


















































































































































































































































































































































































































































































































































































































































































































APPENDIX 

Section 8. page four is the most crucial part at the Task. Two more combinations of arPo 
demonstrated. and then a.s tests their to analyse the data reflectivelY. IS where most 
of the evidence is gained as to whether a pupil is using late Formal Operational thinking. 

Note that the 4 combinations set up in Section B control the variables so as to allow for unambiguous 
deductions about the effect of LENGTH (Exp. 2 and Exp. 41. and WEIGHT IExp. 1 ana Exp. 41 , hut 
appear not to control the other variables in respect of PUSH. In fact. once the effect of WE IG HT has 
been deduced. then Exp. 2 and Exp. 3 can be used to deduce the (nonl effect of PUSH , ana the pupil 
is given a chance to show this. either in 13.5e or in a .5g. It IS difficult to spot that the evidence is stili 
sufficient for PUSH. so in B.5g a 3B assessment can be reacned by the alternative strategy of 
explaining that. for PUSH. the other variables were not controlled. 

It is important that the data IS as clear as possible. Ask them to write in the values from A,l Jna A.2, to 
fill in the details for 8.3. and to have a guess about the numoer of swings. Remind them that their guesses 
are not assessed. but are designed to help them in their thinking: if their guess is close to the experimental 
result then their thoughts are probably on the right track. but if not. then they know that they nave to 
think again. Demonstrate 8.3 and ENSU R E that the answer is the same as B.2. ask them to recoro. For 
the Hard push. swing the pendulum about 30· from the vertical. Repeat the above for B.4 and thiS time 
make sure the answer is the same as 8. ,. 

Explain in your own words that using just these four exoeriments we want them to deduce the eitecr. ana 
direction of each factor. e.g. " if you thinl< they show that welgnt has an eitect. then don 't just wflte 'i t 
has an effect' but say 'i f the weight is heavier then you get fewer/more swings in hal f a minute ' " , Exolain 
also that different combinations or the four experimentS may be necessary for their various conClUSionS. 
Ask them to write in the box labelled "dxperimenu" only those (from 9.' - 8.41 they really neeo in 
order to make their deductions. • 

8.5g In your own words point out that "maybe you fauna one of the factors rather more diffiCUlt to 
determine than the other two. If so. say which land if not. that's O.K.I. and then you 've a chOice 
of answers. EITHER show how you used the evidence to make your deduct ion , OR explaIn wnv 
you think the data is insufficient", 

Assessment 

Score each result as "'" for adequate, and "a .. for inadequate and record on the class assessment sheet. 
Treat each answer only for the information it gives at the leYel specified for the question (see Summary 
of Answers and top of Assessment Sheet). Thus if it is a "38" question as in 8.5g ignore ingenious 
replies at the 28 level. Similarly a higher leYei response to a "28" question still only gains credit at the 
28 level. 

Summary of Answers 

Although these notes on assessment cannot be exhaustive. try and follow them as closely as cossible : 
remember however, that we do not want you to be just a scoring'machine, but rather to maXImise 'l our 
undemanding of how your pupils think. 

A.', A.2 & A.3 

A.4a LENGTH 

A.4b WEIGHT & PUSH 

A.4c 

Do not assess. 

Score "'" either for "Can' t tell because you haven ' t controlleo (29) 
variables" (a 38 response) 2r "Longer string; less swings" (a 28 
response). Score "a .. for "Lengtl'1 has a large eHect" . Use A,3 
answer if in doubt. 

Score "'" only for a 38 resoonse: an argued refusal to deauce :381 
anything positive. For example " You can' t tell because you 've 
varied everything at once". 

Score only for a 3A leYel of resoonse. that is, a new experiment 13A) 
which explicitly combinea with A. 1, or A.2 would enable the 

of one variaole to be decidea. For example "Lon!!. 
Light, Hard Wit." A.2 tells yOU about PUSH". 
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A.5 

A.6 

A.7a Effect of Push 

A.7b ather arrangements 

B.3 & B.4 

B. Sa. b LENGTH 

S.Sc. d WEIGHT 

B.5e. f. g PUSH 

Score "0" to( a whale list of experiments. Score .. ~ .. if they have (3A) 
given you LONG. HEAVY. GENTLE. ana starrea the othen (if 
any!. Score ."" if they have given one more correct pair (like 
SHORT. LIGHT. GENTLE and laNG. liGHT. GENTLE!. but 
they must be correctly ordered. Ida not allow SHG. lHH. lHG. 
SHHI, or. i!!n such a pair with. the original experiment starred. 

As in A.S. score "0" for a whole list of experiments. Score .. ,.. (38) 
if they have given you SHORT, liGHT. GENTLE. andlor one 
other pair. 

Score "'" for "Nothing, because you 've varied length," etc. (38 I 
Score "0" if they have concluded anything positive about 
PUSH. 

Score "'" for laNG. HEAVY. GENTLE orSHORT. HEAVY. (3A) 
HARD. or both, or anOUler sensible pair. but ignore a long list. 

Do not assess their guesses. 

Score "'" in 2B column if they've given the effect of length 
right i.e. "The longer the string the slower the swing" and 
onlv then 
score "'" in 38 column for "8.2 + BA" ONLY. Do not give 
the 38 rating without the effect correct. 

Score "'" in 3A column for correct deauction that weight 
has no effect and onlv the~ 
score ."" in 38 column for "3., & B.4" ONLY. Do not 
give the 38 rating without the effect correct. 

Score both these questions for one 3A and one 38 response. 
There.a~ twO acc~table strategies: either a deduction that 

cRl,!~J:1_ hjlS nQj~: or a realisation that sillce the variables 
have not been controlled it is difficult to draw any 
conclusions. 

So. score "'" in 3A column for deduction that push has no 
effect. then score "'" in 38 column if they have chosen B. 1 
and B.4. followed by B.2 and B.3 for the experiments. They 
can also gain a 38 rating by arguing in 8.Se or g that since 
they 've eliminated weight as a variable. then by. comparing 
B.2 and B.3 they can see that push has no effect. 

Alternatively, score "'" in 3A column if they have said "You 
cannot tell about push", but only if this is supported by an 
answer to at least the 3A level in 8.Sg e.g. "You need two 
experiments like L.H,G and L.H,H". This r!f)ly is no higher 
than that necessary for the 3A Question A.7. To score "". 
in the 38 column they must argue that no deduction is 
possible since the variables have not been adeauately 
controlled 
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Scoring Rules 

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

THREE or more 3B items right 

FOUR or more 3A or 38 items right, with TWO eHects right 
[Remember that the effect of LENGTH {B.5al is a 2B item and 
cannot be counted in the FOUR higher itemc, but the eHects 
of WEIGHT (B.Sc) and PUSH (B.Se or g) .canJ 

FOUR or ~ore 3A or 3B items right, b~ without TWO effects. 

THREE 3A or 3B items right I 

TWO 3A or 38 items right plus 8.Sa LENGTH (28) 

ONE 3A pr 38 item right plus A.4a 

8.Sa LENGTH (28) right 

TWO or less right, without A.4a 

I' 

~/I 3B 
-; 3A 

2B/3A .... 
(', 

J ' 2B/3A .-

2B/3A 

2B 
-, 
i~ - 2B 

,"- , 
28-

APPENDIX 

, , I . 
: ' . 

Note that these rules only formalise a 213 success principle: If the pupils can give responses characterist ic 
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 _PuI?ils Responses to Fault Tracing Task 
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Number of valid observations (listwise) = 55.00 

Valid 
Variable Mean Std Dev Skewness S.E. Skew Minimum Maximum N 

ACCON 1.64 1.58 .05 .32 .00 4.00 55 
ACOIV 2.20 1. 74 -.21 .32 .00 4.00 55 
ACT 3.84 3.17 -.10 .32 .00 8.00 55 
BOY .60 .49 -.42 .32 .00 1.00 55 
01.2 8.80 2.73 .13 .32 3.00 15.00 55 
01.3 .55 .50 -.19 .32 .00 1.00 55 
01.3LLC .45 .50 .19 .32 .00 1.00 55 
01.3MS .31 .47 .85 .32 .00 1.00 55 
01.3USF .64 .49 -.58 .32 .00 1.00 55 

i\ 
FT .40 .49 .42 .32 .00 1.00 55 "/7 
GIRL .40 .49 .42 .32 .00 1.00 55 
MSRI 1.82 1.38 .52 .32 .00 5.00 55 

.32 8.00 -MSR2 3.65 2.30 .35 .00 55 M 

MSR3 2.60 1.58 .06 .32 .00 6.00 55 
M 

MSR4 3.51 2.0S -.39 .32 .00 6.00 55 
r- MSRT 11.49 6.02 .07 .32 .00 24.00 55 
~ PSL 2.24 .64 -1.13 .32 .00 3.00 55 
• SCIREA 1. 73 .99 -.84 .32 .00 3.00 55 

~ TCON 2.13 2.02 .11 .32 .00 6.00 55 

~ TOCT 5.51 4.46 -.14 .32 .00 12.00 55 

~ 
TOIV 3.44 2.81 .07 .32 .00 8.00 55 
TFT 1.13 1.26 .78 .32 .00 4.00 55 

~ 

~I 
\0 ~I I 
X ...... ti '"0 
c.: ~I Cl) 

0.. 
0.. ~I < 

~I 



mSTOGRAM MEAN RESPONSES YEAR 7 
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Number of valid observations (listwise) = 59.00 

Valid 
Variable Mean Std Dev Skewness S.E. Skew Minimum Maximum N 

ACCON .29 .87 2.78 .31 .00 3.00 59 
ACDIV .42 1.10 2.36 .31 .00 4.00 59 
ACT .71 1. 92 2.56 .31 .00 7.00 59 
BOY .41 .50 .39 .31 .00 1.00 59 
01.2 9.56 2.91 -.10 .31 4.00 14.00 59 
01.3 .10 .30 2.70 .31 .00 1.00 59 
D1.3LLC .88 .33 -2.42 .31 .00 LOO 59 
D1.3MS .00 .00 .00 .00 59 
01.3USF 1.00 .00 1.00 1.00 59 11 
FT .34 .48 .70 .31 .00 1.00 59 

t"- GIRL .59 .50 -.39 .31 .00 1.00 59 
I MSR1 2.68 1.67 .00 .31 .00 6.00 59 
~ 
.;l MSR2 3.29 2.46 .09 .31 .00 8.00 59 

~ MSR3 2.51 1.92 .10 .31 .00 6.00 59 

~ MSR4 3.90 2.40 -.79 .31 .00 6.00 59 ~ 
~ 

00 MSRT 12.36 6.64 -.26 .31 .00 23.00 59 ~ 

~ PSL 2.00 .00 2.00 2.00 59 

~ SCIREA 1.61 1.00 -.74 .31 .00 3.00 59 

Z 
TCON .31 .91 2.70 .31 .00 3.00 59 

0 TDCT .98 2.58 2.39 .31 .00 9.00 59 

~ 
TDIV .68 1. 74 2.24 .31 .00 6.00 59 
TFT .61 1.16 3.02 .31 .00 6.00 59 

~ 

~I 
~I ... 
(I) 

~. 

~I 
~I 



TABLE-8 

mSTOGRAM MEAN RESPONSES - YEAR 8 
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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 

D1.3 .38 .49 .53 .34 .00 1.00 48 

C7\ Dl.3LLC .60 .49 -.44 .34 .00 1.00 48 

~ 
Dl.3MS .00 .00 .00 .00 48 

Dl.3USF 1.00 .00 1.00 1.00 48 

FT .13 .33 2.34 .34 .00 1.00 48 
Q I .42 .34 1.00 48 
~ {Il GIRL .50 .35 .00 'l9 
~ 

filii MSR1 3.23 2.20 .25 .34 .00 7.00 48 
{Il 

..::I Z MSR2 5.29 2.96 -.51 .34 .00 8.00 48 

= 0 MSR3 3.58 1.93 -.41 .34 .00 7.00 48 
< ~ MSR4 4.85 2.06 -1. 78 .34 .00 6.00 48 
E-c 

= MSRT 16.79 7.14 -.61 .34 1.00 28.00 48 
I' 
~ 

~ PSL 2.00 .00 2.00 2.00 48 
~ 

~ 
SCIREA 2.19 .53 -.71 .34 .00 3.00 48 

TeON 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 

TFT .31 .99 3.68 .34 .00 5.00 48 



TABLE 11 

mSTOGRAM MEAN RESPONSES - YEAR 9 
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Number of valid observations (listwise) = 35.00 

Valid 
Variable Mean Std Oev Skewness S.E. Skew Minimum Maximum N 

ACCON 2.60 1. 42 -.94 .40 .00 4.00 35 
ACOIV 3.03 1.48 -1.42 .40 .00 4.00 35 
ACT 5.63 2.77 -1.37 .40 .00 8.00 35 
BOY .31 .47 .84 .40 .00 1.00 35 
01.2 10.57 2.97 .40 .40 5.00 16.00 35 
01.3 .40 .50 .43 .40 .00 1.00 35 
01.3LLC .57 .50 -.30 .40 .00 1.00 35 

<= 01.3MS .11 .32 2.53 .40 .00 1.00 35 ... 01. 3USF .89 .32 -2.53 .40 .00 1.00 35 

~ FT .60 .50 -.43 .40 .00 1.00 35 '/ ,oJ 

~ GIRL .69 .47 -.84 .40 .00 1.00 35 
, MSR1 3.40 1.50 -.24 .40 1.00 6.00 35 

Z MSR2 4.46 2.60 -.01 .40 1.00 8.00 35 
0 MSR3 4.26 1.85 .22 .40 1.00 7.00 35 (:: 

~ 
MSR4 5.20 1. 41 -2.45 .40 .00 6.00 35 

~ MSRT 17.66 5.B1 -.25 .40 4.00 27.00 35 ...-4 

~ filii PSL 2.11 .32 2.53 .40 2.00 3.00 35 
c::I 

~ 

~ 
SCIREA 1.86 1.03 -.89 .40 .00 3.00 35 

= TCON 2.74 1.54 -.36 .40 .00 6.00 35 

~ 
~ 

TOCT 7.80 4.75 .25 .40 .00 18.00 35 <:) 

TOIV 5.03 3.62 1.09 .40 .00 15.00 35 'V 
M 

TFT 2.00 2.28 1.18 .40 .00 8.00 35 
til 
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TABLE 14 

mSTOGRAM MEAN RESPONSES - YEAR 10 
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TABLE 15 

MEAN RESPONSES YEAR 10 - LINE GRAPH 
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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 (l=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. 

.. L..c .................................. , ... : ............ _ •......••.... ..• _ .• l ••• C ••••••••••• _ .••••••••••••••••••• I...: ............................... ..l 
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Appendix-8 Average Test Reliability 

24 Aug 97 SPSS for MS WINDOWS Release 6.0 

R ELI A B I LIT Y A N A L Y SIS 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
ll. 
12. 
13. 
14. 
15. 

ACCON 
ACDIV 
ACT 
01.2 
01.3 
01.3LLC 
01 . .lMS 
01.lJ,JSF 
FT 
MSR1 
MSR2 
MSR3 
MSR4 
MSRT 
SCIREA 

Reliability Coefficients 

N of Cases 197.0 

Alpha - .7861 

1 

seA L E 

N of Items - 15 

Page 4 
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Appendix-9 II Chi-Square Test Results 

Chi Square Test 

- - - Chi-Square Test 

ACCON i.F,>-

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 39.40 -7.40 

Total 197 

Chi-Square D.F. significance 
143.4315 4 .0000 

Chi-Square Test 

ACT LF( 

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 191 

Chi-Square D.r. Significance 
250.4873 8 .0000 
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Chi Square Test 

- - - chi-square Test 

Acorv 

Cases 
Category Observed Expected Residual 

.00 84 39.40 44.60 
1.00 5 39.40 -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 

01.2 1 Lc/€F 
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 4.93 
J3.00 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 197 

Chi-Square D.F. Significance 
77.1015 13 .0000 
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Chi-Square Test 

01.3 'EF/Lf.;' tJ/f) 

Cases 
category Observed 

.00 129 
1. 00 68 

Total 197 

Chi-square 
18.8883 

- - - - Chi-Square Test 

D1.3LLC LC ' G) 

Cases 
Category Observed 

.00 71 
1.00 126 

Total 197 

Chi-Square 
15.3553 

- - - Chi-Square Test 

D1.3MS E f (tt) 

Cases 

Expected 

98.50 
98.50 

D.F. 
1 

Expected 

98.50 
98.50 

D.F. 
1 

Chi Square Test 

Residual 

30.50 
-30.50 

Residual 

-27.50 
27.50 

.... ,- I 

I , 
(, . 

\,"' ., c - ' 
?- $ =' ~ -~ 

Significance 
.0000 

.-

Significance 
.0001 

" ,. 

. . ... . 

/ -, ~ yo : y : 1, 
" 

I ....... 

r ~ 

Category Observed Expected Residual 

.00 
1. 00 

176 
21 

Total 197 

Chi-Square 
121.9543 

98.50 
98.50 

O.F. 
1 

77.50 
-77.50 

::t.- ~/ 
:.. .. '" 

/ " " /, v / - .- , l ( 

Significance 
.0000 
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Chi Square Test 

- - - Chi-Square Test ; , 
• €.~ ,; , :,.., -- • #!..-o ( ' • 

D1. 3USF / tic 
Cases 

Category Observed Expected Residual - , ~I ~~ 

!.. 
';/ ~ . ~ 

.00 24 98.50 -74.50 , ~ / ') 

1. 00 173 98.50 74.50 ::, . ~. , .- -

Total 197 

Chi-square D.F. Significance 
112.6954 1 .0000 

- Chi-Square Test 

FT LC/LF' 
/ - . ,r 

Cases 
, 

category Observed Expected Residual 

.00.1 128 98.50 29.50 
1.00 69 98.50 -29.50 6-r::' :1 \ 

Total 197 
~ - '-- ...:J 

Chi-Square D.F. Significance /' 

17 . 6701 1 .0000 

- - - - Chi-Square Test 

MSR1 

Cases 
Category Observed Expected Residual 

.00 22 24.63 -2.63 
1. 00 35 24.63 10.38 
2.00 46 24.63 21. 38 
3.00 25 24.63 .38 
4.00 32 24.63 7.38 
5.00 24 24.63 -.63 
6.00 9 24.63 -15.63 
7.00 4 24.63 -20.63 

Total 197 

Chi-Square D.F. Significance 
52.6244 7 .0000 
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Chi Sguare Test 

Chi-square Test 

MSR2 

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 29 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-square D.F. Significance 
18.4061 8 .0184 

Chi-Square Test 

MSR3 

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 

MSR4 

Cases 
Category Observed 

.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 

Total 

Chi-Square 
173.7157 

30 
2 
8 

16 
21 
32 
S8 

197 

Expected 

28.14 
28.14 
28.14 
28.14 
28.14 
28.14 
28.14 

D.F. 
6 

Chi Square Test 

Residual 

1. 86 
-26.14 
-20.14 
-12.14 
-7.14 

3.86 
59.86 

Significance 
.0000 
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Chi Square Test 

Chi-Square Test 

MSRT 

Cases 
Category Observed Expected Residual 

.00 5 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 9 7.04 1.96 
17.00 5 7.04 -2.04 
18.00 11 7.04 3.96 
19.00 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 

- - - - Chi-Square Test 

PSL 

Cases 
Category Observed Expected Residual 

. 00 
2.00 
3.00 

2 
174 

21 

Total 197 

Chi-Square 
270 . 8325 

65.67 
65.67 
65.67 

D. F. 
2 

- - - - Chi-square Test 

-e If'/ Lr SCIREA 

Cases 
Category Observed 

.00 35 
2.00 126 
3.00 36 

Total 197 

Chi-square 
83.1574 

Expected 

65.67 
65.67 
65.67 

D. F. 
2 

-63.67 - " ," I 

108.33 -'-- "" 
-44.67 -) ' . 

10 . 

Residual 

-30.67 

Significance 
.0000 

60.33 - {
.' C _ 

-29.67 
- . 

/ ': ., . \ .. ~ 

Significance 
.0000 
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- - - Chi-Square Test 

ACCON (L f) 
Cases 

Category Observed 

.00 94 
1.00 6 
2.00 6 
3.00 59 
4.00 32 

Total 197 

Chi-Square 
143.4315 

Expected 

39.40 
39.40 
39.40 
39.40 
39.40 

C.F. 
4 

Chi Square Test 

Residual 

54.60 
-33.40 
-33.40 

19.60 
-7.40 

Significance 
.0000 
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Appendix-"10 One-way Analysis of Variance 

(a) Factor-l General Intelligence/Ability 

_ _ - - - 0 NEW A Y - - - - -

Variable ToeT 
By Variable GROUP Group 

Analysis of Variance 

sum of Mean F F 

source O.F. squares Squares Ratio Probe 

Between Groups 1 4.0232 4.0232 .2163 .6431 

Within Groups 81 1506.5792 18.5997 

Total 82 1510.6024 

ONE WAY - - - - -

Variable TOIV 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source O.F. Squares Squares Ratio Probe 

Between Groups 1 9.7836 9.7836 1.0891 .2998 
Within Groups 81 727.6381 8.9832 
Total 82 737.4217 
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- - - - - 0 NEW A Y - - - - -

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 

- - - - - 0 NEW A Y - - - - -

Variable ACDrv 
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 

- - - - - 0 NEW A Y - - - - -

Variable ACT 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Prob, 

Between Groups 1 3.5746 3.5746 .4427 .501' 
Within Groups 81 654.0881 8.0752 
Total 82 657.6627 

- - - - - ONEWAY - - - - -

Variable TCON 
By Variable GROUP Group 

Analysis of Variance 

sum of Mean F F 
Source D.F. Squares Squares Ratio Frob. 

Between Groups 1 1. 5640 1. 5640 .5820 .4477 
Within Groups 81 217.6649 2.6872 
Total 82 219.2289 
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- - - - - ONEWAY - - - - -

:>le ACT 
:>le GROUP Group 

Analysis of Variance 

Sum of Mean F F 
rce D.F. squares squares Ratio Probe 

ups 1 535.1218 535.1218 92.4113 .0000 
.ps 105 608.0184 5.7907 

106 1143.1402 

- - - - - 0 NEW A Y - - - - -

Variable TCON 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Prob. 

Between Groups 1 195.2039 195.2039 110.5002 .oooe 
Within Groups 105 185.4876 1. 7665 
Total 106 380.6916 

- - - - - ONEWAY - - - - -

Variable TDCT 
By Variable GROUP Group 

Analysis of variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Pro/: 

Between Groups 1 1074.3368 1074.3368 100.3640 .OOC 
Within Groups 105 1123.9622 10.7044 
Total 106 2198.2991 

ONEWAY - - - - -
Variable TDIV 

By Variable GROUP Group 

Analysis of Variance 

Source 
Sum of Mean F F D.F. Squares Squares Ratio prob. 

Between Groups 1 353.6482 353.6482 81.1567 . oooe Within Groups 105 457.5480 4.3576 Total 106 811.1963 
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- - - - - ONE WAY - - - - -

Variable TDCT 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source O.F. Squares squares Ratio Prob. 

Between Groups 1 583.1048 583.1048 44.8318 .0000 
Within Groups 112 1456.7285 13.0065 
Total 113 2039.8333 

- - - - - ONEWAY - - - - -

Variable TOIV 
By Variable GROUP Group 

Analysis of variance 

Sum of Mean F F 
Source O.F. Squares Squares Ratio Prob. 

Between Groups 1 216.5826 216.5826 40.4012 .0000 
Within Groups 112 600.4086 5.3608 
Total 113 816.9912 

- - - - - ONE WAY - - - - -

Variable ACCON 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source O.F. Squares Squares Ratio Prob. 

Between Groups 1 141.9705 141. 9705 95.8145 .0000 
Within Groups 105 155.5809 1. 4817 
Total 106 297.5514 

- - - - - ONE WAY - - - - -

Variable ACOIV 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source O.F. Squares Squares Ratio I?rob. 

Between Groups 1 125.8337 125.8337 75.1199 .0000 
Within Groups 105 175.8859 1.6751 
Total 106 301. 7196 
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- - - - - ONEWAY - - - - -

Variable ACCON 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Prob 

Between Groups 1 51. 7412 51. 7412 32.4053 .000 
Within Groups 112 178.8290 1.5967 
Total 113 230.5702 

- - - - - ONEWAY - - - - -

Variable ACDIV 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Frob 

Between Groups 1 89.8108 89.8108 43.1326 .000 1 

Within Groups 112 233.2068 2.0822 
Total 113 323.0175 

- - - - - ONEWAY - - - - -

Variable ACT 
By Variable GROUP Group 

Analysis of Variance 

sum of Mean F F 

Source C.F. squares Squares Ratio Prol:: 

Between Groups 1 277.8886 277.8886 41.0802 .00c 

Within Groups 112 757.6290 6.7645 

Total 113 1035.5175 

- - - - - ONEWAY - - - - -

Variable TCON 
By Variable GROUP Group 

Analysis of Variance 

sum of Mean F F 

Source C.F. squares Squares Ratio prol 

Between Groups 1 94.5140 94.5140 39.4076 .001 

Within Groups 112 268.6176 2.3984 

Total 113 363.1316 

359 



(b) Factor-2 Perceptual Analysis/Spatial Ability 

- - - - - ONEWAY - - - - -

Variable MSR3 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Probe 

Between Groups 1 30.5782 30.5782 8.2662 .0049 
Within Groups 105 388.4124 3.6992 
Total 106 418.9907 

- - - - - ONEWAY - - - - -

Variable MSR4 
By Variable GROUP Group 

Analysis of Variance 

Source 
Sum of Mean F F D.F. Squares Squares Ratio Probe 

Between Groups 1 24.1824 24.1824 4.7428 Within Groups .0317 
105 535.3690 5.0988 Total 106 559.5514 

- - - - - ONEWAY - - - - -

variable MSRT 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Probe 

Between Groups 1 520.7635 520.7635 11.0388 .0012 
Within Groups 105 4953.4421 47.1756 
Total 106 5474.2056 
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- - - ONEWAY - - - - -- -

Variable 01.2 1 

By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 

O.F. Squares squares Ratio Prob. 
source 

1 .0931 .0931 .0130 .909: 
Between Groups 

105 750.5424 7.1480 
Within Groups 

106 750.6355 
Total 

- - - - - ONEWAY - - - - -

Variable MSR1 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source O.F. Squares Squares Ratio Prob. 

Between Groups 1 .5907 .5907 .1580 .6921 
Within Groups 81 302.8792 3.7392 
Total 82 303.4699 

- - - - - ONEWAY - - - - -

Variable MSR2 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source O.F. Squares Squares Ratio Prob 

Between Groups 1 14.0964 14.0964 1. 7769 .186 
Within Groups 81 642.6024 7.9334 
Total 82 656.6988 
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- - - - - ONEWAY - - - - -

variable MSR3 
By variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 

source D.F. Squares Squares Ratio Prob. 

Between Groups 1 9.1898 9.1898 2.5461 .1145 

Within Groups 81 292.3524 3.6093 

Total 82 301.5422 

- - - - - ONEWAY - - - - -

Variable MSR4 
By variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Prob. 

Between Groups 1 2.4208 2.4208 .7328 .3945 

Within Groups 81 267.5792 3.3034 
Total 82 270.0000 

- - - - - ONE WAY - - - - -

Variable MSRT 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Prob. 

Between Groups 1 15.1615 15.1615 .3467 .5576 
Within Groups 81 3541.8024 43.7260 
Total 82 3556.9639 

- - - - - ONEWAY - - - - -

Variable MSR2 
By Variable GROUP Group 

Analysis of Variance 

sum of Mean F F 
Source D.F. Squares Squares Ratio Prob. 

Between Groups 1 106.2433 106.2433 14.6012 .0002 
Within Groups 105 764.0184 7.2764 
Total 106 870.2617 
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variable D1.2 
By Variable GROUP 

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 

MSR1 
GROUP 

MSR2 
GROUP 

MSRl 
GROUP 

1 
Group 

ONEWAY 

Analysis of variance 

sum of Mean 

C.F. squares squares 

1 23.2358 23.2358 

81 558.5714 6.8959 

82 581.8072 

- - - - - 0 NEW A Y 

Group 

Analysis of Variance 

Sum of Mean 
C.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 

- - - - - 0 NEW A Y 

Group 

Analysis of Variance 

Sum of Mean 
D.F. Squares Squares 

1 8.0413 8.0413 
105 387.3605 3.6891 
106 395.4019 
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F F 
Ratio prob. 

3.3695 .0701 

F F 
Ratio Prot 

8.9587 .003 

F F 
Ratio Prob. 

.6724 .414C 

F F 
Ratio Prob. 

2.1797 .142E 



- - - - - ONEWAY - - - - -

variable MSR3 
By Variable GROUP Group 

Analysis of Variance 

Mean F F 
sum of Ratio Prob. 

D.F. squares squares 
source 

.0768 .7823 
1 .2384 .2384 

Between Groups 112 347.9458 3.1067 
Within Groups 113 348.1842 
Total 

- - - - - ONEWAY - - - - -

Variable MSR4 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. squares Squares Ratio Prob. 

Between Groups 1 4.3121 4.3121 .8576 .3564 

Within Groups 112 563.1353 5.0280 
Total 113 567.4474 

- - - - - ONEWAY - - - - -

Variable MSRT 
By Variable GROUP Group 

Analysis of Variance 

sum of Mean F F 
Source D.F. Squares Squares Ratio Prob. 

Between Groups 1 21. 2993 21.2993 .5283 .4688 
Within Groups 112 4515.2709 40.3149 
Total 113 4536.5702 

- - - - - ONEWAY - - - - -

Variable D1.2 1 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.E'. Squares Squares Ratio Prob. 

Between Groups 1 16.4120 16.4120 2.0530 .1547 
Within Groups 112 895.3424 7.9941 
Total 113 911.7544 
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(c) Factor-3 Function/Structure 

Variable Dl.3MS 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

Variable D1.3USF 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

Variable FSL 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

- - - - - ONEWAY - - - - -

Group 

Analysis of Variance 

Sum of Mean 
D.F. Squares Squares 

1 .2644 .2644 
81 3.5429 .0437 
82 3.8072 

- - - - - 0 NEW A Y - - - - -

Group 

Analysis of Variance 

Sum of Mean 
D.F. Squares Squares 

1 .2644 .2644 
81 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 
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F F 
Ratio Prob. 

6.0443 .0161 

F F 
Ratio Frob. 

6.0443 .0161 

F F 
Ratio Frob. 

6.0443 .0161 



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 

ONE WAY 

Group 

Analysis of Variance 

Sum of Mean F F 
D.F. Squares Squares Ratio Prob. 

1 .0000 .0000 
105 .0000 .0000 
106 .0000 

- - - - - 0 NEW A Y - - - - -

Group 

Analysis of Variance 

Sum of Mean F F 
D.F. Squares Squares Ratio Prob. 

1 .0000 .0000 
105 .0000 .0000 
106 .0000 

ONE WAY - - - - -

Group 

Analysis of Variance 

Sum of Mean F F 
D.F. Squares Squares Ratio Prob. 

1 .0000 .0000 
105 .0000 .0000 
106 .0000 
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Variable D1.3MS 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

Variable D1.3USF 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

Variable PSL 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

ONE WAY - - - - -

Group 

Analysis of Variance 

Sum of Mean F F 

D.F. Squares Squares Ratio prob. 

1 2.7195 2.7195 25.9317 .0000 

112 11.7455 .1049 
113 14.4649 

ONE WAY - - - - -

Group 

Analysis of Variance 

Sum of Mean F F 
D.F. Squares Squares Ratio Prob. 

1 3.7640 3.7640 33.1228 .0000 
112 12.7273 .1136 
113 16.4912 

- - - - - ONE WAY - - - - -

Group 

Analysis of Variance 

Sum of Mean F F D.F. Squares Squares Ratio Prob. 

1 1. 5903 1. 5903 8.1228 .0052 
112 21. 9273 .1958 
113 23.5175 
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(d) Factor-4 Practical Ability 

- - - - - 0 NEW A Y - - - - -

Variable 01.3 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

Variable Dl.3LLC 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

Variable 01.3 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

Group 

Analysis of Variance 

Sum of Mean 
D.F. Squares Squares 

1 1. 9770 1. 9770 
105 16.6398 .1585 
106 18.6168 

- - - - - 0 NEW A Y - - - - -

Group 

Analysis of Variance 

Sum of Mean 
O.F. Squares Squares 

1 .0217 .0217 
81 20.0506 .2475 
82 20.0723 

- - - - - ONEWAY - - - - -

Group 

Analysis of Variance 

Sum of Mean 
O.F. Squares squares 

1 .0127 .0127 
81 19.6500 .2426 
82 19.6627 
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F F 
Ratio Prob. 

12.4751 .0006 

F F 
Ratio Frob. 

.0876 .7680 

F F 
Ratio Prob. 

.0521 .8199 



_ _ _ - - 0 NEW A Y - - - - -

Variable 01.3LLC 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

Variable 01.3 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

Variable Dl.3LLC 
By Variable GROUP 

Source 

Between Groups 
Within Groups 
Total 

Group 

Analysis of Variance 

Sum of Mean 

O.F. Squares squares 

1 5.1854 5.1854 

112 19.8059 .1768 

113 24.9912 

ONEWAY 

Group 

Analysis of Variance 

Sum of Mean 

O.F. squares Squares 

1 5.6054 5.6054 

112 19.0262 .1699 

113 24.6316 

ONEWAY 

Group 

Analysis of Variance 

Sum of Mean 
D.F. Squares Squares 

1 2.0336 2.0336 
105 17.6487 .1681 
106 19.6822 
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F F 
Ratio Prob. 

29.3227 .0000 

F F 
Ratio Prob. 

32.9968 .0000 

F F 
Ratio I?rob. 

12.0987 .0007 



(e) Factor-6 Logical/Systematic 

- - - - - ONEWAY - - - - -

Variable TFT 
By va~iable GROUP Group 

Analysis of Variance 

Sum of Mean F F 

Source D.F. Squares Squares Ratio Prob. 

Between Groups 1 2.3452 2.3452 1. 9803 .1623 
Within Groups 105 124.3464 1.1843 
Total 106 126.6916 

- - - - - ONE WAY - - - - -

Variable FT 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio prob. 

Between Groups 1 4.5669 4.5669 27.1001 .0000 
Within Groups 81 13.6500 .1685 
Total 82 18.2169 

- - - - - ONEWAY - - - - -

Variable TFT 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source C.F. Squares Squares Ratio prob. 

Between Groups 1 57.6393 57.6393 21.0010 .0000 
Within Groups 81 222.3125. 2.7446 
Total 82 279.9518 
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ONEWAY 

Variable FT 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 

Source D.F. Squares squares . Ratio Prob . 

Between Groups 1 .1060 .1060 .4493 .5041 

Within Groups 112 26.4203 .2359 
Total 113 26.5263 

ONEWAY 

Variable TFT 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Frob. 

Between Groups 1 7.6114 7.6114 5.1935 .0246 
Within Groups 112 164.1430 1. 4656 
Total 113 171.7544 

ONEWAY 

Variable FT 
By Variable GROUP Group 

Analysis of Variance 

Sum of Mean F F 
Source D.F. Squares Squares Ratio Prob. 

Between Groups 1 1.2ll9 1.2ll9 6.8894 .0100 
Within Groups 105 18.4703 .1759 
Total 106 19.6822 
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Appendix-:t 1 . Design Process Illustrations 

(a) Technological Process Matrix 

, 
DEVELOPMENT QUADRANT 

·Long term trl.1 & error 
Heuristic Procl!dur., 

sryt. Chltaatnsllcs: PerSlst,nc, 
T.n,clty 

e ... tnplt : hrl9rovinc;J mat"llioid eonOou,.ucw" 
IOf maslmum ~r1ormanc. 

·Routlne procedural eppllc,tlon$ 
Algorythmic Proceduru 

StylI Ch.'IC\.rl,Ucs: Con"'.'9an4 TNrI1ur-o 
P"I'ftnCl 10' 
$II'\JC1Uf' 

e.'I'npI. : Mak' I" 00j1Ct hom • dtl"""'O 
compl'l' wtth ptoctdu • • ,h.et., 
.rp''1NltOnt.. eomoI.ta pta,... 

INVENTION QUADRANT 
~.. . .~. 

·ComplIX design .ltuatlona 
Exper:mentll Procedur •• 

s¥. CNrlet,ri'tles: C".t ...... 
0Iv'1QII"C INr*r.g 

E .. mplo: Corc.ptuoN.1ng ,fttma_ to 
diO!t'lioQlc IOf _.It 

·Well defined de$lgn problems 
HeurIStic Procedures 

Styl. CNtlc:"~II"" Artlt11c 
Ofy.'II ..... ""'*In; 
Sp,UII VllualuiJon 

,. 

(Cust .... 1994) 

Fig. S. Technological Process Malrilt. 
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(b) Problem Space Model 

Technological Problem Space 
Resources 

Technological Knowledge 
Non-technological Knowledge 
Cr.ati,'. Energy 
Ingenuit), 
Pcrsi!tlenCt 
Experiencel cap.bility 
M.,teri.,ls 
Touls, Etc. 

are 
directed 
specifically 
at 

Primary 
Processes 
Designing 
Making 
Trouble-shooting 
Repairing 
Inventing 
Impro\'ing 
Del'eloping 
Etc. 

-Social/Personal Problem Space 
Resources 

Social Science Knowledge 
Non-social science knowledge 
Cr.ati\'e Energy 
Ingenuity 
Persistence 
Experience / ca pability 
Etc. 

are 
directed 
specifically 
at 

Primary 
Processes 
re~o"'ing 
nege>tiating 
organizing 
planning 
directing 
coun~ling 

nurturing 
interacting. etc. 

Natural/Ecological Problem Space 
Resources 

Scienll/ic Knowledge 
Non·nahJral science 

knowledge 
Creativt Energy 
Ingenuity 
Persistence 
Experience/capability 
Etc. 

are 
directed 
specifically 
at 

Primary 
Processes 
re .. arching 
ob.en'ing 
hypothesis testing 
exploring 
inl'estigating 
etc. 

... . .. ...... 
Goal Thrust 
(Motivation) 
Artifacts 
(including physical 

To Yield human mad. obje<:ts as 
well ..., programs which 

.. drive physical objects) 

• 
Goal Thrust 
(Motivation) 
hulthy. emdent, 
satblylng. meaningful 

To Interpers""a1 and 
Yield intrapersonll 

relationships (including 
.. cUI~re and nations>, 

To 
Yield 

Goal Thrust 
(Motivation) 
understanding of 
natural world and 
homeostuis (between 
humans and 
enl'ironment. between 

~ human madt artilacb 
...,..- and the natural world. 

and within the natural 
world) 

(C ... br1.1994) 

Fig. 4. Problem Space Model. 
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