE-7

MEAN AND STANDARD DEVIATION YEAR 8

Number of valid observations (listwise) = 59.00

Variable Mean Std Dev Skewness S.E. Skew Minimum Maximum
ACCON .29 .87 2.78 .31 .00 3.00
ACD1V .42 1.10 2.36 .31 .00 4.00
ACT .71 1.92 2.56 .31 .00 7.00
BOY .41 .50 .39 .31 .00 1.00
D1.2 9.56 2.91 -.10 .31 4.00 14.00
D1.3 .10 .30 2.70 .31 .00 1.00
D1.3LLC .88 .33 -2.42 .31 .00 1.00
D1.3MS .00 .00 . . .00 .00
D1.3USF 1.00 .00 . . 1.00 1.00
FT .34 .48 .70 .31 .00 1.00
GIRL .59 .50 -.39 .31 .00 1.00
MSR1 2.68 1.67 .00 .31 .00 6.00
MSR2 3.29 2.46 .09 .31 .00 8.00
MSR3 2.51 1.92 .10 .31 .00 6.00
MSR4 3.90 2.40 -.79 .31 .00 6.00
MSRT 12.36 6.64 -.26 .31 .00 23.00
PSL 2.00 .00 . . 2.00 2.00 .
SCIREA 1.61 1.00 -.74 .31 .00 3.00
TCON .31 .91 2.70 .31 .00 3.00
TDCT .98 2.58 2.39 .31 .00 9.00
TDIV .68 1.74 2.24 .31 .00 6.00
TFT .61 1.16 3.02 .31 .00 6.00

334



TABLE-8

HISTOGRAM MEAN RESPONSES - YEAR 8

Mean

14

121

T I T 7 O, O, O, O, A
oooe00$ o P o i n A@\v\é@&,

Year 8 Mean Responses
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TABLE-9

MEAN RESPONSES YEAR 8 - LINE GRAPH

14

121

10+

Mean

0

ACCON ACT = D13  D13MS  FT
ACDIV 1 D1.3LLC D1.3USF

Year 8 Mean Responses

" MSR2

MSR1

MSR3

MSR4

MSRT

PSL  TCON

SCIREA

TDCT

TDIV

TFT
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TABLE 10

MEAN RESPONSES - YEAR 9

Number of valid observations (listwise) = 48.00

valid
Variable Mean std Dev Skewness S.E. Skew Minimum Maximum N
ACCON 2.60 1.54 -.86 .34 .00 4.00 48
ACDIV 2.60 1.50 -.90 .34 .00 4.00 48
ACT 5.21 2.90 -.95 .34 .00 8.00 48
BOY .58 .50 -.35 .34 .00 1.00 48
D1.2 9.50 2.34 -.19 .34 5.00 13.00 48
Dl1.3 .38 .49 .53 .34 .00 1.00 48
D1.3LLC .60 .49 -.44 .34 .00 1.00 48
D1.3MS .00 .00 . . .00 .00 48
D1.3USF 1.00 .00 . . 1.00 1.00 48
FT .13 .33 2.34 .34 .00 1.00 48
GIRL .42 .50 .35 .34 .00 1.00 48
MSR1 3.23 2.20 .25 .34 .00 7.00 48
MSR2 5.29 2.96 -.51 .34 .00 8.00 48
MSR3 3.58 1.93 -.41 .34 .00 7.00 48
MSR4 4.85 2.06 -1.78 .34 .00 6.00 48
MSRT 16.79 7.14 -.61 .34 1.00 28.00 48
PSL 2.00 .00 . . 2.00 2.00 48
SCIREA 2.19 .53 -.7 .34 .00 3.00 48
TCON 3.02 1.71 -.78 .34 .00 5.00 48
TDCT 7.35 3.97 -.85 .34 .00 13.00 48
TDIV 4.33 2.45 -.58 .34 .00 8.00 48

TEFT .31 .99 3.68 .34 .00 5.00 48
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TABLE 11

HISTOGRAM MEAN RESPONSES - YEAR 9

Mean

20

10+

0

[ —

I T 2 1005 0.0, O, A
ooo\voo\v LR & \.‘,m«o\.@é\.‘ At KON NN

Year 9 Mean Responses
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TABLE 12

MEAN RESPONSES YEAR 9 - LINE GRAPH

Mean

20

10+

0

i

D13  D13MS  FT
D1.3LLC D1.3USF

ACCON  ACT
ACDIV 1

Year 9 Mean Responses

MSR2

MSR1

MSR3

MSR4

MSRT

PSL TCON  TDIV

SCIREA

TDCT

i i B
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TABLE 13

MEAN AND STANDARD DEVIATION - YEAR 10

Number of valid observations (listwise)

Variable

ACCON
ACDIV
ACT
BOY
Dl1.2
D1.3
D1.3LLC
D1.3Ms
D1.3USF
FT
GIRL
MSR1
MSR2
MSR3
MSR4
MSRT
PSL
SCIREA
TCON
TDCT
TDIV
TFT

Mean

3.
4.
4.
5.
117.
2.
1.
2.
7.
5.
2.

2.60
3.
5.63
.31
10.
.40
.57
.11
.89
.60

03

57

69
40
46
26
20
66
11
86
74
80
03
00

Std Dev Skewness S.E.

1.42
1.48
2.77
.47
2.917
.50
.50
.32
.32
.50
.47
1.50
2.60
1.85
1.41
5.81
.32
1.03
1.54
4.75
3.62
2.28

-.94
-1.42
-1.37

-84
.40
.43

-.30

2.53
-2.53

-.43

-.84

-.24

-.01

.22
-2.45

-.25

2.53

-.89

-.36

.25

1.09

1.18

35.00

Minimum

Maximum

4.00
4.00
8.00
1.00
16.00
1.00
1.00
1.00
1.00
1.00
1.00
6.00
8.00
7.00
6.00
27.00
3.00
3.00
6.00
18.00
15.00
8.00

Nt
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TABLE 14

HISTOGRAM MEAN RESPONSES - YEAR 10

Mean

20

9
.

o,
2
OA\A\

Year 10 Mean Responses
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TABLE 15

MEAN RESPONSES YEAR 10 - LINE GRAPH

Mean

Noﬂ

10+

0

T

Di3  D13MS  FT
D1.3LLC D1.3USF  MSR1

ACCON  ACT
ACDIV 1

Year 10 Mean Responses

MSR2 ~ MSR4

MSR3

+

MSRT

PSL
SCIREA

TCON

TDCT

TDIV

TR
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Appendix-7 - Teachers Rating of the Tests (Validity)

Nine design and technology teachers were each given a sample of the test to rate on a
1-5 scale (1=Low, 5=High) according to whether they represented the main core of the
design and technology work in school . The investigator explained before giving them
out.

3 E N

1 5 4 5 5 5 é

12 K 4 5 4 5

3 ) 3 3 4 1

| 4 2 3 |3 2 1

K 5 4 5 5 3 .

6 3 4 3 3 4 |

[ 7 5 4 5 5 5 ;

'8 s ] 3 5 5 3 i
9 5 4 5 4 3
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Appendix-8 Average Test Reliability

24 Aug 97 SPSS for MS WINDOWS Release 6.0 Page 4
RELIABILITY ANALYSIS - SCALE (ALPHA)
1. ACCON
2. ACDIV
3. ACT
q. Dl1.2 1
5. D1.3
6. D1.3LLC
7. D1.3Ms
8. D1.}USF
9, FT
10. MSR1
11. MSR2
12, MSR3
13. MSR4
14, MSRT
15, SCIREA

Reliability Coefficients
N of Cases = 197.0 N of Items = 15

Alpha = .7861
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Appendix-9'' Chi-Square Test Results

Chi Square Test
-~ - - - - Chi-Square Test
ACCON LFy

Cases
Category Observed Expected Residual

.00 94 39.40 54.60

1.00 6 39.40 -33.40

2.00 6 39.40 -33.40

3.00 59 39.40 19.60

4.00 32 3%9.40 -7.40
Total 187
Chi-Square D.F. Significance
143.4315 | .0000

----- Chi-Square Test
acr L FS

Cases
Category Observed Expected Residual

.00 83 21.89 61.11

1.00 2 21.89 -19.89

2.00 7 21.89 -14.89

3.00 4 21.89 -17.89

4.00 7 21.89 -14.89

5.00 7 21.89 -14.89

6.00 23 21.89 1.11

7.00 41 21.89 19.11

8.00 23 21.89 1.11
Total 197
Chi-Square D.F. Significance
250.4873 8 .0000
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Chi Square Test

----- Chi-Square Test
ACDIV

Cases
Category Observed Expected Residual

.00 84 39.40 44.60

1.00 5 338.40 ~34.40

2.00 12 39.40 ~27.40

3.00 36 39.40 ~3.40

4.00 60 39.40 20.60
Total 197
Chi-Square D.F. Significance
110.6396 4 . 0000

----- Chi-Square Test

D1.2 1 LC/EF

Cases
Category Observed Expected Residual

3.00 1 14.07 -13.07
4.00 2 14.07 -12.07
5.00 13 14.07 -1.07
6.00 15 14.07 .93
7.00 19 14.07 4.83
8.00 26 14.07 11.93
9.00 25 14.07 10.93
10.00 22 14.07 7.93
11.00 21 14.07 6.93
12.00 21 14.07 6.93
13.00 19 14.07 4.93
14.00 7 14.07 -7.07
15.00 2 14.07 -12.07
16.00 4 14.07 -10.07
Total 187
Chi-Square D.F. Significance
77.1015 13 .0000
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v === = Chi-Square Test

EFLr. U/5)

Cases

Category Observed Expected
.00 129 98.50
1.00 68 98.50

Total 197
Chi-Square D.F.
18.8883 b |

= = - - - Chi-square Test

p1.3uc £C€° Q)
Cases :

Category Observed Expected
.00 71 98.50
1.00 126 98.50

Total 197
Chi-Square D.F.
15.3553 1

= =« - = - Chi-Square Test

pi.ams £ F (@)

Cases
Category Observed Expected
.00 176 98.50
1.00 21 98.50

Total 197
Chi-Square D.F.
121.9543 il

Chi Square Test

Residual 7 - ;
e B s ? 'Q ’_'v‘_v:;'
30.50 &°
-30.50 £°. Z-¢ -
Significance
.0000
Residual
-27.50 - o
27.50 2% 5 o
Significance
.0001
Residual
77.50 - - ¢
-77.50 . P ,‘/ T 2)/}
Significance
.0000
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~ - - - - Chi-sSquare Test

D1.3USF 2/c

Cases

Category Observed

.00 24

1.00 173

Total 197
Chi-Square
112.6954

Chi-Square Test

/)
LS/

Cases

Category Observed

.00V 128

1.00 69

Total 197
Chi-Square
17.6701

~ - = - - Chi-Square Test

MSR1

Cases
Category Observed
.00 22
1.00 35
2.00 46
3.00 25
4.00 32
5.00 24
6.00 9
7.00 4
Total 197

Chi-Square

52.6244

Expec

98
98

Expec

98
98

Expec

ted

.50
.50

ted

.50
.50

ted

Chi Square Test

Residual
-74.50 2 /2
74.50
Significance
.0000
Residual
29.50 .
-29.50 <,
Significance
.0000
Residual
-2.63
10.38
21.38
.38
7.38
-.63
-15.63
-20.63
Significance
.0000
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Chi Square Test

..... chi-Square Test

Cases
Category Observed Expected Residual

.00 23 21.89 1.11
1.00 16 21.89 -5.89
2.00 25 21.89 3.11
3.00 23 21.89 1.11
4.00 28 21.89 7.11
5.00 17 21.89 -4.89
6.00 14 21.89 -7.89
7.00 15 21.89 -6.89
8.00 35 21.89 13.11
Total 197
Chi-sSquare D.F. Significance
18.4061 8 .0184

..... Chi-Square Test

Cases
Category Observed Expected Residual

.00 25 24.63 .38
1.00 16 24.63 -8.63
2.00 41 24.63 16.38
3.00 27 24.63 2.38
4,00 36 24.63 11.38
5.00 31 24.63 6.38
6.00 13 24.63 -11.63
7.00 8 24.63 -16.63
Total 197
Chi-Square D.F. Significance
37.7614 7 .0000
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Chi Square Test
----- Chi-Square Test

Cases
Category Observed Expected Residual

.00 30 28.14 1.86

1.00 2 28.14 -26.14

2.00 8 28.14 -20.14

3.00 le 28.14 -12.14

4.00 21 28.14 -7.14

5.00 32 28.14 3.86

6.00 88 28.14 59.86
Total 197
Chi-Square D.F. Significance
173.7157 6 .0000
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Chi Square Test

----- Chi-Square Test

Cases
Category Observed Expected Residual

.00 S 7.04 -2.04
1.00 6 7.04 -1.04
3.00 7 7.04 -.04
4.00 4 7.04 -3.04
5.00 4 7.04 -3.04
6.00 3 7.04 -4.04
7.00 3 7.04 -4.04
8.00 8 7.04 .96
9.00 11 7.04 3.96

10.00 9 7.04 1.96
11.00 14 7.04 6.96
12.00 10 7.04 2.96
13.00 8 7.04 .96
14.00 13 7.04 5.96
15.00 5 7.04 -2.04
16.00 S 7.04 1.96
17.00 5 7.04 -2.04
18.00 11 7.04 3.96
18.00 12 7.04 4.96
20.00 8 7.04 .96
21.00 1 7.04 -6.04
22.00 16 7.04 8.96
23.00 9 7.04 1.96
24.00 10 7.04 2.96
25.00 1 7.04 -6.04
26.00 1 7.04 -6.04
27.00 3 7.04 -4.04
28.00 1 7.04 -6.04
Total 197
Chi-Square D.F. Significance
68.0761 27 .0000
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- - - - Chi-Square Test

PSL
Cases
Category Observed Expected
.00 2 65.67
2.00 174 65.67
3.00 21 65.67
Total 197
Chi-Square D.F.
270.8325 2
~ - - - - Chi-Square Test
SCIREA 'E/F/LF
Cases
Category Observed Expected
.00 35 65.67
2.00 126 65.67
3.00 36 65.67
Total 197
Chi-Square D.F.
83.1574 2

Chi Square Test

- L
o anad
Residual &MW /I . .
63,67 1,5 1| Cen e ¢ ’
108.33 g
-44.67 Pt b o 7z -
Significance
.0000
Residual
-30.67 — S i
60.33 - VS
’29.67 10
S s
Significance
.0000
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Chi Square Test

----- Chi-Square Test

ACCON ([ F )

Category Observed Expected Residual

.00 94 39.40 54.60

1.00 6 39.40 -33.40

2.00 6 39.40 -33.40

3.00 59 39.40 19.60

4.00 32 39.40 -7.40

Total 197
Chi-Square D.F. Significance
143.4315 4 .0000
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Appendix-10 One-way Analysis of Variance

(a) Factor-1 General Intelligence/Ability

variable TDCT
By variable GROUP

Source

Between Groups
within Groups
Total

Variable TDIV
By variable GROUP

Source

Between Groups
Within Groups
Total

Group
Analysis of
sum of
D.F squares
1 4.0232
81 1506.5792
82 1510.6024

Variance

Mean
squares

4.0232
18.5997

Analysis of Variance

Group
Sum of
D.F. Squares
1 9.7836
81 727.6381
82 737.4217

355

Mean
Squares

9.7836
8.9832

F
Ratio

.2163

F
Ratio

1.0891

F
Prob.

.6431

F
Prob.

.2998



Variable ACCON
By Variable GROUP Group
Analysis of Variance
Sum of Mean F F
Source D.F. Squares Squares Ratio Prob.
Between Groups 1 .0004 .0004 .0002 .990(
Within Groups 81 179.8792 2.2207
Total 82 179.8795

Variable ACDIV

By Variable GROUP Group
Analysis of Variance
Sum of Mean F F
Source D.F. Squares Squares Ratio Prob
Between Groups 1 3.6458 3.6458 1.6365 .204
Within Groups 81 180.4506 2.2278
Total 82 184.0964

Variable ACT

By Variable GROUP Group

Analysis of Variance

Sum of Mean F F
Source D.F. Squares sSquares Ratic Prob.
Between Groups 1 3.5746 3.5746 .4427 .507
Within Groups 81 654.0881 8.0752
Total 82 657.6627

Variable TCON

By Variable GROUP Group
Analysis of Variance
Sum of Mean F F
Source D.F. Squares Squares Ratio Prob.
Between Groups 1 1.5640 1.5640 .5820 .4477
Within Groups 81 217.66489 2.6872
Total 82 219.2289
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cle
Sle

rce

ups
ps

ACT

GROUP Group

D.F.

105
106

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

RAnalysis of Variance

Sum of
Squares

535.1218
608.0184
1143.1402

TCON
GROUP

TDCT
GROUP

TDIV
GROUP

Mean
Squares

535.1218
5.7907

F F
Ratio Prob.
82.4113 .0000

Group
Analysis of Variance
Sum of Mean
D.F. Squares Squares
1 195.2038 195.2039
105 185.4876 1.7665
106 380.6916
--~- ONEWAY - - - - -
Group
Analysis of Vvariance
Sum of Mean
D.F. Squares Squares
1 1074.3368 1074.3368
105 1123.9622 10.7044
106 2198.28991
~~--~- ONEWAY - - - - -
Group
Analysis of variance
Sum of Mean
D.F. Squares Squares
1 353.6482 353.6482
105 457.5480 4.3576
106 811.1963

357

F F
Ratio Prob.
110.5002 .000C
F F
Ratio Prokt
100.3640 .00C

F F
Ratio Prob.
81.1567 .000¢



Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

TDCT
GROUP

TDIV
GROUP

ACCON
GROUP

ACDIV
GROUP

Group

Group

Group

Group

D.F.

105
106

Analysis of Variance

Sum of
Squares

583.1048
1456.7285
2039.8333

Mean
Squares

583.1048
13.0065

Analysis of Variance

Sum of
Squares

216.5826
600.4086
816.9912

Mean
squares

216.582¢6
5.3608

Analysis of Variance

Sum of
Squares

141.9705
155.5809
297.5514

Mean
Squares

141.9705
1.4817

Analysis of Variance

Sum of
Squares

125.8337
175.8859
301.7196

358

Mean
Squares

125.8337
1.6751

F
Ratio

44.8318

F
Ratio

40.4012

F
Ratio

95.8145

F
Ratio

75.1199

Prob.

.0000

Prob.

.0000

Prob.

.0000

Prob.

.0000



Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

ACCON
GROUP

ACDIV
GROUP

ACT
GROUP

TCON
GROUP

Group

112
113

Group

112
113

Group

112
113

Group

D.F.

1
112
113

359

Analysis of Variance

Sum of
Squares

51.7412
178.8290
230.5702

Mean
Squares

51.7412
1.5967

Analysis of Variance

Sum of
Squares

89.8108
233.2068
323.0175

Mean
Squares

89.8108
2.0822

Analysis of Variance

Sum of
sSquares

277.8886
757.6290
1035.5175

Mean
Squares

277.8886
6.7645

Analysis of Variance

sum of
squares

94.5140
268.6176
363.1316

Mean
Squares

94.5140
2.3984

F F
Ratic Prob
32.4053 .000
F F
Ratio Prob
43.1326 .000¢
F F
Ratio Prokt
41.0802 .00C
F F
Ratio Prot
39.4076 -00¢



(b) Factor-2 Perceptual Analysis/Spatial Ability

variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

MSR3
GROUP

MSR4
GROUP

MSRT
GROUP

Group

Group

Group

D.F.

1058
106

Analysis of Variance
Sum of Mean
Squares Squares
30.5782 30.5782
388.4124 3.6992
418.9907
ONEWAY - - - - -
Analysis of Variance
Sum of Mean
Squares Squares
24.1824 24.1824
535.3690 5.0988
559.5514
ONEWAY - - = - -
Analysis of Variance
Sum of Mean
Squares Squares
520.7635 520.7635
4953.4421 47.1756
5474.2056

360

F
Ratio

8.2662

Ratio

4.7428

.F
Ratio

11.0388

F
Prob.

.0049

Prob.

.0317

Prob.

.0012



variable
By variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Dl.2
GROUP

MSR1
GROUP

MSR2
GROUP

1
Group

D.F.

105
10e

Group

D.F.

81
82

Group

D.F.

81
82

361

Analysis of Variance

Sum of
Squares

.0831
750.5424
750.6355

Mean
squares

.0931
7.1480

Analysis of Variance

Sum of
Squares

.5907
302.8792
303.4699

Mean
Squares

.5907
3.7392

Analysis of Variance

Sum of
Squares

14.0964
642.6024
656.6988

Mean
Squares

14.0964
7.9334

F F
Ratio Prob.
.0130 .909

F F
Ratio Prob.
.1580 .6921

F F
Ratio Prob

1.7769 .186



MSR3
GROUP

variable
By Variable

Source
Between Groups

Within Groups
Total

Variable MSR4

By Variable GROUP
Source
Between Groups
Within Groups
Total
Variable MSRT
By Variable GROUP

Source

Between Groups
Within Groups
Total

Variable MSR2
By Variable

Source

Between Groups
Within Groups
Total

GROUP

Group

Sum of Mean
D.F. Squares Squares
1 9.1898 9.1898
81 292.3524 3.6093
82 301.5422
————— ONEWAY - -- - -
Group
Analysis of Variance
Sum of Mean
D.F. Squares Squares
1 2.4208 2.4208
81 267.5792 3.3034
82 270.0000
————— ONEWAY - - - - -
Group
Analysis of Variance
Sum of Mean
D.F. Squares Squares
1 15.1615 15.1615
81 3541.8024 43.7260
82 3556.9639
----- ONEWAY - --- -
Group
Analysis of Variance
Sum of Mean
D.F. sSquares Squares
1 106.2433 106.2433
105 764.0184 7.2764
106 870.2617

Analysis of Variance

362

F F
Ratio Prob.
2.5461 .1145
F F
Ratio Prob.
.7328 .3945
F F
Ratio Prob.
.3467 .5576
_F F
Ratio Prob.
14.6012 .0002



variable D1.2
By variable GROUP
Source
Between GIroups
Within Groups
Total
vVariable MSR1
By Variable GROUP
Source
Between Groups
Within Groups
Total
Variable MSR2
By Variable GROUP
Source
Between Groups
wWithin Groups
Total
Variable MsSR1
By Variable GROUP

Source

Between Groups
Within Groups
Total

1
Group
Analysis of variance
sum of Mean
D.F. squares sSquares
1 23.2358 23.2358
81 558.5714 6.8959
82 581.8072
————— ONEWAY - - - - -
Group
Analysis of Variance
Sum of Mean
D.F Squares Squares
1 21.0421 21.0421
112 263.0632 2.3488
113 284.1053
----- ONEWAY - - - - -
Group
Analysis of Variance
Sum of Mean
D.F. Squares Squares
1 3.8216 3.8216
112 636.5381 5.6834
113 640.3596
----- ONEWAY - - - - -
Group
Analysis of Variance
Sum of Mean
D.F. Squares Squares
1 8.0413 8.0413
105 387.3605 3.6891
106 395.4019

363

F F

Ratio Prob.

3.3695 .0701

F F
Ratio Prob
8.9587 .003

F F
Ratio Prob.
.6724 .414C

F F
Ratio Prob.
2.1797 .142¢



variable MSR3
By Variable GROUP

Source

Between Groups
Within Groups
Total

MSR4
GROUP

Variable
By Variable

source

Between Groups
Within Groups
Total

MSRT
GROUP

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Dl1.2
GROUP

Source

Between Groups
Within Groups
Total

Group
Analysis of Variance
sum of Mean
D.F. squares squares
1 .2384 .2384
112 347.9458 3.1067
113 348.1842
————— ONEWAY - - - - -
Group
Analysis of Variance
Sum of Mean
D.F. Squares sSquares
1 4.3121 4,3121
112 563.1353 5.0280
113 567.4474
————— ONEWAY - - - - -
Group
Analysis of Variance
Sum of Mean
D.F. Sguares Squares
1 21.2993 21.2993
112 4515.2709 40.3149
113 4536.5702
“““ ONEWAY -~ - - - -
1
Group
Analysis of Variance
Sum of Mean
D.F Squares Squares
1 16.4120 16.4120
112 895.3424 7.9941
113 911.7544

364

F F
Ratio Prob.
.0768 .7823

F F
Ratio Prob.
.8576 .3564

F F
Ratio Prob.
.5283 .4688

F F

Ratio Prob.
2.0530 .1547



(c) Factor-3 Function/Structure

Variable
By Variable

Source

Between Groups
Within Groups
Total

~ Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

D1.3Ms
GROUP

D1.3USF
GROUP

PSL
GROUP

Group
Analysis of Variance
Sum of Mean
D.F Squares Squares
1 .2644 .2644
8l 3.5429 .0437
82 3.8072

Group
Analysis of Variance
Sum of Mean
D.F. Squares Squares
1 .2644 .2644
81l 3.5429 .0437
82 3.8072
----- ONEWAY - - - - -
Group
Analysis of Variance
Sum of Mean
D.F. Squares Squares
1 .2644 .2644
81 3.5429 .0437
82 3.8072

365

F
Ratio

6.0443

Ratio

6.0443

Ratio

6.0443

F
Prob.

.0l61

Prob.

.016l

Prob.

.0l61



variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

D1.3Ms
GROUP

D1.3USF
GROUP

PSL
GROUP

Group

Group

D.F.

105
106

Group

D.F.

105
106

366

Analysis of Vvariance

Sum of
Squares

.0000
.0000
.0000

Mean
‘Squares

.0000
.0000

Analysis of Variance

Sum of
Squares

.0000
.0000
.0000

Mean
Squares

.0000
.0000

Analysis of Variance

Sum of
Squares

.0000
.0000
.0000

Mean
Squares

.0000
.0000

Ratio Prob.

F F
Ratio Prob.
F F

Ratio Prob.



Variable
By variable

source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

D1.3MS
GROUP

D1.3USF
GROUP

PSL
GROUP

Group

Group

Group

D.F.

112
113

367

Analysis of Variance
Sum of Mean
Squares Squares
2.7195 2.7195%
11.7455 .104¢9
14.4649
ONEWAY - --- -

Analysis of Variance

Sum of Mean
Squares Squares
3.7640 3.7640
12.7273 .1136
16.4912
ONEWAY - - - - -

Analysis of Variance

Sum of Mean
Squares Squares
1.5903 1.5903
21.9273 .1958
23.5175

F F

Ratio Prob.
25.9317 .0000

F F
Ratio Prob.
33.1228 .0000

F F
Ratio Prob.
8.1228 .0052



(d) Factor-4 Practical Ability

variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

D1.3
GROUP

D1.3LLC

GROUP

D1.3
GROUP

Group
Analysis of Variance
Sum of Mean
D.F. Squares Squares
1 1.9770 1.9770
105 16.6398 .1585
106 18.6168
————— ONEWAY - -- - -
Group
Analysis of Variance
Sum of Mean
D.F Squares squares
1 .0217 .0217
81 20.0506 .2475
82 20.0723
————— ONEWAY - - - - -
Group
Analysis of Variance
Sum of Mean
D.F. Squares Squares
1 .0127 .0127
81 19.6500 .2426
82 19.6627

368

F
Ratio

12.47S51

F
Ratio

.0876

Ratio

.0521

F
Prob.

.0006

F
Prob.

.7680

Prob.

.8199



variable
By Variable

Source

Between Groups
Within Groups
Total

variable
By Variable

sSource

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

D1.3LLC
GROUP

D1.3
GROUP

D1.3LLC
GROUP

Analysis of variance

Mean
squares

5.1854
.1768

Analysis of Variance

Mean
Squares

5.6054
.1699

Analysis of Variance

Group
Sum of
D.F Squares
1 5.1854
112 19.8059
113 24.9912
————— ONEWAY
Group
Sum of
D.F sSquares
1 5.6054
112 19.0262
113 24.6316
----- ONEWAY
Group
Sum of
D.F Squares
1 2.0336
105 17.6487
106 19.6822

369

Mean
Squares

2.0336
.1681

F
Ratio

29.3227

F
Ratio

32.9968

F
Ratio

12.0987

Prob.

.0000

Prob.

.0000

Prob.

.0007



(e) Factor-6 Logical/Systematic

Variable
By Va;iable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

TFT
GROUP

ET
GROUP

TET
GROUP

Group
Analysis of Variance
Sum of Mean
D.F Squares Squares
1 2.3452 2.3452
105 124.3464 1.1843
106 126.6916
————— ONEWAY - - - - -
Group
Analysis of Variance
Sum of Mean
D.F Squares Squares
1 4.5669 4.5669
81 13.6500 .1685
82 18.2169
----- ONEWAY - - - - -
Group
Analysis of Variance
Sum of Mean
D.F. Squares Squares
1 57.6393 57.6393
81 222.3125. 2.744¢
82 279.9518

370

F F
Ratio Prob.
1.9803 .1623
F F
Ratio Prob.
27.1001 .0000
F F
Ratio Prob.
21.0010 .0000



Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

Variable
By Variable

Source

Between Groups
Within Groups
Total

FT
GROUP

TET
GROUP

FT
GROUP

Group

D.F.

112
113

Group

Group

105
106

Analysis of Variance

Sum of
Squares

.1060
26.4203
26.5263

Analysis of

Sum of
Squares

7.6114
164.1430
171.7544

Mean F F
Squares .Ratio Prob.
.1060 .4493 .5041
.2359
Variance
Mean F F
Squares Ratio Prob.
7.6114 5.1935 .0246
1.4656

Analysis of Variance

Sum of
Squares

1.2119

18.4703
19.6822

n

Mean F F
Squares Ratio Prob.
1.2119 6.8894 .0100
.1759



Appendix-11 Design Process Illustrations

(a) Technological Process Matrix

&

DEVELOPMENT QUADRANT

High Knowledge Requirements
Non-linear Solution Paths
Informal, Unstructured Rules

INVENTION QUADRANT

-Long term trial & error
Heuristic Procedures

Style Charactenstics: Persistence
Tenacity

Example: Improving manlold configuration
lor maximum periormance

Single, cleady
deliminated
goais

TROUBLE-SHOOTING QUADRANT
-Routine procedural applications
Algorythmic Procedures
Style Characteristics: Convergent Thinking

Prelerence lor
Siructure

Example: Make an odject from 8 drawing
! with p dure sheets,

Example:

Problem Complexity

> heb o
-Complex design situstions
Experimental Procedures

Styls Characteristics: Creative,

Oivergent thinking

Conceptualizing altematives to
digital logic lor computers

11-defined,
complex,
obscure goals

DESIGN/INNOVATION QUADRANT

Well defined design problems
Heuristic Procedures

Style Characeristics: Atistic
Divergent thinking
Spatial Visuahzation

Example: Design of 8 iichen

explanations, complele plans

Fig. 5.

Low Knowledge Requirements
Linear Solution Paths
Formal, Structured Rules

- .

(Custer, 1994)

Technological Process Matrix.
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(b) Problem Space Model

Technological Problem Space

ol [N
Resources Primary Goal Thrust
Processes (Motivation)
Technological Knowledge are Designing Artifacts
Non-technological Knowledge directed ~ Making (including physical
Creative Energy specifically  Trouble-shooting To Yield human made objects as
Ingenuity at Repairing well as programs which
Persistence Inventing drive physical objects)
Experience/capability ’ Improving ..
Materials Developing
Touls, Etc. Etc.

‘Social/Personal Problem Space

L)

Resources Primary Goal Thrust
Processes (Motivation)

Social Science Knowledge are resolving healthy, efficient,
Non-social science knowledge  directed negotiating satisfying, meaningful
Creative Energy specifically organizing To interpersonal and
Ingenuity at planning Yield intrapersonal
Persistence directing relationships (including
Experience/capability counseling cultures and nations)
Etc. ‘. nurturing » :

interacting, etc.

Natural/Ecological Problem Space

Resources Primary Goal Thrust
Processes (Motivation)
Scientific Knowledge are researching understanding of
Non-natural science directed observing natural world and
knowledge specifically hypothesis testing To homeostasis (between
Creative Energy at exploring Yield humans and .
Ingenuity investigating environment, between
Persistence etc. human made artifacts
Experience/capability .‘ ’ and the natural world,

Etc.

and within the natural
world) g

Fig. 4. Problem Space Model.
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(Custer, 1994)



S3LE . Mogels of the Jesign/problem.solving process

| b3 3 4 5 6 T L] 9
©ges Devign and craft How Understanding Design and Prodiem solving: Problem solving: scwence Craft, Jevgn Design and  APU Design and
all sducation project, designers design and technology science and technol-  and technology in primary  and iechnology primary Technalogical
Design for Today think, technology. 5-12, ogy in the primary schools, Enginecring from £ :3 16, education, Actiaty - A\
11971 Lawson APU (1981) Williams, . school, Engineering  Council, SCSST (1985) DES (1987) Design tramework foc
(1980) and Jinks. D.  Council, SCSST = (establishment of a Council Assessment.
T g (19835) (1985) The problem  successful new product in (1987) HMSO (1987,
= wolving process commerce and indusiry)
3enufying Identify problem Recognising the Recognising Identifying and Recognise the Identify the
area. Identification existence of 2 problems. specilying 3 market general problem need 10 be
of needs from given problem which need. area. met.
set of circumstances might be amenable
or observations 10 solution through
resulting in design D&T activay.
bnefl.
Clanfymg Identification of Bnefing. Employing knowl-  Problem need. Specify the Speculating in
control factors. edge, analysis, exact need. the mind’s eye
Imposition of skills and judge- Write the brief. togehier with
control factors. ment in clarifying informal sketch-
the problem. drawing and
modelling.
Specifying Specificanon. Analysis Maiching the Write ‘the
g of ing . specification’.
design problem and product with
o sppropriste structuring its purpose.
terms. of problem).
Researching  Gaihering of Looking for Research Researca and Research. Assemble
specific information relevant development. development. Collect data. any relevant
related to problem. information information.
J and resowrces.
G P won of S i Thinking of First ideas. Discussing or Generate ideas
J outline L (g 1] thinking about and share thoughts
of a solution).  solutions. solving them. with other helplul
:
Selecting Selection from Choosing the Chosen idea.  Trying out one Selection of the optimum  Select and Exploring and
possible alternatives. best from these. solution. solution from a sember formulate the developing ideas
of oplions. design proposals. inside the head.
h-
s " ¥ Model More formalised
Modelling Foundation work lun.n; nd m_ mﬂmmu:cp and . mlg:.-‘ and f
through “soft™ ing idess and images * drawing and
materials, ie. cand, and . experi
clay etc. Production those images model- modelling.
of models. ling these images in
a vaniety of ways.
Manufacturing Detail intentions
Planning 5 Pasing 9. procen defiest. manufscture.
pcsienl antivity; Reiae s st
Selecting resources. of making 10 the -
) facilities and resources
available. making any
necessary adjustments.
Manulacrarng processes  Make the solution, Refining and
Making S Using tools, insore-  Making. implamaned., refining the detailing in te
of workable ments, maseriala, proposal & head 1ogether
solutions \owards componenta, necessary. with
realisation. sppliances wnd eosc i
eneryy resowsces. ~
. Trials. Test the outcome. Validating wx
P wd Testing the Testing. Asscssing how uide
Testing Judgements omdinss ol evaluare. effective i is. mm
J  given product. with tesiing.
- Modilying.
‘ Algration Adjust if
Modifyag the 1olution in the possible.
~ light of experience.
” _— soring cffects Evalustions. Evaluate the Evaluaie the
. A AccEp " Mectiveness
achicvement.  (critical of operations con-  rejection the original need.  of the L
Judgement of the evaluation wolling ouicomes solution,
solulion i@ erms of suggested  understmading
of the brief wnd the  solution). consext in '“._‘
specification. Ld
the criseria -
by which ik should be ;
. Jedged: chooslng
ay,, meneres; formiag 5 @ - o
Jedgements; diinguishing s - »
A L7 ends malgning prirties . ... o é L4
- " appraising efficacy . I
e of ey s ' e e . :
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n " [ [A] 1L 15 16 17
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ogy. in APU Dui!n and Proposals of through National Design and in Design and Proposals of the the National
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ment, HMSO (1987) (1988) Johnsey R. guidance, (1991) No. 1. Sellwood P. Education, DFE (1993)
(Cyclical diagram) (1990) NCC (1990) (1991 DFE (1992)
Identifs o=y Observing 3 context. Observation Identifying Hazy impressions What is the Investigating, ... generate
investigation needs and inside head. problem? clanlying. ideas.
and enquiry. opporunities
Recording. for activities
by investigating
arange of
contexts.
Clanfying Detailing a problem. Define Specifying the .« clarily thein
problem. design task, ideas.
Specifying
-
Researching  Research. Research
problem.
Generating Exploring Designing Consider a What possible
possibilities. . . children number of solutions are there?
eaplore possidble  solutions. Choose 'possible”
solutions. solutions.
Selecung Refining ideas (More .. ome is Producing a Discussion, drawings, skeiches ~ What solution is
information may be selecved for design proposal diagrams, notes, graphs, numbers tise most
needed before refinement  development. a outside head. Speculating appropriaie?
is possible.) exploring inside head.
h
Mode! Detailing a solution Design Developing it Modelling in solid 1o predict
: e (Idtu‘:n'a; have to be device, or -n a realistic or represent rnlhy i
derailed before they make plan, design. mcﬁ"!"t and
can be rejecied.) on paper. ing.
Planniog Planning the making. Planning
i 8 o : i Try out your
aking Making (Mak Making ...  Make device  Making design  Prosoryping or providing ; :
» ”;:.ujn.,.hl." children will  orcury owt  and lechnology  solutions owtside bead.
10 be researched.) plan how they  plaa. product.
will imerpret
their designs
into three dimen-
. fom e solution.
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Testing :“":"’ Evaluase the resula.
. Modily if
Modify ... design may  Improve g
. need 10 be device of ’
mocified . . . plan.
isal inside
Evalummg  Evaluation Evalusting Evohatiag tha  Criical sppeaiesd
(Evaluation Children should "‘“"-‘I ik
winally facs to = effects of theic
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the original thoss of others.
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TECHNOLOGY IS THE DISCIPLINED PROCESS OF USING
SCIENTIFIC, MATERIAL & HUMAN RESQURCES
TO ACHIEVE HUMAM PURPOSE

HUMAN
PURPOSE

Exawmples:

Duilding
sandcastlcs

Making urtificial
limls

Makling sclentific
discoveries

Artistie
cxpression

Feeding

Siting an
alrport

THE RESTRAINTS CH TECHNOLOGY -
The Fersora
\ .l‘l::‘:‘ \ luhnkal\\ '|AIMI"\ ::::.ll":',c\\ 4:r l-c.l \ ":: 1 N < Y

THE I’ROCESQ OF TEC”"‘OLOFY /
Test and
—— Piopase - Implemant compare
Identily wlutions: the with
problem choose peactical isin
the Lest design ::Ll?‘;a:i i A -

__;,/\_/ :\__,;:

f::-u Cf" censs el A enpower
wicr I v

m “heas of wul cduel Iaseelal latounaticn “ "" ny

Keence technalig » qu“ ity

T+iE I"'ff‘l‘PLl'»C" TECHNOLOGY

/r‘ acnat incidental
gain in
fesources

HUMAHN
ACRIEVEMENT

adveise
sude
ellccts

Examples:
Culture

Exploration

ACIHIEVE Comfort
PUINPOSE

Arlefacts’
Knowledge

l.elsure

- ——————— ———

FPROMCIE TCCHNOLOCY JALL 1200,




tavestigatlon ol deslgn foctors — saclal, ergonainle, functlonal, sesthetlc, mateclals, cost, elc,

A

/‘

Situation and Brief

Identilication of needs
fram given set of circume

IDENTIFY
PRQALEM AREA

stances or Coservations :°
resulting in aesign brief 3
3
2
£
<
/ S
IDENTIFICATION OF CONTROL FACTORS
Imooution of
conuol factons
feati
Spaliiion . SPECIFICATION
Translaticn of design
problem into / / I \ \
appropriate terms E ¥ o S S 0
Solvuons ‘o’ matenials (e, card,
% ags o ¥ g day, o
Gathering of w3ecilic infarmation m:: "':‘l ruciutuon.of
related 10 prociem.
Proaustion of outline wlutions..” NG

Selection from possible

altematives
b JUDGMENTS AHOD DECISIONS
|

Realization i
Comolcations ol workadie

WOIVLONS LOwWITCL reahization

A

(a) Raw materials 1o end-producs:
or (b) consumer purshasing;
or (c) servicing of mechamism

Testing ASSESSMENT
Juczment of the solution in terms OF GOoAL
K of the oriel angd specilication ACHIEVEMENT
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